
↓me for double = En = 2

time

loginnl) =2loght lo to
1

n log n

= + ogh =Z + 2

gn logn
for larger , 2

log = z =



fin) gin

Give a 2
,
No C = 7

, no =

Notice that

2(1) + 5 = 7 and 7 . /N = 7

some have figlo ia
Fuz no

no = 1



Consider < = 7 , no
=

1
.

2

Notice that 2n + 5
= 7 . n

for all n27



Summary

When we talk about the runtime of an algorithm, we always mean:
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① there is a f(n) expressing the #
of

primitive operations an alg . takes on

an input of size
n (e Julogn +2n + 25)

② give g(u) such that f(n) is Olgani)
eX (not exactly what

we want :

Incogn
+en + 25 is O(2")

2 snloght2n + 25 is Onlogn)



Big Omega notation

Lower bounds.  f(n) is Ω(g(n)) if there exist constants c > 0 and n0  ≥  0 
such that f(n)  ≥  c · g(n)  for all n  ≥  n0.
 
Ex.  f(n) = 32n2 + 17n + 1.
・f(n) is both Ω(n2) and Ω(n).
・f(n) is not Ω(n3).
 

7

f(n)

nn0

c · g(n)

R
2

⑧

G how would I prove
32n2 + 17n + 1 is el (n2) ?

give- n 2 No.& a no sit . 32nz+ 17n + 12 cn2 for all

32n2 + 17n + 1 is not of (n3)
to prove

:

argue that
there are no

a
,
no s .

t.

32n2 + 17n + 1 ? 2n3 for all n = No ·



Big Theta notation

Tight bounds.  f(n) is Θ(g(n)) if there exist constants c1 > 0, c2 > 0, and n0  ≥  0 
such that 0 ≤  c1 · g(n)  ≤  f(n)  ≤  c2 · g(n)  for all n  ≥  n0. 
 
Ex.  f(n) = 32n2 + 17n + 1.
・f(n) is Θ(n2).
・f(n) is neither Θ(n) nor Θ(n3).

8

f(n)

nn0

c1 · g(n)

c2 · g(n)

I

=> 0=

f(n) is Olg(n)) if
f(n) is O(g(n)) and feal is eflg(n))



Is …f(n) = 32n2 + 17n + 5

1. 
2. 
3. 
4. All three
5.  and 

Θ(n)
Θ(n2)
Θ(n3)

Θ(n2) Θ(n3)

9

f(n) is O(gin) if
both -f (g(n)) and O(g(n)

E
T

=>



Multiplication by a constant

Suppose I have runtime  and I know it is . 

Is  for all constants ?

f(n) O(g(n))

b ⋅ f(n) = O(g(n)) b
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back at : 20

&x fin) =

3n2

g(n) = n3
① yes ② no

for all b,

? to prove , give a
counter b . 3n is
example

f(n) = 3n2
b 3n2 not O(n) .

0(n2) :3

g(u) = n
b = 2 62 not 0(3)

.
I

there's
yes

? some c , no st . Grand for all no no
-

~



n + 1

is 2 O(2") ?

notice that Iht = 2"2 so It is

O(2")

is 220(2") ?

hint : 2 =
2:22
④ f(n)
non-constant



Asymptotically different functions

 
 

 
 

 
 

… 
 
 
 

… 
 

c
log n
n
n log n
n2

n3

na

2n

3n

bn

n!
11

- constant
- logarithmic does Un
- linear where
- linearithmic fall TE "2
- quadratic m = n

- cubic logn

- polynomial N

-us exponentia
a

] 2n is not On ! )
-



Summary

Big O is _____ for functions

Big Omega is _______ for functions

Big Theta is ________ for functions

We use Big O/Big Omega/Big Theta in order to:
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Is there a worst-case input here? (Or best case?)

Algorithm 1
Input: integer array A of length n
for i = 1, 2, …, n :
    total = 0
    for j = 1, 2, …, n:
        total = total + A[i]
    B[i] = total
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[ , 2 , 3 , 4 ,5]

[5 , 4 , 3 , 2 , 83

worst-case : worst case for given
n.



Insertionsort
:

for size n input [ 3
--

M

if sorted : En]

if revese- : O (n2)
sorted

worst-case runtime
:

f(n) such that alg takes
ful

steps on worst-case input
of size n.


