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Graphs: definition

Graph G=(V,E)
v’ Vis a set of vertices (v € V — vertex, node). | V|=n.
v Eis asetof edges (e = (v,w):v,w € V —edge, arc). |E|=m

Undirected graph Directed graph
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Graphs: definition

e={w)v,wevV
v e is incident to v and w ; v (w) is incident to e;
v v and w are adjacent; they are neighbours.
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Graphs: definition

vevV:

v deg(v) - degree of vertex v = number of edges incident to v .
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Graphs: definition

vevV:

v deg(v) - degree of vertex v = number of edges incident to v .
v outdeg(v)- out-degree of vertex v = number of edges which start from v .
v indeg(v)- in-degree of vertex v = number of edges which end at v .

v’ vis a source iff indeg(v) =0
v' v is a sink iff outdeg(v) = 0 (K /C?




Graphs: representations

Edge list

E = {61 — (ul;vl); o) €m = (um» Um)}
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Graphs: representations

Edge list

E = {81 — (ul;vl); o) €m = (um» vm)}

Complexity

out-deg(v) O(m)
in-deg(v) O(m)
deg(v) O(m)
has_edge(v,w) Oo(m)
is_source(v) 0O(m)

is_sink(v) O(m)
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Graphs: representations

Adjacency matrix

A= {aif}i,j=1' hij = {O, otherwise

01 2 3 4
oflo 1 0 0
111 0 0 1 1
2lo o 0 0
3o 1 0 0 0
411 1 1 0 0




Graphs: representations

Adjacency matrix

n 1,if (i,j) €E
A= {aij}i,jzl: Aij = {(), ](;t(he]‘r)wise
0 1 2 3 4
0j]0 1 0 0 1
110 0 0 1 O
2lo0 o 0 0O 1
310 0 1 0 O
4]0 1 0 0 O




Graphs: representations

Adjacency matrix

A= {ai f}Zj=1 contains O(n?) entries.
* Space-efficient for dense graphs
(m~0(n?)).

* Space-inefficient for sparse graphs

(m~0(n)).
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Graphs: representations

Adjacency matrix

Complete Graph Dense Graph

Sparse Graph
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Graphs: representations

Adjacency matrix
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Graphs: representations

Adjacency matrix

out-deg(v)
in-deg(v)
deg(v)
has_edge(v,w)
is_source(v)

is_sink(v)

0(n)
0(n)
0(n)
0(1)
0(n)
0(n)

B W N

0 1 2 3 4
0 1 0 0 1
0 0 0 1 O
o o 0 0 1
0 0 1 0 O
0 1 0 0 O
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Graphs: representations

Adjacency list
0 1 2 3 4
0 olo 1 0o o 1| o =11 H=[41"
A 1lo 0 0 1 0 1| +=[31]
olo o 0 0 1 2| +—=[4 1"
I 3lo o 1 0 0O 3| =21
@ .—@ 40 1 0o o o 4| +—[1 17

Space complexity: O(n + m)
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Graphs: representations

Adjacency list
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Graphs: representations

Adjacency list
out-deg(v) O(maxdeg) = 0(n)
in-deg(v) O(n+m) =0(m)
deg(v) O(m)
has_edge(v,w) O(maxdeg) = 0(n)
is_source(v) 0O(m)
is_sink(v) 0(1)

Space complexity: O(n + m)
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Graphs: representations

Edge list Adjacency matrix Adjacency list

out-deg(v) 0(m) 0(n) O(maxdeg) = 0(n)
in-deg(v) O(m) 0(n) O(n+m) =0(m)
deg(v) 0(m) 0(n) 0(m)
has_edge(v,w) 0(m) 0(1) O(maxdeg) = 0(n)
is_source(v) O(m) O(n) O(m)
is_sink(v) o(m) 0(n) 0(1)
memory 0(m) 0(n?) O(n + m)
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