Questions on operations on Fuzzy sets

Que. |f A and B are two fuzzy sets with membership functions

pA(x) = {0.6, 0.5, 0.1, 0.7, 0.8}
uB(x) = {0.9, 0.2, 0.6, 0.8, 0.5}

Then the value of p(AUB)(x) will be
a. {0.9,0.5, 0.6, 0.8, 0.8}
b. {0.6, 0.2, 0.1, 0.7, 0.5}
c. {0.1,0.5,04, 0.2, 0.2}

d.  {0.1,0.5,04, 0.2 0.3}

Answer: {0.1, 0.5, 0.4, 0.2, 0.2}

Que. |If Aand B are two fuzzy sets with membership functions:
Ha(x) ={0.2,0.5.,0.6,0.1,0.9}
pb (x)= {0.1,0.5,0.2,0.7,0.8}
then the value of pa N pb will be

a. {0.2,0.5,0.6,0.7,0.9}

b. {0.2,0.5,0.2, 0.1,0.8}

c. {0.1, 0.5, 0.6, 0.1,0.8}

d. {0.1, 0.5, 0.2, 0.1,0.8}
Answer: {0.1, 0.5, 0.2, 0.1.0.8}

Que. Given U= {1,2,3,4,5,6,7}
A={(3,0.7), (5 1), (6, 0.8)}

then A will be: (where ~ — complement)
a. (4, 0.7), (2,1), (1,0.8)}
b. {(4.0.3):(5,0), (6.0.2) }
c. {1, 1), (2, 1), (3,0.3), (4, 1), (6,0.2), (7, 1)}

d. {(3,03)(6.0.2)}

Answer: {0, 1). (2, 1), (3, 0.3), (4, 1). (6,0.2), (7. 1)}



BASICS of FUZZY SET

Height of a Fuzzy Set

Definition
The height h(yt) of a fuzzy set ;x € F(X) is the largest membership
grade obtained by any element in that set. Formally,

h(p) = sup p(x).
xeX
h(p) may also be viewed as supremum of a for which [p]a # 0.

Definition
A fuzzy set p is called normal when h(p) = 1.
It is called subnormal when h(p) < 1.

. Normal fuzzy set: A fuzzy set whose membership function has at least one

element x 1n the universe whose membership value 1s unity.

o Prototypical element: The element for which the membership is equal
to 1.

. Subnormal fuzzy set: A fuzzy set wherein no membership function has it

equal to 1.

® Convex fuzzy set: A convex fuzzy set has membership function whose
membership values are strictly monotonically increasing or strictly
monotonically decreasing or strictly monotonically increasing than strictly
monotonically decreasing with increasing values for the elements in the
universe.

. Nonconvex fuzzy set: the membership value of the membership function is

not strictly monotonically increasing or decreasing or strictly monotonically

increasing than decreasing.
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Figure 8.3: (A) Convex Normal Fuzzy Set and (B) Nonconvex Normal Fuzzy Set



The intersection of two convex fuzzy set 1s also a convex fuzzy set. The element in
the universe for which a particular fuzzy set A has its value equal to 0.5 is called
crossover point of membership function. There can be more than one crossover
point in fuzzy set. The maximum value of the membership function of the fuzzy set
Ais called height of the fuzzy set. If the height of the fuzzy set 1s less than 1, then
the fuzzy set 1s called subnormal fuzzy set. When the fuzzy set A 1s a convex single

—point normal fuzzy set defined on the real time, then A is termed as a fuzzy

number.
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Figure 8.4: Crossover Point of a Fuzzy Set

Definition 2.2: (iven a fuzzy set A n X and
any real number & € [0, 1], then the & -cut or
a -level or cut worthy set of 4, denoted by * A
15 the cnisp set

A=lx e X g (x)za)

The strong a cut, denoted by "4 15 the cnisp
set
TA={x€X y(x)za)

Consider a fuzzy set A defined on the interval X = [0, 10] of integers by the membership Junction
HA(X) = X / (x+2)
Then the a cut corresponding to a = 0.5 will be

{0,1,2,3,4,5,6,7,8,9, 10}
{1,2,3,4,5,6,7,8,9,10}
{2,3,4,5,6,7,8,9,10}  answer

None of the above



Consider a fuzzy set old as defined below

old = {(20, 0.1), (30, 0.2), (40, 0.4), (50, 0.6), (60, 0.8), (70, 1), (80, 1)}

Then the alpha-cut for alpha = 0.4 for the set old will be

{(40,0.4)}

{50, 60, 70, 80}

{(20,0.1), (30, 0.2)}

{(20, 0), (30, 0), (40, 1),(50,1),(60, 1), (70, 1), (80, 1)} Answer



29. The height h(A) of a fuzzy set A is defined as h(A) =sup A(x) where x belongs to A. Then the fuzzy set A is called
normal when

(A)h(A)=0
(B)h(A)<O
(Qh(A)=1
(D)h(A)<1
Ans:- C

7. A fuzzy set whose membership function has at least one element x in the universe whose membership value is unity is

called

° sub normal fuzzy sets
e normal fuzzy set
° convex fuzzy set

° concave fuzzy set

@ cnswer © comment ,ﬁ (®) !;U 2

Option : B

9. A fuzzy set wherein no membership function has its value equal to 1 is called

° normal fuzzy set
o subnormal fuzzy set.
° convex fuzzy set

o concave fuzzy set

@ answer @ comment ,ﬁ (2) r;ﬂ (0)

Option : B




29. In a Fuzzy set a prototypical element has a value
a)l

b) 0

c) infinite

d) not defined

Ans: A

Fuzzy Composition

There are two types of fuzzy composition techniques:

1. Fuzzy Max-min composition 2. Fuzzy Max-product composition

Fuzzy Composition

Suppose
R s afuzzy relation on the Cartesian space KxY,
S is afuzzy relation on the Cartesian space Y X Z and

T s afuzzy relation on the Cartesian space KxZ; then fuzzy max-min
and fuzzy max-product composition are defined as

-~ -~ -~

T=RoS§

max —min

Hy(x.2) = V([ (X, y) A Py, 2))
max — product

Hy(x,2) = v (1 (%) ® Hi(Y.2))



Fuzzy Composition: EXample (max-min)

X={x, %} Y={.nhad Z=1{2,2,5)

Consider the following fuzzy relations:
)"| _\‘2 Zl :2 Z.‘
L 0.7 05 O 09 06 05
“x,l08 04] *° “y,l01 07 05
Using max-min composition,
(x3,2))= V(2.9 A f5(v.2)) 4 %
R L e i - _x[07 06 05]
= max[min( 0.7,0.9),min(0.5 0.1)] =
R x|08 06 0.5

Fuzzy Composition: EXample (max-Prod)

Y={y,¥»},and Z=1{2,,2,,%}

X={x,x},
Consider the following fuzzy relations:
)"l .VZ Z| :2 Z_‘
P 0.7 05 4 o 09 0.6 05]
2|08 o4l AP “yv.lo1 07 05]
Using max-product composition,
4 & %4
By (X2, 2) = ¥ (H(%.3)® B (¥, 2) = x,[.63 .42 .35]
= max[( 0.8.0.6),(0.4,0.7)] _xz I_.72 48 ..40_|
= (.48
Example:

X =10, %), Y =1y, ¥}, and Z = {z;, Z5, Z3}. Consider the following fuzzy

relations:
¥i ¥z I I I
5_ X [{}.? 0.6 - ¥i [0.8 0.5 04
X 10.8 0.3 Y, L0.1 0.6 0.7
Relation &

Relation B



Solution:

So ultimately, we have to find the elements of matrix,

il ]

Composition of relation R and
5

Max-Min Composition:

Max-min composition is defined as,

Y
I=En§=ult><;zl=ycy

(Hgtx y) v psly, 2))

From the given relations R and S,

B(xq, 21) = max (minCpglxy, y1), Bsly, 210), mint Pplxy, y2), Bsly2, 21)))
= max(min(0.7, 0.8), min(0.6, 0.1)) = max(0.7, 0.1) = 0.7

W(xg, Zp) = max (minCpEglxy, y1), Bslyy, 2200, mint Pglxy, y2). Bsly2, 22)))
= max(min(0.7, 0.5), min(0.6, 0.6)) = max(0.5, 0.6) = 0.6

B(xq, Z3) = max (min(pglxq, y1), Bslyy, Z3)), mint PRy, yo), Bsly2, Z3)))
= max(min(0.7, 0.4), min(0.6, 0.7)) = max(0.4, 0.6) = 0.6

B(xz, Z1) = max (min( pglxz, y1), Bslyy, 1)), mint pRlxs, yo), Bsly2, 21))

= max(min(0.8, 0.8), min(0.3, 0.1)) = max(0.8, 0.1) = 0.8

WXz, Z5) = max (Min( pgxs, y1), Bglyy, Z2)), mint @pRlxs, yo), Bsly2, Z2)))

= max(min(0.8, 0.5), min(0.3, 0.6)) = max(0.5, 0.3) = 0.5



X2, Z3) = max (min( wgxa, y1), Wslyq, Z3)), Min( Pg(xz, ¥o), Mslys, Z3)))

= max(min(0.8, 0.4), min(0.3, 0.7)) = max(0.4, 0.3) = 04

L L L
= X [0.7 0.6 06
- X 08 05 04

Max-Min composition of
Relations

Max-Product Composition:

%
I=E°§=|ll(:&2]=yCY{HE[X,\{]-NSW,ZJ]

maxr
= e y (M) usly. )

Hi(x1, Z1) = max ((Wpxy, y1) * Wsly1, 21)), (WglXy, y2) * Bslys, 1))
= max({(0.7 = 0.8), (0.6 x 0.1)) = max(0.56, 0.06) = 0.56
Hi(x1, Zp) = max ((pglxy, y1) * Hglys, Zo)) (HR(Xy, y2) > Wslys, Z2)))
= max( (0.7 = 0.5), (0.6 = 0.6)) = max(0.35, 0.36) = 0.36
Hi(x1, Z3) = max ((pglxy, y1) * Hglys, Z3)), (HR(Xy, y2) > Wslys, Z3)))
= max((0.7 x 0.4), (0.6 = 0.7)) = max(0.28,0.42) = 042
H1(X2, Z1) = max ((pglxg, Y1) * Bsly1, Z1)), (HR(Xp, y2) * Bslyz, 21)))

= max((0.8 = 0.8), min(0.3 = 0.1)) = max(0.64, 0.03) = 0.64



H(X2, Zo) = max ((Hp(Xa, y1) = Bsly1, Z2)), (Hg(X2, y2) = Wgly2, Z5)) )
= max((0.8 x 0.5), (0.3 = 0.6)) = max(0.4, 0.18) = 0.40
Hi(X2, Z3) = max ((Wgxs, Y1) > Wslyq, Z3)), (HR(X2, Y2) * Mglys, Z3)))

= max((0.8 = 0.4), (0.3 = 0.7)) = max(0.32, 0.21) = 0.32

Z , I
X% [056 036 0.42
= X% l0.64 040 0.32

Max-Product composition



