CSCI 333
Data Structures


Elements of elementary set theory

Sets:
Collection of base elements


Taken from a larger domain


Unordered


Unduplicated



{3, 5, 6} ( {3, 3, 5, 6, 6} ( {6, 5, 3}

Sets in Pascal


type  upSet = set of ’A’..’Z’;


var  vowelSet : upSet;


vowelSet := [’A’, ’E’, ’I’, ’O’, ’U’] ;

Implemented as a bit map


ABCDEFGHIJKLMNOPQRSTUVWXYZ


10001000100000100000100000

Common mathematical set notation

Ø

Empty set

{ }

List of elements of set

(

Element of

(

No element of

(

Subset of

(

Superset of

(

Proper subset of

(

Proper superset of

(

Union

(

Intersection

-

Difference

| |

Cardinality (size)

((S)

Power set – set of subsets

Other set-like mathematical constructors


Tuple/Sequence/Vector



Ordered and duplicated




<2, 3, 4>  (  <2, 2, 3, 4>  ( <2, 4, 3>



Similar to the array, structure, or file


Bag – from the database world



Unordered but duplicates are allowed




[2, 3, 4]  (  [2, 2, 3, 4]




[2, 2, 3, 4]  (
 [3, 4, 2, 2]

Combinatorics or counting

Number of subsets of a set

|((S)| = 2|S|
How many distinct values for 32-bit words?  232
Number of sequences of length m of a set of size n

n m 

How many difference sequences of 5 letters?  265
Number of permutations of length m of a set of size n

In a permutation, an element can only occur once


n (n-1) (n-2) … (n-m+1)    or   n! / (n-m)!

Number of combinations of size m from a set of size n
In a combination, order doesn’t matter

n! / (n-m)! m!   or   
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Relations

Relation


Set of pairs of a set D


Given a relation R


X R Y     or     (X, Y) ( R
Examples on set {0, 1, 2, 3}


=
is
{ (0, 0), (1, 1), (2, 2), (3, 3) }


<
is
{ (0, 1), (0, 2), (0, 3), (1, 2), (1, 3), (2, 3) } 

Properties of relations



For relations R over a set D


Reflexive



x R x, for all x in D


Symmetric



If x R y, then y R x

Antisymmetric



If x R y and y R x, then x = y

Transitive



If x R y and y R z, then x R z
What about the following on people


X is the sibling of Y


X and Y have a common parent


X is older than Y


X and Y are people

Types of relations


Equivalence class
Reflexive, symmetric, and transitive


Partial order

Antisymmetric and transitive






And usually reflexive

Total order is a partial order in which any two elements are related

Symbolic Logic

Implication

If P, then Q

P ( Q

What if P is false?


Then P ( Q is true.

Prove the following:


If 3 = 7, then Julia Roberts is the pope.

	P
	Q
	P ( Q
	~P ( Q

	false
	false
	true
	true

	false
	true
	true
	true

	true
	false
	false
	false

	true
	true
	true
	true


Therefore the following are true, for any positive integers m and n

If n = m+2, then 2*n = 2*m+4.


If n = 2*m, then 2*n = 4*m.


If n*m = 5, then n = 1 or n = 5.


If n = m+2, then 0*m = 0.


If n*m = 13 and n=4, then m=2002.

Predicate calculus


(
For all

(
There exists

For a relation R, on a domain D with 


Reflexive

(x(D, x R x.


Symmetric

(x,y(D, x R y ( y R x.


Antisymmetric
(x,y(D, x R y  ( y R x ( x = y.


Transitive

(x,y,z(D, x R y  ( y R z ( x R z.

de Morgan’s Law revisited and extended


~(P ( Q)
(
~P ( ~Q


~(P ( Q)
(
~P ( ~Q

~((x P(x))
(
(x ~P(x)

~((x P(x))
(
(x ~P(x)

Therefore

~ (P ( Q)
(
~ (~P ( Q)
(
P ( ~Q

~(x (P(x) ( Q(x))

(

(x ~( P(x) ( Q(x) )






(

(x ( P(x) ( ~Q(x) )

F is continuous at x if


(( ((>0 ( (( ((>0 ( (y (|x-y|<( ( |f(x)-f(y)|< ()))

F is not continuous at x if


~((( ((>0 ( (( ((>0 ( (y (|x-y|<( ( |f(x)-f(y)|< ())))


(( ~((>0 ( (( ((>0 ( (y (|x-y|<( ( |f(x)-f(y)|< ())))


(( ((>0 ( ~((( ((>0 ( (y (|x-y|<( ( |f(x)-f(y)|< ())))


(( ((>0 ( (( ~((>0 ( (y (|x-y|<( ( |f(x)-f(y)|< ()))


(( ((>0 ( (( (~((>0) ( ~(y (|x-y|<( ( |f(x)-f(y)|< ()))


(( ((>0 ( (( (((0 ( (y ~(|x-y|<( ( |f(x)-f(y)|< ()))


(( ((>0 ( (( (((0 ( (y (|x-y|<( ( ~(|f(x)-f(y)|< ())))


(( ((>0 ( (( (((0 ( (y (|x-y|<( ( |f(x)-f(y)|( ()))

For a relation R, on a domain D


Not reflexive

(x(D, ~ x R x.


Not Symmetric
(x,y(D, x R y ( ~ y R x.


Not Antisymmetric
(x,y(D, x R y  ( y R x ( x ( y.


Not Transitive
(x,y,z(D, x R y  ( y R z ( ~ x R z.

Miscellaneous

Logarithms


When bx = y


logb y = x

So
log2 1024 = 10


logx nm = logx n + logx m


logx n/m = logx n - logx m


logx nr = r logx n


logx n = logy n / logy x

Closed forms summations  (p. 31)
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Let a = (1+.075) and n = 30
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Recurrence relation


T(0) = 1


T(n+1) = (n+1)*T(n)

Proof by induction over the integers


P(0) ( (n(P(n-1) ( P(n))  (  (n P(n)
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