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Operations on relations

As we previously defined, a binary relation between two nonempty sets A and B (in that order) is
nothing more than a subset of the Cartesian product of A and B (n that order). Since relations are sets they are
susceptible to the ordinary set operations. For example, given two relations R1 and R2 we can form the union,
intersection, and difference of these two relations. The previously mentioned operations are defined as indicated
below.

Definition No. 1 (Union of two relations)
Given two relations R; and R,, we will define the Union of these relations, denoted by R UR,, as
R UR,={(a,b)/(a,b)eR v(a,b)eR,} [
Definition No. 2 (Intersection of two relations)
Given two relations R; and R,, we will define the Intersection of these relations, denoted by R (R,, as
R NR,={(a,b)/(a,b)e R A(a,b)eR,} ]
Note No. 1

Notice that when we talk about the operations of Union or Intersection the order of the relations is
immaterial.

Definition No. 3 (Difference of two relations)

Given two relations R; and R, we will define the difference of relations R; and R; (in that order),
denoted by R — R, , as follows:

R —-R,={(a,b)/(a,b)e R A(a,b) ¢ R,} ]
Note No. 2
Notice that when we define the difference of two relations the order in which they are mentioned matter.
In general, R; — R, will be different than R, — R;. |

Definition No. 4 (The inverse relation of given relation)
Given a relation R, we will define the inverse of this relation, denoted by R'l, as follows:
R ={(a,b)/(a,b)eR} ]
Example No. 1 (from Rosen)
Given Ry = {(1,2), (2,3), 3,4)} and R, = {(1,1), (1,2), (2,1), (2,2), (2,3), (3,1), (3,2), (3,3) }

Find

a) R UR,=
b) RNR, =
¢c) R —R,=
dR'=

e) R?=
)R N R? =

O R'UR’=



Definition No. 5 (composition of two relations)
Given two relations R; and R; we will define the composite of R; and R, (in that order) as follows:
R °R,={(a,c)/(a,b)e R A(b,c)eR,} u
Example No. 2
Given R; = {(1,2), (2,3), (3,4)} and R, = {(1,1), (1,2), (2,1), (2,2), (2,3), (3,1), (3,2), (3,3) } find the
composite relation R, oR,and R, oR,
Definition No. 6 (first and second projection of a graph)

Given a relation R, we will call the first projection of R, denoted by, Pr, R, to the set

Pr,R={a/(a,b)eR} n

Likewise, we will call the second projection of R, denoted by, Pr;R, to the set
P, R={b/(a,b)eR} [

Example No. 3

Given Ry = {(1,2), (2,3), (3,4)} and R, = {(1,1), (1,2), (2,1), (2,2), (2,3), (3,1), (3.2), (3,3) } find the
following sets:

a) PriR,
b) PrR;
c) PriR;
d) PrR;
e) PriR1 NPrR,
f) PriR1 UPrR,
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