Relations on a Set

Definition:  Let A and B be sets.  A (binary) relation R from A to B is a subset of A(B. We say x is related to y if (x,y)(R  and write it  xRy. 

If x is not related to y, that is (x,y)(R,  we write   xRy.

Example:  A = {a,b,c}     B = {3,5,6,8}        R = {(a,3), (b,5), (b,3), (b,8)}

                 Then aR3    bR5   bR3     bR8.  [a is related to 3 or aR3  etc.]

We can diagram a relation with a finite number of related point as this one as follows:
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This is called an arrow diagram for a finite realation.  There is an arrow from x to y if and only if x is related to y.

Example:   A=Z  B=Z     R = >  (greater than)      Then (7,3)(R since 7>3.  One could also write this as 7R3  or  (7,3)(>.

Example:   A=B=Reals     The relation  S = {(x2,x) ( x is real}.   The graph of this relation is the following:




Functions as Relations

Definition:  A function F from A to B is a relation from A to B that satisfies the following:
1.  For any x(A there is a y(B such that (x,y)(F.  [or xFy ]



2.  If (x,y)(F and (x,z)(F then y=z.

If F is a function from A to B and (x,y)(F we say y=F(x).

1 and 2 above insure we don’t have the problems that might make a relation

not be a function.

1.  Not defined for all x


There is an x in X not related to any y.
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2. Not uniqueness or “not well defined”.
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Inverse Relations

Definition:  Given a relation R from A to B.  We define R-1 a relation from B to A by:

R-1 = {(y,x)(B(A ( (x,y)(R}.  That is, (y,x)(R-1 if and only if (x,y)(R. 
Example:  A = {a,b,c}     B = {3,5,6,8}        R = {(a,3), (b,5), (b,3), (b,8)}


Then R-1 = {(3,a), (5,b), (3,b), (8,b)}

Example:   A=B=Reals     The relation  S = {(x2,x) ( x is real}.   The graph of this relation is the following:


S-1 = {(x,x2) ( x is real}      We get its graph by reflection the above about the line y=x.

Binary Relation on a Set.   

Suppose A=B in our definition of a relation.  Then R(A(A.  

We discussed < which is a relation on Z.

Example:   Let  A = {2,3,4,5,6,7}    and

          R = {(2,2), (3,3), (4,4), (5,5), (6,6), (7,7), (2,5), (5,2), (3,6), (6,3), (4,7), (7,4)}

Directed Graph of the above example.  (directed edges and loops)
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Ternary and n-ary relations.

Can extend the idea of relation beyond binary relation.

R(A(B(C

Example  A=B=C=Z

(x,y,z)(R if and only if x<y<z.

(1,2,5)(R     (1,6,5)(R.

This can be extended to subsets of A1( A2( A3( .  .  . An.























































