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S5. AIIOXTAXEIX

Agtéctaon (distance) d(u, v) uetagd dvo kKOUPwV u, v ULag GUVIGTOGAS Touv G 0Vo-
UAZETAL TO EAQYLGTO UWAKOG UETOEY OA®V T®V SLadQOU®Y TTOU TOUG GUVIEOUV.

Mepkol GuyyRa@elc yeEVIKEVOUV TOV TTOQAITAV® 0QLGUS, 0QITOVTIS WS ATTOGTACN
800 KOUPWV TTOV AVAKOUV GE BLAPOQETIKES GUVIGTOGES €VOS UN GUVEKTIKOU YQO-
PNUOTOGC TO 0.

Fewdartiko 1 GuvtoudteEo Aéyetal KAOe u — v LovoTaTL evog yoapnuatos G, ue
urnkog tco ue d(u,v).

MHoeddetyua:

v1 U2 U3

{4
v5

vg v7 Y6

d(vi,vq) = 2.

(v1, v, V4): YE@BOALTIKG, (Vi,V7,V4): VEOOALTIKO.

(v1, v8, V7, V4): OXL YEWOALTIKO.

H el¥peon tng amdctacng avdueco e dUV0 KOUBOUS U, v €vOS YRAPNUATOS WITO-
el va ylvel yonoloToldvTag Ty avagntnon e TAATOS, 1 Toug aAyoiBuoug Tou
Dijkstra, n twv Bellman - Ford. (Ov 0o teAevtaior adydpiBuol pitopovv va 6@Gouv
QTTAVTAGELS KOL GE YROPALOTO TToU €XouVv BdEn TTAvem GTouS deGUOVS TOUG.)

H BipAoBrnikn networkx €xer tic ueBdédovg shortest_path(G,v,u) ka
shortest_path_length(G,v,u) Ttov vitoAoyicouv éva YEMOALTIKG LOVOTIATL WETO-
€0 TV KOQUE®V V KAl U KAL TNV ATTOGTAGN TOV V KAl U AVTIGTOLYO.

Emurpoacbeta, vitdeyxovv ot uébodor all_pairs_shortest_path(G)
kot all_pairs_shortest_path_length(G) mov vitoloyitovv €va yewdaTIKO Lo-
VOTTATL avAuesa e OAQ To CeVyn KOQUE®V KOl TA avTiGTOLX0 UAKN TOUG.

import networkx as nx
import matplotlib.pyplot as plt
import numpy as np

G
\'
E

nx.Graph ()

[1,2,3,4,5,6,7,8]
(r1,21,01,71,01,81,(2,3]1,[2,4]1,[2,7]1,[3,4]1,[3,5]1,[3,61],
[4,6]1,[4,7],[5,61,[6,7]1,[7,8]1]

G.add_nodes_from(V)
G.add_edges_from(E)

pos = nx.nx_agraph.graphviz_layout(G)
nx.draw_networkx(G,pos)

v, u=1, 4
print("The distance between nodes",v,"and",u,"is:",nx.shortest_path_length(G,v,u))

shortestpaths = dict(nx.all_pairs_shortest_path(G))
for v in G:
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print("A shortest path between",v)
for u in G:
print("and",u,

is:",shortestpaths[v][u])

alldistances = dict(nx.all_pairs_shortest_path_length(G))

n G.order ()

D np.zeros((n,n)) #create a n x n matrix with zero entries
for v in G:

for u in G:
#D has numbering 0...7 while nodes are numbered 1...8
D[u-1][v-1] = alldistances[v][u]
print("The distances between all nodes pairs of G are:")
print (D)

plt.show()

Output:

225 A

200 A

175 A

150 A

125 4

100 ~

75 1

50 1

25 1

20 40 60 80 100 120 140 160 180

The distance between nodes and 1 is: [3, 2, 1] and 4 is: [5, 3, 4]

1 and 4 is: 2 and 2 is: [3, 2] and 5 is: [5]
A shortest path between 1 and 3 is: [3] and 6 is: [5, 6]
and 1 is: [1] and 4 is: [3, 4] and 7 is: [5, 6, 7]
and 2 is: [1, 2] and 5 is: [3, 5] and 8 is: [5, 6, 7, 8]
and 3 is: [1, 2, 3] and 6 is: [3, 6] A shortest path between 6
and 4 is: [1, 2, 4] and 7 is: [3, 2, 7] and 1 is: [6, 7, 1]
and 5 is: [1, 2, 3, 5] and 8 is: [3, 2, 1, 8] and 2 is: [6, 3, 2]
and 6 is: [1, 7, 6] A shortest path between 4 and 3 is: [6, 3]
and 7 is: [1, 7] and 1 is: [4, 2, 1] and 4 is: [6, 4]
and 8 is: [1, 8] and 2 is: [4, 2] and 5 is: [6, 5]
A shortest path between 2 and 3 is: [4, 3] and 6 is: [6]
and 1 is: [2, 1] and 4 is: [4] and 7 is: [6, 7]
and 2 is: [2] and 5 is: [4, 3, 5] and 8 is: [6, 7, 8]
and 3 is: [2, 3] and 6 is: [4, 6] A shortest path between 7
and 4 is: [2, 4] and 7 is: [4, 7] and 1 is: [7, 1]
and 5 is: [2, 3, 5] and 8 is: [4, 7, 8] and 2 is: [7, 2]
and 6 is: [2, 3, 6] A shortest path between 5 and 3 is: [7, 2, 3]
and 7 is: [2, 7] and 1 is: [5, 3, 2, 1] and 4 is: [7, 4]
and 8 is: [2, 1, 8] and 2 is: [5, 3, 2] and 5 is: [7, 6, 5]
A shortest path between 3 and 3 is: [5, 3] and 6 is: [7, 6]
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and 7 is: [7] and 2 is: [8, 1, 2] and 6 is: [8, 7, 6]
and 8 is: [7, 8] and 3 is: [8, 1, 2, 3] and 7 is: [8, 7]

A shortest path between 8 and 4 is: [8, 7, 4] and 8 is: [8]

and 1 is: [8, 1] and 5 is: [8, 7, 6, 5]

The distances between all nodes pairs of G are:
[[6. 1. 2. 2. 3. 2. 1. 1.

]
[1. 0. 1. 1. 2. 2. 1. 2.]
[2. 1. 0. 1. 1. 1. 2. 3.]
[2. 1. 1. 0. 2. 1. 1. 2.]
[3. 2. 1. 2. 0. 1. 2. 3.]
[2. 2. 1. 1. 1. 0. 1. 2.]
[1. 1. 2. 1. 2. 1. 0. 1.]
[1. 2. 3. 2. 3. 2. 1. 0.]]

Mepwéc @opéc J€Aovue va OTTOKTAGOUUE ULOL GUVOALKN €KOVA Yo TIG TIOAVEG
OITOGTAGELS TTOV €YOVV TO CEVYN KOUP®V TOU YROPIUATOG.
Exkevtpotnta (eccentricity) e(v) evoc kéufov v evdg GuvekTikol ypoapnuoatog G

elvaw n max d(u,v), GnAadn n yeyaAdtepn atdctacn Jmov €xel 0 v aItd OAeS TIS
ueV(G)

AANES KOQUPEGS U).

Avduetog (diameter) d(G) evdg GuVeKTIKOU yoaERUatog G AEyeTal TO UNKOG TOU
UeYaAUTEQOV YE®IATIKOU TOV, (SnAadn n peyalltepn amdoTacn avauecso Ge oA
T duvatd cevyn kKOuUPwv).

Hagatnenon: Ilpopavwg d(G) = n%/e%)cc) e(v).
ve

Axktiva (radius) r(G) evég cuvektikol ypaenuatos G elval n eAdylotn ekke-

viedTNTO, avauecsa e OAoug Toug KouBoug tov G, dnAadn r(G) = H‘l/l(g) e(v).
ve

O v Aéyeton KeVTEIKOS kOupog (central node) Tov GuvekTkoV ypapnuatos G, av
e(v) = r(G). Kévto (center) Tou GUVEKTIKOU YQAMPAULATOS OVOUALETOL TO GUVOAO
TOV KEVTEK®OV TOU KOUPwV.

O v Aéyetan TTeQUPERELOKOS KOUPog (peripheral node) Tou GUVEKTIKOU yOPUOL-
t0¢ G, av e(v) = d(G). Ilepupepetakd GUVOAO (periphery set) TOU GUVEKTIKOU
YOOPNRUATOS OVOUALETOL TO GUVOAO TV TTEQLPEQRELOKMDV TOV KOUP®V.

Mo kdBe kéupo v cuuPoAiicovue pe s(v) To GuvolMkd dBpolGua OAWV TV OITO-
OTAGEDV TOU OTto KAOe AAAO KOuPo u, dnAadn

s(v) = Z d(u,v)
ueG

A

Bagukevteo (barycenter n median) €vog ypo@nuotog ovoudcetol T0 GUVOAO T®V
KOUBWV v TTOU €ACLGTOTIOLOUV TO GUVOAMKG dBpolgua s(v) OAV TV OIT0GTAGE®V
TOUG aTtd KABe AAAO KOUPO wu.
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MHoeddetyua:

1 U2 v3

{4
v5

vg v7 Y6

d(G) = 3.

e(v)) = e(v3) = e(vs) = e(vg) = 3.

e(v2) = e(vq) = e(vg) = e(vg) = 2.

rG) = 2.

Kévtpo tov G = {vg, vy, vg, v7}.

[Tepupepelord givoro tov G = {vy, v3, Vs, V).

s(vs) = s(vg) = 14, s(v1) =12, s(v3) = 11, s(v9) = s(v4) = s(vg) = 10, s(v7) = 9.
Bagpukevipo touv G = {v7}.

H BipAtoOnkn networkx Srabétel i ueBddovg radius(G), diameter (G), center(G)
kol periphery(G) yia TOv UTTOAOYIGUO TV OVTIGTOL(®WV €VVOL®WV. YITOAOYLGTL-
KA OU®S GUUMEQEL VA VITOAOYIGOUUE WA POQEA TIS EKKEVTROTNTES TWV KOQUP®WYV
Tov G ue Tnv uébodo eccentricity(G) ko €merta, ue PAon AvTEG, TO VITOAOLITO
otatiotikd. Estiong, Stabétel tnv uébodo barycenter (G) yio Tov LITOAOYIGUS TOU
Bapukevtpov tou G.

import networkx as nx
import matplotlib.pyplot as plt

#create a random graph with n nodes and m edges
n,m = 20,30

G = nx.gnm_random_graph(n,m)

pos = nx.nx_agraph.graphviz_layout(G)
nx.draw_networkx(G, pos)

print ("G has",nx.number_connected_components(G),"connected component(s)")

#for every connected component compute the eccentricities of its nodes
#and then its radius, diameter and center
Gcc = nx.connected_components(G)
for cc in Gcc:

Gl = G.subgraph(cc) #G1 is a connected component

#find the eccentricities every node in Gl

eccdict = nx.eccentricity(Gl)

#print the eccentricities of every node in Gl

for v in G1:

print("The eccentricity of node",v,"is",eccdict[v])

all_values = eccdict.values()

Glrad = minCall_values) #compute the radius of Gl
Gldiam = max(all_values) #compute the diameter of Gl
#find center of Gl

Glcenter = []
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Glperiphery = []
for node in eccdict:
eccnode = eccdict[node]
if eccnode == Glrad:
Glcenter.append(node)
if eccnode == Gldiam:
Glperiphery.append(node)
print("The connected component",cc,"has radius",Glrad,"diameter",Gldiam, "center",
Glcenter, "and periphery",Glperiphery)

#color blue the central and peripheral nodes of Gl

G2 = G.subgraph(Glcenter) #G2 is the induced subgraph of Gcenter
nx.draw_networkx_nodes(G2,pos,node_color="blue’,width=3.0)

G3 = G.subgraph(Glperiphery) #G2 is the induced subgraph of Gcenter
nx.draw_networkx_nodes(G3,pos,node_color="green’,width=3.0)

plt.show()
Output:

300 A

250 A

200 A

150 4

100 1

@

0 100 200 300 400

G has 2 connected component(s) The eccentricity of node 15 is 4
The eccentricity of node 0 is 5 The eccentricity of node 16 is 4
The eccentricity of node 2 is 4 The eccentricity of node 17 is 4
The eccentricity of node 3 is 6 The eccentricity of node 18 is 5
The eccentricity of node 4 is 5 The eccentricity of node 19 is 4
The eccentricity of node 5 is 3 The connected component {0, 2, 3, 4, 5,
The eccentricity of node 6 is 4 6, 7, 8, 9, 160, 11, 12, 13, 14, 15,
The eccentricity of node 7 is 3 16, 17, 18, 19} has radius 3 diameter
The eccentricity of node 8 is 5 6 center [5, 7, 11, 12] and periphery
The eccentricity of node 9 is 5 [3, 14]
The eccentricity of node 10 is 5 The eccentricity of node 1 is 0
The eccentricity of node 11 is 3 The connected component {1} has radius 0
The eccentricity of node 12 is 3 diameter 0 center [1] and periphery
The eccentricity of node 13 is 4 [1]
The eccentricity of node 14 is 6
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6. IXOMOP®PA TTPAOHMATA

Ta yoaprupata decudv G = (V,E) xow G' = (V', E’) ovoudcovial 1eouoQ@a ov
Kol wévo av vrdexel au@uovocnyavtn asekévion f V. — V' oue {x,y} € E &
{f(x), fO»)} € E'. Av Vo ypaopruata G kar G' elvan ioépopea, da ypdeovue G =~ G'.

Hapadeiyuata: Ta ewdueva ypapnuato eivor 1GOLOQQOL:

Y1

) v'l vz'
G (V,E): ~ tG (V,E)
Yy _
o L vz 5

3
Y

Sty tnv f V. — V' oue

Jv) = v,
J(v2) = vy,
f(v3) = vy,
J(vy) = vy,
f(vs) = v,

éxouvue TTEAYUOTL OTL
viovite E o {f(v), f(v))} € E,

(Yo JToipdidetyuon:

{vi,vo} € E xou {v,vi} € £,

{va,v4} € E vou {vy,vi} ¢ E,

{v4,vs} € E vau {vg,vi} € E', K.OK).
Ta emwdueva ypapnuata eivar OAa 1IGOLOQEAL:

|

@%M

Avtifeta ta emwouevo dVo ypaenuata 6ev elvol 1GOLOQQOL:

[T - N ]
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Hoeddetypua No egetachel av ta ypapnuata G; ko Gy eival 1Gouoe@a.
» U9

V1 U U7
V6 ! M6
V5
Gy Gy Us uz
Va
V3 us

Avsn. Ta Gy, Go elvan 1adpopea. "Evag teopopeiouds f elvar o €€ng:

S(v1) = ug
f(vo) = uy
Sf(vs3) = us
S(va) = uy
f(vs) = us
f(ve) =
f(v1) = ug O

Mitopotvue va eAéyEovue av ta Gy, G €lval LIGOLOQEEA XENGLLOTIOL®VTAGS Ty uéBodo
GraphMatcher tng fiAlodnkng networkx.

import networkx as nx
Gl = nx.Graph(Q
Gl.add_nodes_from(range(1,8))
Gl.add_edges_from([[1,2],[1,3],[1,6]1,[1,7]1,[2,3],[2,7],
[3,41,03,7]1,[4,5],[4,6],[4,7],[5,6]1,[6,711)
G2 = nx.Graph(Q
G2.add_nodes_from(range(1,8))
G2.add_edges_from([[1,2],[1,5],[1,4],[1,6]1,[2,3],[2,6],
[(2,71,13,41,13,61,03,7]1,[4,51,[4,6]1,[6,711)
#Test whether the graphs are isomorphic
GM = nx.isomorphism.GraphMatcher(Gl, G2)
if GM.is_isomorphic(): #If Gl, G2 are isomorphic
print("The graphs are isomorphic")
print("An isomorphism between them is the following:")
for i in G1:
print("v",i,
print (GM.mapping)
else:
print("The graphs are not isomorphic")

->","u",GM.mapping[i])

Output:

The graphs are isomorphic

An isomorphism between them is the following:
->u 3

->
->
->
->

< < < < < <
S v B W N
[ R i i
D= NN

->
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v7->u6hb

{4: 1, 3:

2, 1: 3, 6: 4, 5: 5, 7: 6, 2: 7}

IMagatinegnon Iapatnericte 4Tt 0 aAyéElOUog avakdAvpe €vav SLa@ORETIKG LGO-
LOQEELOUS aTtd aUTOV TToU dOOnKe Q)IKA.

[edétacn 22. Av Svo ypapruata G, H gival icouop@a, TOTe:
i) ‘Exouv tnv i6ia akodovBia Babuwv, kar ualicta ioyvel ott dg(v) = dy(f(v)), yia
kalbe v € V(G).
ii) "Exouv 160uop@a vItoypa@nuata.

Yvvnbwe n IIpdtacn 22 yencwodroleitar agvntikd, dnAadn av dvo ypapnuato dev
€xovv tnv idta akolovBia Babuwv, n/kar dev €xouv ta idia vIToypaEnuata, ToTe dev
elvarl 1gépopea. I'a sapdderyua,

@

2)

OxL.

(}1 (;2
4,4,3,3,2,2,2,2,1,1,1,1) 4,3,3,3,3,2,2,2,1,1,1,1)
G1 # Gg, 310TL €(oUV BLPOEETIKES akoAovBieg Pabuwv.
Uz
Vi V2 V3
Uy Uy us
(;1 V4 (;2
Vi~ Ve V5 Uz Us Us

AvVsH. Aev glvan 16opopea: To Gy TreQéxel KUkAO unkouvg 3 evw 1o Go
O

[TadA, urtogovue va eAéygovue av ta Gy, Gg elvol 1GOULOEEO YENGLULOTTOL-

wvtag tny uébodo GraphMatcher tng BipAodnkng networkx.

import networkx as nx

Gl

Gl.
.add_edges_from([[1,2],[1,7],[2,3],[2,6]1,[3,4]1,[3,5],[4,51,[5,6]1,[6,71]1)

Gl
G2

G2.
G2.

= nx.Graph()
add_nodes_from(range(1,8))

= nx.Graph()
add_nodes_from(range(1,8))
add_edges_from([[1,2],[1,4],[1,7],[2,3]1,[3,41,[3,51,[4,61,[5,61,[6,711)

#Test whether the graphs are isomorphic
GM = nx.isomorphism.GraphMatcher(Gl, G2)
if GM.is_isomorphic(): #If Gl, G2 isomorphic? then

print("The graphs are isomorphic")
print("An isomorphism between them is the following:")
for i in G1:
print("v",i,"->","u",GM.mapping[i])
print (GM.mapping)
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else:
print("The graphs are not isomorphic")

print("Degree sequence of Gl:",sorted((d for n, d in Gl.degree()),reverse=
True))
print("Degree sequence of G2:",sorted((d for n, d in G2.degree()),reverse=
True))

Output:

The graphs are not isomorphic

Degree sequence of G1: [3, 3, 3, 3, 2, 2, 2]

Degree sequence of G2: [3, 3, 3, 3, 2, 2, 2]

IMoagatnenon Ilopatnerete 4Tl TTOEOAO TTOV TO yeamnuato elvor un 1Géuoe-
@a €xovv tnv (Bta akolovdbia Babuwv. Xtnv meplmtwon dmov ta dVo yeo-
enupata dev elvan 1ladpoeea, n wéBodog GraphMatcher Sev pag divel kdmola
egnynon yatli guypaiver avto.

()
(}3 (;4

(49 49 39 39 39 29 29 19 19 1) (49 49 39 39 39 29 29 19 19 1)
G3 # Gy, 81011, evd €xovv Tnv (Sta akoAovbia Babudv, éxouv StapoeTikd
vIToYyEAPRUATA, (Yoo Ttopddetyua, to G Trepiéyel dVo Ks, evad to G4 TreQLéxel
Tola K3).

Iogatngnon. O €Aeyxoc av dvo ueydia ypoapnuoto eival 1eopopea N oy elval
VTTOAOYIOTIKA SUGKOAOG uéxer onuepa (Ampidog 2021). ITopoAa avtd VITAQEXEL N
dstoyn To TEAPAnUa pitopel va Avbel yonyopotepa aAld Sev €xel Ppebel axkdua n
KOTAAANAR 18€aL.
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7. IIPAEEIX

‘Eotw Gy = (V1, E1), Go = (Va, Ey).
‘Evoon G = G; U Gy etvan to ypdonua G = (V,E) ue V=V, UV, kan E = E1 U Ej.

INoedderyua: "Ectw
01 02 vg 05
AVEEIS
v3

H évoon tov yoapnudtov G; ko Go givar to ypdonua G = Gy U Go:
N
Y6
ABpowcua G = Gy + Gy glvar to ypdonua G = (V,E) ue V. = ViU Vo kau E =
EiUE,U{{v;,vj} v € Vi,v; € Vo} BnAadn to Gy + Gz etvan to G U G uagl ue 6Aoug

TOUG SeGUOVS TTOV EVWVOLV Ta GTolxela Tov Vi ue gtolyeia tov Vo).
Hoaeddeyua: "'Ectw

v 2

G1U Gy

1 (4
3

To dBpoloua twv yeapnudtwv Gy kaw Gy etvon to yedonua G = Gy + Go:
U2

171 v3

G+ G,

'06 U4

U5
I'wwouevo G = G1XGo etvan to ypdopnua G = (V, E) ue V = VixVy kaw av a = (v, uy),

B = (vo,u9) € V 161€ {0, B} € E av ko uévo av:
(1 = vz v {uy, Uz} € E(G2)), v (uy = ug xaw {vy, ve} € E(Gy)).
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MHoeddetyua:

v uy Uy u
(31 1 9 (32 1 2 3

(o, uq) (g, u g) (vqu3)

G, x G,
(vy,uq) (vy,up) (v u3)
(3o y) (uyv )
GZX Gl (upv q) (upv 9
3o 1) u3v 2

YvvOeon G = G1(G2) etvon to yodonua G = (V, E) ue V = VixXVy rvar av a = (v, uy),
B = (vo,ug) € V té1¢ {,B} € E av rar wévo awv:
(v, v} € E(GY)), n (v = vo kaw {uy, ug} € E(G2)).
[Hoeddetyua:

v1 v2 up uz u3

(vpuyp (opuy) (v ug

(wyuyp (wyuy (vyujy

(ug,v9 (AP
G2(G1)
(uy v (uy vy
(u3,v9 (uz, vy

Mttopovue va xencyogtomcgouue thy BipAlodnkn networkx ywo va vAottoinGovue
TIC TTAQATTAV® TIRAEELC.

import networkx as nx
import matplotlib.pyplot as plt

G1 nx.Graph ()

Vi = [0,1]

El1 = [[0,1]]
Gl.add_nodes_from(V1)
Gl.add_edges_from(E1l)
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G2 = nx.Graph(Q)
V2 = [2,3,4]
E2 = [[2,3],[2,4]]

G2 .add_nodes_from(V2)
G2.add_edges_from(E2)

#The disjoint union works even if V1 and V2 are not disjoint

#It renumbers the vertices starting from Gl and then continuing

#with G2

Gunion = nx.disjoint_union(Gl, G2)

pos = nx.nx_agraph.graphviz_layout(Gunion)
nx.draw_networkx(Gunion, pos)

plt.show()

Gproduct = nx.cartesian_product(Gl,G2)

pos = nx.nx_agraph.graphviz_layout(Gproduct)
nx.draw_networkx(Gproduct, pos)

plt.show()

def graphsum(Gl, G2):
Gsum = nx.disjoint_union(Gl,G2)
for i in range(Gl.order()):

for j in range(Gl.order(), Gl.order() + G2.order()):

Gsum.add_edge(i, j)
return Gsum
Gsum = graphsum(Gl, G2)
pos = nx.nx_agraph.graphviz_layout(Gsum)
nx.draw_networkx(Gsum, pos)
plt.show()

Output:

140
1201
1001
80 1
60 "5\\\\§““1.
40

201

T T T T T
25 50 75 100 125 150 175 200

100 A

90 1

80 1

701

60 -

50 1

40 1

30 1

201

40 60 80 100
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40 1
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8. ANAIIOPEYKTEX IAIOTHTEX (¥
Complete disorder is impossible. — Theodore S. Motzkin (1908 - 1970).

YT YOOPNUATO SEGU®V KoL WOLA{TEQRM GTO LEYAAD YQOPRUATO ELPAVICOVTOL TTAVTO
. oxedGV TAVTO 0QLGUEVO YOROKTNELGTIKA TTOU €K TTROTNG OPe®S WOLALOUV UE GUU-
TTOCELS. YTTAEXEL Wwo OAGKANEn katnyopia amoteAecudtov Tou delyvouv 6Tl 6Go
Tuxalo va elvan éva ypdenuo Ttdvto i oxeddv Tava Yo eu@avicel kKAIToln “Kavo-
vikOTRTA”, TTAVTO N 6YXedOV TTAvTa Ja TEQLEYEL KATTOLES “GUUITTMOGELS .

Ytnv evotnta avti divovtow Vo oAV aTtAd Tapadelyuata TETolwv aIToTeAe-
OUATWV TTOV LGYVOUVV TTAVTOL.

IIedtacn 23. Xe kdbe cuvekTiko ypdpnua decuwv G = (V, E) ue |V| = 2, vardgyovv
TOUVAAYLGTOV SV0 KOQUQEGS ue Tov (610 Babuo ot 0TToles eival YEITOVIKES H EOUV KOLVO
yeiTtova.

AVsH. 'Ecto A(G) = k o uéyietog fab-  Awakpivouue dU0 TTEQLITTOGELG:
LOS T®WV KOQUP®OV TOU YQOPNUOATOS KOl
¢otw v € V wa koguon ue Padud k.

H v £t k yertovikég KOQUEES
Uy, Us, . .., U KoL KAOe wio asd avtég €xel
Babud amd 1 uéxor k.

e Av kdttola. aItd TS Uy, Ug, ..., U
éxel Pabud k, tote To ypdpnua Te-
LExel SV0O YELTOVIKEG KOQUOES Ue
Tov (810 Babud.

e Av koulo aatd TS uy, ug, ..., U
dev €xer Babud k, 1oTE LIAEYOULV
k — 1 duvatéc Twég Pabuwv yio

..Lik_ v/ ToUG k yeltoveg tng v, omdTe QITO
U1 VN g TV 0EY TOU TTEQLGTEQEWVA, dVO0
g | ‘o TOVAGYLGTOV OTTO AVTES €XOUV TOV

o {60 Babud kow kowod yeltovo Tnv

V. O

[Hedtacn 24. Av |V| > 6, 10te 1 To G 1 10 G° TTEPLEYEL TOVAAYLGTOV EVA VITOYRAPN-
ua 1gouop@o ue 1o Ks, (bndadn éva tpiywvo).

AnodaeizH. 'Ectw V' = {v, V9, V3, V4, V5, Vg} KoL €0T0 OTL 0 Vi €lval evouévog ue
TOVAQY LGTOV TEES KOUPous 6to G. "EGtw Aowmtov: {vy, vo}, {vi, vs}, {vi,v4} € E.

vy
!

v
v3

Av {vg,v3} € E 1OTE O V1, V9, V3 €lval kKOQUEES TElywvou GTo G.

‘Ouola av {ve,v4} € E, 1 {v3, vy} € E.

Av Td)@OL {VQ,Vg}, {Vz,V4}, {Vg,V4} ¢ E, tote Ya S,XOULLS {VQ,Vg}, {Vz,V4}, {Vg,V4} € E¢
KO dEa Ol Vg, V3, V4 elvol KOQUEES TElywvou Gto G°.

Av téMog 0 vy elvan evouevog ue Myodtepoug agtd teelg koupouvg gto G, da elvan
EVOUEVOS Ue TOVAQYLGTOV TEElS KouPouvs ato G Tdéte Traipvouue To aAvtiGTOLO
QITOTEAEGUA, SEKIVAOVTOS aTté To G°. O
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Acokneelg Qo6 £ITiAven
(1) Atdetanr To yodopnua G

Na evpeBovv:
i) H amdéotaon d(ve, vs).
il) AYo yewdeakd avduecsa GToug KOUBOUGS Vo KL Vy.
iii) H Swduetpog d(G).
iv) H axtiva r(G).
v) To kévtpo tov G.
vi) To Trepupepelakd guvoro tov G.
vii) To Bagikevtpo tov G.
(2) Na egetacBel av elvar 1GéLoe@a Ta TAQAKAT® Cevyn yooEnuAToV.
u

(3) Na Seybel 6T Sev elvarl 1GOLOEEA T TTOQAKATW YQOPALOTOL:
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(4) Na egetachel av elvor 1GOLOEEA TO TTOQAKAT® TeVYN YRAPNULATWOYV.

u u3
u,
G, %
u
u5 4
)
u7 u6
H1 H 2
V9
v
V1 3
4
F 1 v F 2
o U7 uUs U
vy 7 Ug U
Vg V9 U Uy Uz Uy U5 Ug
©) T ta yoaenuota
i)
(¥ (Y u u
1 2 1 )
G, G, ——
il)
Y u,
G, /\ G, /\
171 113 u1 u3

va oQuaBovv ta G1 U Gy, G1 + Go, G X Ga, G1(G).
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