
Graphs !



Graphs Cundirected) (directed)

- -
a-Q-⑤ #-

G = (V, E) (v, v)EE if ut Y

ameters: n = IV)
m = (E) (m(nz)

A indeg(v=①
deg(u)=

out -deg(u) =2
aka deg(u)



Facebook friendgraph · n = 2 .
91 billion users

Cundirected) ·

any user has 338 friends
m = 500 billion edges

Question : Who are my friends?



Google Maps Q: Shortest path to boba?



centrance u

Maze solving
Q : Isa connected

to v ?

exit y



Representing graphs on computers
V = El, ..., n3

(1) adjacency matrix representation

~ Aij =Elit(i)

(2) adjacency list representation Cunordered)

-
0+②-> 3 Clinked list)



Adjacency matrix Adjacency list

size O(n2) space O(n +m)
answer

time toi
is (v,v)EE?

O(1) OCrY Oldeg(u))
enumerate O(n)S hbors Oldeg(u)us neig

Facebook graph w/ adjacency matrix
size

2
= (2 .

91 billion)" space
= 8 .

5x10 =/ million TB

computing friends list = 2 .91 billion steps



Graph Exploration
Useful for :

1 . Is there a path from w y ?

2
.

Is G connected ?

3. What are G's connected components?



Connectivity for undirected graphs (E path from to u?)
- ,

① ⑰
⑰

explore (6 , u)
↓ isited [v] = true boolean visited [n]

Cinit rayall O's)

for y S .t . Cu, vIEE
if visited [v] = false
explore (G, v)



Property : explore (6, 0) visits exactly the vertices
sit . G has path from to y

Pf : 1
. v explored=> > path from to y

2. path from 0 to v E X explored
Assume false

,
so y not explored

visited but path from u to y
-
ummY

UK-1 UK

Ast have called explore (G, uK) . But did not
? Contra
↓iction.I



Connectivity for undirected graphs ( path from uto x?)

⑦· I %⑪

explore (6 . 0) dfs(G)
visited [U] = true boolean visited [n]

(init
a

gray all O's)

for Y s .t . (v, v) EE for vEV/
if visited [v] = false if visited [v] =false
explore (6,v) explore (G, x)



Computing G's connected components (undirected)

⑧ 13 connectedY
Z

3 components
I 2

dfs(6)explore(Gl true boolean visited [n]
(init

a

gray all O's)ccrum[u] = count count = 1
int array canum[n]

for V 5 t . (u, v) EE for VEV
if visited [v] = false if visited [v] = false

explore (6,v) explore (G, x)
count = count +



Runtime of DFS
Only call explore (G,0) exactly once , for each
Runtime of explore (6, r)
· set visited [u] = true O(1) time

· enumerate us neighbors Oldeg(v) time
total = [0 (1 + deg(u) (adjacency list)

W

= O(n + m) time



TheDFS tree Hors
①t

⑭-I "I②-
①B



DFS Search tree
2) 10]@ treeI

·-⑰
[4, 53/

explore (6 . 0) dfs(6)
visited [U] = true boolean

(initarrayvisitedis
precut = clock clock = 1
cluck = cluckt

for Y s .t . (v, v) EE
int array pre[n], post (n)

if visited [v] = false for vel/
explore (6,v) if visited [v] = false

post[r] =clock explore (Gr)
Clock = clock + 1


