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Boolean	(Crisp)	Logic	

•  Is	it	raining	
– Yes/No	
– True/False	
	
Crisp	answer	
	
If	answer	–	may	be,	may	not	be,	…	(vague)	
	
Not	a	crisp	answer	(fuzzy	answer)	
	



Fuzzy	Logic	

•  Is	this	person	tall?	
–  Yes/No	
	
–  Very	tall,	quite	tall,	not	so	tall,	not	tall,		
	

	7’	 	 	 	6’	 	 	 	5’6”	 	 	 	5’	
	
BeSer	(more	precise)	descripTon	!	
Introduced	by	Zadeh	(1965),	University	of	California	
Berkley	



Fuzzy	Logic	

� ApproximaTon	(“granulaTon”)		
A	color	can	be	described	precisely	using	RGB	values,	or	it	
can	be	approximately	described	as	“red”,	“blue”,	etc.		
	
� Degree	(“graduaTon”)		
Two	different	colors	may	both	be	described	as	“red”,	but	
one	is	considered	to	be	more	red	than	the	other		

� Fuzzy	logic	aSempts	to	reflect	the	human	way	of	
thinking		



Fuzzy	Set	

X	=	EnTre	populaTon	in	a	class	
M	=	All	male	populaTon	(m1,	m2,	m3,	…,	mN)	
F	=	All	female	populaTon	(f1,	f2,	f3,	…,	fL)	
	
	
	
Crisp	Sets	
	

M	 F	



Fuzzy	Set	

X	=	EnTre	populaTon	in	a	class	of	SIV895/CSM802	
S	=	All	good	students	
S	=	{	(s,	g)	|	s	ε		X	}	and	g(s)	is	a	measurement	of	
goodness	of	student	s.	
For	example:	
S	=	{	(Rakesh,	0.8),	(Sunita,	0.7),	(Farhan,	0.1),	
(Joseph,	0.9)	}	etc	
	
	
	



Fuzzy	Set	
Crisp	Set	 Fuzzy	Set	
S	=	{	s|	s	ε		X	}	 F	=	{	(s,	µ)	|	s	ε		X	}	

µ(s)	is	the	degree	of	s.	
It	is	a	collecTon	of	elements	 It	is	a	collecTon	of	ordered	

pairs	
Inclusion	is	crisp	(yes	or	no)	 Inclusion	is	fuzzy,	i.e.	if	present	

then	with	a	degree	of	
membership	

Crisp	set	is	a	fuzzy	set	with	extreme	membership	values	(0	or	1).	



Related	Terms	
Fuzzy	relaTon		
RelaTonships	can	also	be	expressed	on	a	scale	of	0	to	1	e.g.	
degree	of	resemblance	between	two	people		
Fuzzy	variable		
Variable	with	(labels	of)	fuzzy	sets	as	its	values		
LinguisTc	variable		
Fuzzy	variable	with	values	that	are	words	or	sentences	in	a	
language	e.g.	variable	color	with	values	red,	blue,	yellow,	
green…		
LinguisTc	hedge		
Term	used	as	a	modifier	for	basic	terms	in	linguisTc	values	e.g.	
words	such	as	very,	a	bit,	rather,	somewhat,	etc.		
	

	
	
	
	
	
	
	
	
	



Fuzzy	Set	

Examples	Fuzzy	Set	
If	cold	is	a	fuzzy	set,	exact	temperature	values	
might	be	mapped	to	the	fuzzy	set	as	follows:		
	
•  15	degrees	→	0.2	(slightly	cold)		
•  10	degrees	→	0.5	(quite	cold)		
•  0	degrees	→	1	(extremely	cold)		

	
	
	
	
	
	
	
	
	



Membership	FuncTon	
If	X	is	a	universe	of	discourse	and	x	ε	X,	then	a	fuzzy	set	
A	in	X	is	defined	as	a	set	of	ordered	pairs,	that	is	
A	=	{	(x,	µΑ(x))|	x	ε		X	}	where,	µΑ(x)	is	called	the	
membership	funcTon	for	the	fuzzy	set	A.	
	
Note:	µΑ(x)	map	each	element	of	X	onto	a	membership	
grade	(or	membership	value)	between	0	and	1	(both	
inclusive).	



Membership	FuncTon	
A	fuzzy	set	is	completely	characterized	by	its	
membership	funcTon.	So,	it	would	be	important	to	
learn	how	a	membership	funcTon	can	be	expressed	
(mathemaTcally	or	otherwise).	
	
Note:	A	membership	funcTon	can	be	on	
(a)	a	discrete	universe	of	discourse	and	
(b)	a	conTnuous	universe	of	discourse.	



Membership	FuncTon	
Note:	A	membership	funcTon	can	be	on	
(a)	a	discrete	universe	of	discourse	and	
(b)	a	conTnuous	universe	of	discourse.	



Membership	FuncTon	
Singleton MF	



Membership	FuncTon	
Rectangular MF	



Membership	FuncTon	
Triangular MF	



Membership	FuncTon	
Trapeziodal MF	



Membership	FuncTon	
Gaussian MF	



Membership	FuncTon	
Bell (Cauchy) MF	



Membership	FuncTon	
Sigmoidal MF	



Example	
Course Grading (Crisp)	

E	



Example	
Course Grading (Fuzzy)	

E	



OperaTons	on	Fuzzy	Sets	



OperaTons	on	Fuzzy	Sets	



OperaTons	on	Fuzzy	Sets	



ProperTes	



ProperTes	

A	



OperaTons	on	Fuzzy	Sets	
Example	



OperaTons	on	Fuzzy	Sets	
Example	



OperaTons	on	Fuzzy	Sets	
Example	



Fuzzy	vs	Probability	

Fuzzy	:	When	we	say	about	certainty	of	a	thing	
Example:	A	paTent	come	to	the	doctor	and	he	has	to	diagnose	
so	that	medicine	can	be	prescribed.	Doctor	prescribed	a	
medicine	with	certainty	60%	that	the	paTent	is	suffering	from	
flue.	So,	the	disease	will	be	cured	with	certainty	of	60%	
and	uncertainty	40%.	Here,	in	stead	of	flue,	other	diseases	with	
some	other	certainTes	may	be.	
	
Probability:	When	we	say	about	the	chance	of	an	event	to	occur	
Example:	India	will	win	the	T20	tournament	with	a	chance	60%	
means	that	out	of	100	matches,	India	own	60	matches.	



Fuzzy	System	



OperaTons	on	Fuzzy	Sets	
Exercise	


