Asymptotic Bounds

Review:

Use ratio and limit to infinity to compare function growth. Examples:

a) NZ < N3 i:—a =— uselgrowsslowerthan N or J!rim %z 0 = top grows slower
—oo
N N
b) NVN > N % = % use VN grows faster than1 or jErim % =c = top grows faster
—»o0
2 MN_ 1 im L —
c) NVN < N NZ = Tm use 1 grows slower than VN or 1%1_'12 - 0 = top grows slower
~ gV _ lgN _ 1gN  lg3 _ i oy N
d) IgN ~ logsN loga N % " LoN lg3 uselg3is a constant (no N) or 1{22 loga N lg3 = same growth
Examples of functions that have N2 growth:
Speed of Growth:
< < < < < < < < < < < <
Fill in each column functions that have the same growth as the column label.
1 IgN N NIgN N? N3 2N
The functions listed in a column are of the function that labels the column. E.g. = (N?)

From ordering by growth to asymptotic notation

Symbol:
Meaning:
Examples: N3/10—500N2 -1000 = O(N3) True/False Solution: find dominant term(s

Notation abuse: = instead of €

) and compare their growth




Finding® , 0 , Q for an algorithm.

Insertion sort:

Worst case is O(___) then the algorithmis __ ( ) | Worst case is ©(___) theninsertionsortis ___ (
Best case is ©(___) thenthe algorithmis __ ( ) | Bestcase is@®(__ ) theninsertionsortis __ ( )
An algorithm is O( ) iff best case and worst case have
Exercise: Assume:
—  AIg 1S O(N2) eieicCAN DO ettt CaANNOL D! oo
— Alg 2is O(NIgN) Can DE: ..voveeeeeeeeeeee e CANNOL DO et e
— Alg3is Q(N)...... CAN DB i CaANNOL DB e e
— what could be the TC function in each case?
— which one is “better”? (define better)
Symbol | Name | Meaning Notation Examples Limit theorem
w
Q
0]
0]
o
Ex: Fill in s.t the statements are correct
TC=0(log(N)) = TC=o(____ ), TC=0(___ ), TC=Q(___ ), TC=w(____ )
w: O: Q:
TC=0O(N?) => TC=o(____ ), TC=0(____ ), TC=Q(____ ), TC=w(___ )
w: O: Q:
TC = O(N?)
w: O: Q:




Asymptotic Bounds as Limits:

fm _

f(n) = w(g(n)) & 11m no =

English Translatlon.

f(n) = Q(g(n)) llmgi ;—ooorc;tO

English Translation:

)

f(n) = ©(g(n)) & hm f( i = ¢ # 0 (limitis a non-zero constant)

English Translatlon

fm
f(n) =0(g(n)) & llm o =0orc

English Translatlon.

fln) = olg(n)) & lim £2 = 0

English Translation:

Properties:
1.

*** Transitivity (From Discrete Structures): If a > b and b > ¢, then a > c. This concept can be applied to TC bounds as
well.



