
G =(V,E)tots node,Eisen
and a setE =544,v3:u, vEV3 of edges
joining pairs of nodes. A

are self-loops
-X& V =3A3 allowed?

E
=0 [r3 =EV, v3

u =V

⑰-B v =2A,B3 yes!
E =

[[A,B33
=[[B,A3)

⑦-B-DV =A, B, c,DS

- E=E [A,B3, SA, C3, EB, C3,
[B,B33

ex. Aall edges need
2 endpoints

worldexamples
- facebook friends

modes:people
edge:2 people are friends

- blood relations



&Whatproperty would a relation need to
have tobe representable as an
undirected graph?

ideas:
- inreflexive (no self loops)

-symmetric ab c=)a- b

⑦B is this a valid graph?
v =2A,B3
E =0

Det Amgraph G =(V, E) has a set
-
of vertices and edges ECVxV =[Su,V):u,
so thatedges are directed from

revS
one vertextoanother.

QWhatelse looks like [UXV?
-

relation!

ex ⑰-BE =[(A,B)3

F
⑰-B = =[(B,A73

-relations are directed graphs-functions are also directed graphs
A

world exs



- twitterfollowers

-transportation networks

EATEN

BeforePages iscontains
no

⑰-parateedges: ⑬-
note that*-B has no parallel edges.-

self-loops:qR ⑰ ⑱

-

-

Self-loops-edges
social
network probably no probably no

the web yes yes



flightnetwork probably no yes

email network yes no

④-
Det lete=E4, v3 or <u,v)

⑭-
· nodes u,are agent
or neighbors-

·in a directed
-

of graph, v is an out-neighborI and is an in-neighbor ofv-
· and wave ints ofe

· u and rare identtoe ?

live also say that e is incidentto v, n)
let be a node in an undirected graph.

degree (v)
=

deg (v)
=d (v) =A ofneighborsofv

a regula

=IEUEV:3V,U3EES I

for a directed graph, indeg (Vinngors ofv



outdeg(v) =# of
out-neighbors ofv

eX
-

⑰ A, B adjacent
D, 2 notadjacent
A, Bare endpoints

- d of(A, B7

=
D⑧ F is an inbor

ofB

⑰?-let's come back tothis


