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Lecture 3: Algorithm Analysis
Foundational Data Structures

(Review of Some 280 Material)

Asymptotic Algorithm Analysis

An algorithm with
complexity f(n) is

said to be not slower
than another algorithm

with complexity g{x)
if fin) is bounded by

g(r) for large n S ——
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a.k.a. the asymptotic (or big-Oh) notation

Big-Oh — Definition

fin) = O{g(n)) if and only if there are constants

c=0
"y = []} such that f(n) < c g(n) whenever n > mn,

Is n = O(rE)? (n)

Big-Oh — Example
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Let ) - ;-=:'-'--ir.r= i) = 2’ | gin) =
fln) = 8n + 128 J f-f S e
EI:.F‘E'J=.F'E: | / Fim) = En4 123

Is f(n) = O(g(n)?

Is 8n+ 128 < e
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Let £ = 1, clearly, for n =8, f(rn) = g(n) /
At what value of my, is g{n) > fin),. "n = n,!

How about for c = 2 and ¢ = 4?




Big-Oh — Definition

As long as there is a ¢ = 0, and ny = 0 such that

c-g(n) = f(n) for all n = n,, we say that f(n) = Ng(n))
In this example, 8r + 128 = O(n?)

Mathematically:

fiy=0EmM)HIc>0,mz0|"nn>n fiin) <cgn
Qe ={f(n):3c>0.m=0|"rnz=n 0 < f(R) < c gn)]

S0 more accurately, fin) € O{g(n))

but conveniently people write f(xn) = O(g{m)),
though NOT fin) < O{g(n))

Big-Oh — Definition

In other words, we only care about LARGE #, it
doesn't matter what c is

= obvigusly, ¢ cannot be 10°® {one poogol, the conjectured
upper bound on the number of atoms in the ocbservable
universe)!

Also, asymptotically, n* + & = O(n%), & constant (Why?)

Big-Oh: Sufficient
(but not necessary) Condition

I | lim [@} — ¢ < no| then F(n) is O(2(n))

|10g, n= 02017 s T*] ool oo

Fim=lop,n 1y Use L'Hopital's Rule

S =l log. n=0(2n)
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mil]:.:ram:.ﬂ gnl % !| Ceondition does not

[ bt B — lim [1'3']'} hold but nevertheless

Flm)==e| o i it is true that

#ry=100 L fin) = Ngln))

L'Hépital's Rule
If ]iiﬂf{.ﬂ:gg{x]: 0 or o0

and ].Ii:_lllcl Fix)/ g'{x) exists then
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Also useful, derivative of log:
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Log Identities

Power ldentities

Idendicy Example

g = gg™

= g g

(Eom=a™ (2=

Idenocy BExample
logalad = logox = logay | logy(ldh =
Lop(x/¥) = lopx — logy | log,(43) =
lop,(x) = r log.x log8 =
log,(1/x) = —log.x log. 4=
_bgx Inx log.B =
o8 X loga na
E=lopnif X =mn log.a="7
log,1 =7
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Big-Oh: We Can Drop Constants

It + T+ 42 = O(n®)?

gln) =n*

Eﬁ:n} — 32 + Tn + 42J

Definition

Sufficient Condition

o >0, m, =0 such that
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Big-Oh — Common Mistakes

Mistake #0: f() = O(g(n) = f(n) = g(n) (NOT)

Mistake %1: If f1(n) = Alx) and f7(n) = Alr) then
f1(m) = fo(n); it follows that if f,{n) = O g{n)) and
fo(m) = g(n)) means fi(n) = fo(xn) (NOT)

Mistake #2: f(n) = O(2(n) = g(n) = O-YfF(m) (NOT)

(There's no O7H()!)
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How Fast is Your Code!

s fo) = 0272 E=
Is f(m) = O 5.
Is fin) = nlog n)!? )
Is f(n) = O(n)?

Is f(n) = OQog m)?

Let fin) be the
complexity of your

ok nlop

code, how fast would you advertise it as!

While f(n) = O{g(n)) = f(n) = g(n), you want to pick a
g(r) that is as close to f(n) as possible (a “tight" bound)




