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AYZH EPTAZIAZ

AHMIOYPTIA NAHOYZMOY

126

127 e

128 p =20 # ini

129 print("\nP

130 colors n*,"yellow'] # 4
131 print(” ", colors)

132

EE} 16

134 dict = {}

135

136 colors_1

137 ~ for j in range(®,n):

138 | colors_list.append(random.choice(colors))
139 dict[i] = colors list

140

141 print("\r )

142 « for k, v in dict.items():

143 \ print(k, v)

2YNAPTHZH KATAAANHAOTHTAZ

Owpol e WG aApXIKO MANOUCHO ToV
aplBud  20. e éva  Ae§IKo,
amobnkevoupe vyl TNV  KABEe
ovtotnta Tou MAnBucouoU pLa Alota
pe 16 ypwpata. Ta OSwaBéolua
Xpwpota sival 4, ondte eivat Aoyiko
va  mopatnpeital  emavaAnyn
XPWHATWY OTLG AlOTEG.

Mo TG AVAYKEC TNC EpyAciog, KATAOKEVAIOUHE TV
MATPa yeltviaong mou daivetol otnv SutAavi

[[e,1,1,1,0,0,0,0,0,0,0,0,1,0,1,1], IV eBI(eIAIeATloIatIo slcsTofRVIe AUl (oY Xl Ils eIV IVER 42\

[l,@,l,@,l,@,@,l,l,@,@,@,@,l,1,1],
[1,1,0,1,1,1,0,0,0,0,0,0,0,0,0,0],
[l,@,l,@,@,i,@,@,@,@,@,B,l,@,@,@],
0,1,1,0,0,1,1,0,1,1,0,0,0,0,0,0],
@,@,1,1,1,9,1,@,@,@,1,@,1,@,@,@],
919:938J1J1;@:BJ951;1391939;@)811
9,1,0,0,0,0,0,0,1,0,0,0,0,1,0,0],
@,1,@,@,1,@,@,1,@,1,@,1,@,1,@,@],
@,0,0,0,1,0,1,0,1,0,1,1,0,0,0,0],
[9,90,0,0,0,1,1,0,0,1,0,1,1,0,0,0],
[@,9,@,9,@,9,@,8,1,1,1,9,1,1,1,8],
[1,0,0,1,0,1,0,0,0,0,1,1,0,0,1,0],
[@,1,@,@,@,@,@,1,1,@,@,1,@,@,1,@],
[1,1,e,0,0,0,0,0,0,0,0,1,1,1,0,1],
[1,1,e0,0,1,0,0,0,0,0,0,0,0,0,0,0]]

[
[
[
[
[
[

f find scores(dict):
scores = {}
for i in range(@,p): # N a
score = @
for j in range(e,16): # N a

j
for k in range
]
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continue

oW
5]

scores[i] = score
return(scores)

=
o]
[=]

ouvaptnon KataAAnAdAntog.

Metpdpe pe TNV
popdry  score, TO
MANBOG TwV KAAWV
ouvdéoewv ylo KABe
plo amdé Twg 20
okoAouBieg.



AUTO TIOU KAVOUE OTNV MPAYHOTIKOTNTA, €lval Vo TOEKAPOUE ylo. KAOE €va amd Ta oTolXela TG
Alotag tng akoAouBiag, av o yeitovag Tou otolyeiou autol €xeL SLOPOPETIKG XPWLO OO EKEIVO, KOl
OV ValL TOTE AUEAVOUE TNV PETABANTA score kKatd 1. H pATpa yettviaong d£pel Tig mMAnpodopies yla
TOUG YelTOVEG TV otolXeiwv. Ze éva Ae§kO emiotpEédovtal oL apLtdpol Twv akoAoubBlwv pall pe to

avtioToL o score Toug .

AIAAIKAZIA ENINOIHZ FONEQN
TEXNIKH THZ POYAETAZ (ROULETTE WHEEL SELECTION)

ection for Partial Re

",sum(scores.values()))

1=1]
for i in range(@,r):
| 1.append(random.randint(®, sum(scores.values())))

print("\nl is: ",1)
print("\n")

keys = list(scores.keys(
= list(scores.values())

values

11 =]
for i in range(@,r): # 1
j=9
suml = @
if 1[i] <= wvalues[]]:
|  11.append(keys[j1)
elif (1[i] > values[j]):
suml = values[j] + values[j+1]

j=1

while suml < 1[i] and j < r-1:
suml += values[j+1]

‘ j+=1

11.append(keys[j])

return(res)

Edapudletal n TEXVLKN TNG POUAETOG
Tou avadEpeTal Kat otig SladAveleg
TOU padnpuaroc.

H ocuvdptnon emotpédel ula Aiota
HE TOUC aplOpoulg twv unoPndpLwv
AOoswv mou mpoékuav (LECw TNG
pouAétag). Ouoclaotikd, n Alota
auty amotedel tnv  Alota  Twv
vnoPndpLwv yoveéwv.

H ocuvaptnon autr, emotpédpel GAOUG TOUG
Suvatolg ouvduacpolG oava 2 Twv

pairs in list otolelwv pag Alotag. Xpnolomoleital yla

PR

Using combinations() va oxnuatiost ta {EuyapLa TwWV YoVEWV.

\J
|

1 = list(combinations(list1, 2))
return(l)




ANANAPATQIrH ME AIAZTAYPQZH ENOZ ZHMEIOY (SINGLE POINT CROSSOVER)

def single point_crossover(pairs, di

e sequence

num_of children = len(pairs) * 2
c =16
children_table = [[@] * ¢ for _

l1=09
for k in range(len(pairs)):
= dict[pairs[k][@]]
= dict[pairs[k][1]]
=11
I =

(VST R ]

thldren _table[1]
children_table[l+1
1+=2

[:8] +
t2[:8]

& w A

W W W W W Ww Y

~l

return(children_table)

ct):

colors

in 8 and 8

in range(num_of childr

t2[8:]
+ ti[8:]

KdaBe {euydpt yovéwv Kavel 2
TaLsLa.

1° maidi: T kaBe Teuyapdkl
YOVLWV TIALPVOUUE TO tpwTa 8
otoeia (xpwpata) amd TOV
MPWIO yovLo Kol Ta
OUVEVWVOUME M TO 8
teAevtaia anod Tov GAAO YoVvio.

20 noudi: Twa kaBe leuyapakt
YOVLWV TIAPVOUUE TO tpwTa 8
otoyeia (ypwpata) omd TOV
deutepo  yovio KoL  Ta
OUVEVWVOUUE ME T 8

teAevutaia amnod Tov GAAO YoVvLO.

H cuvaptnon enioTtpédeL TOV AVAVEWUEVO TIVOKA LE Ta TLOSLA (TNV VEA YeVLA).

MEPIKH ANANEQZH NAHOYzZMOY

MpaypatonoloUpe HEPLKA avaviéwaon MANBUGHOU Kal cuykekpLéva oto 30% tou mAnBucpou.

plhthismoy -> 30%

print{"\nPartial popluation r
d = {}
for i in range(int(

flag =

while flag

randint(e,
d.keys():
= scores_d[k]
d[k] = v
flag = True

keysList =
print(“Keys are: ",

list(d.keys())
keysList)

flag = ralse

while (flag == False):
parents = roulette_wheel_selection(d,
if (len(parents) >= 1):
| flag = True

print(“Parents are: ",parents)

pairs = parents_pairs(paren
print("Pair of parents ar

print{"\nNumber of parents pairs is

diastavry

wsh

int(r))

",len(pairs))

h included)



EruAéyoupe Tuxaia akoAouBieg mou avtiotolyouv oto 30% tou MAnBuopov Kol amodnkelou e TOCO
Tov avéovra aplOpd Twv akoAouBLwv auTwy, 600 KAl TO OKOP TOUC O £va AgELKO. ITNV CUVEXELQ UE
TNV TEXVIKN TNG PpOUAETAG, Kataokeualoupe Toug uttoPndLloug yoveig Kal Emelta e TNV KANON TNG
avtiotolyng ocuvaptnong (parents_pairs()) pag eniotpédovral ta unoPndra (EVyapAaKLO YOVEWV.

flag = Fa
while fla
if (len(pairs)//2 + 1) < r-1:
of_p_pairs = random.randint{len(pairs)//2 + 1, r-1)

um_of_p pairs = random.randint(r-1, len(pairs)//2)
if (num_of p pairs <= len(pairs)):

print("Final number of pairs is: ",num of p pairs)

for i in range(num_of_p_pairs):
pair = random vice( )
pairs_f.append(
pairs.remove(pair)

if not all{[x in parents for x in pairs_f[i] for i in range(len(pairs_f))]): # ckec r ~e in pairs list
‘ print("Not all ") -

print(“Final pairs",pairs_f)

# ma from th airs of pa s
children table crossover(pairs f, dict)

print("\nChildren's t ")
for child in children_table:

|  print(child)

print("\nNumber of children is: ",len(children_table))

YTNV ouveéxela emAéyou e TtoLog Ba gival o TEAIKOG apLlOOGg TV (EUYAPLWV TWV YOVEWY, KaBWGS Kal
To rota Ba eival outd ta {euydplo. H emhoyn Twv {euyaplwy yivetal tuxaio. Exovrog mAéov kataAnel
ota {euydpLa TWV YOVLWY, KE TNV KARon TnG KatdAAnAng cuvaptnong (single_point_crossover()) pog
enotédetal o mivakog Twv rtatdiwv, SnAadn n véa yevia.



untouching population
for i in range(p - len
al
while flag =H
k = random.randint(e, p-1)
if k n n untouching population:
untouching population[i] = dict[k]
flag = True

print(" est population is: ™)
for r in untouching_population:
‘ print(r)

for child in children_table:
v = child
dict[i] = v
i+=1
j in untouching population:
v=7]
dict[i] = v
is=1

print(" ed dictionary
for k, v in dict.items():
‘ print(k, v)

METAANA=H ENOZ WHOIOY

H emoy twv MpeA@WV TNG
UNApYouoag YeVIAG, Tou Ba
ouveyxloouv Kal oTnv ENOEVN
yivetal Tuxaio. Eneta
ouyXwvevoupe (o  éva
Aeflko) ta HEAN QUTA, PE Ta
noudd mou  Tpogkuav
vwplitepa Kal €TOL TTPOKUTTEL
£vaG véog TAnBuouag,.

MpaypatonoloUpe HeTAAAaEN evog Pndiov kat cuykekplpéva oto 10% tou mAnBuopou.

Mutation
- change list item color
of the population

# metallax
nL =e.1 *p

for i in range(int(n1)): # afhnoume to
= random.randint(e, p - 1) #
random.randint(e, n - 1)

flag =
while flag == F
new_color = random.choice(colors)
if new_color is not dict[k][v]:
[ | [ 6ictII[v] = new_color]

flag = True

print("\nAfter mutation dictionary is: ")
for k, v in dict.items():
| print(k, v)

Tuxaia emiléyetal o aplOuog pag akoAouBiag kot o apLtOpuog tng B£ong mou Ba yivel n aAlayn Tou

XPWHATOC.



2YNOHKEZ TEPMATIZMOY FENETIKOY AATOPIOMOY

Tpeig oe MANBOC elval oL Lo cuvnBOLoUEVEG CUVONRKEG TEPUATLONOU EVOG YEVETIKOU aAyopiBpuou.
1. H eUpeon pog téAetag AVoncg pe Baon tn ouvaptnon KataAAnAdAntag.

2. H ouykAlon 6Awv Twv AUoswV ot pia.

3. Na €xoupe untepPBetl £va peyalo 6plo emavalnPewv.

YMOAOTIZMOZ THZ TEAEIAZ AYZH2

# counting the best Mo tov UMOAOYLOMO TG KOAUTEPNG
best score = @ AOong, apkel vo HETPNOOUUE TO
for i in range(n): nAnBo¢ twv Aocwv TOu Tivaka
for j in range(n): yewviaong. OL AoooL ouoLOOTLKA
if N[i][]] == 1: QVTLOTOLXOUV OTOUC Yeitoveg Tou
‘ best_score += 1 K&Be kopBou Tou ypadou, oL omoiot
odeihouv va €xouv Kal SladopeTikd

#print("\nBest score is: ", be score) XPWHQ.

repetitions = @ Ol OUVONKeG TEPHATLOMOU TOU
flagl = False aAyopibuou otnv ypapun 156.
while (repetitions < 3@ or flagl == False): 215 VPOLUES 162-172

amoBnkevou e o€ €va AeELKO TIG
AUOELG €KELVEC TIOU €XOUV OKOP
OPKETA KAAO, GUYKPLTIKA LIE TO
oKop TNC KoAUtepng Avong
Eﬂ: i}in range (p): (amokAlon <= 7). Av Bpebouv
) i tétole¢ AUoeElC 0 aAyoplOpog

scores_d = find scores(dict)
print("\n s of random population in dictionary:™)
print(scores_d)

if (best score - scores d[i]) <= 7:
v = best score - scores d[i] TEPUATIEL.
b[i] = v
flagl = True
break

if flagi:
# print("\nTermination because of
break




repetitions+=1 Mpw to TéA0C TOUu Bpoy)OoU
enavaAnPng auv§avoupe
Katd 1 tov oplBpd twv
enavoAnPewv. Otav o
if flagi: aAyoplOuoc  TEpMATIOEL,
print("Termination because of bes ¢ endavijoupe Ta

if (len(b.keys()) > 1): # mor H® H ,
sorted dict = sorted(b.items QVTLOTOLXQl OMOTEAECHOTAL,

best = dict[sorted dict[e][e]]
scores_d[sorted dict[e][e]]

# d 1c
print("\nBest score of all is:

, best score)

scoresid[ligt b;keys( )
Best graph colouring 's) is/are: ", best)
print("with score( ", b_score)

print("Termination because of repetitions™)
print("\nFinal populat

for k, v in dict.items():

| print(k, v)

scores d = find scores(dict)
print("\nFinal population's scores are:")
print(scores_d)

2TIFTMYOTYNA EKTEAEZHZ MPOTPAMMATOZ

@ ['blue’, 'yellow', 'green', 'green', 'green’, 'red', 'blue’, 'green’, 'red', 'yellow', 'red', 'blue’, ‘yellow', ‘blue’, 'blue’, 'blue’]
1 ['blue’, 'red', 'blue’, ‘green’, ‘green', 'blue', 'blue’', ‘green’, ‘red', 'yellow', 'red', 'blue’, ‘yellow', ‘blue’, ‘blue’, 'blue’]

2 [ ', 'red', ‘green’, ‘green’, ‘green’, 'red’', 'yellow', ‘green', ‘red’, 'yellow', ‘red', 'blue’, 'yellow', ‘blue’, 'blue’, 'blue’]
3[ ‘yellow', ‘red’, 'green’, ‘'green’, 'blue’, 'blue', ‘green', 'red', ‘'yellow', 'red', ‘blue’, ‘yellow', ‘blue’, 'blue’, ‘blue']
4 ['blue', 'yellow', 'green', 'green', 'green’, 'red', 'blue’, ‘green’, 'red', 'yellow', ‘red', 'blue’, ‘yellow', 'blue’, 'blue’, ‘'blue’]
5 ['green’, 'red', ‘green', ‘green', ‘green’', 'red', 'yellow', 'green’, 'red', ‘yellow', 'red', 'blue’, ‘yellow', ‘blue’, ‘blue’, 'blue']
6 ['blue', 'yellow', 'red', 'green', ‘green', 'blue', 'blue', ‘green', 'red', 'yellow', ‘red’, 'blue’, 'yellow', 'blue’, 'blue’, 'blue']
7 ['blue’, 'yellow', ‘red', 'green’, ‘green’, 'blue', 'blue’, ‘green', 'red', 'yellow', 'red', ‘blue’, ‘yellow', ‘blue’', 'blue’, ‘blue']
8 ['blue’, 'red’, ‘'blue’, ‘green’, ‘green’, ‘'blue’, 'blue’, 'green’, 'red’, 'yellow', 'red’', 'blue’, ‘yellow', 'blue’', ‘blue’, 'blue']

9 ['blue', 'yellow', 'red', 'green', ‘green', 'blue', 'blue', 'green', 'red', 'yellow', ‘red’, 'blue’, 'yellow', 'blue’, 'blue’, 'blue']
@ ['blue', ‘red’, 'blue’, 'green’, 'green', ‘'blue’, 'blue', 'green’, ‘'red’', 'yellow', 'red', ‘blue’, 'yellow', 'blue', ‘blue', 'blue']
11 ['blue’, ‘'yellow', ‘red’, 'green’, 'green’, 'blue', 'yellow', 'green’, 'red’, ‘'yellow', 'red’', 'blue', ‘yellow', 'blue’', 'blue’, 'blue']
12 ['blue’, ‘'yellow', ‘green', 'green’, ‘green', 'blue', 'blue', ‘'green’, 'red', 'yellow', 'red’, 'blue‘, ‘green', 'blue', 'blue’', 'blue’]
13 [‘green’, 'red’', ‘'green’, 'green’, 'blue', 'yellow', 'red', ‘'green’, 'red', ‘yellow', 'red', 'blue’, ‘yellow', ‘blue’, ‘blue’, 'blue']
4 ['blue’, 'yellow', ‘red’, 'green', 'green', 'blue’, 'blue', 'green’, 'red', 'yellow', 'red', 'blue', ‘yellow', 'blue', 'blue', 'blue']
15 ['blue’, ‘yellow', 'red', ‘green', ‘green’, 'blue', 'blue’, ‘green’, 'red', ‘yellow', ‘red', 'blue', 'yellow', 'blue’, 'blue’, 'blue']
16 ['blue’, ‘'yellow', ‘red’, 'green’, 'green’, 'blue', 'blue’, ‘'green’, 'red', ‘yellow', 'red', 'blue’, ‘green’, ‘'blue’, 'blue’, 'blue']
17 ['blue’, 'yellow', 'green’, 'green', 'green', 'red', 'blue', 'green', 'red', 'yellow', 'red', ‘red', 'yellow', 'blue’, 'blue’, 'blue']
18 ['blue’, 'red', ‘blue’, 'green', 'green’', ‘blue', ‘blue', 'green', ‘red', 'yellow', 'red’, 'blue’', 'yellow', 'blue’, 'blue’, 'blue’]
19 ['blue’, 'yellow', ‘red’, 'green’, 'green’, 'blue', 'blue’, 'green’, 'red', ‘yellow', 'red', 'blue’, ‘yellow', ‘blue’, 'blue’, 'blue']

Scores of random population in dictionary:
{e: 67, 1: 65, 2: 63, 3: 71, 4: 67, 5: 63, 6: 71, 7: 71, 8: 65, 9: 71, 1@: 65, 11: 71, 12: 65, 13: 64, 14: 71, 15: 71, 16: 69, 17: 67, 18: 65, 19: 71}

Partial popluation r is 6

Partial scores in dict are: {19: 71, 1@: 65, 15: 71, 17: 67, 1: 65, 3: 71}
sum of all dictionary values is: 418

Parents are: [17, 16, 3]
Pair of parents are: [(17, 10), (17, 3), (18, 3}]

Number of parents pairs is: 3
Final number of pairs is: 3
Final pairs [(17, 18), (17, 3), (1@, 3)]

Children's table is:

['blue’, ‘yellow', 'green’, 'green’, 'green’, 'red', 'blue', 'green’, 'red', 'yellow', 'red’, 'blue’, 'yellow', 'blue’, ‘blue’, 'blue’]
['blue’, ‘red’, ‘blue’, ‘green', 'green’', ‘blue’, ‘'blue’, 'green', 'red', 'yellow', ‘red', 'red', 'yellow', ‘blue’, ‘blue’, 'blue’]
['blue*, ‘yellow', ‘green’, ‘'green’, ‘'green’, 'red', ‘blue', 'green’, ‘red', 'yellow', 'red’, 'blue’, 'yellow', 'blue’, ‘blue’, 'blue’]
['blue’, 'yellow', 'red', ‘green', ‘green', ‘blue', 'blue', 'green', 'red', 'yellow', ‘red', 'red', ‘'yellow', 'blue', 'blue', 'blue']
['blue’, ‘red’, ‘blue’, ‘green', 'green', ‘blue’, ‘blue’, 'green', 'red', 'yellow', ‘red', 'blue’', 'yellow', 'blue', 'blue’', 'blue’]
['blue*, ‘yellow', 'red', ‘green', ‘green', ‘blue’, 'blue’, ‘green’, ‘red’', 'yellow', ‘'red', 'blue’, 'yellow', 'blue’, 'blue’, 'blue’]

Number of children is: 6

O MANBUONOG IOV €PYETAL WC EL0080C, TTPLV TOV TEPUATLOMO TOU aAyopiBuou. BAémoupe molog sival



0 MANBUOUOC AUTOC KAl TA OKOP AUTOU, TOLOG Ba amoteAEoeL TOV MEPLKO TTARBUOG, TTOLOL OL YOVELG
yla TOV HLEPLKO auTd MANBUOUO, KOBWGE Kol TtoLaL Tal oS QLUTWV.

Rest population is:
['blue’, ‘yellow', ‘green’, ‘green’, ‘green’, ‘red’, ‘'blue’, ‘green', 'red', ‘'yellow', ‘red', 'red’, ‘yellow’,
['blue’, 'yellow', 'red®, 'green', 'green’,
['blue’, 'yellow', 'red®, 'green', 'green’,
['blue’,
['blue’

blue*,
blue*,

B

[
[
[

['blue’, 'yellow', 'red®, 'green', 'green’,
['green', 'red', 'green’, 'green', 'green’,
['blue*, ‘yellow', ‘red’, ‘green', ‘green‘,
['blue*, ‘yellow', ‘red’, ‘green', ‘green‘,
['blue’, 'yellow', 'red®, 'green', 'green’,

yellow',
yellow',
yellow',
yellow',

red', 'green', 'green’,
red', 'green', 'green’,

‘blue’, 'blue’, 'green’, 'red’, 'yellow', 'red’,
‘blue’, 'blue’, 'green’, 'red’, 'yellow', 'red’,
‘green’, ‘green', ‘green’', 'red’, ‘blue’, ‘'green’, ‘red’, 'yellow', ‘red’,
‘green’, ‘green', ‘green’', 'red’, ‘blue’, ‘'green’, ‘red’, 'yellow', ‘red’,
' ‘blue’, 'blue’, 'green’, 'red’, 'yellow', 'red’,
' ‘blue’, 'yellow', ‘green’, 'red', 'yellow', 'red', 'blue’, 'yellow', 'blue’,
blue’, ‘yellow', 'green’, ‘green', ‘green’, 'red‘, ‘blue‘', 'green’, ‘red', 'yellow', ‘red’,
['blue*, ‘yellow', ‘green’, ‘green’, ‘green’, ‘red', 'blue’', ‘green', 'red', 'yellow', ‘red’,
‘blue’, 'blue’, 'green’, 'red’, 'yellow', 'red’,
‘red’, 'yellow', 'green’, 'red', 'yellow', 'red’,
‘blue’, 'blue’, ‘green‘', ‘red’, 'yellow', 'red’,
‘blue’, 'blue’, ‘green‘', ‘red’, 'yellow', 'red’,
‘blue’, 'blue’, 'green’, 'red’, 'yellow', 'red’,

‘blue’, 'yellow',
‘blue’, 'yellow',
‘blue’, ‘yellow',
‘blue’, ‘yellow',
‘blue’, 'yellow',

‘blue’, ‘yellow',
‘blue’, ‘yellow',
‘blue’, 'yellow',
‘blue’, 'yellow',
‘blue’, ‘yellow',
‘blue’, ‘yellow',
‘blue’, 'yellow',

‘blue’,
‘blue’,
‘blue’,
‘blue’,
‘blue’,
‘blue’,

‘blue’,

‘blue’,
‘blue’,

‘blue’,
‘blue’,
‘blue’,
‘blue’,

‘blue’,
‘blue’,
‘blue’,
‘blue’,
‘blue’,
‘blue’,
‘blue’
‘blue’,
‘blue’,
‘blue’,
‘blue’,
‘blue’,
‘blue’,
‘blue’,

‘blue’]
‘blue']
‘blue']
‘blue’]
‘blue’]
‘blue']
5 'blue’]
‘blue’]
‘blue’]
‘blue']
‘blue']
‘blue’]
‘blue’]
‘blue']

Merged dictionary is:
['blue*, ‘yellow', ‘green’, ‘green’, ‘green’, ‘red’, ‘'blue’', ‘green’, 'red', 'yellow', ‘red', 'blue’, ‘yellow', ‘blue’, ‘blue’, ‘'blue']
['blue’, 'red', 'blue’, 'green’, 'green’, 'blue’, 'blue’, 'green', 'red', 'yellow', 'red', 'red', 'yellow', 'blue’, ‘'blue’', 'blue']
['blue’, 'yellow', 'green’, 'green’, 'green', 'red’', 'blue', 'green’, 'red', 'yellow', 'red', 'blue’, 'yellow', 'blue’, ‘'blue’, 'blue']
['blue’, 'yellow', 'red', 'green', 'green', 'blue', 'blue’, 'green', 'red', 'yellow', 'red', 'red', 'yellow', 'blue', 'blue', 'blue']
['blue*, ‘red', 'blue’, ‘green', ‘green’, ‘blue', ‘blue’, ‘green’, ‘red', ‘'yellow', ‘red', 'blue’, ‘yellow', ‘'blue’, ‘blue’, ‘blue’]
‘blue’, 'yellow', ‘red', 'green’', ‘green’, 'blue’, 'blue', ‘green’, 'red’', 'yellow', 'red’', 'blue', 'yellow', 'blue’, 'blue’, 'blue']
', 'yellow', ‘green’, 'green’, 'green', 'red’, 'blue', ‘green', 'red’', 'yellow', 'red’, 'red', ‘yellow', ‘blue’, ' ‘blue']

‘blue’, ' ' '
yellow', 'red', 'green', 'green', 'blue', 'blue’, 'green', 'red', 'yellow', 'red', 'blue', 'yellow', 'blue’, » 'blue']

[ .
i .
['blue’, '
[ . . .
[

>
‘blue’, ‘yellow', ‘red', ‘green’, ‘green', ‘blue’, ‘blue’, ‘green’, ‘'red’, ‘yellow', ‘red’', 'blue‘, 'yellow', 'blue’, 'blue’, 'blue’]
‘blue’, ‘yellow', 'green’, 'green’, 'green’', ‘red’, 'blue', 'green', ‘red’', 'yellow', 'red', 'blue’, ‘'yellow', 'blue', 'blue’, 'blue']
['blue’, 'yellow', 'green’, 'green’, 'green', 'red’', 'blue', 'green', 'red’', 'yellow', 'red', 'blue', 'yellow', 'blue’, ‘'blue’', 'blue']
['blue’, 'yellow', 'red', 'green', 'green', 'blue', 'blue', 'green', 'red', 'yellow', 'red', 'blue', 'yellow', 'blue’, 'blue', 'blue']
['blue’, ‘yellow', ‘red', ‘green', 'green’, ‘blue’', 'yellow', ‘green', ‘red’, 'yellow', ‘red’', ‘blue’, ‘yellow', ‘blue’, 'blue', 'blue’]
['blue’, 'yellow', 'green’, 'green’, 'green', 'red’', 'blue', 'green', 'red', 'yellow', 'red', 'blue', 'yellow', 'blue’, ‘'blue’', 'blue']
['blue’, 'yellow', 'green’, 'green’, 'green', 'red’', 'blue', 'green', 'red’', 'yellow', 'red', 'blue', 'yellow', 'blue’, ‘'blue’', 'blue']
['blue’, 'yellow', 'red', 'green', 'green', 'blue', 'blue', 'green', 'red', 'yellow', 'red', 'blue', 'yellow', 'blue’, 'blue', 'blue']
['green’, 'red', 'green', ‘green’', 'green’, ‘red', 'yellow', ‘green', 'red', ‘yellow’, 'red', 'blue’, ‘yellow', ‘'blue’, ‘blue‘, 'blue’]
['blue’, 'yellow', 'red’, 'green', ‘green’, 'blue’, 'blue', 'green’, 'red', 'yellow', 'red', 'blue', 'yellow', 'blue’, ‘'blue’, 'blue’]
['blue’, 'yellow', 'red', ' . ', 'blue’, 'blue', ‘green’, 'red’', 'yellow', ‘red’, 'blue’', 'yellow', 'blue’, 'blue’, 'blue']
9 ['blue', ‘'yellow', 'red’, ' ' 'blue’, 'blue’, 'green', 'red', 'yellow', 'red', 'blue’, 'yellow', 'blue', 'blue’, 'blue']

WONOVNAEWNES

'
3
'

green', 'green’,
. .

green', 'green’,

BAémoupe tov umoAowuno mAnBucouo (rest population),
ovavéwaon Tou avadEPOE TIPONYOUUEVWC.

Kol Tov MAnBuoud pall pe TNV HEPLKN

After mutation dictionary is:
'yellow', ‘green', 'green', 'green', 'red', 'blue', 'green', 'red', 'yellow', 'red', 'blue', 'yellow', 'blue’, 'blue', 'blue']
, 'red", ‘blue', ‘green', 'green’, ‘blue', ‘blue’, 'green', ‘red', ‘yellow', 'red‘, 'red’', 'yellow', 'blue’, 'blue’', 'blue']
'yellow', ‘green', 'green', 'green', 'red', 'blue', 'green', 'red', 'yellow', 'red', 'blue', 'yellow', 'blue’, 'blue', 'blue']
‘yellow', 'red’', 'green', 'green’, ‘blue’, 'blue’', ‘green’, ‘red', ‘yellow', 'red‘, ‘red', 'yellow', 'blue’, ‘'blue’', 'blue']
‘red’, 'blue’, 'blue’, 'green’, 'blue’', ‘blue’, 'green', 'red', 'yellow', 'red', 'blue’', 'yellow', 'blue', 'blue’', ‘'blue']
‘yellow', ‘red', 'green', 'green’, ‘'blue’, 'blue', ‘green’, ‘red', ‘yellow', 'red’, ‘blue’, ‘yellow', ‘blue’, ‘blue’, ‘'blue’]
'yellow" ', 'green', ‘green’, 'red', 'blue’, 'green', 'red', ‘yellow', ‘red', 'red', 'yellow', 'blue’, 'blue', 'blue']
‘yellow' ', 'green’', ‘'green’, ‘blue’', ‘blue', 'green', ‘red', 'yellow', 'red’, 'blue’, 'yellow', ‘blue’, ‘green’, ‘blue’]
'yellow" 'y 'green’, ‘'green’', 'blue’, 'blue', 'green’, ‘red', ‘yellow', 'red', 'blue', ‘yellow', 'blue', 'blue’, ‘blue']
‘yellow', ‘green’, ‘green’, ‘green’, 'red’, 'blue’, 'green’, 'red’, ‘yellow', 'red', ‘blue', ‘yellow', 'blue’, ‘blue’', ‘blue']
'yellow', 'green’, ‘green', 'green', 'red', 'blue', ‘green’, 'red’, 'yellow', ‘red’, 'blue', 'yellow', 'blue’, 'blue’, 'blue']
‘yellow', 'red’, 'green’, 'green’, 'blue’, 'blue’, ‘'green’, 'red', ‘yellow', 'red', ‘blue’, ‘yellow', ‘blue’, ‘green’, ‘blue']
'yellow', 'red’, ‘green', 'green’, 'blue’, ‘yellow', ‘green’, 'red’, 'yellow', ‘red', 'blue’, 'yellow', 'blue’, 'blue’, ‘blue']
‘yellow', 'green’, ‘green’, ‘green', 'red’, 'blue’, ‘'green’, 'red’, ‘yellow', 'red’', 'blue', ‘yellow', 'blue’, ‘blue’', ‘blue']
'yellow', 'green’, ‘green', 'green', 'red', 'blue', ‘green’, 'red’, 'yellow', ‘red’, 'blue', 'yellow', 'blue’, 'blue’, 'blue']
‘yellow', 'red’, 'green', 'green’, 'blue’, 'blue’', ‘'green’, 'red', ‘yellow', 'red’, ‘blue’, ‘yellow', ‘blue’, 'blue’, ‘blue’]
16 ['green’, 'red', 'green’, ‘green', 'green’, 'red', 'yellow', ‘green’, 'red’, 'yellow', ‘red’, 'blue', 'yellow', 'blue’, 'blue', 'blue']
17 ['blue’, 'yellow', 'red’, 'green’, 'green’, 'blue’, 'blue’', 'green’, 'red', ‘yellow', 'red’, ‘blue', ‘yellow', ‘blue’, 'green’, ‘blue']
18 ['blue’', 'yellow', 'red’, ‘green', 'green’, 'blue’, 'blue’, 'green', 'red', 'yellow', 'red’, ‘blue’, ‘yellow', ‘blue’, 'blue’, ‘blue']
19 ['blue’, 'yellow', 'red’, 'green’, 'green’, 'blue’, 'blue’', 'green’, 'red', ‘yellow', 'red', ‘blue', ‘yellow', 'blue’, 'green’, ‘blue']

» 3
> 3
» 3
> 3

B »

Scores of random population in dictionary:
{8: 67, 1: 65, 2: 67, 3: 71, 4: 59, 5: 71, 6: 67, 7: 78, 8: 71,

9: 67, 18: 67, 11: 78, 12: 71, 13: 67, 14: 67, 15: 71, 16: 63, 17: 78, 18: 71, 19: 78}
Best score of all is: 84

Termination because of best score.

Best graph colouring solution(s) is/are: '
with score(s): 78

['blue’, 'yellow', 'red', 'green', 'green', 'blue', 'blue', ‘green', 'red', 'yellow', ‘red', 'blue’, 'yellow', 'blue', 'green’, 'blue']

O mAnBuoudg petd and petdAAagn evog Yndiouv oto 10% tou mMAnBucopol. O MANBUoUOG auTog
amoteAel kol Tov TeAkd MAnBuoud, kabws o aAyoplBuog teppatifel Adyw e0peong Lo TEAELAG
AVong ue Baon tnv ouvaptnon KataAAnAdAntag. BAémoupe Ta oKop Tou TeAtkol MAnBuapoU, To oKkop
™G KaAUTEPNG AUONG KAl TO TtoLd ival auTH.



