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Outline and Reading

N

€ Definitions (86.1)
= Subgraph
= Connectivity
= Spanning trees and forests

€ Depth-first search (86.3.1)
= Algorithm
= Example
= Properties
= Analysis

€ Applications of DFS (86.5)
= Path finding
= Cycle finding
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Subgraphs

€ A subgraph S of a graph
G Is a graph such that

s The vertices of S are a
subset of the vertices of G

= The edges of S are a Subgraph

subset of the edges of G

€ A spanning subgraph of G
IS a subgraph that
contains all the vertices
of G

Spanning subgraph
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Connectivity

@ A graph is
connected If there Is
a path between
every pair of

vertices

& A connected
component of a
graph G is a
maximal connected
subgraph of G

Connected graph

O——=0O

Non connected graph with two
connected components
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Trees and Forests

p
\J
@ A (free) tree Is an
undirected graph T such Q O O
that |
= T is connected
= T has no cycles Tree
This definition of tree is

different from the one of
a rooted tree

@ A forest is an undirected
graph without cycles O
& The connected

components of a forest
are trees Forest
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Spanning Trees and Forests

N

& A spanning tree of a
connected graph is a
spanning subgraph that is
a tree

& A spanning tree is not

unique unless the graph is
a tree Graph

& Spanning trees have
applications to the design
of communication
networks

@ A spanning forest of a
graph is a spanning
subgraph that is a forest

Spanning tree
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Depth-First Search uf

@ Depth-first search (DFS) % DFS on a graph with n

IS a general technique
for traversing a graph

& A DFS traversal of a
graph G

= Visits all the vertices and
edges of G

s Determines whether G is
connected

= Computes the connected
components of G

= Computes a spanning
forest of G

vertices and m edges
takes O(n +m) time

& DFS can be further
extended to solve other
graph problems

= Find and report a path
between two given
vertices

= Find a cycle in the graph

@ Depth-first search is to
graphs what Euler tour
IS to binary trees
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DFS Algorithm

€® The algorithm uses a mechanism
for setting and getting “labels” of
vertices and edges

i

Algorithm DFS(G)
Input graph G
Output labeling of the edges of G
as discovery edges and

back edges
for all u e G.vertices()
setLabel(u, UNEXPLORED)
for all e € G.edges()
setLabel(e, UNEXPLORED)
for all v € G.vertices()
If getLabel(v) = UNEXPLORED
DFS(G, v)

Algorithm DFS(G, v)
Input graph G and a start vertex v of G

Output labeling of the edges of G
in the connected component of v
as discovery edges and back edges

setLabel(v, VISITED)
for all e € G.incidentEdges(v)
iIf getLabel(e) = UNEXPLORED
W «— G.opposite(v,e)
if getLabel(w) = UNEXPLORED
setLabel(e, DISCOVERY)
DFS(G, w)
else
setLabel(e, BACK)
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Example

N

@ unexplored vertex

@ visited vertex
— unexplored edge
—> discovery edge

- — —» back edge /
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'Example (cont.)
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@ The DFS algorithm is
similar to a classic

DFS and Maze Traversal

strategy for exploring SRR ‘ A
a maze
= We mark each Y_]_"_’
Intersection, corner
and dead end (vertex) L
visited —
= We mark each corridor v

(edge ) traversed
x We keep track of the \
path back to the

entrance (start vertex)
by means of a rope

(recursion stack)

Depth-First Search
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Properties of DFS

Property 1
DFS(G, v) visits all the

vertices and edges in
the connected <o |
component of v t . S~

| \ ™

Property 2 9 :
The discovery edges \ : @

labeled by DFS(G, v)
form a spanning tree of
the connected
component of v
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Analysis of DFS

N

@ Setting/getting a vertex/edge label takes O(1) time

& Each vertex iIs labeled twice
m once as UNEXPLORED
m once as VISITED

@ Each edge is labeled twice
s once as UNEXPLORED
s once as DISCOVERY or BACK

€ Method incidentEdges is called once for each vertex
& DFS runs in O(n + m) time provided the graph is
represented by the adjacency list structure

= Recall that X, deg(v) = 2m
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Path Finding

& We can specialize the DFS
algorithm to find a path
between two given
vertices u and z using the
template method pattern

& We call DFS(G, u) with u
as the start vertex

& We use a stack S to keep
track of the path between
the start vertex and the
current vertex

& As soon as destination
vertex z Is encountered,
we return the path as the
contents of the stack

N

=

Algorithm pathDFS(G, v, 2)
setLabel(v, VISITED)
S.push(v)
if v=z
return S.elements()
for all e € G.incidentEdges(v)
if getLabel(e) = UNEXPLORED
W <« opposite(v, e)
if getLabel(w) = UNEXPLORED
setLabel(e, DISCOVERY)
S.push(e)
pathDFS(G, w, 2)
S.pop() { e gets popped }
else
setLabel(e, BACK)

S.pop() { v gets popped }
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Cycle Finding

& We can specialize the

DFS algorithm to find a
simple cycle using the
template method pattern

We use a stack S to
keep track of the path
between the start vertex
and the current vertex

As soon as a back edge

(v, W) is encountered,

we return the cycle as
the portion of the stack

from the top to vertex W

Algorithm cycleDFS(G, v, z)
setLabel(v, VISITED)
S.push(v)
for all e € G.incidentEdges(v)
if getLabel(e) = UNEXPLORED
W <« opposite(v,e)
S.push(e)
if getLabel(w) = UNEXPLORED
setLabel(e, DISCOVERY)
pathDFS(G, w, 2)
S.pop()
else
C < new empty stack
repeat
0 < S.pop()
C.push(o)
untilo=w
return C.elements()
S.pop()

Depth-First Search
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XpnuatodoTnon

To napov eknaldeuTiko UAIKO €€l avanTuxOei oTa nAaioia Tou
eknal®euTIKOU €pyou Tou O10AoKovTa.

To €pyo «Avoikta Akadnuaika Maénuarta oTo MavenioTnuIo
KpnTnc» £xel xpnuaTtodoTnoel Jovo Tn avadiauopPpwan Tou
eKNal®euUTIKOU UAIKOU.

To epyo uhonoieiTal oTo nAaioio Tou Enixeipnoiakou MpoypappaTtog
«Eknaideuon kai Aia Biou Maénon» kai ouyxpnuatodoTEiTal ano
TNV Eupwnaikn 'Evwon (Eupwnaiko Koivwviko Taueio) kar ano
£0vIKOUC NOpouC.

EMIXEIPHEIAKO NMPOIPAMMA

*

R EKMAIAEYZH KAI AlA BIOY MAGHZH / Ez nA

x ™ ErLEVIYEN STV UOYWVid TNE YVWON 2007-2013
* 5 Kk E“ npéypappa ya tv avdntuén

YONOYPFEIO MAIAEIAZ KAl BPHIKEYMATQON EYPanAiko KOINQONIKO TAMEIO

Evpwnaikn ‘Evwon EIAIKH YIMHPEZIA AIAXEIPIZHZX
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2NUEiwpa adeiodoTnong

« To napov UAIKO OlaTiBeTal HE TOug opouq TN¢ adesiac xpnong Creative Commons
Avacpopa Mn Epnopikn Xpnon, Oxi I'Iapaywyo Epyo 4.0 [1] N psmysvsmspn,
Alsevnq 'Ekdoon. EEcupOUVTcu Td CIUTOTE)\r] epya TpITO)V Mn.x. cpo)Toypacplsq,
6|aypa|JuaTa K.A.M, T0 onoia sunsplsxowm O€ QuTO Kal Ta onoia ava(pspovml
padi pe Touc OpouC xpncnq TOUC 0TO «Znueiwpa Xpnong ‘Epywv Tpitwv».

©OS0)

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/

« Q¢ Mn Eunopikn opileTal n xpnon:
— nou Ogv nNePIAAPBAVEI AUETO 1 EYUETO OIKOVOUIKO OPEAOC anod TNV XPnon Tou £pyou,
yia To dlavopuEa Tou £pyou kal adelodoxo

— nou 0ev nepIAapBavel oikovopikn ouvaliayn wc npolndBeaon yia Tn xpnon n
npooBacn oTo £pYo

— nou 0ev npoonopilel oTo SlIAVOUEa TOU £pyou Kal adelodOX0 EPHETO OIKOVOUIKO OPENOC
(n.x. dlapnuioceic) anod TV NPoBoAr Tou Epyou o€ 01adIKTUAKO TOMO

« O dikalouxoc unopei va napexel otov adelodoxo EExwpioTn adeia va XpnoIUOonoIEi
TO £PYO YIA EUMOPIKN XpNon, EPOoov auTto Tou {NTNOEI.



>nueiwpa Avagopdc

Copyright Maveniotnuio Kpntnc, Iwavvnc ToAANg 2015. «AAyopiBuol
kal noAunAokoTtnta. Depth-First Search». 'Ekdoon: 1.0. HpakAeio
2015. AilaBeoipo ano tn OIKkTUakn dleubuvon:

https://opencourses.uoc.gr/courses/course/view.php?id=368
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AlaTnpnon ZNUEIWUATWV

OnoladnnoTe avanapaywyn n dl1aokeun Tou UAIkoU Ba npenel va
oupnepIAaupavelr:

= TO Znueiwpa Avagopdac

= TO Znueiwpa AdeiodoTnoNG
= TN ONAWoN AIaTrpNonNg ZNUEIWPATWV
= TO 2nueiwpa Xpnonc Epywv Tpitwv (EpOocov unapxel)

uadi e TOUC OUVOOEUOPEVOUC UNEPOUVOETIOUC.



