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CS621: Introduction to Artificial  Intelligence



Pushpak Bhattacharyya



CSE Dept.,  IIT Bombay 



Lecture–2: Modeling Human Reasoning: 



Fuzzy Logic

26
th July 2010



(2)
Basic Facts


 
Faculty instructor: Dr. Pushpak Bhattacharyya  (www.cse.iitb.ac.in/~pb)


 
TAs: Subhajit and Bhuban {subbo,bmseth}@cse


 
Course home page



www.cse.iitb.ac.in/~cs621-2010


 
www.cse.iitb.ac.in/~cs621-2010


 
Venue: S9, old CSE


 
1 hour lectures 3 times a week: Mon-9.30, Tue-10.30, Thu-

11.30 (slot 2)



(3)Disciplines which form the core of AI- inner circle


Fields which draw from these disciplines- outer circle.



NLP Robotics



Search, 



Planning



Computer Vision



Expert Systems



Search,  Reasoning,



Learning



(4)
Topics to be covered (1/2)


 Search


 General Graph Search, A*, Admissibility,  Monotonicity


 Iterative Deepening, α-β pruning, Application in game playing


 Logic


 Formal System, axioms, inference rules, completeness, soundness and 
 consistency


 Propositional Calculus, Predicate Calculus, Fuzzy Logic, Description 
 Logic, Web Ontology Language


Logic, Web Ontology Language


 Knowledge Representation


 Semantic Net, Frame, Script, Conceptual Dependency


 Machine Learning


 Decision Trees, Neural Networks, Support Vector Machines, Self 
Organization or Unsupervised Learning



(5)
Topics to be covered (2/2)


 Evolutionary Computation


 Genetic Algorithm,  Swarm Intelligence


 Probabilistic Methods


 Hidden Markov Model, Maximum Entropy Markov Model, 
 Conditional Random Field


 IR and AI


 Modeling User Intention, Ranking of Documents, Query Expansion, 
 Personalization, User Click Study


Personalization, User Click Study


 Planning


 Deterministic Planning, Stochastic Methods


 Man and Machine


 Natural Language Processing, Computer Vision, Expert Systems


 Philosophical Issues


 Is AI possible, Cognition, AI and Rationality, Computability and AI, 
Creativity



(6)
Allied Disciplines



Philosophy Knowledge Rep., Logic, Foundation of  AI (is AI possible?)



Maths Search, Analysis of search algos, logic Economics Expert Systems, Decision Theory, 



Principles of Rational Behavior



Psychology Behavioristic insights into AI programs Brain Science Learning, Neural Nets



Physics Learning, Information Theory & AI,  Entropy, Robotics



Computer Sc. & Engg. Systems for AI



(7)
Resources


 
Main Text:


 
Artificial Intelligence: A Modern Approach by Russell & Norvik,  Pearson, 2003.


 
Other References:


 
Principles of AI - Nilsson


 
AI - Rich & Knight



Journals


 
Journals


 
AI, AI Magazine, IEEE Expert, 


 
Area Specific Journals e.g, Computational Linguistics


 
Conferences 


 
IJCAI, AAAI



Positively attend lectures!



(8)
Modeling Human Reasoning



Fuzzy Logic



(9)
Alternatives to fuzzy logic model  human reasoning (1/2)



 Non-numerical



 Non monotonic Logic


 
Negation by failure (“innocent unless proven  guilty”)



guilty”)


 
Abduction (P  Q AND Q gives P)



 Modal Logic


 
New operators beyond AND, OR, IMPLIES,  Quantification etc.



 Naïve Physics



(10)
Abduction Example


 
If



there is rain (P)


 
Then



there will be no picnic (Q) there will be no picnic (Q)


 
Abductive reasoning:



Observation : There was no picnic(Q)



Conclude : There was rain(P); in absence 

of any other evidence



(11)
Alternatives to fuzzy logic model  human reasoning (2/2)



 Numerical



 Fuzzy Logic



 Probability Theory



 Probability Theory


 
Bayesian Decision Theory



 Possibility Theory



 Uncertainty Factor based on  Dempster Shafer Evidence 



Theory (e.g. yellow_eyes  jaundice; 0.3)



(12)
Fuzzy Logic tries to capture the  human ability of reasoning with  imprecise information


 
Works with imprecise statements such as:



In a process control situation, “ If the 



temperature is moderate and the pressure is  temperature is moderate and the pressure is  high,  then turn the knob slightly right”


 
The rules have “Linguistic Variables”, typically 

adjectives qualified by adverbs (adverbs are 

hedges).



(13)
Theory of Fuzzy Sets


 
Intimate connection between logic and set theory.


 
Given any set ‘S’ and an element ‘e’, there is a very  natural predicate, μ
s(e) called as the belongingness  predicate.


 
The predicate is such that,


 
The predicate is such that,



μ
s(e) = 1, iff e ∈  S



= 0, otherwise


 
For example, S = {1, 2, 3, 4}, μ
s( 1 ) = 1 and μ
s( 5 ) =  0


 
A predicate P(x) also defines a set naturally.



S = {x | P(x) is true}



For example, even(x) defines S = {x | x is even}



(14)
Fuzzy Set Theory (contd.)


 
Fuzzy set theory starts by questioning the fundamental  assumptions of set theory viz., the belongingness 



predicate, μ, value is 0 or 1.


 
Instead in Fuzzy theory it is assumed that, μ
s(e) = [0, 1]



Fuzzy set theory is a generalization of classical set  μ
s(e) = [0, 1]


 
Fuzzy set theory is a generalization of classical set  theory aka called Crisp Set Theory.


 
In real life, belongingness is a fuzzy concept.



Example: Let, T = “tallness”



μ
T (height=6.0ft ) = 1.0 μ
T (height=3.5ft) = 0.2



An individual with height 3.5ft is “tall” with a degree 

0.2



(15)
Representation of Fuzzy sets



Let U = {x
1,x
2,…..,x
n}



|U| = n



The various sets composed of elements from U are presented  as points on and inside the n-dimensional hypercube. The crisp  sets are the corners of the hypercube. 


(0,1) (1,1)


µA(x1)=0.3
 µA(x2)=0.4


(1,0)
 (0,0)


(0,1) (1,1)


x1
 x2


x1
 x2


(x1,x2)


A(0.3,0.4)


Φ



U={x
1,x
2}



A fuzzy set A is represented by a point in the n-dimensional 

space as the point {µ
A(x
1), µ
A(x
2),……µ
A(x
n)}



(16)
Degree of fuzziness



The centre of the hypercube is the most fuzzy set. Fuzziness decreases as one nears the 



corners



Measure of fuzziness



Called the entropy of a fuzzy set Called the entropy of a fuzzy set



) ,



( /



) ,



( )



( S d S nearest d S farthest



E =


Entropy


Fuzzy set Farthest corner


Nearest corner



(17)(0,1) (1,1)


x2


(0.5,0.5)
 A


(1,0)
 (0,0)


x1
 d(A, nearest)


d(A, farthest)
 (0.5,0.5)


A



(18)
Definition



Distance between two fuzzy sets



| ) (



) (



| )



,



(
 1 2

1
 2


1 s i


n


i


i


s 
x x



S S



d ∑ µ µ


=



−



=



L
1 - norm



Let C = fuzzy set represented by the centre point d(c,nearest) = |0.5-1.0| + |0.5 – 0.0|



= 1



= d(C,farthest)



=> E(C) = 1



(19)
Definition



Cardinality of a fuzzy set 



∑


=



=
 n

i


i


s 
x



s m


1



) ( )



( µ (generalization of cardinality of  classical sets)



Union, Intersection, complementation, subset hood



) ( 1



)



( x
 s x


sc 
µ



µ = −



U x



x x



x
 s s

s


s ∪ 
( ) = max( ( ), ( )), ∀ ∈


2
 1


2


1 
µ µ



µ



U x



x x



x
 s s

s


s ∩ 
( ) = min( ( ), ( )), ∀ ∈


2
 1


2


1 
µ µ



µ



(20)
Example of Operations on  Fuzzy Set


 
Let us define the following:


 
Universe U={X
1 ,X
2 ,X
3} 


 
Fuzzy sets 


 A={0.2/X1 , 0.7/X2 , 0.6/X3} and 


 A={0.2/X1 , 0.7/X2 , 0.6/X3} and 


 B={0.7/X1 ,0.3/X2 ,0.5/X3}



Then Cardinality of A and B are computed as follows:



Cardinality of A=|A|=0.2+0.7+0.6=1.5 Cardinality of B=|B|=0.7+0.3+0.5=1.5 While distance between A and B 



d(A,B)=|0.2-0.7)+|0.7-0.3|+|0.6-0.5|=1.0



What does the cardinality of a fuzzy set mean? In crisp sets it 

means the number of elements in the set. 



(21)
Example of Operations on Fuzzy Set  (cntd.)



Universe U={X
1 ,X
2 ,X
3} 



Fuzzy sets A={0.2/X
1 ,0.7/X
2 ,0.6/X
3} and B={0.7/X
1 ,0.3/X
2
 ,0.5/X
3}



A U B= {0.7/X
1, 0.7/X
2, 0.6/X
3}

A  ∩ B= {0.2/X
1, 0.3/X
2, 0.5/X
3}

A
c = {0.8/X
1, 0.3/X
2, 0.4/X
3}



(22)
Laws of Set Theory


• 
The laws of Crisp set theory also holds for fuzzy set  theory (verify them)


• 
These laws are listed below:


– Commutativity:      A U B = B U A


– Associativity:       A U ( B U C )=( A U B ) U C


Distributivity:      A U ( B ∩ C )=( A ∩ C ) U ( B ∩ C)


– Distributivity:      A U ( B ∩ C )=( A ∩ C ) U ( B ∩ C)
 A ∩ ( B U C)=( A U C) ∩( B U C)


– De Morgan’s Law:      (A U B) C= AC ∩ BC


(A ∩ B) C= AC U BC
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