
Describing !
- what
- how
- why
hiwfast



comparing running times is
not easy . .

.

Everything fast if n=2

so focus on large n
. . .

& ignore constant factors

→ asymptotic notation



Big - oh !

function 5- In) : IN→ R
,

T
time on input
size n

gon) : IN → Rao

Define the set

Olgln)) = {5- In) : there exist pos .
constants c th

,

s.to Oefln)EcgCn)
for all men

,
}



Olgln)) is all functions that
are E a constant multiple of
gln) when n

"

large

n¥÷÷÷
"



big - Oh is like =

256 n c- Ocn) (no __O&c=2S6)

neoteny ( no -_256 to =D

claim a running time
in Oln' log n) when

it is in Olñ)
.

still
"

correct
"



Lower bowndi big -Omega :

szlgln) ) - {flu) : there exist
pos . constants ct

No

sit
. 0EcgGn)efCn)

for all NZN
, }

Exact : Theta

⑤ (gcn))=OCgln))ndCgCnD
5- In) is

"

asymptotically
tight

"
to gcn)



ofgln) ) : informally :
functions in Olgin))

butuot_ in 01GW)

Merge sont runs in Olnlogn) .
Is there one in olnlogn)

"

No
"

wlgln)) : tight lower bound



"

Algebra
"

Transitive
,
i If 5- In) c- 01g Intl &

gln) c- 01h In))
,

then flu) EO ChinD
trap for 0,52,Q•

,
W

Reflexivity : f- In) e-Off Cn))
f-(a) ED Hla ))
flu) c- Off (a))

symmetries : fln) E.⑤ lg Cn)) iff
g In ) c- 0-18 In))
f In) c- 0cg (a)) iff

gln ) c- I Cfln))



f- (n) to Cgln)) iff
glu) fur Hla)) µ
if and only
ist K→)

"

Algebra
"
: suppose f. In) c-

Qlgiln) )

tf
,
(a) to Cgz ( n)) . . .

c. ffn ) c- ⑤ Cf
,
Cn)) for constant

C - O
f
,
(a) + f

,
(a) c- ⑦ (g. In) tgzzlu))

f. (n) tfz In) G-① (Max { g. (n),
9. (n) 3)



5-
,
(n) . fz In) c- 81g ,(a) . go.la))



If
you have asymptotic

notation in an algebraic
expression

,
. . .

then for any choices of
functions four each

"

written
"

set on the left hand side kits

there should exist choices
on RHS to make the

expression true .



5- In)=OCgCn))
true iff for)GOCgCu))

Sn ' +11000ns Sn't Oln)

then someone writes

Sritoln)E[ something]



What is the running time it . .
each line takes OCD timer
men ?

Ke Zn
,

so inner loop runs

at most Zntt = 0h ) times
.

Inner loop takes 041.0111=04).
Whole outer loop iteration



takes Ocn) +0111+04)
= 0cal time

whole alg takes
OCD + Znoocn) +04> =

Ocr) time

i.e.
,
its

a doubly nested
for loop over Oln)
values

-



Favorite Fnwnctions

5- ( n) is polynomial ly bounded
if 5-Cn)=O(nk)forsomp-
constant KT
main first goal for times

wk , = o ( nk) when Kika ,
so aim for small exponents



exponential : a
"

t
constant

nk=o ( at) for any constant k

t constant a > 1
.

a.
"
= ofc ") for constants
c > a > 1

.



poly logarithmically bounded

(logion)b

( logfn)l=o(nk) for constants
6>1
,
I,k -0 .

Text nZ=w(nh9(logging
""

)



log n :-c logroll
1g n ii. logan
In nitrogen

Ñ Euler's number 72.72

logb.lu :( logion )d

a.
109pm
, 109,9
n t
write like this



log ,n=%÷
so
,
if b is constant

,

logon = ⑤ ( log n)

who935 = ↳ 5)
oh no !


