Counting
385-395
	Combinatorics

	Product Rule

	A procedure can be broken into two tasks. If there is  way of doing the first task, and for each way of doing this task, there are  ways of doing the second task. Then there are  ways of doing the procedure.

Suppose that a procedure is carried out by preforming the tasks , if each task  can be done  ways, regardless of how previous tasks were done, then there is 


Example:
How many different bit strings of length seven are there?
1. There are 2 possibilities for each bit (0 or 1)
2. There are 7 tasks at hand: Choose 0 or 1 for each bit
3. So the procedure is 

Counting Functions:
1. How many functions ?
2. F is a function 
3. A function is defined on all of its domain. Let pick a small domain , then for every , there is only one , so it means that every function has to have the pair , where . For every pair, there is  possibilities for the second element, therefore since there is 3 pairs , then there is  possible functions from A to B. 
4. In general there is possible functions from 

Counting one-to-one functions:
1. When A>B there are no one to one functions (PP)
2. Let , for , there are  possible values from the codomain. For  there are  possible values from the codomain. For  there are  possible values form the domain.
3. So the procedure can be complete in 



	Sum Rule

	If a task can be done either in one of  ways or in one of  ways, where none of the set of  ways is the same as any of the set of  ways, then there are  ways to do the task.

If the task can be done in one of  waysone in  ways  in one in  ways, the task can be done in:






	Subtraction rule
(principle of inclusion-exclusion)
	If a task can be done in either  ways or  ways, then the number of ways to do the task is  minus the number of ways to do the task that are common to the two different ways.



How many bit strings of length eight either start with a 1 bit or end with the two bits 00?

[image: ](1)# of ways to construct an 8-bit string that starts with 1: 
(2)# of ways to construct an 8-bit string that ends with 00: 
(3)# of ways to construct a string that starts with 1 and ends with 00: 

Total: (1)+(2)-(3) 

	Division rule
	If the finite set A is the union of n pairwise disjoint subsets each with d elements, then n = |A|/d.



Tree Diagrams* (covered in the textbook)

The Pigeonhole principle
399-403 (didn’t finish the chapter)
20 pigeons -> 19 pigeonholes to roost = there is 2pigeons in one hole 

	THE PIGEONHOLE PRINCIPLE

	If k is a positive integer and k + 1 or more objects are placed into k boxes, then there is at least one box containing two or more of the objects

	Aka Dirichlet drawer principle



Eg: A function f from a set with k + 1 or more elements to a set with k elements is not one-to-one.

	THE GENERALIZED PIGEONHOLE PRINCIPLE

	If N objects are placed into k boxes, then there is at least one box containing at least  objects.




	How many cards must be selected from a standard deck of 52 cards to guarantee that at least
three cards of the same suit are chosen?

	Number of suits: 4
At least: 3


At least  so 





so  is the answer



Example: A monkey is composing a text consisting of random 5ve-letter “words" (strings of lower-case letters from the English alphabet). What is the smallest number of words in the text to guarantee that at least two of the words start with the same substring of length 3?

How many possible strings of 3 letters are there? 263
Since there are 263 3-letter strings it means that if there is even at least one more string than 263 it would have to be equal to one of the other 3-letter strings, by the pigeonhole principle.


6.3 Permutations & Combinations
407-413
	PERMUTATIONS
Order matters

	A permutation of a set of distinct objects is an ordered arrangement of these objects. We also are interested in ordered arrangements of some of the elements of a set. An ordered
arrangement of r elements of a set is called an r-permutation.

	For the set , the ordered arrangement 3,1,2 is a permutation of S.
The ordered arrangement 2,3 is a 2-permutation of S.









	COMBINATIONS
Order doesn’t matter

	An r-combination of elements of a set is an unordered selection of r elements from the set.
Thus, an r-combination is simply a subset of the set with r elements.













	COMBINATORIAL PROOF

	A combinatorial proof of an identity is a proof that uses counting arguments to prove that both sides of the identity count the same objects but in different ways or a proof that is based on showing that there is a bijection between the sets of objects counted by the two sides of the identity. These two types of proofs are called double counting proofs and bijective proofs, respectively.





	The English alphabet contains 21 consonants and 5 vowels. How many strings of 6 lowercase letters of the English alphabet contain:

	Exactly 1 vowel?

	T1: Construct a 5 letter string: 265
T2: Choose a vowel: 5
T3: Choose 1 position out of 6 for the vowel: 

T1T2T3:  

	Exactly 2 vowels?

	Construct a 4 letter string: 264
Choose 2 vowels: 52
Pick 2 positions out of 6: 

[bookmark: _GoBack]T1T2T3: 

	At least 1 vowel?

	

	At least 2 vowels?

	



6.4 Binomial coefficients and identities
415-421
	THE BINOMIAL THEOREM
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