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Asymptotic

Goal compare fleftnrightgleftnright

as rightarrowinfty

resources used

when inputsize n

Scope ninmathbbNfleftnrightgleftnright0
resources usedinput size

Belief constant may come from many sources

def t language

overhead
serve
quality spddot

spddot
ldots

Asymptotic improvement canonly comefrom also change



Formal defin Big 0

Let f and g be functions of nin
mathbbN

We say fleftnrightOleftgleftnrightright it

existsC0n0inN St

0fleftnrightleqCgleftnright forallngeqn0

2 ka when it exists lim_nrightarrowinftyfracfleftnrightgleftnrightleqC
this region
doesn'tmatter

geqx

n0



Why no

Pretty much just because logleft1right0ldots
Cannot say nOleftnlogleftnrightright otherwise

Claim HfgmathbbNrightarrowmathbbR0 positive

Then may as well take n01

Proof Suppose existsn0C for original def

Then forallngeqh01fleqCg

Cmaxleftmax_nleqn0fracfleftnrightgleftnrightCright
Biggest ratio leqn0

is just some constant

unaffected as nrightarrowinfty

geqx

n0



Example Suppose f1g are polynomials

fleftnrightAncldots constant A0

gleftnrightBn0ldots constant B0

cdeltac0c0
lim_nrightarrowinftyfracfleftnrightgleftnrightfracABinfty

Quiz Which of above cases has f0left9right7
Quiz 0 is an ordering satisfies transitive property

fOleftgrightgOlefthrightRightarrowfOlefthright
n0Cn0c



TheZoo

g0leftfright
f0leftgright
g0leftfright

fneqOmegaleftgright
fneq0left9right

Quiz Limit defins What is lim_nrightarrowinftyfracfg
Constant fOleftgrightOmegaleftgrightThetaleftgright

a kid
fOmegaleftgrightfThetaleftgright a kid

akid
foleftgrightfwleftgright dkid

OfoleftgrightOleftgrightinftyfOmegaleftgrightomegaleftgright
Warning limit doesn't always exist butit will

Sin this class 0left1right
ldots 3



What will we encounter natural f
Monotone incressing

W no exceptions

polylogarithmic CC polynomial exponential

Ex Which is bigger asymptotically

fleftnright2sqrtlosleftnright or gleftnrightn01
1 p applying 1 to 1 increasing transform

Cannot change asymptotic relationship

fleftnrightOleftgleftnrightrightLeftrightarrowflefttleftnrightrightOleftglefttleftnrightrightright
log1x2rightarrowx
exp

b1a0Ex Suppose you believe naoleftbnright
Why is logaleftnrightoleftnaright C0

tlogleftnright



Theorem For all fgmathbbNrightarrowmathbbR

fleftnrightgleftnrightThetaleftmaxleftfleftnrightgleftnrightrightright
Ex n2nHleftn2right

H90cdot
Step l

step 2

step 3
Oleftn2rightOleftn3right Oleftn3right
Oleftlogleftnrightright

Warning do not use non constant times

Proof

maxleftfgrightleqfgleq2cdotmaxleftfgright



Challenge logleftnrightHleftfleftnrightright for

simple function f What is it

Ideas n12cdotldotsn
2n222cdotldotscdot2

Proof We claim fleftnrightnlogleftnright

will beat eventually

UB nleqncdotncdotncdotldotscdotnnnenlosleftnright
LB ngeqfracn2cdotleftfracn21rightcdotldotscdotngeqleftfracn2rightfracn2

logleftnrightgeqfracn2logleftfracn2rightfracn2losleftnrightOleftnright

Proof logleftnright
logleft1rightlogleft2rightldotslogleftnright

approxint_1nlogleftxrightdxXlogxx1nOleftnlvgleftnrightright


