
Transition : DS+ Algorithms

Runtime
Analysis



Lasttime: Big - O Proofs t

Workstatrevew--↑ T ↑

iY
j = i

-

for it for = (i)Do It h- 2

=
=G(nz)



2 = P +z +-
2

↑ aside
= 1 u

-
=log =N

gen- sovent we raise
2

= ex) order =Indog :

to in

⑫ ⑪ &

2 =2 exponents : Xoyb
= yath

Next : 22gn (xy)" = yab
=>plogn) = n2 =0)t)



w
cos n +2

Frcosn 1

=O(t)

cosn + 2 = 3 ↑
COS↳



Recy Let f and&
be functions from

Y
- z

⑰ toR countingthings-xum-
why 3

We say
f(u)= O(g(n)) if

7

constants C and no st. fu>No
-
- -

f(n) = Cog(n)
-

Pick a worksheet one:



That limit definition

I did f(n) = Olg()) If not
a st .

En > no ,
f(u) = Cog(n)

Take that in equality :
f(n) = Cog(n)
= f(n) If > no

(n) C

So f(n) = Og(n)) E)Im C



Big ob
int 7c

,
no st. Vuino , flu)-cogIn)-

Let- and
g
be functions from[**D

We
say
f is (gin) If
- positive constantsa and no

such that An> no
,

f(n) = eog(n)
"f is big-omega ofg

21 SSC
Suk

On

Example : Sin is
M(n) :

Pick awo st . Sue con
Sn ? 2nd

pick c= 2 ,
+ Un 1



Big-O -O strate
If f is Olg) andFelg), then f

is

O.

to nicely "bucket"This gives away e
function Size

E↑
-

fini=
-

-

-

E : Sn is O(n)



Take nlogn :

nlogin is M(n)
:

login =
1 V n = 2

so no logn ? no1

nloge is Out

#stone



Theorem 2x + 2x -S
- -

Let p(n) be a degreek polynomial , so
- k-1

p(n) =a +9+
M +...tG,H +Co

-

-

-

for constants as and
arto.

Then p(n) = Out
.

Proof :
-

Big-O
.

-

:

Idea : C
= Eai k

use this c : p(n) can



Bet : fraction
Choose some

"small ensuch'sJ

p(n) = (frac)r

n2 - In +S
W

36 . p2

Ene a pick
noss



this theorem ;
Using

Give bigDestimates
for :

· f(x) = +xS + y3 +2

= O(x)
~ f(x)= 20000 x 2 - 1000000x
= O(x2)

· f(x)=2 -X+ 2

= O(x3)



Other tricks :

Sometimes f(n)=log
How to get E-bound?

n

flul = Eloge ni
----

=>CloganLogan Login)
-- i=H

i = 2
i=-1

= nloga 2



Another : logah versus logo(n)
WhatIs a log ? you

raise

-

exp
in
order

base to
InSide--to get thing

X & yb=ya
+b arguement

-

loga logeb
= logabu

loge Erloga
24 = 3+4 = T

I

-
-

logz 23
. 2" =loga2]

Identities :↳
logz at

= b logz a
+ (x=(x()"

# logy a= 3



logn versus don
goal : big-0 ! logn
logendehyona

=> loge) kon
= OClog .on)

log , n
and logist
-logist

↳ log ,n
=

logs
7



Another : ?
-U
E loga i = loga 1 + loga2 + -loga

n

i=1

(10203n)·(u !)
Flogan + fogah

+ -- logch

Enlog2n

=nlogn)



Next time :

Analyzing algorithms with big-0.

Reading : recaps the
definition

⑳O-
X ?↳Her yes big-O y
=
=0

o
assignment OFamy Function Input ACI.on]de with -
-

O If (x=0sum--
&

For 11 to n I
Som
= Sum +A [i] array

A[I]s
...

ASr]return sum A [D,



Runtime : count operations :

Can't count directly-depends on-
A
,
T
how larg2 .-
- G
a function : out Al .n)

So Use in array-- -- In
S

sumo+
Ol)
-

For 11 to n one
+ scorl

1

- -- +A[i]E -o2 Sum
-

OC)Som-
-

return sumt-
End result 0x +1+ +-
runtime T(n)

=

i= 1

=(D)++Ob = O(n)



man
:

function (sadd in away)

fu


