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Graph

@ A graph is a pair (V, E), where
= Vs a set of nodes, called vertices
m E is a collection of pairs of vertices, called edges
= Vertices and edges are positions and store elements
& Example:
= A vertex represents an airport and stores the three-letter airport code

= An edge represents a flight route between two airports and stores the
mileage of the route
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Edge Types

@ Directed edge
m ordered pair of vertices (u,v)
= first vertex u is the origin
= second vertex v is the destination
= e.g., aflight
€ Undirected edge

= unordered pair of vertices (u,v)
= e.g., aflight route
& Directed graph
= all the edges are directed
= e.g., flight network
€ Undirected graph
= all the edges are undirected
= e.g., route network
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Applications
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& Electronic circuits
= Printed circuit board
= Integrated circuit
€ Transportation networks
= Highway network
= Flight network (it
& Computer networks
= Local area network

m Internet
s Web

& Databases
= Entity-relationship diagram
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Terminology
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@

@

End vertices (or endpoints) of
an edge

s U and V are the endpoints of a
Edges incident on a vertex

= a, d, and b are incident on V
Adjacent vertices

= U and V are adjacent
Degree of a vertex

s X has degree 5
Parallel edges

s hand i are parallel edges
Self-loop

m | is a self-loop
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Terminology (cont.)
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@ Path

= sequence of alternating
vertices and edges

= begins with a vertex
s ends with a vertex

m each edge is preceded and
followed by its endpoints

& Simple path
= path such that all its vertices
and edges are distinct
& Examples
m P,=(V,b,X,h,Z) is a simple path

= P,=(U,c,W,e,X,0,Y,fW,d,V)is a
path that is not simple

Graphs 7




N

Terminology (cont.)

@ Cycle

m circular sequence of alternating
vertices and edges

m each edge is preceded and
followed by its endpoints

€& Simple cycle

= cycle such that all its vertices
and edges are distinct
& Examples
s C,=(V,b,X,9,Y,fW,c,U,a,) is a
simple cycle
= C,=(U,c,W,eX0,Y,fW,dV,a,J)
Is a cycle that is not simple

Graphs 8




Properties
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L/
Property 1 Notation
2., deg(v) = 2m n number of vertices
Proof: each edge is m  number of edges
counted twice deg(v) degree of vertex v
Property 2
In an undirected graph Example
with no self-loops and
no multiple edges = N=4
m<n(n-1)/2 -M=6
e e s . deg(v)=3

What is the bound for a
directed graph?
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Main Methods of the Graph ADT

@ Vertices and edges € Update methods
m are positions = insertVertex(o)
= Store elements = insertedge(v, w, 0)
& Accessor methods m insertDirectedEdge(v, w, 0)
s aVertex() m removeVertex(v)
= incidentEdges(v) = removekdge(e)
= endVertices(e) @ Generic methods
= isDirected(e) m numVertices()
= origin(e) = numEdges()
= destination(e) m vertices()
= opposite(v, e) m edges()

= areAdjacent(v, w)
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& Vertex object
= element

= reference to position in
vertex sequence

& Edge object
= element
= Origin vertex object
= destination vertex object

= reference to position in
edge sequence

& Vertex sequence

= sSequence of vertex
objects

& Edge sequence
= Sequence of edge objects

Edge List Structure
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Adjacency List Structure
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€ Edge list structure @D%
@ Incidence sequence

for each vertex

= sSequence of
references to edge R
objects of incident

-0

edges ?

—
c
B

€ Augmented edge
objects

m references to
associated
positions in
incidence 1
sequences of end ATl @
vertices

[ =
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Edge list structure

Augmented vertex
objects

= Integer key (index)
associated with vertex

2D adjacency array

m Reference to edge
object for adjacent
vertices

s Null for non
nonadjacent vertices
The “old fashioned”
version just has O for
no edge and 1 for edge

Adjacency Matrix Structure
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Asymptotic Performance

€ n vertices, m edges

® no parallel edges Edge Adjacency Adjacency
@ no self-loops List List Matrix
€ Bounds are “big-Oh”

Space n+m n+m n?
iIncidentEdges(v) m deg(v) n
areAdjacent (v, w) m | min(deg(v), deg(w)) 1
iInsertVertex(o) 1 1 n?
Insertedge(v, w, 0) 1 1 1
removeVertex(v) m deg(v) n2
removeEdge(e) 1 1 1
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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

E 6 K 5 Tauei
vpUnAo Tolvivie@ THES Mme N ouyxpnpatodotnon tn¢ EAAGdag kat tn¢g Evpwnaikig ‘Evwong

*
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2NUEIWUATA



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 noAunAokoTnta. Graphs». 'Ekdoon: 1.0. HpakAeio 2015. AiaBeaipo
ano tn dikTuakn dleubuvon:

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



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

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.



