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Lecture — 05
Fuzzy relations

So, in the last lecture we have learnt about different operations on fuzzy set. So, different
operation on fuzzy set that we have learnt is basically given A 2 fuzzy set or A fuzzy set
how another fuzzy set can be obtained. Now we are going to learn another concept in
fuzzy logic it is called the fuzzy relation. So, by means of fuzzy relation we say that if 1
element belongs to A fuzzy set then how this element is related to another fuzzy set. So,
this basically the relation; between the 2 elements, which belongs to the 2 different fuzzy

set.
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So, fuzzy relations in many way related to the crisp relation crisp relations means the
relation those are there on the crisp set. So, will first learn about the crisp relation and
then whatever the operations those are possible on crisp relation is basically semi
applicable to the fuzzy relations also , but there are certain difference. So, it will be better
if will learn first operations on crisp relation and then the operation that can be applied to
the fuzzy relation some examples also will be considered in word to understand the crisp

relation and then we will be in A position to know fuzzy relation, some examples



operations those are possible on fuzzy relation and finally, we clear our idea with some

examples.
So, these are the topics that we are going to cover in this lecture.
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Crisp relations

* Order pairs:

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

AxB ={(a,b)|la € Aand b € B}
Note :
(J)AXB#BxA (2) 1A x B| = |A| x|B]
(3) A X B provides a mappingfroma € Atob € B.

A particular mapping so mentioned is called a relation.
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So, let us first discuss about the crisp relation now crisp relation basically is an collection
of order pair. So, if A and B are the 2 sets then it is order pair is denoted by the Cartesian
product A cross B and it basically gives the collection of order pair a b such that A

belongs to the set A and B belongs to the set B .

So, this order pair relation is important to understand the crisp relation. Now A particular
mapping is basically belongs to A particular relation and you know. So, for the crisp
relation is concerned these are the different property holds good the first property is that
A cross B is not equals to B cross A; that means, they are not commutative and here is
basically the number of elements which is belong to the product is same as the number of
elements belongs to the constituent set A and the product of the number of elements

belongs to the set B.

So, this also the equation hold goods and as I told you A cross B essentially provides A
mapping the from A set from an element belongs to set A to another element B belongs to
set B. So, it is basically A mapping and this mapping is expressed by means of an order

pair and this particular mapping is called A relation.



Now, we can understand this relation better if we consider an example.
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Crisp relations

Example:

Consider the two crisp sets A and B as given below.
A={L234B =357}

Then, 4 x B = ((1,3),(1,5),(1,7),(2.3), 2.5). (2. 7), 33, 3.5), 3,7,
(4,3),4,5),4,7)

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

—_—— T ———
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So, example suppose 2 crisp set A and B and A is represented by this form and B is 3, 5,
7. So, these are the 2 sets A and B and we can obtain they are Cartesian product
Cartesian product we can obtain for this 2 phrase is all possible order pairs. So, it is
shown here this is the Cartesian product of that 2 fuzzy set A and B. So, here for given 1,
2,3,then1517then23245t0735333537andso on.

So, these are the different what is called the elements which belongs to the Cartesian
product of the 2 fuzzy sets A and A and B and then the relation, I told you the relation is
basically A particular mapping now here we express the relation and this is A this is this

1s suppose the relation that we have discussed here.

So, relation between the 2 order elements in A order pair should satisfy the these
equation, if it is satisfy then it gives A particular set or it is basically A relation which is
shown here for example, if this is A relation hold good for every element then the

relation that can be obtained is basically this one.

So, A relation is basically A collection of order pairs which satisfy A particular mapping

or A particular definition.
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Crisp relations

We can represent the relation R in a matrix form as follows.
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Now, so this is the crisp relation and such a relation can be expressed in A more compact
way and this compact way it is called the matrix representation of A relation, now the
matrix representation of the relation which we have learned earlier. So, R is 2 3 and 4 5
is denoted by this matrix you can see 1 and 3 which is not belong to the set. So, it is 0
and the elements, 2 and 3 belongs to the set. So, it is 1. So, here 0 and 1 are the entries in
the relation matrix O indicates that that order pair is not belongs to this relation and 1

indicates that that order pair belongs to the relation.

So, this way A relation can be represented by means of A relation matrix.
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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(y)U S(xy) = max(R(x,y),5(x,y));

* Intersection:  R(x,y) N S(x,y) = min(R(x,y),5(x,y));

* Complement: R(x,y)=1- R(x,y)
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Now, so operation on crisp relation so these are the relations if it is available to us we can
apply different operations on it, say suppose R and S are the 2 operations defined over x
and y where x is the somes some elements belongs to the universe of discourse x and y is
the element belong to the universe of discourse y. So, R x y can be obtained as A relation

matrix similarly S x y can be obtained by means of an another relation matrix.

So, if the 2 relation matrix, are available to us then we can apply many operations on
them. So, the operation on them that can be a applied can be applicable is union
intersection complement like this. Now you can find the difference between the union of
2 fuzzy sets and union of 2 fuzzy relations. So, union operation of 2 fuzzy set is
expressed by this form. So, R is the relation and B is the S is the another relation right
and this relation obtained over the 2 crisp set say A and B then the union of the 2

relations can be defined as A max of the 2 entries in x and y in both relation.

So, 1 example can be given here. So, this is the union operation likewise the intersection
operation is basically minimum values of the entries and the complement is 1 minus the

entries in each elements.
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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
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Now, 1 example that can be consider here suppose this is the 1 relation that can be
obtained over A and B and this is the another relation obtained over the sets A and B. So,
it is basically A cross B with some relation it is also A cross B with different relation and
then we want to obtain union of the 2. So, union of the 2 we can write R union S. So, it is
basically 1 matrix now union operation as I told you it is A max so 0 and 1. So, you have

to take the 1 1 0 it is A 1 then 0 O for the first rows similarly 0 1 10001 1and 000 1.

So, this is the another relation matrix that can be obtained using the operation relation

operation of the 2 relations R and S. So, this way we can obtain the relation.
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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

R=

[T = I -

1
0
0
0
Find the following
« RUS

* RnS
* R
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Now, using the same concept you can find easily the union of 2 intersections of 2 and
then complement. Now, so far the complement operation is concerned R complement
this is equals to it is basically complement value. So, if the 0 then it will be 1 and it is 1
then 0 so you can complement of these is this this thisandthen 1 1011 110and 111

1. So, this is the complement of the relation R.
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Composition of two crisp relations

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

RoS ={(x2)|(x,y) € Rand (y,2) € Sand Vy € Y}

Max-Min Composition

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

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

—
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Now, there is another important relation it is called the composition and composition

relation is why they applicable in the context of fuzzy relation. So, composition



operation it is denoted by this\\is symbol R composition S; that means, from 2 relation
we can find another relation, but. So, these R relation suppose over 2 set A and B and S
relation is over another say A and C. So, here C is the 1 common set then we can obtain
R composition S basically relation from A to B via C. So, this is the concept that is called

the composition.

Now, composition operation can defined mathematically using max min calculation the
max min it is called the max min composition this is y and is denoted by these
expression, max min composition is basically this 1 now it is little bit difficult to
understand at the movement. So, I can give an example. So, that you can understand it
basically follows the similar concept of product of 2 matrix actually. So, it basically take
the first minimum of corresponding entries and then take for A particular entries the

maximum value.
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Composition: Composition

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

e ]
Here, Rand Sison X x Y. o
A AT

Thus, wehave R = {(1,3),(3,5)}, § = {(1,3),(1,5),(3,5)}

1 3 5 il
19——1—9
R=310 0 1 and 5-3

— U

5000

3 5
0 1
Using max-min composition Re §= 3 00
00
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So, let us have some example. So, that we can understand the max min composition or
simply A composition operation to relation now this is A 1 example we have to consider
carefully. So, suppose x is the 1 universe of discourse y is another and the relation R xy
defined over x and y and S is also another relation defined over the same discourse x and
y, the relation that is there for A R it is basically this is the relation and this is the relation

that is there in S.



Now, based on this thing we can easily obtained the Cartesian product and then applying
this relation we can obtain these matrix and these matrix. So, these are the 2 relations
obtained from the 2 fuzzy set 2 crisp set x and y now having this relation we can find the
composition of the 2. Now composition basically we take first row wise and then column
wise just like A product to obtain the first element here sorry. So, this is the row and this

is the 1 to obtain the first element here.

So, is basically take like. So, 0 and 0 take the minimum so minimum is 0. So, 0 is A
minimum then 1 and 1 as 1 and 0 then it is A minimum is 0 then 0 and 0. So, minimum is
0 and then take the max max of this so this is 0. So, this is A 0 for the next element we
can obtain so these and then these one. So, 0 and 1 so further next further next these 1
and then these one. So, you can get this element. So, this and this we can go so; that

means, 0 and 1 take the minimum it is 0.

(Refer Slide Time: 13:58)
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Composition: Composition

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

§={xylx <y}
Here, Rand Sison X x Y.

Thus, wehave R = {(1,3),(3,5)}, § = {(1,3),(1,5),(3,5)}
1 3 5 il & 9
1 [—4=0 1[0 f 1
R=3[0 0 1] and s=3l0 1] @,oi(?
5100 0 0 510 0

Using max-min composition Re§=3
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And then 1 and 0 take the minimum it is 0 and then 0 and 0 take the minimum this 1 and

then maximum. So, itis 0 1.
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Example: Given X = {1,3,5}; ¥ = {1,3,5} R = {(x,y)ly = x + 2};
S={xyl <y}

Here, Rand Sison X x Y.
Thus,wehave R = {(1,3),3,5)}, § = {(1,3),(1,5),(3,5)}

I e /
1[16—t0 MO 0 | )
R=3’g’g—;l and S=3[0 0 1] |/ )
5 500 0
il 5
110 00
Using max-min composition Re§S=310 0 0
510 9(0)
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Now, let us see how this element can be obtained. So, again we have to take this 1 and
then this one. So, first 0 and 1 0 then 1 and 1 1 and 0 and O it is 0 and taking the
maximum this one. So, it get this one. So, these element, again we can be obtained if we
take these 1 and the this last element can be obtained. So, this way we can obtain the

relation called the max min composition of the 2 relations R and S.

So, it needs A little bit practice to understand it. So, it will basically take the mean
corresponding to this traversing and then taking the max of all these will give A
particular element. So, this is the idea and now let us see, how these operations though

they are applicable to the crisp is also applicable to the fuzzy, but in A different one.
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Fuzzy relations

*  Fuzzy relation is a fuzzy set defined on the Cartesian product of crisp set
o

* Here, n-tuples (x;, x5, ..., ,) may have varying degree of memberships
within the relationship.

+ The membership values indicate the strength of the relation between the
tuples.
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So, difference between the fuzzy relation and crisp relation lies in the terms of increase
in the relation matrix in case of crisp relation the entries in the matrix is either 0 or 1
whereas, in case of fuzzy relation the entries in the matrix is any value in between 0 and

1 both inclusive.
(Refer Slide Time: 15:24)

Fuzzy relations

Example:

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

S R el L
The fuzzy relation R is defined as

running nose high temperature ~ shivering

typhoid 01 09 08
R = wviral 0.2 0.9 0.7
cold 0.9 0.4 0.6
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Now, let us start with an example about the fuzzy relation and suppose 2 fuzzy sets
which is described over the 3 elements which is here 1 fuzzy set is X and another fuzzy

set is Y the different elements in the fuzzy sets are here in X is typhoid viral cold in



fuzzy set Y, the elements are they are running nose high temperature and shivering now

you can understand what is the meaning of these to fuzzy sets and the relation then.

So, basically here if the disease is typhoid then what are the difference symptoms are
there. So, if the disease is typhoid the symptom that running nose is, but with the strain

0.1 high temperature 0.9 and shivering 0.8.

So, every disease and the different symptoms with the different membership values is
represented and by means of A relation matrix. So, if it is A viral then what about the
shivering the shivering is 0.7, if it is A viral then running nose, but running nose with
little bit less uncertainty than the shivering that is 0.2 and 0.7 . So, the relation matrix
basically shows the different element which are belongs to the different sets how they are
related to each other. So, this basically the physical significant of the fuzzy relations and
now one thing it is clear that the element in the fuzzy relations; that means, the entries in

the relation matrix is basically any value in between 0 and 1 both inclusive.

So, this is the only difference between the fuzzy relation and the crisp relation, otherwise
every operation though we have defined in case of crisp also equally applicable to the
fuzzy sets now let us see what are the different operations they are possible for the fuzzy

relations.
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Fuzzy Cartesian product

Suppose
¢ Ais afuzzy set on the universe of discourse X with j14(x)[x € X

¢ Bisafuzzy set on the universe of discourse ¥ with uy(y)|y € Y

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

by a(x,¥) = paxp(x,y) = minfu(x), up(y)}
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So, here so the fuzzy relation again defined as in the crisp relation like the min operation.

So, it is A min actually. So, this is the min operation.

(Refer Slide Time: 18:00)
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Fuzzy Cartesian product

Example :
A = {(a1,0.2),(a2,0.7),(a3,04)} and B = {(b1,0.5), (b2,0.6)}
_— B S ——
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Let us see 1 example. So, here say A and B are the 2 fuzzy set A and B are the 2 fuzzy
sets now I can find A relation the relation can be obtained as we have discussed here,
now relation operation that can be defined over 2 fuzzy sets it is basically represented by
this expression that nu R x y where is A membership values belong to relation and it is
denoted a A cross B as I told you Cartesian product of x y and it basically takes the
minimum of 2 corresponding values in both the set A and B for x and y respectively. So,

it is basically taking the minimum.

Let us have an example. So, we can clear our idea this is an example can be followed to
explain the relation operation for the fuzzy set in terms of Cartesian product A, now here
A is the set which is defined like this B is another set which is defined like this and then
the relation are is basically Cartesian product as I told you. So, it basically fora 1 and b 1
alandb2soalblalb2nowforalb 1 wehave to take the minimum. So, 0.2 and
0.5 take the minimum. So, it is A minimum entries similar a 1 and b 2 0.2 and 0.6 take

the minimum so 0.2.

Likewise a 2 b 1 so minimum is 0.5 a 2 b 2 the minimum is 0.6 a 2. So, this is a 2 now a

3andb 1s00.4anda3b20.4. So,these a we can obtain the relation metrics taking the



min operation that is there. So, this way we can obtain the relation if the 2 fuzzy sets are

given to us.

Now, let us define different operations on fuzzy relation like the different operation in

crisp relation. So, like union intersection and then complement these are the operation.

(Refer Slide Time: 20:21)
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Operations on Fuzzy relations

Let R and § be two fuzzy relations on 4 X B.

* Union: #rus(a,b) = max{uz(a, b), ps(a, b)}
* Intersection:  ppas(a,b) = min{ug(a, b), us(a, b))
« Complement: u; (a,b) = 1 - pg(a,b)

* Composition: T = Re§

Kros = maxyEY {THI'TI(HR(JC, J/)J “S(y! Z))}
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So, union operation on 2 fuzzy sets can be defined using this expression it is basically
taking the maximum value of the 2 entries there. So, it will give the new matrix taking
the maximum of the corresponding entries intersection basically taking the minimum of
the 2 entries and complement it is a unary for 1 operation. So, you take the if it isnu R b
then the value or entries in the relation matrix will be the complement; that means, 1

minusnuRab.

Now, some example can be followed to understand this concept another composition I
will discuss the composition operation in details in regards the fuzzy sets it is basically

same as max min composition.
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Operations on Fuzzy relations: Example

Example : o, x3), ¥ o= (1, 92), 2 = (21,2,73),
Z I 23
_ N6 04 07 )
) 5= %los 08 09 )5 A
ok z Hz '\/ b
2 3 ‘o 1
04 05 %

08 09
06 07

1 QQ VA

Hges (1, y1) = max{min(ug(xy, y1), s (y1, 21))  min(up(x,, ), #S(YZ )
= max{min(0.5,0.6), min(0.1,0.5)} = max{0.5,0.1} = 0.5 and so on.
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Taking the similar concept now better we if we have 1 example. So, x is A crisp set y is
another and Z is another. So, we can consider they are the universe of this course of for
the fuzzy sets may be and so R this is the 1 relation defined over 2 sets which is
discussed over the universe of discourse x and y. So, this is the relation over the 2 fuzzy

sets and A S is the another relation which is defined over y and z.

So, these entries are given to you now if it is given to you then we can calculate R union
S easily now again here we can say R union S here basically elements those are not same
that is why we cannot apply R union S, but the 2 I mean union operation is applicable if
the 2 relations are defined over the same elements. So, if this relations is defined over
this one this one then another relation should be defined this one then only we can for
example, suppose I defined another relation P and x 1 x 2 and x 3 andy 1 and y 2 and

say 0.1 0.2 0.2 and 0.5 0.3 and 0.4. So, this is A relation.

Now, if we want to find the union of the 2 relation. So, R P then relation basically taking
the maxima of the corresponding entry so 0.1 and 0.5 so in the first entry 0.5 and then
0.2 and 0.1 so you should take 0.2 0.2 and 0.2. So, 0.2 and 0.5 and 0.9 0.9 then 0.3 and
0.8 0.8 then 0.4 and 0.6 it is 0.6.

So, this is basically the relation obtained over the union operation of the 2 relation R and
P and you can note that R P this is equals to same as P R regardiments they holds the

commutative property. Now likewise the intersection intersection we have to take in. So,



it is basically take the minimum of this on union where is the maximum and union

intersection is the minimum.
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Operations on Fuzzy relations; Example

Example: X = (xthle)r = (}’1‘)’2)1 Z = (21122123)1

aps 01 5 % 5
S T S
XSQO.% 6 210, X b
o N Z Zp Z3
et 4;0 n“f\ X[05 04 05
" \}
QC QWR:»S:XZ 05 08 09
1106 06 07

Hres (1 y1) = max{min(ug (ey, y0), s (v, 2,)) minup(ey y,) s (v 20))}
= max{min(0.5,0.6), min(0.1,0.5)} = max{0.5,0.1} = 0.5 and so on.
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And then complement also can be obtained for example, so, complement operation this R
bar that can be obtained like. So, 0.5 then 0.9 then 0.8 then 0.1 0.2 and 0.4 I hope you
have understood how it is obtain it is basically taking the complement 1 minus 0.5 1

minus 0.1 and this way.

So, this way the complement operation over A relation R can be obtained now this is
another example that I am going to discuss is A composition. So, R and S are the 2

relation.
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Operations on Fuzzy relations: Example

Example: X = (xirx2!x3)r = (}’1‘)’2)1 L= (21122123)1
1) Z Zz 3

1 [0l 6
R=X2{M/ﬂ§ and §§ E
%3108 06 l [ 9]
/ RoS= 12
6

fos (e )1) = max{mm #r(xy, Y1), s (Y1, 24))  minQug (xy, ) s (v 20))}
= max{min(0.5,0.6), min(0.1,0.5)} = max{0.5,0.1} = 0.5 and so on.
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And we want to find another relation T which is A composition of R and S. So, using the
max min composition it is the composition that we have discussed about the Cartesian
product finding. So, take the minimum first and then minimum of all take the maximum
again we can follow it is these 1 and these traverse. So, it will give this 1; that means 0.5
and 0.6 we have to take the minimum. So, it is 0.5 and 0.1 and 0.5 we have to take the
minimum 0.1 and taking the maximum or this. So, 0.5 so this so 0.5 and likewise if we
traverse this 1 and this 1 the these element can be obtained these 1 and these 1 then this

can be obtained these then this element can be obtained and so on.

So, this is the max min composition operation that can be applied on 2 relation R and B.
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] Fuzzy relation : An example

Consider the following two sets P and D, which represent a set of paddy plants and a set
of plant diseases. More precisely
P = {Py, P;, Py, P;} a set of four varieties of paddy plants
W{)f the four various diseases affecting the plants.
In addition to these, also consider another set S = {Sy,55, 53, 5,4} be the common
symptoms of the diseases. e
Let, R be a relation on P X D, representing which plant is susceptible to which diseases,
which is stated as
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So, this is the relation operation and I can give another last example in this direction here

these examples is very interesting to note. So, P is the set with different element P 1 P2 P
3 P 4 D is the another set with different element say D 1 D 2 D 3 D 4 now in the context
of our real application. So, P basically consider A set of varieties of paddy plant; that

means, P 1 is A 1 type of paddy plant P 2 is another and so on.

Now, D the set D represent the different diseases where D 1 is A type of disease D 2 is
another and so on and say S is the another set with basically set of symptoms the
symptoms are S 1 S 2 S 3 S 4. Now how A particular plant is related to the disease that
can be given by means of A relation. So, this is basically A fuzzy relation showing that
how A particular plant is related to the different disease that may have for example, P 2 is
A plant and is susceptible to disease D 1 with the 0.1 certainty D 2 is 0.2 D 3 0.9 and D
4.

So, we can say that P 2 is very much susceptible to the disease d 3 or d 4 and less
susceptible disease D 1 D 2 it is the concept. So, these are meaning of the fuzzy relation
now having this fuzzy relation are we can obtain another relation by means of

composition operation.
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Fuzzy relation : An example
Also, consider T be the another relation on D X §, which is given by

DiJoa 02 07 09
¢ D, Im 1.0 14 0.6\ /
D3]0.0 0.0 05 09
0,109 1.0 08 02

Obtain the association of plants with the different symptoms of the disease using
max-min composition.

Hint: Find R o T, and verify that 51 S S S,
Pi[08 08 08 09 .
_P,[08 08 08 0.9\)/

T~ B5=plos 08 08 09

108 08 07 09
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So, S also another relation it basically showing the relation about disease and the
symptoms so here different disease are there and different symptoms and this is the
metrics showing how particular disease and related to the different symptoms for that,
now having this 1 then we can have the composition operation. So, T is A set resultant
which is basically R composition S. So, R composition S can be obtain previously we
have discuss about R and this is the S and taking the max min composition then you can

try and you can check that this is the relation that can be obtained.

So, this relation has the meaning this meaning is that if the R relation shows that which
paddy plant is susceptible to which disease and if S denotes the particular disease and
what are the symptoms, then R S basically shows A particular plant then what are the
symptoms that it basically corresponding to some disease. So, this is the relation showing
A plant and then symptoms that they may be affected. So, this is the 1 example and we

hope I hope you have understood the concept of relation.
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Fuzzy relation : Another example

Let, R = xisrelevanttoy
and S = yisrelevant to z
be two fuzzy relations defined on X X Y and ¥ X Z, respectively, where X =
{123} Y = {apy,0} and Z = {a,b}. Assume that R and S can be

expressed with the g relation matfices :
3
1[0.103—05 07 : 0'3 8;
R=2{04 02 08 09| and S =L
3106 08 03 02 iR
sl i [ 6107 0.2
Ay
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And this is the another example that is the I can give it very quickly. So, there you can
understand if R is another relation showing the relation from these sets to these sets sorry
this is the R relation is this sets to this set and another relation is showing the relation
from these element to this element, if given this 1 then I can find A relation from any 2
anyone. So, bias this one. So, alpha beta gamma basically in between the 2 and then we
can find the relation to 2 a or relation 2 to b. So, that can be obtained by means of

Cartesian product and then relation composition operation rather not Cartesian product.
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Fuzzy relation : Another example

Now, we want ta find R o §, which can be interpreted as a derived fuzzy relation
x is relevant to z.

Suppose, we are only interested in the degree of relevance between2 € X and
a € Z.Then, using max-min composition,

Uges (2,0) = max{(04 4 0.9),(0210.2),(0.8A0.5),(0.9A0.7)
= max{0.4,0.2,05,0.7} = 0.7
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So, it can be like this 1 for example, 2 yeah 2 is the element which is belongs to set and
these are the different and a. So, you can find the relation from 2 2 a by means of max

min composition or the max min composition is can be calculated which is shown here.

So, it basically here for example, 2 and a there is a relation via other elements alpha beta
gamma. So, the relation that 2 is related to A which strength 7 0.7 similarly we can
calculate likewise the 2 and a relation between 2 and a we can calculate relation between
1 and b or 1 and a with some what is called the strength. So, this basically shows the
relation and it is the meaning it is there. Now, so I think time is over. So, we can stop it

here the these portion can be discussed in the next lectures.

Thank you.



