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big-© example

n2

o> = 2n € O(n?)

» O clear

P Q: common factors, choose ¢ as an
arbitrary constant at most 1/2



little-o Example 1

f(n) € o(g(n))

Ve>03dn, Vn>n, 0< f(n)<cg(n)

2n? € o(n?)

P find n for arbitrary (unknown) c.



little-o Example 2
f(n) € o(g(n))

Ve>03dn, Vn>n, 0< f(n)<cg(n)



little-o Example 2
f(n) € o(g(n))

Ve>03dn, Vn>n, 0< f(n)<cg(n)

feolg) = fe€O(g), but not
vice-versa.

2n? € O(n?)
2n2 ¢ o(n?)



little-o Example 2
f(n) € o(g(n))

Ve>03dn, Vn>n, 0< f(n)<cg(n)

feolg) = fe€O(g), but not
vice-versa.

2n? € O(n?)
2n2 ¢ o(n?)

big-O solve for ¢

little-o lower-bound
C



little-w and big-€2
f(n) € Q(g(n))

dedng, Vn>n, 0<cg(n) < f(n)



little-w and big-(2
f(n) € Qg(n))

dedng, Vn>n, 0<cg(n) < f(n)

f(n) € w(g(n))

Ve>03n, Vn>n, 0<cg(n) < f(n)



little-w implies big-(2

Definition (f(n) € w(g(n)))
Ve>03dn, Vn>ng 0<cg(n) < f(n)

P assume little-w, prove big-Q)



little-w example

f(n) € w(g(n))
Ve>03dn, Vn>n, 0<cg(n) < f(n)

2

n3 e w(% + 2n)

» find n* s.t. n2/2 > 2n, Vn > n*
P find ng > n* s.t. n® > cn?, Vn > ng



Exponential versus Polynomial
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(1.01)" € w(n'?) C Q(n'?)



Root vs log

40+ T
30+ T vn € w(lgn) C Q(lgn)
T y=sqrex) —|7
20- y=lg®) ———
y=21gx) —|
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little-w redux

f(n) € w(g(n))

Ve > 03dngVn >ng cg(n) < f(n)
f(n)

equivalently lim (—)
n—oo g(n

(0.@)

(Assume positive
functions)



little-w redux

f(n) € w(g(n))

Ve > 03dngVn >ng cg(n) < f(n)
f(n)

equivalently lim ——=

0
n— o0 g(n)

idea of equivalence

f(n) >cg(n) < —=>c
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(Assume positive
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Limit of ratios rule

From CLRS (3.13) for a > 1:

an

n—oo n



Limit of ratios rule

From CLRS (3.13) for a > 1:

a?’L

n—oo n

It follows

1.01)™
lim(o) =

n—oo nl0



Limit of ratios rule

From CLRS (3.13) for a > 1:

n

o a
lim — =00
n—oo M,
It follows
. (1.01)"
im =
n—oo ’]’Llo
i.e.

(1.01)" € w(n'?)



Proving the limit of ratios rule

L'Hopital's rule

lim — = - fn) ()
n-veo b Ay T A,




Proving the limit of ratios rule

L'Hopital's rule

. a o a"lna ,
R lim Ly SO
n—oo g(n) n—oo g’'(n)




Proving the limit of ratios rule

L'Hopital's rule

n

. a o a"lna ,
A T tim L0 _ gy L
e wioe gln)  niee g ()

= 1
ntro0 b(b — 1)nb=2




Proving the limit of ratios rule

L'Hopital's rule

a™ a”lna ,
nh—>noloﬁ B nh—>nolo bnb—1 lim fn) = lim f/ (n)
" wioe g(n)  nse g7 ()
n—oo b(b — 1)nd=2
 a"Ina
= lim

n—o0 b!




Another limit ratio rule

I =
m-vse (Igm)?

=00 (apply Irr)



Another limit ratio rule

m = 2l8m
c 9c lgem '
lim m - = lim —( ) 5 n:
m—oo (lgm) m—oo (lgm) 0=
= c > 0 =

m— oo =
=00 (apply Irr)



Another limit ratio rule

. me . (zc)lgm
1 1
m-vso (Igm)P — m-voe (lgm)?
. a”
= mE

=00 (apply Irr)

m = 2lem

n:= lgm

a:=2°
c>0 =

m— 00 =



Another limit ratio rule

. me . (zc)lgm
1 1
m-vso (Igm)P — m-voe (lgm)?
. a”
= mE

=00 (apply Irr)

m = 2l8m
n:= lgm
a = 2°

c>0 = a=2°>1
m—00 = n=Ilgm— o



Log vs Root revealed

vn € w(lgn) C Q(lgn)
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Log vs Root revealed

40+
30+
\/ﬁ E CU(Ig n) g Q(lg n) y=sqrix) ———
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y=2gx) —
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= 00 (LRRQ)
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