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Crisp relations

* Order pairs:

Suppose, A and B are two (crisp) sets. Then Cartesian product denoted as
A X B is a collection of order pairs, such that

AXB ={(a,b)la € Aand b € B}

Note :

(1)AXB #B XA (2) |A X B| =|A| X |B|
(3) A X B provides a mapping froma € Atob € B.

A particular mapping so mentioned is called a relation.




Crisp relations

Example:

Consider the two crisp sets A and B as given below.
A={12234B ={3,5,7}.

Then, A x B = {(1,3),(1,5),(1,7),(2,3),(2,5),(2,7),(3,3),(3,5).(3,7),
(4,3),(4,5),(4,7)}

Let us define arelationas R = {(a,b)|b=a + 1,(a,b) € A X B}
Then, R = {(2,3), (4,5)} in this case.




Crisp relations

We can represent the relation R in a matrix form as follows.




Operations on crisp relations

Suppose, R(x,y) and S(x, y) are the two relations defined over two crisp sets
x EAandy € B

* Union: R(x,y) U S(x,y) = max(R(x,y),S(x,y));
* Intersection: R(x,y)NS(x,y) = min(R(x,y),S(x,y));

* Complement: R(x,y)= 1 — R(x,y)




Example: Operations on crisp relations

Suppose, R(x,y) and S(x, y) are the two relations defined over two crisp sets
x EAandy € B

0
o
R=1o
0

0 1
0 0
1 0
0 0
Find the following

* RUS

* RNS

* R




Composition of two crisp relations

Given R is arelationon X, Y and S is another relationon Y,Z. Then, R e S is
called a composition of relation on X and Z which is defined as follows.

ReS ={(x,2z)|(x,y) € Rand (y,z) € Sand Vy € Y}

Max-Min Composition

Given the two relation matrices R and §, the max-min composition is defined as
T = RoS;

T(x,z) = max{min{R(x,y),S(y,z) and Vy € Y}}




Composition: Composition

Example: Given X = {1,3,5}; Y = {1,3,5; R = {(x,y)ly = x + 2};

S ={xy)x <y}
Here, Rand Sison X X Y.

Thus, we have R = {(1,3),(3;:5)} S = {(13),(1,5),(3,5)}

RS U

10 1 1
S=3|0 0 1

510 0 0




Fuzzy relations

Example:
X = {typhoid,viral,cold },Y = {running nose, high temp, shivering }

The fuzzy relation R is defined as

running nose high temperature shivering

typhoid 0.1 0.9 0.8
viral 0.2 0.9 0.7
cold 0.9 0.4 0.6




Fuzzy Cartesian product

Suppose
* Ais afuzzy set on the universe of discourse X with u,(x)|x € X

* B is afuzzy set on the universe of discourse Y with uz(y)|y € Y

ThenR = A X B € X X Y ; where R has its membership function given

by up(x,y) = ppp(x,y) = min{u,(x), up(y)}




Fuzzy Cartesian product

Example :

A = {(a1,0.2),(a2,0.7),(a3,0.4)} and B = {(b1,0.5), (b2,0.6)}

b, by

a; 0.2 0.2
R=AXB=a2|05 0.6

az 104 0.4




Operations on Fuzzy relations

Let R and S be two fuzzy relations on A X B.

* Union: Upys(a,b) = max{ug(a,b), us(a,b)}
* Intersection: Urns(a,b) = min{uy(a,b), us(a,b)}
* Complement: uz(a,b)= 1-uy(a,b)

* Composition: ' =RoS




Ooperations on Fuzzy relations: Example

Example : X =(x,x2,x3), Y = ,Y2), Z = (21,2;,23),

Yi Y2 : .

o ds 3 s 5
R=x102 09 and  S= [0'5 e
x3 108 0.6 S e e B

ReS =X
X3

05 08 09
06 06 0.7

X1 [O.S 04 05

Uros (x4, ¥1) = max{min(ug(x,, ¥,), us(yy, 2,)) , min(ug(x,, v,) , us(v2, 2,))}
= max{min(0.5,0.6), min(0.1,0.5)} = max{0.5,0.1} = 0.5 and so on.




