Graph Algorithms

Graph traversal

Topologica sort

Strongly connected components
Single-source shortest path
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Graph Representation
Adjacency Matrix

a |b |c |d

a b a [0 [1 [1 |0
b |1 (0 |0 (1

c d c |1 [0 |0 [1
d [0 |2 |1 |O
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Graph Representation
Adjacency List

Vertex |Adj.List
a b a b®c

b a®d
c d c a®d

d b® c
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Digraph Representation
Adjacency Matrix

a |b |c |d

a b a |0 [T |1 |o
b [0 [0 [0 |1

c d c |0 [0 [o |1
d [0 [0 [0 |o
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Digraph Representation

Adjacency Matrix

in-edges
a |b c d
a b a |0 |1 |1 |0
% b |1 [0 [0 [T
c d sl 1 Jofon
d o [T [T |o

CS14028-5

Digraph Representation

Adjacency List
Vertex Out-edges |In-edges
(optional)
a b
a b® c
b d a
c d
c d a

d b® ¢
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Graph Traversal

* Breadth-first
» Depth-first
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Breadth-First(a)

e Fori=0,1,...
Visit each unvisited
vertex that isi a b
edges away froma
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Breadth-First(a)

e Fori=0,1,...

Breadth-First(a)

e Fori=0,1,... 01
Visit each unvisited =
vertex that isi edges a b
away froma
c d
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Visit each unvisited =0
vertex that isi edges a b
away froma
c d
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Breadth-First(a)

e Fori=0,1,... =012
Visit each unvisited =
vertex that isi edges a b
away froma

c d
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Breadth-First Search(G)

e Whilethereisan
unvisited vertex x a b
— Breadth-First(x)

c d
—e
e f
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Breadth-First(a) |mplementation

Visita.
PutainQ.
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Breadth-First(a) |mplementation

Visita 0=a
PutainQ.
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Breadth-First(a) |mplementation

LOOP: o=
m) curr = de-head of Q cur=a
For each unvisited a b
neighbor of curr
Visitandaddto Q c d
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Breadth-First(a) |mplementation

LOOP: 0=b
curr = de-head of Q curr=a
) For each unvisited a b
neighbor of curr
Visitand addto Q . d
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Breadth-First(a) |mplementation

LOOP: _
Q=bc
curr = de-head of Q curr=a
=) For each unvisited a b
neighbor of curr
Visitandaddto Q c d
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Breadth-First(a) |mplementation

LOOP: 0=c
m) curr =de-headof Q curr=b
For each unvisited a b
neighbor of curr
Visitandaddto Q c d
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Breadth-First(a) |mplementation Breadth-First(a) |mplementation
LOOP: 0=cd LOOP; 0=
curr = de-head of Q curr=b m) curr = de-head of Q curr=c
=) For each unvisited a b For each unvisited a b
neighbor of curr neighbor of curr
Visitandaddto Q . d Visitand addto Q . d
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Breadth-First(a) |mplementation Breadth-First(a) |mplementation
LOOP: o= LOOP: o-
‘ curr = de-head of Q curr=d eurr= de-hee.d.Of Q curr=d
For each unvisited a b For ear(]:g un\?sted a b
neighbor of curr nf'/g 't Orsaggrtr
Visitand addto Q d vistandaddtoQ a
¢ m)Until Q is empty ¢
CS14028-21 CS14028-2
Breadth-First(a) |mplementation Breadth-First(a) |mplementation
More Details More Details
Q=c Q=c
curr = de-head of Q curr=b curr = de-head of Q curr=b
=) |For each unvisited a b =) |For each unvisited a b
neighbor of curr neighbor of curr
Visitand addto Q c d Visitand addto Q . d
How is G represented? How is unvisited/visited
Adjacency matrix represented?
Adj acency list CS14028-23 Bit vector CS14028-24




Connected(G)

Choosevertex x of G a b

|
DFS(G,x)
If every vertex visited c d
— Return YES
Elsereturn No
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Connected(G)
Choosevertex x of G a b
R

DFS(G x)
If every vertex visited c d
— Return YES

o —o
Elsereturn No e f
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Connected(G)
Choosevertex x of G a b
DFS(G,x)

If every vertex visited c d
— Return YES
Elsereturn No
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Connected(G)
Choosevertex x of G a b
Breadth-first(x)

If every vertex visited c d
— Return YES

o —0
Elsereturn No e f
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Depth-First(a)

Depth-First(x)

Visit x
While x has an unvisited a b
neighbor y: Depth-First(y)
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Depth-First(a) Implementation

Depth-First(x) a

Visit x
While x has an unvisited
neighbor y: Depth-First(y)
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Depth-First(a) Implementation

Depth-First(x) b
Visit x a
While x has an unvisited

neighbor y: Depth-First(y)
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Depth-First(a) Implementation

Depth-First(x) d
Visit x g
While x has an unvisited
neighbor y: Depth-First(y)
a b
c d
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Depth-First(a) Implementation

Depth-First(x) c
Visit x N
While x has an unvisited a
neighbor y: Depth-First(y)
a b
C d
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Depth-First(a) Implementation

o

Depth-First(x)
Visit x b
While x has an unvisited

neighbor y: Depth-First(y)
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Depth-First(a) Implementation

Depth-First(x) b
Visit x a
While x has an unvisited

neighbor y: Depth-First(y)
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Depth-First(a) Implementation

Depth-First(x) a
Visit x
Whilex has an unvisited
neighbor y: Depth-First(y)
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Depth-First(a) Implementation

Depth-First(x)
Visit x
While x has an unvisited
neighbor y: Depth-First(y)
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