
 
ARTIFICIAL 

INTELLIGENCE 

 

Dr. P. Alli (Head of Department) 
Department of Computer Science & Engineering, 
Velammal College of Engineering & Technology, 

Madurai, Tamil Nadi, INDIA. 

C.B. Selvalakshmi (Assistant Professor – II) 
Department of Computer Science & Engineering, 
Velammal College of Engineering & Technology, 

Madurai, Tamil Nadi, INDIA. 

K. Santhasheela (Assistant Professor – III) 
Department of Computer Science & Engineering, 
Velammal College of Engineering & Technology, 

Madurai, Tamil Nadi, INDIA. 

S. Kharthikeyan (Assistant Professor – III) 
Department of Computer Science & Engineering, 
Velammal College of Engineering & Technology, 

Madurai, Tamil Nadi, INDIA. 

  



ARTIFICIAL INTELLIGENCE 

Copyright ©  : S. Kharthikeyan  
Publishing Rights  : VSRD Academic Publishing 
      A Division of Visual Soft India Pvt. Ltd. 

 

ISBN-13: 978-93-87610-46-0 
FIRST EDITION, NOVEMBER 2019, INDIA 

 

 

Printed & Published by: 
VSRD Academic Publishing  
(A Division of Visual Soft India Pvt. Ltd.) 

Disclaimer: The author(s) are solely responsible for the contents compiled in this book. 
The publishers or its staff do not take any responsibility for the same in any manner. 
Errors, if any, are purely unintentional and readers are requested to communicate such 
errors to the Authors or Publishers to avoid discrepancies in future. 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval 
system or transmitted, in any form or by any means, electronic, mechanical, photo-
copying, recording or otherwise, without the prior permission of the Publishers & Author. 

 

 

Printed & Bound in India 

VSRD ACADEMIC PUBLISHING 
A Division of Visual Soft India Pvt. Ltd. 
 
REGISTERED OFFICE 
154, Tezabmill Campus, Anwarganj, KANPUR – 208003 (UP) (IN) 
Mb: 98999 36803, Web: www.vsrdpublishing.com, Email: vsrdpublishing@gmail.com 
 
MARKETING OFFICE 
340, FF, Adarsh Nagar, Oshiwara, Andheri(W), MUMBAI–400053 (MH)(IN) 
Mb: 99561 27040, Web: www.vsrdpublishing.com, Email: vsrdpublishing@gmail.com 

http://www.vsrdpublishing.com,
mailto:vsrdpublishing@gmail.com
http://www.vsrdpublishing.com,
mailto:vsrdpublishing@gmail.com


P R E F A C E  

 “You will never win if you never begin” 

We wish to express our earnest gratefulness to Our 
Honourable Chairman Shri M.V. Muthuramalingam, 
Velammal Educational Trust for his encouragement 
extended to us to undertake this work. 

We wish to express our sincere thanks to Our 
Honourable Vice- Chairman Shri. Ganesh Natarajan, for 
his endless support. 

Our warm thanks to the Principal Dr. N. Suresh Kumar, 
for his continuous encouragement and valuable 
suggestions towards the work . 

We express a deep sense of gratitude to Dr. P. Alli, 
Professor and Head of Computer Science and 
Engineering Department for his exemplary monitoring 
and constant support throughout the work. 

We thank all staff members of CSE department for 
providing us with creative ideas and knowledge in the 
relevant fields. We also thank the technicians of CSE 
department and our contemporaries, for their long arm 
all the time. We also thank all our friends who helped us 
in making this work to complete.  

We praise the Almighty for showering his blessings on us 
to complete our work successfully.  

“If you can dream it, you can do it” 

 Author(s) 



C O N T E N T S  

CHAPTER 1  
AGENTS AND SEARCHING ................................................... 1 
1.1 INTRODUCTION TO AI ................................................................ 1 
1.2 INTELLIGENT AGENTS ................................................................. 4 
1.3 AGENTS AND ENVIRONMENTS ................................................... 5 
1.4 GOOD BEHAVIOR ....................................................................... 6 
1.5 THE NATURE OF ENVIRONMENTS .............................................. 7 
1.6 STRUCTURE OF AGENTS ........................................................... 10 
1.7 PROBLEM SOLVING .................................................................. 18 
1.8 EXAMPLE PROBLEMS ............................................................... 21 
1.9 SEARCHING FOR SOLUTIONS .................................................... 24 
1.10 UNINFORMED SEARCH STRATEGIES ......................................... 29 
1.11 AVOIDED REPEATED STATES .................................................... 32 
1.12   SEARCHING WITH PARTIAL INFORMATION .............................. 32 

CHAPTER 2  
SEARCHING TECHNIQUES ............................................... 34 
2.1 INFORMED SEARCH STRATEGIES  ............................................. 34 
2.2 HEURISTIC FUNCTION  .............................................................. 34 
2.3 LOCAL SEARCH ALGORITHMS AND OPTIMISTIC PROBLEMS  .... 39 
2.4 ONLINE SEARCH AGENTS AND UNKNOWN ENVIRONMENTS .... 41 
2.5 LOCAL SEARCH IN CONTINUOUS SPACES .................................. 46 
2.6 ONLINE SEARCH AGENTS AND UNKNOWN ENVIRONMENTS .... 47 
2.7 CONSTRAINT SATISFACTION PROBLEMS (CSP) ......................... 50 
2.8 BACKTRACKING SEARCH FOR CSP’S .......................................... 52 
2.9 LOCAL SEARCH FOR CSP ........................................................... 55 
2.10 THE STRUCTURE OF PROBLEMS................................................ 56 
2.11 ADVERSARIAL SEARCH ............................................................. 57 



2.12 OPTIMAL DECISIONS IN GAMES ............................................... 57 
2.13 ALPHA-BETA PRUNING ............................................................. 59 
2.14  IMPERFECT, REAL TIME DECISIONS........................................... 62 
2.15 GAMES THAT INCLUDE AN ELEMENT OF CHANCE ..................... 62 

CHAPTER 3  
KNOWLEDGE INFERENCE................................................ 64 
3.1 FIRST ORDER LOGIC (FOL) ......................................................... 64 
3.2 REPRESENTATION REVISITED.................................................... 65 
3.3 SYNTAX AND SEMANTICS FOR FOL ........................................... 66 
3.4 KNOWLEDGE ENGINEERING IN FOL .......................................... 69 
3.5 INFERENCE IN FOL .................................................................... 71 
3.6 PROPOSITIONAL VS FOL ........................................................... 72 
3.7 UNIFICATION AND LIFTING ....................................................... 75 
3.8 FORWARD CHAINING ............................................................... 77 
3.9 BACKWARD CHAINING ............................................................. 79 
3.10 RESOLUTION ............................................................................ 84 
3.11 KNOWLEDGE REPRESENTATION ............................................... 88 
3.12 ONTOLOGICAL ENGINEERING ................................................... 89 
3.13 ONTOLOGICAL ENGINEERING ................................................... 89 
3.14 ACTIONS ................................................................................... 95 

CHAPTER 4  
LEARNING............................................................................ 97 
4.1 LEARNING FROM OBSERVATIONS ............................................ 97 
4.2 2 FORMS OF LEARNING ............................................................ 97 
4.3 INDUCTIVE LEARNING .............................................................. 99 
4.4 LEARNING DECISION TREES ...................................................... 99 
4.5 ENSEMBLE LEARNING ............................................................. 104 
4.6 KNOWLEDGE IN LEARNING..................................................... 106 
4.7 LOGICAL FORMULATION OF LEARNING .................................. 107 



4.8 EXPLANATION BASED LEARNING............................................ 111 
4.9 LEARNING USING RELEVANT INFORMATION .......................... 114 
4.10 INDUCTIVE LOGIC PROGRAMMING ........................................ 115 
4.11 STATISTICAL LEARNING METHODS ......................................... 119 
4.12 LEARNING WITH COMPLETE DATA ......................................... 119 
4.13 LEARNING WITH HIDDEN VARIABLE ....................................... 123 
4.14 INSTANCE BASED LEARNING .................................................. 127 
4.15 NEURAL NETWORKS ............................................................... 129 
4.16 REINFORCEMENT LEARNING .................................................. 135 
4.17 PASSIVE REINFORCEMENT LEARNING .................................... 136 
4.18 ACTIVE REINFORCEMENT LEARNING ...................................... 139 
4.19 GENERALIZATION IN REINFORCEMENT LEARNING ................. 140 

CHAPTER 5  
APPLICATIONS ................................................................. 141 
5.1 COMMUNICATION AS ACTION ............................................... 141 
5.2 FORMAL GRAMMAR FOR A FRAGMENT OF ENGLISH ............. 141 
5.3 SYNTACTIC ANALYSIS ............................................................. 143 
5.4 AUGMENTED GRAMMARS ..................................................... 146 
5.5 SEMANTIC INTERPRETATION .................................................. 146 
5.6 AMBIGUITY AND DISAMBIGUITY............................................ 147 
5.7 DISCOURSE UNDERSTANDING ................................................ 149 
5.8 GRAMMAR INDUCTION ......................................................... 150 
5.9 PROBABILISTIC LANGUAGE MODELS ...................................... 152 
5.10 INFORMATION RETRIEVAL ..................................................... 153 
5.11 INFORMATION EXTRACTION .................................................. 156 
5.12 MACHINE TRANSLATION ........................................................ 159 
5.13  MACHINE TRANSLATION ........................................................ 161 


