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2.3RELATIONS.

Let A and B be sets . A binaryrelation R, from A to B is a subset of A X B.

if (x,y) € R, we say that x is R-related to y and denote thisby xRy

IF (x,y) &€ R, we write x
to A, i.e.is a subset of A’X A, then we say that R is a relation on A.

y and say that x is not R related to y . if R is a relation from A

Since we will deal mainly with binary relations, the word "relation " will mean binary
relation unless otherwise specified .

The domain of a relation R is the set of all first elements of the ordered pairs which
belong to R, and the range of R is the set of second elements .

EXAMPLE 2.3
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(a)LetA = {1,2,3},and R = {(1,2),(1,3),(3,2)}. Then R is a relation on A since itis a
subset of A X A with respect to this relation,

1R2,1R3,3R2but 11,2 R1,2 2,2 3,3 R1,3 %3
The domain of Ris {1,3} and the range of R is {2,3} .

(b) Let A={ eggs, milk, corn } and B={ cows, goats, hens } . we can define a relation R
from A to B by (a,b)€ R ifais produced by b. In other words,

R={(eggs, hens),(milk, cows),(milk ,goats)}
With respect to this relation,
Eggs R hens, milk R cows , etc

(c)Suppose we say that two countries are adjacent if they have some part of their
boundaries in common .

Then "is adjacent to" is a relation R on the countries of the earth . Thus
(italy, Switzerland)€ R but ( Canda, Maxico) € R

(d)A familiar relation on the set Z of integers is "m divides n " . A common notation for
this relation is to write m{n when m divides n. Thus 630 but 7 }25.

(e)Among the basic relations considered in geometry are "is congruent to " and "is
similar to ", which are relations on the set of geometric figures in the plane .The relation
"is parallel to" and " is similar to " is a relation on the set of lines in the plane.

(f)Let A be any set. An important relation on A is that of equality,

{(a,a):a € A}

Which is usually denoted by "=". This relation is also called the identity relation in A
and is sometimes denoted by A4

(g)Let A be any set. Then AXA and @ are subsets of AXA and hence are relations on A
called the universal relation and empty relation respectively .

2.4PICTORIAL REPRESENTATIONS OF RELATIONS

We first consider a relation S on R of real numbers, i.e. S is a subset of R? = R X R
Since R? can be represented by the set of points in the plane, we can picture S by
emphasizing those points in the plane which belong to S . The pictorial representation
of the relation is sometimes called the graph of the relation.
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Frequently, the relation S consists of all ordered pairs of real numbers which satisfy
some given equation E(x,y)=0

We usually identify the relation with the equation, i.e. we speak of the relation
E(xy)=0

Example 2.4. consider the relation S defined by the equation x? + y? = 25

That is,S consists of all ordered pairs(x,, y,)which satisfy the given equation . The
graph of the equation is a circle having its center at the origin and radius 5. See Fig .2-2.

T
N,

x% 4 y? =25
Fig 2 =2

Suppose now A and B are finite sets . we list three different ways of picturing a relation
RfromAtoB.

(i)Represent the elements of A as points on some horizontal axis, and the elements of
B as points on some vertical axis . The elements of A X B are then represented by the
points of intersection of the vertical lines through the points of A and the horizontal
lines through the points of B ; this representation is called a coordinate diagram of

The relation R is pictured by adding emphasis to those points of A X B which belong to
R.

(ii))From a rectangular array whose rows are labeled by the elements of A and whose
columns are labeled by the elements of B..

Puta 1 or 0 in each position of the array accordingasa € Aisor notrealtedtob€ B .
This array is called the matrix of the relation.

(iii)Write down the elements of A and the elements of B in two disjoint disks, and then
draw an arrow froma €A to €B wheneveraisrelatedtob.
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This picture will be called the arrow diagram of the relation .

In fig 2-3 we picture the first tow relations of example 2.3 by the above three ways

3j 1 2 3
2 ¢ 1 0 1 1
. 2 0 0 0
3 0 1 0
1 2 3
(1) (ii)

R =1{(1,2),(1,3),(3,2)}

hens|—§—| cows | goats | hens

goats Eggs 0 0 1

cows Milk 1 1 0
corn 0 0 0

T
eggs Milk corn

(1 (ii)
R = {(eggs, hens), (milk, cows), (milk, goats

There is another way of picturing a relation when it is from a finite set into itself
we write down the elements of the set and then draw an arrow from an element x
to an element y whenever x is related to y this diagram is called the directed
graph of the relation .

Figure 2-4 gives the directed graph of a relation R on the set A=(1,2,3,4).

Observe that there is an arrow from 2 to itself since 2 is related to 2.

» 2), (3.4), (4,1) (4,3))
B = W12 &2 (2:‘3;1:_.‘
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3 j | 1 2 3
2 l 1 0] 1 1
1 2 0 0 0
3 0 1 0
12 3
(i) (ii)

R = {(1.2),(1,3),(3.2)}
hens|—§—]| cows | goats [ hens
goats Eggs O O 1

Milk 1 1 0
Cows
corn 0 0 0

ege=milk corn

(i) (it}
R = {({eggs. hens), (milk, cows), (milk, goats)}
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