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Briefly on Sets
A set is a collection of objects called elements of the set.  The objects usually are similar (e.g., a set of integers, or a set of colors.)  The elements are not ordered and are unique 
(we cannot have two copies of the same element in the set.)
Suppose the set S consists of the following elements:


S  =  {a, b, c, f, e, p}

We indicate that a is an element of S by the set membership operator, (:

a ( S
The set T is a subset of S if and only if every element in T is in S:


T ( S

T is termed a “proper subset” of S if T is a subset of S and there is at least one element in S not in T.

The cardinality of a set is the count of the number of elements it contains.  Thus, the cardinality of S above is 6:

| S |  =  6

The union of two sets is a set consisting of all the members of each set (remember to not list a member twice if it is in both sets):

If  A  =  { 1, 5, 2, 8 }   and   B  =  { 1, 3, 7, 9, 5 }


A ( B  =  { 1, 2, 3, 5, 7, 8, 9 }
The intersection of two sets is a set consisting only of those members that are common to both sets.  For the above sets A and B, the intersection is:


A ( B  =  { 1, 5 }

The difference of two sets is a set consisting of those elements in the first set that are not in the second set.  Thus, for the above example with sets A and B:


B  -  A   =  { 3, 7, 9 }
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Sections 0.1
Briefly on Combinatorics:  Permutations and Combinations
Preliminary ideas:

If there are n(A) ways to perform task A and n(B) ways to perform task B.

where tasks A and B are distinct and independent, then


there are  n(A)  +  n(B)  ways to perform task A or task B, and


there are  n(A) * n(B)   ways to perform task A and task B.

Permutations     P(n, r)
Consider selecting r items from n in which the order of selection matters.  This is a permutation of n things taken r at a time.  How many distinct ways will there be to do this?  The ways of selecting all n items in which order matters would be the factorial of n:  n!  However, we stop after selecting only r items.  Thus P(n, r) is given by
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Combinations     C(n, r)  
The number of ways of selecting r from n in which the order of the r does not matter is the combination C(n, r).  If in selecting r items from n, the order does not matter, P(n, r) is an over count.  To find C(n, r) we need to divide P(n, r) by the number of unique ways of ordering r items:
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Euclidean Algorithm to find the Greatest Common Divisor of two integers

The elegantly simple idea behind the algorithm is that if an integer d divides (without remainder) two integers, p and q, then d must divide their difference.  Order the numbers so that p > q, then it must be true that 
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where if p/d and q/d are integers, then (p-q)/d is an integer.  But (p-q) is a smaller integer than p.  The greatest common divisor of p and q must be a divisor of (p-q) and q.  Repeat the process on these simpler integers, (p-q) and q, swapping the integers if needed so that p > q.  At some iteration of the process, p = q.  The GCD is this value.
	  p
	  q

	24
	16

	(24-16)
	16

	8
	16

	(16-8)
	8

	8
	8


For a simple example, to find the GCD of 24 and 16: 


The GCD found by the algorithm is 8.  
For large integers, this algorithm is easily programmed.  The modulus operator rather than subtraction reduces the number of iterations or recursive calls.
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Sections 4.1, 4.4, 1.1
Number System in Alternative Bases
Expressing numbers the common way, in base 10, has more to do with our anatomy than with the convenience of base 10 numbers.  Base 2 (binary), 8 (octal) and 16 (hexadecimal) are often more convenient and used in the internal logic of computers.  A number in one base can be expressed in another.  For the base b, numbers will use b distinct digits starting with 0.  Thus, base 10 has digits 0,1,2,3,4,5,6,7,8,9 while base 2 uses only digits 0,1 and base 16 hexadecimal uses the digits 0 through 9 and adds the new digits, A, B, C, D, E, F.   For some three digit number xyz in base b, its value is

x y z b  =  x · b·b  +  y · b  +  z
Thus, the binary number 10112 can be re-expressed as a decimal based number:


10112  
=   1 · 23  +  0 · 22  +  1 · 2  +  1



=   8         +  0        +  2       +  1


=   1110
To convert from decimal base numbers to some other base requires repeated division by the new base.  Successive divisions return remainders that are the digits in the new base beginning with the least significant (farthest to the right) digit.  Thus, taking the above example in the reverse direction, to express  1110  in binary:


remainder:

2 ( 11 (
          
1
(least significant digit)

 2 ( 5 (
          
1


  2 ( 2 (
          
0


    2 ( 1 
(
1

           0

Thus, 1110  =  10112

Arithmetic operations within a base follow the usual mechanics learned for base 10, including “carrying” a digit to the next place.  Thus, to add two binary numbers:


1 0 1 1 

         +
      1 1
              1 1 1 0

Because most of us are accustomed to working with base 10 numbers, for many arithmetic operations in a different base, if a calculator or computer program is not available, it may be more convenient to convert the numbers to base 10, perform the desired operation, and convert the result back to the other base.
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