Section 2  Binary Operations
Definition: A binary operation ( on a set S is a function from SxS into S.  Suppose a and b are in S.   ((a,b) is usually written as a(b.

What are some examples for the following sets S?  

   S=R   S=Z   S=P(Z)   S={T,F}

Definition: Suppose ( is a binary operation on S and H is a subset of S.  H is said to be closed under ( if for all a and b in H, then a(b is in H.  If H is close under ( then the binary operation on H given by restricting ( to H is called the induced operation of ( on H.  
Examples:  Is each of the operation above closed for  R+,  {even integers}, P(Z+), {

Definition:  A binary operation ( on S is commutative if and only if a(b = b(a for all a,b in S.

     Give some examples of commutative and non-commutative binary operations.
Definition:  A binary operation ( on S is associative if and only if (a(b)(c = a((b(c)  for all a,b,c in S.

Give some examples of associative and non-associative operations.
Claim:  If ( is associative then you don’t need parentheses to tell you the order of operations since you always get the same answer.

e.g.  a(b(c(d  is well-defined.  How would you prove this for any number of elements of S is such an expression?

Theorem: [composition of functions is associative] Suppose f,g,h are functions from S to S.  Then fo(goh)= (fog)oh.  

Prove it.

[See comment at top of page 24 about matrices and linear transformations.]

Tables:  

	(
	a
	b
	c

	a
	c
	b
	c

	b
	a
	b
	c

	c
	c
	b
	a


How could you tell if ( is commutative?
Make sure tables have two properties:

1. exactly one element is assigned to each possible ordered pair of S.   [Otherwise “( is not everywhere defined”  or ( is not well defined.”  Explain.
2. for each ordered pair of elements of S, the element assigned to it is again in S.  [Otherwise “S is not closed under (.”]
Note:  There are 25 examples of binary operations in this section. 
