Solution
m the giver gats

D ] - A= 00
; (i) No. of female students A L'bowlers IB‘- - IE' _ IBCI_I= 66?)%_ 225 = 175
/ ho n r. g IEI i ' = L 160 - 440
(i) No. of students w L |C | 3
¢ not ) |
(i) No of students who e ‘ B| P i e dlagram
(iv) No. of female students who |
d Covering \ “2;

@.2.3 Partition an
- g /,‘D
Partition s -A h of o
{ of non-empty subsets A each of which is pajr,. "
J(r.

non A is defined to be a s€

ds the original set A.
s T1(A), 18 therefore

I, i#]
N\ (6].

A partitio
and whose union yiel
Partition on A indicated a

(i) ANA; =@ for each pair (i,/) €

i (Ja =4
iel
The members A; of the partition are known s blocks (refer Fig. 6.8).

Fig. 6.8 Partition of set A.

Example

’ y ’ } » L]
' ] — 3 IL gi“es

AlNA, =

i Aqhg,A,mA_;:@,AamA %

Hence, (A}, 4 . g - )
1» A2, A3}, is a partition op A)

Also,
A= [ﬂ, b‘ c, d, e}
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gring on A is defined to be , set o
\ ; The non-empty subsets need noy

Ply subsets A, whose union yields the original
o S A gina
9 be disjoint (Refer Fig, 6.9). !

Fig. 6.9 Covering of set A.

gxample
Given A = {a. b, . d. e}, A, = {a, b}, 4, = (b, c, d}, and A; = (d, e}. This gives
Ay N Ay = (b)
AANA=0
Ay N Ay = {d)
Also. AlVA,UAy=la,b,c,d, e} = A

Hence, [A}. A2, A3} is a covering on A)
Rule of Addition

Eiwen a partition on A where A, i = 1, 2,..., n are its non-empty subsets then,

1Al =1lJal= YAl (6.18)
i=h i=1

Example
Given A = {a, b, ¢, d. e}, Ay = {a, b}, Ay = {c, d}, A3 = {e), |A|= 5, and
I Al=2+2+1= 5/

Rule of Inclusion and Exclusion

i 1 1 not
Rule of addition is not applicable on the covering of set A, cspccxfilly 1fli$e subsets are
pairwise disjoint. In such a case, the rule of inclusion and exclusion is appiiec.

Example
Given A to be a covering of n sets Ay, Asycy Am I
o Al = Ay U Adl = AL+ 14 - A0 Al .
forn= 3 IA|=|A|UA2UA3|=|AI|+IA1|+|'A3‘ .
—|A|mA1|-|A-.nA3|—L4.ﬁA3|+M|f‘A:“A.%l (6.
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\w&pb;l'
Generalizing,

=10 Al = ilA,l ) ZIA, NA,|
=1

=1 i=l j=

1)

/ﬁnmpk 6.4
Given | =

= 100, where E indicates a %t of sindente wl;!o o osen SUbjecy,
SUTeams in the computer science discipline, it is found [Tath32 Sy Subjecy chrr_“.\ .
Computer Networks (CN) stream, 20 from the MUlllmeila echnolg MMT) Oge,
the Systems Software (SS) stream. Also, 15 study subjects from both ang g
both 'MMT and S§ streams, and 30 do not study any subjects chosep
streams.

rom
Find the number of students who study su

Solution

Let 4, B, ¢ indicate students who study subjects cho
Tespectively. The probl

bjects belonging 1 all thre, Streay
s,

sen from CN, MMT and
emistofind A N B~ Q. _

The no. of students who do not study any subject chosen from Cither ¢
Streams = 30, “
Le. |A"nB‘nC"|=30
= lAuBU(Q |=
=

=100 - 30 = 79
From the Principle of inclusion and exclusion,

|AUBUC|=M|+|B|+|C|-|AﬁB|—anC|-—|AnC]+MnBPQ
AOBNA=UUBU gy

ICI+|AﬂB|+anC|+L4ﬁCT
=70-32-20—45+15+7+10

=

tudents who study sublects chosen from alf he three streams is §
(63 Fuzzy SETS
Fuzzy sets Support a flexible sense of membership of elemens to a set. While in crisp fr“
an element either belongs to or does not belong 1o S€t, in fuzzy set theory many dc
membership (between 0 anqg 1

. ix} - cccated wil
) are alloweq. Thus, 5 Membership function p 4 is assoc
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7y Set A such th“} the functioy My ey Bt Theoy ’lﬁ"
111; ,-'cnt'f set) to the intervy| |0, 1) "
(e . ; . '
“ pormally, the mapping iy Whittey

/ - " \ i .‘

/A fuzzy set 15 defined gy follows,. Halx) © x -, [0, 1

( _ . . '

5 a universe of discourse g4pq | I

I tten as a collect; - 4 particy|y
v be wri ' echion of . i elemen of ,
Y rdereq Pairy I X, then g fuzzy set A defined on X

Every Clemen
the universe ol discourse X (or the

A = “l, ‘“A““. X X}

ach pair (x, iz (x)) is calle (6.23)

perg 8 ve definition o @ single
' An alternative definition which indat';:'w Itn oy . B is (ropped
L s a fuz; - ' |
. by UZzy set as a union of all Hi Colx singletons s
)
,UA(X Mx i i
~ 5% In the discrete case (6.24)
and
A= J.;J- (xX)x
A X Inth i y cas
) € continuous case (6.25)

Let X = [8.|‘» 82 {3 84, 85} be the reference set of students. Let A be the fuzzy set of “smart”
students, where “smart” is a fuzzy linguistic term.

A = {(g,0.4) (8,,0.5) (83,1) (£4,0.9) (g4,0.8)}

Here A indicates that the smartness of g, is 0.4, £2 15 0.5 and so on when graded over a scale of 0-1.

Though fuzzy sets model vagueness, it needs to be realized that the definition of the sefs
varies according to the context in which it is used. Thus, the fuzzy linguistic term “tall” could
have one kind of fuzzy set while referring to the height of a building and another kind of fuzzy
set while referring to the height of human beings.

631 ( Membership Function)

The membership function values need not always be described by discrete values. Quite often,
fiese turn out to be as described by a continuous function2

The fuzzy membership function for the fuzzy linguistic term “cool” relating to temperature
May turn out to be as illustrated in Fig. 6.10.

cool

H(x)

ol 5 10 15 20 25 30 35 40
Temperature

Ein R 10 Continuous membershin function for “cool”
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universe of discourse 1 ;
bership I'un:ut:mm and A and B 10 be fuzzy sets with #a (0 and ppt) &
! ns, the basic fuzzy set operations are as follows:)

¢ Fuzzy Set Operations

63'2 ‘ gasl

F 0 he the

also on X with a mcmbcrsh:p

n of WO fuzzy sets A and B is a new fuzzy sel Au B
(6.26)

neti?
Haoa(x) = max (p (x). Hp(x)

iddle-aged people as

H,mplf
d" will be given by

Let A be the fuzzy se
ig. 6.13. Now A U B, the fuzzy set of

t of young people and B be the fuzzy set of m
“young or middle-age

qm.«mwd in

AV B: ‘young or middle-aged’

30 40
age —

in its discrete form, for xj, X2, X3

A= {(x,0.5), (x,,0.7), (x3,0)} and B = {(x,0.8), (x,,0.2). (x3.D}

if

AUB = ((%,,0.8), (x5,0.7), (x3.1)}
since, Hiog(x) = max(i; (x;), H5(%1))
— max (0.5, 0.8)
=0.8
pgué(xz) = max(p;‘(xz), ﬂB(.\:z)) - max(0.2,0.7) = 0.7

Hiup(Xs) = max(i; (x3), Hp(x3) = max(0,1) = 1)

""fefsection>
The 1 i = ” » =
intersection of fuzzy sets A and is a new fuzgy set A O B with membership function

dﬂfined as
HingX) = min( (X), pz(x) 6.27)
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Example - .

For A and B defined as "yuung" and "mlddlc-agw"
a, llhmmw
N previgy,
tl"rr‘

AnB

Young and miggl '
; o tu v, G-aged

. ,{xz,o-z), (13’0)]
since,

ﬂjﬁﬁ(xl) = mln (uj(xl), ub(xl))

= min (0.5, 0.8
=05

Hin5(x;) = min (u;(xz).uf,(xz»

= min (0.7, 0.2)
=0.2

Hing(x;) = minm;(x;).n.:,(xm

= min (0,1)

f v,
. Complement

The complement of 4 fuzzy set 4 is a new fuzzy set 4 with 5 membership funct;
nction

Hilx) = 1= p.(x)

(6.2
Example
For the fuzzy set A defined as “young” the complement “noy -

youn B o .
form, for x,, x5, and x, B 1s given by A In its discrete

B Ly R




¢ M
90

10
20 30 40 o 60 70 8

A = [(x,, 0.5) (x3, 0.7) (x4. 0))

((xy, 0.5) (x3, 0.3) (x5, D)

2=
1

(x = |- U-
Hi 1) 1 - u;lx5)

=1-05
=05
Pae(x2) = 1-p;(x;)
=1-07
=03
pjf(-‘}) = 1= ﬂj(xﬂ
=1-0
5.4
o operalions are.
product of wo fuzy 5
e product of two fuzzy sets A and B is a new fuzzy set A - B whose membershiP function is
jfimed 25
”A—B(I) = ,U;,(I)PE(I) (6.29)
Example )
A ={(x1 0.2), (x2» 0.8), (x3. 0.4)}

. 0). (I}, Ol)}

B = ((x 0.4) (x2
0) (X3 004”

i B =1k 0.08) (x2:
H,i(vfﬂ'!‘_ii-":) |

-02-04= 0.08

\

Hi B(Ig) = ﬂj(-’fz)'ﬂ,i("’:)

\
:.-0.8-0:0
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Hip(xs) = pi(x3) pi(x3)

=04-0.1
= 0.04
@quamy
Two fuzzy sets 4 and B are said 1o be equal (A = B) if p;(x) = Hj(x)
Example ”
A= {(x,0.2)(x,,0.8))
B = ((x,,0.6)(x,,0.8))
C = ((x,0.2)(x,,0.8)]
A+ B
since Mi(x) # Hy(x) although
Hi(x) = py(x,)
but A=C
e Hi(x) = pa(xy) =02
and

Hi(xy) = He(xy)) = 0-9
CPmduct of a Juzzy set wigh a crisp number

¢ A (61
Example 5.3

since,




B

” M, i(X3) = a py(xq)

=03 -

0.8

-
. 0.29

Example

fuﬂ sel
!"“t or Of 8 fuzzy set A is a new fuzzy set A% whose membership function is given by
ap? > 27
[he ,UA.-(.X) & (,UA(I))" (6 )
, fuz2y set to its second power is called Concentration (CON) and taking the square root
Ra sin r:d Di mnon (DIL)
].\Hmple -
‘ A = {(x,0.4),(x,,0.2),(x3,0.7)}
a=2
for :
Mz (x) = (H;(x))
o (A)? = {(x,,0.16), (x,,0.04), (x,0.49) }
e )
- pi () = (3 () = (0.4)° = 0.16
i (xy) = (4 1(x))? = (0.2)> = 0.04
2 3 ¥
Mz (¥3) = (Uz(x3))" = (0.7)" = 0-4p
pifference
The difference of two fuzzy sets A and B is a new fuzzy set A — B defined as
A-B=(ANnB) (6.33)

A = {(%,0.2),(x,,0.5), (x3,0.6)}; B = {(xl,O.l),(x2‘0.4),(x3.0.5)}

o
(o1
1}

((x,0.9), (x2,0.
AN B°

>
|
Il

6), (x3,0.5)}

= {(x,,O.2)(Jc2,0.5)(1c3,0.5)}\,l

D."sj unctive sum

The disiuncs:
Sjunctive sum of two fuzzy sets A and B

7

is a new fuzzy set A @ B defined as

A®B=(ANnB)U@ANB) (6.34)



Now, o = (0 '0_8)(_;2‘0.4)(13.0. D}

(X 0.2)(%2
0.4)(x3,0.D)

g 0.2)(x3:04)}
¢ N B =

Br = |(x|,0-4)(12
(0,04 12,0.4)(::3,0.4)9

=1

AN
i0B=

(6-3.3 Properties of Fuzzy Sets

me of the properties

of as special instances of fuzzy sets: Any
membership of any element belonging 10
belonging to the reference set 1 L«

Fuzzy sets follow s0

The properties atisfied by fuzzy sets are
Commutativity: AuB-= BUA
A- a B = B ﬂA'
Associativity: Au(Bul)=Av Byu ¢
Ain(BnC)=An B)n C
Distributivity: AU(Bné)=(ﬂ‘iU§)m(§Ué)
An(BuC)=(@4
Idempotence: i A)' (__A N B)u AnC)
UA=A
Identity: ‘:‘ NA=A
Av@=4
Aux=4
A NQG= (%)
Transitiviry; If/.‘;g E - C. 4 A~UX=X
Involution: B A
(A'C c_ =
De Morgan’s laws: (A' F=4
BY < (ic, , =
- Fe=@ B©)
Au B)c .

satisfied by crisp sets. In fact, crisp sefs ,
fuzzy set A is @ subset of the reference dn‘ be ¢
the null set @ is 0 and the membership ;f X4

a]]y E}f\




Fuzzy Set Theory [::]

the la}'s of excluded middle do not hold good. Thus,
SIS (6.43)
Ank 0 \ (6.44)
£ ple 6.5 /
” ask i8¢ recognize English alphabetical characters (F, E, X, ¥, L. T) in an image processing

sterm- | i _
W pefine two fuzzy sets 1 and F 1o represent the identification of characters [ and F.

= {(F, 0.4), (E, 0.3), (X, 0.1), (¥, 0.1), (1, 0.9), (T, 0.8)}
F = {(F,099), (E 0.8), (X, 0.1), (¥, 0.2), (1, 0.5), (T, 0.9)}

find the following-
o @1V F @ d-F) (Gi) FUF

b Verify De Morgan’s Law, (Iv e=In Fe
Solution
(@ @ ju F = ((F,0.99),(E.0-8), (X,0.1), (¥,0.2), (1,0.9), (T,0-8)}

(ii) - F=0NF9)

(i)
(b) De Morgan’s Law

JuF) = f*nFe
5 = ((F,0.99), (E.08), (X,0.1), (¥,0.2), (I, 0.9), (T,0.8)}

X,0.9), (Y,0.8), (1,0.1), (T,0.2)}

(duF)* = {(F, 0.01), (E,0.2),(
(¥,0.9), (1,0-1), (T,0.2)}

e {(F,0.6), (E,0.7), (X, 0.9),

Fc = {(F,0.0D),(E 0.2), (X,0.9), (¥,0 8),(1,0.5), (T,0.5)

dng

jc A F¢ = {(F.0.0D) (E,0.2), (X,0.9); (v,0.8), (1,0.D, (7.0.2))

(JUF) = jcNF°



