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Asymptotic Notation

T
,(n)2n + 10 logn + 5

Tz(n)=max (4nllogn)4,3-3nlogn)

T(n) = 0(n2) Tz(n) = O(n3)

Definition (Big-O Notation).

f(n) is O(g(n) . if ICT0 , 2010

Sit, f(n) < C · g(n) for alt U2 No

ful grows slower or equal to g(n) (up to a constant)
1. only talk about1 is large
2. ignores constant 100m2 = 0 (n2)

100n2 = O(n2)

&



fen) = O(g(u) -> fin) ""g(n)

f(u) = o(g(n) flu) " "g(n)
#c >o , In Ro

· f(n) = (g(n)
Im

f(n) = G (g(n) fin)" = g(u)
lim
n++ = c

f(n) = - (g(x) f(n) "" g(u)
limE = ci

f(u) = w(g(n) f(n)" >"g(u)
m = +0

Find that most important term.
n2
,
n3
, no,.... polynomial

logn . Logn logan , login. polylogarithmic
21, ..., 100"

,
1 .01 . exponential.

exponential > polynomial > polylogarithmic
n3 + Login + 10 = O(u3)
&login + 10 + 1 ,04 = 0(1 . 01")



Graphs.
A graph : structure of objects (vertices , nodes, ... )

-

& relation between objects . (edges , links , arcs)
-

G = (V, E)&
-*

set of vertices set of edges.

(undirected] graph : an edge isordered pair of
vertices.

n, v EV , In ,UEE. (Mr) = (ru)

du , rY
directed graph .(digraph) : an edge is ordered pair of vertices.

(u , v) = E . zn , r) = (v, n)

a

a b
-> undirected graph V= 19, b, 13

10 E = /(a , b), (b, c), (a,c))
Co

-y digraph E= S(a, b) , (b,c) , (a, 113

↓
O
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no multiple edges between vertices.

Xoto oof-

↓ o0X
multigraphs.-

Terminology :

Mes U : is the origin of
Vi destination

U
& v
amo e : is incident on u & V.

U : is adjacent to V.

40 degree : #edges incident on
g

To
deg(u) = 4 .

a vertex.

O

100 in-degree :
# edges to the vertex

· out-degree : # edges from the vertex

O
in-deg (n) = 3 , out-deg(u)=Z



4:[deg(u)
= IE 10-G

in -deg(u)= IE) 00
U ~

out -deg (u) = IE

C = Cr , E) , In . El=
& undirected . maximal related to n.

0 m = (2)=
4 directed o m = n2

9 is searse if m = O(n)

Adense if m= 0(n2)

complete graph : m= (2) ., Kn.
k=



Path : Sequence of vertices.

VI , v, . . . . UK 1 Sit . (VI , VEE

length of path .

= 11.

1 -2 - - -5- 4o length = 4.

path from V, to UK.

Cycle : Path. S . t
. VI = UK

Simple path : no vertex is repeated in the path.

Simple cycles : no vertex is repeated but
1
, 8 UK.

U , v , EV ,
u is reachable from v

. is

I path from v to n.

graph . D . is connected if all vertex pairs are
reachable.

Nu
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Digraph. is strongly connected : if
# nivEV

.
um> & Un>H.

+ not strongly
connected.

Qi

P = (V, E) , 1v1 = u .

What is min IE) , Sit . G , is connect

Ain -1

·
/-%

(unrooted ↓
Tree : (n+ ) edges , U . vertices· connected graph.



Q : What is min IE) in a digraph sit.
P is strongly-connected

o-toA : n ., T 2O

No-o

Representations. of Graph .

P = (V , E) , n = 11) m= El,
V = 4) , . . ., 43.

Adjacency Matrix of P.
A = nxn matrix :

Atu , vS =
1 , if (ur)fE

O, if (ur) E.

23

↑



Pros : 1 , easy to see (u , 1) - E

2. use it as a matrix.

#
?

[n , v] = # paths of length 2
in 9 , from u to V

Al ------ Length K .

eigen value of A ,- spectrum of 4.

Cons : &(n2) space, bad for sparse graphs

Adjacency List :

Array of length n , A[n],

AIr] is head of a linked list of
vs neighbors.

->s EV ->D->
O

4 ->>

Pro : Space : 0(m+n) Con : hard to directly find
an edge.


