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Section 7.3 handout
Representing Relations
Let R be a relation from A to B, where A = {a1,a2,...,am} and B = {b1,b2,...,bn}. The relation R can be represented by an m-by-n matrix   MR = (mij)




0, when (ai,bj) eq \O() not element of R

where 
mij = 




1, when (ai,bj) ( R

Examples


Let A = {1,2,3} and B = {1,2}.


R = {(1,1),(1,2),(2,1),(3,2)}
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Remember Rdiv from last lecture = {(1,1), (1,2), (1,3), (1,4), (2,2), (2,4), (3,3), (4,4)}

MRdiv
=

A relation R is reflexive if and only if MR has 1 in every position of its main diagonal.

Remember R eq \O(=,/) from last handout: a R eq \O(=,/) b if and only if a eq \O(=,/)  b.
MR eq \O(=,/)

=

A relation R is symmetric if and only if mij = mji for all i,j.

Remember the relation Rfun = {(1,2),(2,2),(3,3)} from last class.

MRfun
=


A relation is antisymmetric if and only if mij = 1 ( mij = 0 i eq \O(=,/)  j.
Defn. The join, denoted by (, of two m-by-n matrices (aij) and (bij) of 0s and 1s is an m-by-n matrix (mij) where



mij
=
aij  (  bij
for all i,j.

Defn. The meet,denoted by (, of two m-by-n matrices (aij) and (bij) of 0s and 1s is an m-by-n matrix (mij) where



mij
=
aij  (  bij
for all i,j.

Can the relation formed by taking the union or intersection or composition of two relations R1 and R2 be represented in terms of matrix operations? Yes

Defn. The Boolean Product,denoted by (, of an m-by-n matrix (aij) and n-by-p matrix (bij) of 0s and 1s is an m-by-p matrix (mij) where





1, if aik = 1 and bkj = 1 for some k=1,2,...,n



mij
=






0, otherwise

Examples


Let A = {1,2} B= {1,2,3} C = {a,b}


R = {(1,2),(1,3),(2,1)} is a relation from A to B


S = {(1,a),(3,b),(3,a)} is a relation from B to C.


Compute S ( R = {(1,b),(1,a),(2,a)}
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Note:





MRn
 
=
MR  ( MR ( MR ... ( MR
Representing relations with digraphs
Defn A directed graph or digraph consists of a set of vertices (or nodes) together with a set E of ordered pairs of elements of V valled edges (or arcs). The vertex a is called the initial vertex of the edge (a,b) and vertex b is the terminal vertex of this edge.

An edge of the form (a,a) is called a loop.

Examples

The relation Rdiv represented as a digraph.
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