
POLUTEQNEIO KRHTHS
Sqol  Mhqanik¸n Paragwg c kai DioÐkhshc

MontelopoÐhsh kai EpÐlush
SÔnjetwn Problhm�twn
DiaqeÐrishc Efodiastik c

AlusÐdac me Qr sh
Mejeuretik¸n AlgorÐjmwn

Diatrib  pou upebl jh gia th merik 
ikanopoÐhsh twn apait sewn gia thn
apìkthsh DidaktorikoÔ Dipl¸matoc

Ôpo
Emmanouèla Rapan�kh

QANIA, Febrou�rioc 2020



c© Copyright Emmanouèla Rapan�kh
'Etoc 2020

1



H diatrib  thc Emmanouèlac Rapan�kh egkrÐnetai:

Iw�nnhc Marin�khc
Anaplhrwt c Kajhght c, Epiblèpwn

Ajan�sioc Mugdal�c
Kajhght c, Mèloc thc trimeloÔc sumbouleutik c epitrop c

Ge¸rgioc Stauroul�khc
Kajhght c, Mèloc thc trimeloÔc sumbouleutik c epitrop c

Nikìlaoc MatsatsÐnhc
Kajhght c

Aristomènhc Antwni�dhc
Kajhght c

'Aggeloc Sifalèrac
Anaplhrwt c Kajhght c

Ge¸rgioc SaqarÐdhc
EpÐkouroc Kajhght c

2



Perieqìmena

1 SÔntomo Biografikì 7

2 EuqaristÐec 8

3 Eisagwg  9

4 Bibliografik  Anaskìphsh (Literature Review) 14
4.1 Prìblhma Dromolìghshc Oqhm�twn kai Parallagèc tou . . . 14

4.1.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.1.2 Prìblhma Dromolìghshc Oqhm�twn Periorismènhc Qw-

rhtikìthtac (Capacitated Vehicle Routing Problem -
CVRP) . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.1.3 Prìblhma Dromolìghshc Oqhm�twn me Qronik� Pa-
r�jura (Vehicle Routing Problem with Time Windows
- VRPTW) . . . . . . . . . . . . . . . . . . . . . . . . 17

4.1.4 Prìblhma Qwrojèthshc Egkatast�sewn kai Dromo-
lìghshc Oqhm�twn (Location Routing Problem - LRP) 17

4.1.5 Prìblhma Dromolìghshc Apojem�twn (Inventory Rou-
ting Problem - IRP) . . . . . . . . . . . . . . . . . . . 18

4.1.6 Prìblhma Dromolìghshc Paragwg c (Production Rou-
ting Problem-PRP) . . . . . . . . . . . . . . . . . . . . 18

4.2 Algìrijmoi epÐlushc Problhm�twn Dromolìghshc Oqhm�twn . 19
4.3 Poluantikeimenikì Prìblhma Dromolìghshc Oqhm�twn (Mul-

tiobjective Vehicle Routing Problem - MOVRP) . . . . . . . . 21
4.3.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.3.2 Poluantikeimenikì Prìblhma Dromolìghshc Oqhm�twn

Periorismènhc Qwrhtikìthtac (Multiobjective Capaci-
tated Vehicle Routing Problem - MOCVRP) . . . . . . 21

4.3.3 Poluantikeimenikì Prìblhma Dromolìghshc Oqhm�twn
me Qronik� Par�jura (Multiobjective Vehicle Routing
Problem with Time Windows - MOVRPTW) . . . . . 22

4.3.4 Poluantikeimenikì Prìblhma Qwrojèthshc Egkatast�se-
wn kai Dromolìghshc Oqhm�twn (Multiobjective Loca-
tion Routing Problem - MO-LRP) . . . . . . . . . . . . 23

4.3.5 'Allec Parallagèc tou PoluantikeimenikoÔ Probl ma-
toc Dromolìghshc Oqhm�twn . . . . . . . . . . . . . . 25

4.4 Prìblhma Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec
(Multi - Depot Vehicle Routing Problem - MDVRP) . . . . . . 27
4.4.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . 27

3



4.4.2 Prìblhma Dromolìghshc Oqhm�twn me Pollaplèc A-
poj kec kai parallagèc tou . . . . . . . . . . . . . . . 27

4.5 Energeiakì Prìblhma Dromolìghshc Oqhm�twn (Energy Ve-
hicle Routing Problem - EVRP) . . . . . . . . . . . . . . . . . 30
4.5.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.5.2 Energeiakì Prìblhma Dromolìghshc Oqhm�twn kai Pa-

r�gontec pou Ephre�zoun thn Katan�lwsh kai tic Ek-
pompèc RÔpwn Enìc Oq matoc . . . . . . . . . . . . . . 31

5 MontelopoÐhsh Poluantikeimenik¸n Energeiak¸n Pro-
blhm�twn Dromolìghshc Oqhm�twn me Pollaplèc Apo-
j kec (Formulation of Multiobjective Energy Multi - Depot
Vehicle Routing Problems) 41
5.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
5.2 Jewrhtikì Upìbajro gia thn proteinìmenh montelopoÐhsh (Theoretical

Background for the proposed formulation) . . . . . . . . . . . 42
5.3 Poluantikeimenik� Energeiak� Probl mata Dromolìghshc O-

qhm�twn me Pollaplèc Apoj kec (Multiobjective Energy Multi-
Depot Vehicle Routing Problem) . . . . . . . . . . . . . . . . 46
5.3.1 ParousÐash kai An�lush MontelopoÐhshc Proteinìme-

nwn Poluantikeimenik¸n Problhm�twn (Presentation and
Formulation of Proposed Multi-Objective Problems) . . 47

6 ExeliktikoÐ PoluantikeimenikoÐ Algìrijmoi (Evolutionary
Multiobjective Algorithms) 52
6.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
6.2 KuriarqÐa Pareto . . . . . . . . . . . . . . . . . . . . . . . . . 54
6.3 Koin� Qarakthristik� twn AlgorÐjmwn . . . . . . . . . . . . . 55

6.3.1 ApotÔpwsh Diadrom c-LÔshc . . . . . . . . . . . . . . 55
6.3.2 Topik  Anaz thsh me ènan algìrijmo Metablht c Gei-

toni�c Anaz thshc (Variable Neighborhood Search -
VNS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

6.3.3 Mèjodoc DhmiourgÐac PlhjusmoÔ Arqik¸n LÔsewn . . 63
6.3.4 Par�llhlh Poluenarkt ria Mèjodoc (Parallel Multi-

Start method - PMS) . . . . . . . . . . . . . . . . . . . 64
6.4 Par�llhloi Poluenakt rioi PoluantikeimenikoÐ Algìrijmoi (Parallel

Multi-Start Multiobjective Algorithms) . . . . . . . . . . . . . 66
6.4.1 Par�llhloc Poluenarkt rioc Genetikìc Algìrijmoc Mh

KuriarqoÔmenhc Taxinìmhshc II (Parallel Multi-Start
NSGA II - PMS-NSGA II) . . . . . . . . . . . . . . . . 67

4



6.4.2 Par�llhloc Poluenarkt rioc Algìrijmoc Diaforik c
Exèlixhc Mh KuriarqoÔmenhc Taxinìmhshc (Parallel Multi-
Start Non-dominated Sorting Di�erential Evolution Al-
gorithm - PMS-NSDE) . . . . . . . . . . . . . . . . . . 70

6.4.3 Par�llhloc Poluenarkt rioc Algìrijmoc Beltistopo-
Ðhshc Sm nouc SwmatidÐwn Mh KuriarqoÔmenhc Taxi-
nìmhshc (Parallel Multi-Start Non-dominated Sorting
Particle Swarm Optimization Algorithm - PMS-NSPSO) 74

6.4.4 Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrij-
moc Epilog c Kl¸nwn (Parallel Multi-Start Multiobje-
ctive Clonal Selection Algorithm - PMS-MOCSA) . . . 80

6.4.5 Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrij-
moc Teqnht c ApoikÐac Meliss¸n (Parallel Multi-Start
Multiobjective Arti�cial Bee Colony Algorithm - PMS-
ABC) . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

6.4.6 Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrij-
moc PugolampÐdac (Parallel Multi-Start Multiobjective
Fire�y Algorithm - PMS-FIREFLY) . . . . . . . . . . 94

6.4.7 Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrij-
moc BeltistopoÐhshc Sm nouc Fwsforizìntwn Skou-
lhki¸n (Parallel Multi-Start Multiobjective Glowworm
Swarm Optimization Algorithm - PMS-GSO) . . . . . 102

6.4.8 Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrij-
moc NuqterÐdac (Parallel Multi-Start Multiobjective Bat
Algorithm - PMS-BA) . . . . . . . . . . . . . . . . . . 111

6.4.9 Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrij-
moc Anaz thshc Trof c twn Kril (Parallel Multi-Start
Multiobjective Krill Herd Algorithm - PMS-KH) . . . . 116

6.4.10 Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrij-
moc Anaz thshc tou KoÔkou (Parallel Multi-Start Mul-
tiobjective Cuckoo Search Algorithm - PMS-CS) . . . . 127

6.5 Omoiìthtec - Diaforèc twn algorÐjmwn . . . . . . . . . . . . . 133

7 Mètra Apotelesmatikìthtac Met¸pou Pareto (Evalua-
tion Measures) 136
7.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136
7.2 Arijmìc lÔsewn kai èktash Met¸pou Pareto (Number of so-

lutions and extent of the Pareto front) . . . . . . . . . . . . . 136
7.3 Diaspor� kai Katanom  Met¸pou Pareto (Spread and Distri-

bution of the Pareto front) . . . . . . . . . . . . . . . . . . . 136

5



7.4 Mètro K�luyhc metaxÔ dÔo Met¸pwn Pareto (Mètro K�lu-
yhc)(Coverage of Two Sets measure) . . . . . . . . . . . . . . 137

8 Dedomèna, Apotelèsmata kai Sumper�smata (Instances
and Computational Results) 138
8.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
8.2 Dedomèna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
8.3 Par�metroi Poluantikeimenik¸n AlgorÐjmwn . . . . . . . . . . 140
8.4 Eust�jeia Poluantikeimenik¸n AlgorÐjmwn . . . . . . . . . . . 143
8.5 An�lush twn Apotelesm�twn twn AlgorÐjmwn . . . . . . . . . 144

8.5.1 SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−
NSPSO, PMS −NSGA II kai PMS −NSDE . . . 146

8.5.2 SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−
MOCSA, PMS −NSGA II kai PMS −NSDE . . . 158

8.5.3 SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−
ABC, PMS−NSPSO, PMS−NSGA II kai PMS−
NSDE . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

8.5.4 SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−
BA, PMS−NSPSO, PMS−NSGA II kai PMS−
NSDE . . . . . . . . . . . . . . . . . . . . . . . . . . . 176

8.5.5 SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−
GSO, PMS−FIREFLY , PMS−NSPSO kai PMS−
NSGA II . . . . . . . . . . . . . . . . . . . . . . . . . 185

8.5.6 SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−
CS, PMS −KH, PMS −NSPSO, PMS −NSDE
kai PMS −NSGA II . . . . . . . . . . . . . . . . . . 195

8.5.7 SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−
MOCSA, PMS − ABC, PMS − BA, PMS − GSO
kai PMS − CS . . . . . . . . . . . . . . . . . . . . . . 205

8.6 SÔgkrish twn Apotelesm�twn ìlwn twn AlgorÐjmwn . . . . . . 213
8.7 Sumper�smata apì thn an�lush twn apotelesm�twn twn algo-

rÐjmwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218

9 EpÐlogoc kai Mellontik  'Ereuna 221

BibliografÐa 225

6



1. SÔntomo Biografikì

H Emmanouèla Rapan�kh genn jhke sta Qani� Kr thc, sthn Ell�da.
P re to ptuqÐo thc apì ta Efarmosmèna Majhmatik� tou Panepist miou
Kr thc, Hr�kleio, Ell�da to 2008 kai to metaptuqiakì dÐplwma (M.Sc.) sthn
Epiqeirhsiak  'Ereuna apì to tm ma Mhqanik¸n Paragwg c kai DioÐkhshc tou
PoluteqneÐou Kr thc, Qani�, Ell�da to 2012. Apì to 2013 èwc to 2020  tan
upoy fioc did�ktorac (Ph.D.) sto PoluteqneÐo Kr thc sth sqol  Mhqanik¸n
Paragwg c kai DioÐkhshc upì thn epÐbleyh tou Dr. Iw�nnh Marin�kh. Tau-
tìqrona  tan Ergasthriakìc Bohjìc tou Dr. Iw�nnh Marin�kh sth Sqol 
Mhqanik¸n Paragwg c kai DioÐkhshc tou PoluteqneÐou Kr thc gia ta pro-
ptuqiak� maj mata {Sunduastik  BeltistopoÐhsh} kai {JewrÐa PaignÐwn}
gia ta èth 2015-2017. Ta ereunhtik� thc endiafèronta esti�zontai stic Me-
jìdouc Empneusmènec apì th FÔsh, sthn Efodiastik  AlusÐda, sto Prìblh-
ma Dromolìghshc Oqhm�twn kai sthn Poluantikeimenik  BeltistopoÐhsh. Oi
èreunèc thc, mèqri stigm c, èqoun dhmosieujeÐ se kef�laia episthmonik¸n bi-
blÐwn kai se praktik� diejn¸n sunedrÐwn.

DhmosieÔseic

1. Rapanaki, E., Psychas, I.-D., Marinaki, M., Marinakis, Y., Migdalas,
A. (2018). A Clonal Selection Algorithm for Multiobjective Energy Redu-
ction Multi-Depot Vehicle Routing Problem, In: Nicosia G., Pardalos P.,
Giu�rida G., Umeton R., Sciacca V. (eds) Machine Learning, Optimization,
and Data Science. LOD 2018. Lecture Notes in Computer Science, vol 11331.
Springer, 381-393.

2. Rapanaki, E., Psychas, I.-D., Marinaki, M., Marinakis, Y. (2020).
Arti�cial Bee Colony Algorithm for the Multiobjective Energy Reduction
Multi-Depot Vehicle Routing Problem, In: Matsatsinis N., Marinakis Y.,
Pardalos P. (eds) Learning and Intelligent Optimization. LION 2019. Lecture
Notes in Computer Science, vol 11968. Springer, 208�223.

3. Rapanaki, E., Psychas, I.-D., Marinaki, M., Matsatsinis, N., Mari-
nakis, Y. (2020). A Krill Herd Algorithm for the Multiobjective Energy
Reduction Multi-Depot Vehicle Routing Problem, Machine Learning, Opti-
mization, and Data Science. LOD 2020 (submitted).

7



2. EuqaristÐec

Pr¸ta apì ìla ja  jela na euqarist sw ton epiblèpwn kajhght  mou Dr.
Iw�nnh Marin�kh kai th Dr. Magdalhn  Marin�kh gia thn polÔtimh bo jei�
touc, kaj¸c kai tic gn¸seic pou mou prosèferan kajìlh th di�rkeia thc su-
nergasÐac mac. An den eÐqa thn st rixh kai th bo jei� touc den ja briskìmoun
se aut  th jèsh s mera. Me st rixan se dÔskolec stigmèc kai mou st�jhkan
ìso kaneÐc, gia autì kai to euqarist¸ eÐnai polÔ lÐgo. Akìma, euqarist¸ jer-
m� ton Dr. Iw�nnh Marin�kh gia thn eukairÐa pou mou èdwse na eÐmai bohjìc
tou sta ergast ria twn majhm�twn tou gia dÔo qrìnia kai na summetèqw sthn
diadikasÐa thc diexagwg c twn majhm�twn tou, k�ti pou apotèlese gia mèna
èna polÔ shmantikì efìdio gia thn upìloiph stadiodromÐa mou. H sunergasÐa
mou me ton Dr. Iw�nnh Marin�kh kai th Dr. Magdalhn  Marin�kh  tan �yo-
gh kai eÔqomai (kai elpÐzw) na suneqisteÐ gia poll� poll� qrìnia. Se autì to
shmeÐo ja  jela na euqarist sw, epÐshc, ton Dr. Hrakl -Dhm trh YÔqa gia
thn polÔtimh bo jei� tou kai thn �yogh sunergasÐa pou eÐqame. Epiplèon, ja
 jela na euqarist sw ta mèlh thc trimeloÔc epitrop c mou: ton Kajhght 
k. Ajan�sio Mugdal� kai ton Kajhght  k. Ge¸rgio Stauroul�kh, kaj¸c
epÐshc kai ta upìloipa mèlh thc eptameloÔc epitrop c: touc Kajhghtèc k.
Nikìlao MatsatsÐnh, k. Aristomènh Antwni�dh, ton Anaplhrwt  Kajhght 
k. 'Aggelo Sifalèra kai ton EpÐkouro Kajhght  k. Ge¸rgio SaqarÐdh pou
afièrwsan mèroc tou polÔtimou qrìnou touc gia na krÐnoun thn ergasÐa mou,
ètsi ¸ste na epiteuqjeÐ to kalÔtero dunatì apotèlesma.

KleÐnontac, ja  jela na euqarist sw thn oikogènei� mou gia thn pÐsth,
thn anidiotel  st rix  touc kai gia touc kìpouc pou èqoun k�nei gia mèna ìla
aut� ta qrìnia, kaj¸c kai gia thn paideÐa pou mou èdwsan. EpÐshc, ja  jela
na euqarist sw to NÐko gia thn �peirh st rix  tou, thn pÐsth tou se mèna
kai thn upomon  tou kajìlh th di�rkeia thc ekpìnhshc tou didaktorikoÔ mou.
Tèloc, ja  jela na euqarist sw touc fÐlouc mou, oi opoÐoi me st rixan kai
me sthrÐzoun se ìlec tic epilogèc pou èqw k�nei kajìlh th di�rkeia thc zw c
mou.

EÔqomai me th gn¸sh pou èlaba kai ja l�bw, na katafèrw na th metalampa-
deÔsw kai stic epìmenec genièc eÐte wc ekpaideutikìc se k�poio ekpaideutikì
Ðdruma   forèa eÐte mèsw thc èreunac pou ja suneqÐsw na k�nw wc metadi-
d�ktorac. ElpÐzw na k�nw per fanouc ìsouc me èqoun sthrÐxei kai me èqoun
bohj sei ìla aut� ta qrìnia.
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3. Eisagwg 

Mia efodiastik  alusÐda (supply chain)   kai dÐktuo efodiastik c (logisti-
cs network) apoteleÐtai apì ìla ta st�dia pou emplèkontai, èmmesa   �mesa,
sthn ikanopoÐhsh twn apait sewn tou pel�th. Epomènwc h efodiastik  alu-
sÐda apoteleÐtai apì kataskeuastèc kai promhjeutèc, kaj¸c kai apì q¸rouc
apoj keushc, kèntra dianom¸n, metaforeÐc, pwlhtèc lianik c, pel�tec, all�
kai apì tic pr¸tec Ôlec, apojèmata kat� thn diadikasÐa paragwg c, kai ètoima
proðìnta pou rèoun metaxÔ aut¸n twn shmeÐwn [340].

H swst  diaqeÐrish thc efodiastik c alusÐdac gia ìlec tic epiqeir seic paÐ-
zei shmantikì rìlo ìson afor� th sunt rhsh kai thn an�ptux  touc. EpÐshc,
sthn sÔgqronh koinwnÐa, oi epiqeir seic, pou pollèc forèc èqoun parap�nw
apì mÐa apoj kec, prèpei na ekplhr¸noun, ektìc apì touc qronikoÔc stìqouc
twn dromologÐwn touc, kai k�poiouc energeiakoÔc stìqouc. 'Ena par�deigma
tètoiwn stìqwn eÐnai h elaqistopoÐhsh thc katan�lwshc kausÐmou twn oqh-
m�twn touc kai h elaqistopoÐhsh twn ekpempìmenwn rÔpwn touc, ètsi ¸ste na
k�noun oikonomikìterh diaqeÐrish twn pìrwn touc all� kai na mei¸soun thn
mìlunsh tou perib�llontoc pou oi Ðdiec prokaloÔn me th leitourgÐa touc.

'Enac apì touc kÔriouc stìqouc aut c thc didaktorik c diatrib c eÐnai h
montelopoÐhsh enìc probl matoc dromolìghshc oqhm�twn me pollaplèc apo-
j kec me qr sh energeiak¸n stìqwn, lamb�nontac upìyhn paramètrouc pou
proèrqontai apì pragmatikèc sunj kec. Epeid  ta probl mata pou proèkuyan
èqoun parap�nw apì èna stìqouc, h montelopoÐhs  touc ègine wc poluanti-
keimenik� energeiak� probl mata dromolìghshc oqhm�twn me pollaplèc apo-
j kec. 'Etsi, dhmiourg jhkan, parousi�zontai kai analÔontai tèssera nèa
probl mata. Sta tèssera nèa poluantikeimenik� energeiak� probl mata dro-
molìghshc oqhm�twn me pollaplèc apoj kec pou proteÐnontai, gia ton upolo-
gismì thc katan�lwshc kausÐmou, ektìc apì thn dianuìmenh apìstash kai to
b�roc tou fortÐou pou metafèretai, lamb�nontai upìyhn kai epiplèon par�me-
troi diadrom c, oi opoÐec eÐnai eÔkolo na sulleqjoÔn kai den sqetÐzontai me
to eÐdoc kai ta qarakthristik� tou oq matoc. Oi par�metroi pou lamb�nontai
upìyhn se aut  thn diatrib  eÐnai h klÐsh tou odostr¸matoc, h kateÔjunsh
kai h dÔnamh tou anèmou kai oi strofèc an� leptì tou kinht ra tou oq matoc.

Ta probl mata pou epilÔontai sthn paroÔsa diatrib  èqoun dÔo antikeime-
nikèc sunart seic. H pr¸th antikeimenik  sun�rthsh kai twn tess�rwn pro-
blhm�twn èqei stìqo thn elaqistopoÐhsh thc qronik c di�rkeiac tou dromolo-
gÐou, en¸ h deÔterh antikeimenik  sun�rthsh diafèrei an�loga me to prìblhma
to opoÐo epilÔetai. Sto pr¸to prìblhma, to Poluantikeimenikì Summetrikì
Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dia-
nom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec, h pr¸th antikeime-
nik  sun�rthsh èqei stìqo thn elaqistopoÐhsh thc sunolik c qronik c di�r-
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keiac tou dromologÐou, en¸ h deÔterh antikeimenik  sun�rthsh thn elaqisto-
poÐhsh thc katan�lwshc kausÐmou, ìtan oi par�metroi diadrom c den up�rqoun
(  jewroÔntai idanikèc, dhlad  den up�rqei klÐsh sto èdafoc, up�rqei �pnoia
kai o odhgìc odhgeÐ to ìqhma se qamhlèc strofèc an� leptì). Ed¸ prèpei
na shmeiwjeÐ ìti to ìti den up�rqoun oi par�metroi diadrom c, metatrèpei to
prìblhma autì se summetrikì, ìpwc ja exhg soume sth sunèqeia. Sto deÔte-
ro prìblhma, to Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐh-
shc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc
Diadrom c me Pollaplèc Apoj kec, h deÔterh antikeimenik  sun�rthsh èqei
stìqo thn elaqistopoÐhsh thc katan�lwshc kausÐmou, ìtan up�rqoun oi pa-
r�metroi thc diadrom c. Ed¸ prèpei na shmeiwjeÐ ìti to ìti up�rqoun oi pa-
r�metroi diadrom c, metatrèpei to prìblhma autì se mh-summetrikì. Sto trÐto
prìblhma, to Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐhshc thc
Katan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadro-
m c me Pollaplèc Apoj kec, h deÔterh antikeimenik  sun�rthsh èqei stìqo
thn elaqistopoÐhsh thc katan�lwshc kausÐmou, ìtan den up�rqoun oi pa-
r�metroi thc diadrom c, en¸ sto Poluantikeimenikì Mh-Summetrikì Prìblh-
ma ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c
me Paramètrouc Diadrom c me Pollaplèc Apoj kec, h deÔterh antikeimenik 
sun�rthsh èqei stìqo thn elaqistopoÐhsh thc katan�lwshc kausÐmou, ìtan
up�rqoun oi par�metroi thc diadrom c. H basik  diafor� tou pr¸tou apì to
trÐto prìblhma eÐnai ìti sto pr¸to prìblhma èqoume dianomèc proðìntwn stouc
pel�tec apì tic apoj kec, en¸ sto trÐto prìblhma èqoume sullog  proðìntwn
apì touc pel�tec. H Ðdia akrib¸c diafor� isqÔei kai metaxÔ tou deÔterou kai
tètartou probl matoc.

Gia na epilujoÔn ta parap�nw probl mata, sta plaÐsia thc paroÔsac dida-
ktorik c diatrib c, ulopoi jhke kai qrhsimopoi jhke ènac arijmìc apì exeli-
ktikoÔc algìrijmouc kai algìrijmouc empneusmènouc apì th fÔsh. 'Enac apì
touc kÔriouc stìqouc thc paroÔsac didaktorik c diatrib c  tan h enswm�twsh
nèwn diadikasi¸n kai mejìdwn se di�forouc ExeliktikoÔc algorÐjmouc, ¸ste
na par�xoun ìso to dunatì kalÔtera apotelèsmata. Genik�, qrhsimopoi jh-
kan dÔo om�dec algorÐjmwn. H mÐa om�da algorÐjmwn eÐqe qrhsimopoihjeÐ se
prohgoÔmenh didaktorik  diatrib  [342] kai oi algìrijmoi autoÐ tropopoi jh-
kan kat�llhla gia na qrhsimopoihjoÔn sta probl mata pou epilÔontai se aut 
th didaktorik  diatrib . En¸ h deÔterh om�da algorÐjmwn, eÐnai algìrijmoi
empneusmènoi apì th fÔsh kai algìrijmoi nohmosÔnhc sm nouc, ìpou tropo-
poi jhkan kat�llhla sta plaÐsia thc didaktorik c diatrib c, ¸ste na mporoÔn
na epilÔsoun poluantikeimenik� probl mata. Arqik�, oi algìrijmoi pou tropo-
poi jhkan gia thn epÐlush twn proteinìmenwn problhm�twn eÐnai: o Par�llh-
loc Poluenarkt rioc Genetikìc Algìrijmoc Mh KuriarqoÔmenhc Taxinìmhshc
II (Parallel Multi-Start NSGA II - PMS-NSGA II), o Par�llhloc Poluenar-

10



kt rioc Algìrijmoc Diaforik c Exèlixhc Mh KuriarqoÔmenhc Taxinìmhshc
(Parallel Multi-Start Non-dominated Sorting Di�erential Evolution Algori-
thm - PMS-NSDE) kai o Par�llhloc Poluenarkt rioc Algìrijmoc Belti-
stopoÐhshc Sm nouc SwmatidÐwn Mh KuriarqoÔmenhc Taxinìmhshc (Parallel
Multi-Start Non-dominated Sorting Particle Swarm Optimization Algorithm-
PMS-NSPSO). Oi algìrijmoi pou ulopoi jhkan me thn enswm�twsh nèwn
diadikasi¸n kai mejìdwn eÐnai apì dÔo kathgorÐec Exeliktik¸n algorÐjmwn.
Apì thn kathgorÐa twn Teqnht¸n Anosopoihtik¸n Susthm�twn ulopoi jh-
ke o Par�llhloc Poluenarkt rioc Poluantikeimenikìc Algìrijmoc Epilog c
Kl¸nwn (Parallel Multi-Start Multiobjective Clonal Selection Algorithm -
PMS-MOCSA), en¸ apì thn kathgorÐa twn algorÐjmwn Empneusmènwn apì
th FÔsh: o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Te-
qnht c ApoikÐac Meliss¸n (Parallel Multi-Start Multiobjective Arti�cial Bee
Colony Algorithm -PMS-ABC), o Par�llhloc Poluenakt rioc Poluantikei-
menikìc Algìrijmoc PugolampÐdac (Parallel Multi-Start Multiobjective Fire�y
Algorithm -PMS-FIREFLY), o Par�llhloc Poluenakt rioc Poluantikeimeni-
kìc Algìrijmoc BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n (Pa-
rallel Multi-Start Multiobjective Glowworm Swarm Optimization Algorithm
-PMS-GSO), o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc
NuqterÐdac (Parallel Multi-Start Multiobjective Bat Algorithm -PMS-BA),
o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz thshc
Trof c twn Kril (Parallel Multi-Start Multiobjective Krill Herd Algorithm -
PMS-KH) kai o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc
Anaz thshc tou KoÔkou (Parallel Multi-Start Multiobjective Cuckoo Search
Algorithm -PMS-CS).

'Oloi oi algìrijmoi, pou ulopoi jhkan sta plaÐsia thc sugkekrimènhc di-
daktorik c diatrib c, den qrhsimopoi jhkan me ton trìpo pou parousi�zontai
sth bibliografÐa, all� prosarmìsthkan kat�llhla me stìqo na mporèsoun na
epilÔsoun poluantikeimenik� probl mata dromolìghshc, en¸ k�poioi apì au-
toÔc qrhsimopoi jhkan gia pr¸th for� kai se poluantikeimenik� probl mata
genik�, all� kai se probl mata dromolìghshc. Se ìlouc touc algìrijmouc
proteÐnoume èna sugkekrimèno trìpo gia na pragmatopoihjeÐ h prosarmog 
twn algorÐjmwn gia thn epÐlush autoÔ tou eÐdouc twn problhm�twn. Gia
th dokim  twn algorÐjmwn qrhsimopoi jhkan dedomèna apì th bibliografÐa,
ta opoÐa qrhsimopoi jhkan arqik� sth didaktorik  diatrib  tou Dr. YÔqa
[342], kai tropopoi jhkan kat�llhla gia na mporoÔn na qrhsimopoihjoÔn sta
probl mata pou epilÔontai sthn paroÔsa didaktorik  diatrib . Mia arqik 
morf  aut c thc mejodologÐac, ìpou ta basik� thc b mata dÐnontai sth su-
nèqeia, prot�jhke sth didaktorik  diatrib  tou Dr. YÔqa [342] kai sthn
paroÔsa didaktorik  diatrib  parousi�zoume thn exèlix  thc kai thn tropo-
poÐhs  thc, gia na mporèsei na leitourg sei apotelesmatik� sta probl mata
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pou epilÔontai se aut  th diatrib .

1. O trìpoc dhmiourgÐac tou arqikoÔ plhjusmoÔ lÔsewn [342]. Pio ana-
lutik�, k�je plhjusmìc qwrÐzetai se tìsouc upoplhjusmoÔc ìsec eÐnai
kai oi antikeimenikèc sunart seic tou probl matoc. Ed¸ prèpei na e-
pishmanjeÐ ìti h paragwg  twn lÔsewn k�je upoplhjusmoÔ basÐzetai
ston sunduasmì tri¸n sugkekrimènwn mejìdwn, ìpwc ja perigrafeÐ sth
sunèqeia.

2. H Par�llhlh Poluenarkt ria Mèjodoc, sthn opoÐa dhmiourgoÔntai kai
exelÐssontai stouc algìrijmouc perissìteroi apì ènac diaforetikoÐ plh-
jusmoÐ arqik¸n lÔsewn.

3. Mia mèjodoc topik c anaz thshc, ènac algìrijmoc Metablht c Geito-
ni�c Anaz thshc, o opoÐoc qrhsimopoieÐ tropopoihmènec, kat�llhlec gia
ta probl mata pou epilÔontai parallagèc gnwst¸n mejìdwn topik c
anaz thshc.

4. H prosj kh enìc epiplèon b matoc taxinìmhshc twn lÔsewn stouc pro-
teinìmenouc algorÐjmouc.

5. H tropopoÐhsh twn basik¸n sunart sewn, pou anagr�fontai sthn bi-
bliografÐa twn algorÐjmwn kai qrhsimopoioÔntai sthn epÐlush problh-
m�twn beltistopoÐhshc mÐac antikeimenik c sun�rthshc, ¸ste na beltiw-
jeÐ h apìdosh twn proteinìmenwn algorÐjmwn sthn epÐlush twn protei-
nìmenwn poluantikeimenik¸n problhm�twn.

Pio sugkekrimèna, ta dedomèna, ìson afor� tic suntetagmènec twn kìm-
bwn, antl jhkan apì ta paradeÐgmata 100 kìmbwn apì th b�sh dedomènwn
TSPLIB (kroA100, kroB100, kroC100, kroD100 kai kroE100), ta opoÐa
qrhsimopoioÔntai gia thn epÐlush tou Probl matoc tou Planìdiou Pwlht 
[343]. EpÐshc, ta dedomèna, ìson afor� th qwrhtikìthta twn oqhm�twn, ta
qronik� perij¸ria (di�rkeia dromologÐou oq matoc kai qrìnoc exuphrèthshc)
kai th z thsh twn pelat¸n, antl jhkan apì to trÐto par�deigma (par3) apì
ta klassik� paradeÐgmata twn Christofides et al. pou dÐnontai sto [56] gia
thn epÐlush tou Periorismènhc Qwrhtikìthtac Probl matoc Dromolìghshc
Oqhm�twn.

Ta apotelèsmata k�je probl matoc, apì k�je ènan apì touc proteinìme-
nouc poluantikeimenikoÔc algorÐjmouc pou ulopoi jhkan, apoteloÔntai apì
tic timèc twn antikeimenik¸n sunart sewn k�je mÐac exagìmenhc mh - kuriar-
qoÔmenhc lÔshc kai apeikonÐzontai se disdi�stata diagr�mmata, ta Mètwpa
Pareto (Pareto Fronts). K�je ènac �xonac antiproswpeÔei tic timèc k�je a-
ntikeimenik c sun�rthshc. Ed¸ prèpei na epishmanjeÐ ìti, gia thn epÐlush twn
proteinìmenwn problhm�twn, den up�rqei k�poio mètwpo Pareto wc dedomèno
sÔgkrishc, opìte gÐnetai sÔgkrish metaxÔ twn apotelesm�twn twn algorÐj-
mwn, ¸ste na bgoun sumper�smata gia thn apotelesmatikìtht� touc. Gia thn
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sÔgkrish thc apotelesmatikìthtac twn ulopoihmènwn algorÐjmwn, gia kajèna
apì ta proteinìmena poluantikeimenik� probl mata, qrhsimopoioÔntai tèsse-
ra diaforetik� mètra apotelesmatikìthtac: o arijmìc twn mh kuriarqoÔmenwn
lÔsewn, to eÔroc tou diagr�mmatoc, h diaspor� twn lÔsewn tou k�je dia-
gr�mmatoc kai to mètro {k�luyhc} (Coverage measure), dhlad  to posostì
kuriarqÐac twn lÔsewn tou met¸pou Pareto mÐac mejìdou stic lÔseic tou
met¸pou Pareto mÐac �llhc mejìdou.
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4. Bibliografik  Anaskìphsh (Literature Review)

4.1. Prìblhma Dromolìghshc Oqhm�twn kai Parallagèc tou

4.1.1. Eisagwg 
ToPrìblhma dromolìghshc oqhm�twn (Vehicle Routing Problem

- VRP) eÐnai prìblhma beltistopoÐhshc, pou an kei sthn kathgorÐa twn mh -
poluwnumik� dÔskolwn (NP − hard), kai sqetÐzetai me th dianom  proðìntwn
apì tic apoj kec stouc pel�tec miac epiqeÐrhshc. To Prìblhma Dromolìgh-
shc Oqhm�twn prot�jhke arqik� apo touc Dantzig kai Ramser [62] kai eÐnai
mia epèktash tou probl matoc tou Planìdiou Pwlht  ([157], [340]). Sto
prìblhma autì, h metafor� twn proðìntwn miac epiqeÐrhshc apì tic apoj kec
proc touc pel�tec thc, gÐnetai me thn qr sh enìc   perissìterwn oqhm�twn,
ta opoÐa odhgoÔntai apì mÐa om�da qeirist¸n - odhg¸n, kai kinoÔntai mèsa
sta plaÐsia enìc sugkekrimènou diktÔou diadrom¸n. Gia thn epÐlush tou su-
gkekrimènou probl matoc, apaiteÐtai h elaqistopoÐhsh tou olikoÔ kìstouc
metafor�c ìtan k�je ìqhma xekin�ei apì mia apoj kh kai epistrèfei se aut n,
èqontac ìmwc ikanopoi sei tic apait seic twn pelat¸n kai touc {leitourgi-
koÔc} periorismoÔc. Sto parak�tw sq ma (Sq ma 1), to dÐktuo metafor�c
apeikonÐzetai me èna gr�fhma ìpou oi akmèc (  tìxa) apoteloÔn touc drìmouc
pou èqoun epileqjeÐ gia thn dianom  twn proðìntwn kai oi korufèc touc pe-
l�tec kai tic apoj kec (sto gr�fhma autì h apoj kh eÐnai mÐa). 'Oson afor�
ta tìxa, aut� mporoÔn na eÐnai eÐte mÐac kateÔjunshc (p.q. monìdromoc) eÐ-
te dÔo kateujÔnsewn (p.q. drìmoc dipl c kukloforÐac). EpÐshc, prèpei na
shmeiwjeÐ ìti se k�je tìxo antistoiqeÐ mÐa tim  kìstouc, h opoÐa apoteleÐ
sun jwc to m koc thc apìstashc apì ton èna kìmbo ston �llo   to qrìno
met�bashc.

Sto shmeÐo autì, prèpei na anaferjoÔn ta basik� qarakthristik� twn pe-
lat¸n, ta opoÐa eÐnai [289]:

1. Oi korufèc twn grafhm�twn, oi opoÐec eÐnai oi topojesÐec twn pelat¸n.

2. H z thsh (demand) twn pelat¸n sta probl mata dianom c kai h po-
sìthta sullog c sta probl mata paralab c proðìntwn.

3. To qronikì di�sthma thc hmèrac sth di�rkeia thc opoÐac mporoÔn na
exuphrethjoÔn oi pel�tec (time windows).

4. O qrìnoc pou apaiteÐtai gia th fìrtwsh   thn ekfìrtwsh proðìntwn apì
tic topojesÐec twn pelat¸n (unloading - loading times).

5. To sÔnolo twn diajèsimwn oqhm�twn pou mporoÔn na exuphret soun
touc pel�tec.

'Oson afor� to stìlo oqhm�twn me ton opoÐo gÐnetai h metafor� twn pro-
ðìntwn, autìc mporeÐ na èqei stajerì   metablhtì mègejoc, an�loga me tic
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Sq ma 1: Gr�fhma Dromolìghshc Oqhm�twn.

apait seic   ton arijmì twn pelat¸n. Ta basik� qarakthristik� twn oqh-
m�twn eÐnai [289]:

1. H apoj kh afethrÐac tou oq matoc kai h dunatìthta na epistrèyei se
mia �llh apoj kh thc epiqeÐrhshc.

2. H qwrhtikìthta tou oq matoc (mègisto b�roc   arijmìc palet¸n pou
qwr�ne sto ìqhma).

3. H upodiaÐresh tou oq matoc se diamerÐsmata, ìpou to kajèna mporeÐ na
metafèrei diaforetik� eÐdh proðìntwn.

4. Oi diajèsimec suskeuèc gia th fìrtwsh kai ekfìrtwsh proðìntwn.
5. To sÔnolo twn tìxwn tou graf matoc pou mporeÐ na qrhsimopoi sei

k�poio ìqhma.
6. To kìstoc thc qr shc tou oq matoc (p.q. an� mon�da qrìnou   apìsta-

shc).
7. Oi odhgoÐ prèpei na throÔn tic sunj kec kai tic prodiagrafèc thc erga-

sÐac pou orÐzontai apì thn epiqeÐrhsh kai to kr�toc.

Ed¸ axÐzei na shmeiwjeÐ ìti ta dromolìgia prèpei na ikanopoioÔn di�fo-
rec paramètrouc, ìson afor� th fÔsh tou metaferìmenou emporeÔmatoc, thn
poiìthta exuphrèthshc kai ta qarakthristik� twn pelat¸n kai twn oqhm�twn.
Epiplèon, orismènoi basikoÐ stìqoi twn problhm�twn dromolìghshc oqhm�twn
eÐnai [289]:

1. ElaqistopoÐhsh tou kìstouc kai tou qrìnou metafor�c.
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2. ElaqistopoÐhsh tou arijmoÔ twn qrhsimopoioÔmenwn oqhm�twn.

3. Exisorrìphsh twn diadrom¸n gia to qrìno kai to fortÐo tou oq matoc.

4. ElaqistopoÐhsh twn {timwri¸n}, se perÐptwsh pou qrhsimopoioÔntai su-
nart seic timwrÐac gia touc pel�tec pou den èqoun exuphrethjeÐ   èqoun
exuphrethjeÐ merik¸c.

5. ElaqistopoÐhsh enìc stajmismènou sunduasmoÔ k�poiwn apì touc pa-
rap�nw stìqouc.

Merikèc apì tic basikèc parallagèc tou probl matoc parousi�zontai sth
sunèqeia.

4.1.2. Prìblhma Dromolìghshc Oqhm�twn Periorismènhc Qwrhtikìthtac (Ca-
pacitated Vehicle Routing Problem - CVRP)

Gia thn epÐlush tou Probl matoc Dromolìghshc Oqhm�twn (V RP )   al-
li¸c tou Probl matoc Dromolìghshc Oqhm�twn Periorismènhc Qwrhtikìth-
tac (CV RP ), stìqoc eÐnai h elaqistopoÐhsh tou kìstouc me thn epÐteuxh ìso
to dunatì ligìterwn kai suntomìterwn dromologÐwn kai me ìso to dunatì
ligìtera oq mata, all� p�nta ikanopoi¸ntac ìlouc touc periorismoÔc ([289],
[340]). Sto prìblhma autì, ìloi oi pel�tec antapokrÐnontai stic paradìseic
twn proðìntwn, exuphretoÔntai ìloi mìno mia for� kai h z ths  touc eÐnai
prokajorismènh kai den metab�lletai ([289], [340]). Epiplèon, ta oq mata eÐ-
nai panomoiìtupa metaxÔ touc, me prokajorismènh qwrhtikìthta, me afethrÐa
kai termatikì stajmì thn Ðdia apoj kh kai k�je èna ìqhma episkèptetai èna
uposÔnolo pelat¸n me dedomèno ìti to �jroisma thc z thshc twn pelat¸n
pou episkèptetai eÐnai mikrìtero   Ðso me th qwrhtikìtht� tou ([289], [340]).
Ed¸ axÐzei na shmeiwjeÐ ìti oi lìgoi thc mh exuphrèthshc ìlwn twn pelat¸n
apì èna ìqhma ja mporoÔse na eÐnai eÐte ìti h sunolik  z thsh twn pelat¸n
uperbaÐnei thn qwrhtikìthta tou oq matoc eÐte ìti h z thsh prèpei na ikano-
poihjeÐ mèsa se sugkekrimèna qronik� perij¸ria kai k�ti tètoio den mporeÐ
na epiteuqjeÐ me èna mìno ìqhma eÐte ìti h z thsh diafìrwn pelat¸n afor�
diaforetik� proðìnta pou den gÐnetai na anameiqjoÔn k.�. [340].

Sto Prìblhma Dromolìghshc Oqhm�twn up�rqoun pollèc montelopoi-
 seic an�loga me thn morf  pou jèloun na d¸soun sto montèlo kai an�loga
me ton trìpo pou ja epilegeÐ gia thn epÐlush tou probl matoc. Gia par�deigma,
up�rqoun montelopoi seic pou sqetÐzontai me thn metakÐnhsh twn oqhm�twn,
�llec pou sqetÐzontai me thn metafor� twn proðìntwn, me to an eÐnai dunami-
koÔ   akèraiou programmatismoÔ, me to an to gr�fhma eÐnai prosanatolismèno
  ìqi, me to an epitrèpetai   ìqi h exuphrèthsh enìc pel�th se mia diadro-
m  k.�. O skopìc ìlwn aut¸n twn montelopoi sewn eÐnai na metatrèyoun to
prìblhma autì se morf  pou na eÐnai diaqeirÐsimh kai na mporeÐ na proso-
moi¸nei tic pragmatikèc sunj kec ([289], [340]). Merikèc apì tic pio basikèc
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parallagèc sÔnjetwn problhm�twn Dromolìghshc Oqhm�twn paratÐjentai
sthn sunèqeia.

4.1.3. Prìblhma Dromolìghshc Oqhm�twn me Qronik� Par�jura (Vehicle
Routing Problem with Time Windows - VRPTW)

Sto Prìblhma Dromolìghshc Oqhm�twn me Qronik� Par�jura (V RPTW )
gÐnetai h upìjesh ìti k�je pel�thc i prèpei na exuphrethjeÐ mèsa se èna de-
domèno qronikì plaÐsio [t1i, t2i]. Epomènwc, to ìqhma epitrèpetai na ft�sei
nwrÐtera apì ton qrìno t1i ston pel�th i kai na perimènei mèqri autìc na
eÐnai diajèsimoc, all� ìqi met� thn qronik  stigm  t2i [340]. Gia na epiteu-
qjeÐ autì, qrhsimopoieÐtai ènac epiplèon periorismìc, sÔmfwna me ton opoÐo
h exuphrèthsh gia k�je pel�th prèpei na xekin sei kai, tic perissìterec fo-
rèc, na oloklhrwjeÐ mèsa se èna qronikì par�juro [t1i, t2i], en¸ to ìqhma
paramènei sto q¸ro tou pel�th gia qrìno si (qrìnoc exuphrèthshc) mèqri na
xefort¸sei. Ed¸ prèpei na shmeiwjeÐ ìti sta dedomèna tou probl matoc pro-
stÐjentai h qronik  stigm  pou feÔgoun ta oq mata apì thn apoj kh kai o
qrìnoc met�bashc (tij) apì ton pel�th i ston j ( [289], [32], [100], [340]).

4.1.4. Prìblhma Qwrojèthshc Egkatast�sewn kai Dromolìghshc Oqhm�twn
(Location Routing Problem - LRP)

To Prìblhma Qwrojèthshc Egkatast�sewn kai Dromolìghshc Oqhm�twn
(LRP ) eÐnai èna sÔnjeto prìblhma dromolìghshc, to opoÐo sundu�zei to
Prìblhma Qwrojèthshc Egkatast�sewn me to Prìblhma Dromolìghshc O-
qhm�twn. Ed¸ prèpei na anaferjeÐ ìti sta probl mata qwrojèthshc jewreÐtai
ìti h k�je epiqeÐrhsh èqei dÔo enallaktikèc: eÐte parèqei tic uphresÐec thc
ston pel�th afoÔ o pel�thc metaferjeÐ se aut , ìpwc eÐnai gia par�deigma h
epÐskeyh asjen  sto nosokomeÐo, eÐte k�je exuphrèthsh proc k�poion pel�th
gÐnetai me mia amfÐdromh diadrom  apì thn epiqeÐrhsh proc ton pel�th, dhlad 
epiqeÐrhsh - pel�thc - epiqeÐrhsh, ìpwc eÐnai gia par�deigma to dromolìgio
asjenofìrou - nosokomeÐou. Epiplèon, se pragmatikèc sunj kec, up�rqei to
endeqìmeno èna ìqhma na mporeÐ na exuphret sei mÐa om�da pelat¸n.

Sto Prìblhma Qwrojèthshc Egkatast�sewn kai Dromolìghshc Oqh-
m�twn qwrojeteÐtai ènac arijmìc apì egkatast�seic sta upoy fia shmeÐa kai
èpeita, apì k�je mÐa egkat�stash, sqedi�zontai diadromèc pou ja akoloujoÔn
ta oq mata, ¸ste na elaqistopoieÐtai to sunolikì kìstoc. To prìblhma au-
tì eÐnai arket� dÔskolo sthn montelopoÐhs  tou, miac kai prèpei na lhfjoÔn
pollèc apof�seic, ìpwc eÐnai gia par�deigma o arijmìc kai h topojèthsh twn
egkatast�sewn pou ja qwrojethjoÔn, o arijmìc twn pelat¸n pou ja anate-
jeÐ se k�je egkat�stash, poioi pel�tec ja anatejoÔn se k�je diadrom  kai h
proteraiìthta twn pelat¸n se k�je diadrom  [340].
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An�loga me touc periorismoÔc, all� kai touc algìrijmouc pou èqoun qrh-
simopoihjeÐ gia thn epÐlus  tou probl matoc autoÔ, èqoun up�rxei di�forec
montelopoi seic tou. Orismènec apì autèc brÐskontai sta ([67], [174], [192],
[198], [320], [238], [340]).

4.1.5. Prìblhma Dromolìghshc Apojem�twn (Inventory Routing Problem -
IRP)

H idiaiterìthta tou probl matoc autoÔ èggutai sto gegonìc ìti o pro-
mhjeut c èqei ton èlegqo twn apojem�twn tou pel�th, se antÐjesh me ta
basik� probl mata dromolìghshc oqhm�twn, ìpou o pel�thc paraggèlnei apì
ton promhjeut , ìtan to pl joc twn apojem�twn tou meiwjeÐ mèqri k�poio
epÐpedo. Autìc eÐnai kai o lìgoc pou epitugq�netai shmantik  elaqistopoÐhsh
kìstouc, miac kai lamb�netai upìyhn h elaqistopoÐhsh tou kìstouc apojema-
topoÐhshc proðìntwn sugqrìnwc me to kìstoc metafor�c. Pio sugkekrimèna,
se autì to prìblhma h etaireÐa dianom c apofasÐzei thn posìthta pou ja pa-
raggeljeÐ kai to pìte ja gÐnei h paraggelÐa tou k�je pel�th, ìpwc epÐshc
frontÐzei na mhn meÐnei kanènac pel�thc qwrÐc apìjema. Epiplèon, h etaireÐ-
a apofasÐzei k�je mèra poiouc pel�tec ja episkefjeÐ, lamb�nontac upìyhn
ìti oi shmerinèc apof�seic ja ephre�soun kai tic mellontikèc [340]. Gia thn
epÐlush tou Probl matoc Dromolìghshc Apojem�twn, stìqoc eÐnai h meÐw-
sh tou kìstouc thc mèshc hmer siac dianom c kat� th di�rkeia thc qronik c
periìdou, qwrÐc ìmwc na prokalèsei elleÐyeic se kanènan pel�th. Prèpei na
tonisteÐ ìti oi treic basikèc apof�seic pou prèpei na lhfjoÔn eÐnai: pìte ja
exuphrethjeÐ ènac pel�thc, pìsh posìthta prèpei na dianemhjeÐ ston pel�th
kai pìsec kai poiec diadromèc ja prèpei na akoloujhjoÔn [340]. Orismènec
montelopoi seic tou probl matoc autoÔ brÐskontai sta ([7], [323]).

4.1.6. Prìblhma Dromolìghshc Paragwg c (Production Routing Problem-
PRP)

To Prìblhma Dromolìghshc Paragwg c eÐnai sunduasmìc tou programma-
tismoÔ paragwg c me th diadikasÐa dromolìghshc. Pio analutik�, an up�rqei
paragwg  mia sugkekrimènh perÐodo, tìte prèpei na lhfjoÔn upìyhn ta èxoda
energopoÐhshc twn mhqanhm�twn kai thc paragwg c. Ed¸ prèpei na shmeiwjeÐ
ìti to kìstoc paragwg c exart�tai mìno apì ton ìgko thc paragwg c kai ìqi
apì ton ìgko thc proetoimasÐac. Epiplèon, oi pìroi se èna sÔsthma paragw-
g c mporeÐ na eÐnai to ergatikì dunamikì, o exoplismìc, ta mhqan mata k.l.p.
EpÐshc, ta proðìnta pou metafèrontai stouc pel�tec prèpei na plhroÔn thn
qronik� metaballìmenh z thsh kai h metafor� prèpei na gÐnetai stouc pel�tec
prin anakoinwjeÐ h exwterik  z thsh. 'Allo pou prèpei na shmeiwjeÐ eÐnai ìti
opoiad pote upèrbash z thshc tìso sthn energopoÐhsh twn mhqanhm�twn ìso
kai se ènan pel�th, metafèretai wc apìjema gia thn epìmenh perÐodo kai tau-
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tìqrona orÐzetai kai èna kìstoc apojèmatoc. Epomènwc, h z thsh enìc pel�th
mporeÐ na kalufjeÐ kai apì ta apojèmata thc prohgoÔmenhc periìdou. Kaj¸c
oi pel�tec exuphretoÔntai me qr sh oqhm�twn, gia k�je ìqhma pou xekin�ei gia
na exuphret sei èna sÔnolo pelat¸n upologÐzetai kai èna kìstoc metafor�c.
Tèloc, stìqoc tou probl matoc autoÔ eÐnai h ikanopoÐhsh thc z thshc twn
pelat¸n me tautìqronh elaqistopoÐhsh tou sunolikoÔ kìstouc thc dianom c,
thc energopoÐhshc thc paragwg c kai twn apojem�twn, lamb�nontac p�nta
upìyhn touc periorismoÔc ([7], [340]).

4.2. Algìrijmoi epÐlushc Problhm�twn Dromolìghshc Oqhm�twn

Gia thn epÐlush tou Probl matoc Dromolìghshc Oqhm�twn èqoun qrh-
simopoihjeÐ polloÐ algìrijmoi. O algìrijmoc Diakl�dwshc kai Oriojèthshc
(Branch-and-Bound)  tan apì touc pr¸touc algìrijmouc pou qrhsimopoi-
 jhkan gia thn epÐlush autoÔ tou probl matoc ([289], [340]). Se autìn ton
algìrijmo anaptÔssetai èna dèntro aparÐjmhshc, ìpou met� to pèrac enìc
arijmoÔ epanalhptik¸n diadikasi¸n, mèsa apì èna sÔnolo efikt¸n lÔsewn,
mporeÐ na odhg sei sthn eÔresh thc bèltisthc lÔshc. Prèpei na shmeiwjeÐ
ìti h pl rhc aparÐjmhsh den mporeÐ na efarmosteÐ se paradeÐgmata me meg�lo
arijmì kìmbwn, exaitÐac twn uperbolik¸n apait sewn mn mhc kai qrìnou gia
thn epÐlush tou probl matoc. 'Alloi algìrijmoi pou an koun sthn Ðdia kath-
gorÐa eÐnai o algìrijmoc Diakl�dwshc kai Tom c (Branch-and-cut) [289] kai
h Mèjodoc Epik�luyhc Sunìlou (Set-Covering-Based) [289].

Oi EuretikoÐ algìrijmoi kai oi algìrijmoi Topik c Anaz thshc eÐnai mÐa
�llh kathgorÐa algorÐjmwn ìpou, gia na epilujeÐ èna prìblhma dromolìgh-
shc, pr¸ta sqedi�zetai mia arqik  lÔsh me ènan algìrijmo aplhstÐac   kata-
skeuastikì algìrijmo kai sth sunèqeia h lÔsh aut  belti¸netai me th qr sh
enìc algorÐjmou topik c anaz thshc ([289], [340], [341]). Ed¸ prèpei na sh-
meiwjeÐ ìti parìlo pou oi sugkekrimènoi algìrijmoi ulopoioÔntai eÔkola kai
ekteloÔn tic epanal yeic touc arket� gr gora, up�rqei meg�lh pijanìthta
na mhn mporèsoun na xekoll soun eÔkola apì k�poio topikì el�qisto kai na
pagideutoÔn.

H epìmenh kathgorÐa algorÐjmwn pou èqei qrhsimopoihjeÐ gia thn epÐlush
Problhm�twn Dromolìghshc Oqhm�twn eÐnai oi MejeuretikoÐ algìrijmoi, oi
opoÐoi èqoun thn ikanìthta na xefeÔgoun pio eÔkola apì èna topikì el�qisto
se sqèsh me touc EuretikoÔc ([289], [340], [341]). Oi diadikasÐec pou qrh-
simopoioÔn autoÐ oi algìrijmoi gia na xefeÔgoun pio eÔkola apì èna topikì
el�qisto eÐnai: h qr sh epanalhptik¸n diadikasi¸n pou arqÐzoun apì dia-
foretikèc arqikèc lÔseic (algìrijmoi Poluenarkt riac Topik c Anaz thshc
(Multistart Local Search), algìrijmoi Epanalhptik c Topik c Anaz thshc
(Iterated Local Search) kai h DiadikasÐa 'Aplhsthc Tuqaiopoihmènhc Prosar-
mostik c Anaz thshc (Greedy Randomized Adaptive Search Procedure)), h
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apodoq  kin sewn pou den belti¸noun thn lÔsh (algìrijmoi Periorismènhc
Anaz thshc (Tabu Search) kai Prosomoiwmènhc Anìpthshc (Simulated An-
nealing)) kai h allag  thc geitoni�c anaz thshc (algìrijmoc Metablht c
Geitoni�c Anaz thshc (Variable Neighborhood Search)).

'Allh kathgorÐa algorÐjmwn eÐnai oi ExeliktikoÐ kai oi GenetikoÐ Algìrij-
moi (Evolutionary and Genetic algorithms) ([289], [340], [341]), oi opoÐoi eÐnai
algìrijmoi empneusmènoi apì th biologik  diadikasÐa thc exèlixhc twn eid¸n
sth fÔsh. To qarakthristikì aut¸n twn algorÐjmwn eÐnai ìti qrhsimopoioÔn
kai exelÐssoun apì epan�lhyh se epan�lhyh ènan plhjusmì lÔsewn, o opoÐ-
oc onom�zetai geni� (generation). 'Enac apì touc pio gnwstoÔc exeliktikoÔc
algorÐjmouc eÐnai o algìrijmoc Diaforik c Exelixhc (Di�erential Evolution
(DE) Algorithm), o opoÐoc eÐnai ènac stoqastikìc algìrijmoc pou leitourgeÐ
me plhjusmì lÔsewn, prot�jhke apì touc Storn kai Price [271] kai èqei thn
idiaiterìthta ìti esti�zei sthn apìstash metaxÔ twn mel¸n tou plhjusmoÔ
kai stic diaforetikèc kateujÔnseic pou mporeÐ na kinhjeÐ k�poio mèloc tou
plhjusmoÔ ([340], [341]).

'Allh kathgorÐa algorÐjmwn eÐnai oi algìrijmoi NohmosÔnhc Sm nouc,
ìpou prosomoi¸noun tic leitourgÐec pou sumbaÐnoun metaxÔ twn atìmwn e-
nìc plhjusmoÔ ([340], [341]). 'Enac tètoioc algìrijmoc eÐnai o algìrijmoc
BeltistopoÐhshc ApoikÐac Murmhgki¸n (Ant Colony Optimization Algori-
thm), o opoÐoc prosomoi¸nei thn ikanìthta twn murmhgki¸n na brÐskoun th
suntomìterh diadrom  apì thn fwli� touc proc thn trof  kai antÐstrofa,
lamb�nontac upìyhn thn posìthta thc feromìnhc pou enapotÐjetai sto e-
k�stote monop�ti pou akoloujeÐ k�je murm gki. Ed¸ prèpei na shmeiwjeÐ ìti
protim�tai h diadrom  me thn perissìterh feromình. 'Alloc algìrijmoc pou
eÐnai empneusmènoc apì thn fÔsh eÐnai o algìrijmoc BeltistopoÐhshc Sm nouc
SwmatidÐwn (Particle Swarm Optimization Algorithm) o opoÐoc prosomoi¸nei
thn sumperifor� k�poiwn organism¸n, ìpwc gia par�deigma to pètagma twn
pouli¸n se sm noc kai thn omadik  kÐnhsh twn yari¸n ([140], [340]).

Mia sqetik� nèa kathgorÐa algorÐjmwn eÐnai oi algìrijmoi Teqnht¸n A-
nosopoihtik¸n Susthm�twn (Arti�cial Immune Systems), oi opoÐoi proso-
moi¸noun thn leitourgÐa tou anosopoihtikoÔ sust matoc ([66], [69]). 'Ena
algìrijmoc aut c thc kathgorÐac eÐnai o algìrijmoc thc Epilog c Kl¸nwn,
ston opoÐo h k�je lÔsh antistoiqeÐ se èna antÐswma tou organismoÔ kai, a-
n�loga me to pìso isqurì eÐnai to k�je antÐswma, dhmiourgeÐ an�logo arijmì
apì kl¸nouc tou gia na antimetwpÐsei ta antigìna twn xenist¸n pou pro-
sb�lloun ton organismì. Tèloc, an�loga me thn tim  pou dÐnei o qr sthc
se ènan telest  wrÐmanshc, gÐnetai epilog  gia k�je antÐswma an ja upoblh-
jeÐ sth diadikasÐa upermet�llaxhc (allag  èwc kai to 80% thc lÔshc)   sth
diadikasÐa thc diìrjwshc twn upodoqèwn, ¸ste na xefÔgei apì k�poio topikì
el�qisto.
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4.3. Poluantikeimenikì Prìblhma Dromolìghshc Oqhm�twn (Multiobjective
Vehicle Routing Problem - MOVRP)

4.3.1. Eisagwg 
H montelopoÐhsh kai epÐlush enìc probl matoc dromolìghshc me èna mìno

krit rio (antikeimenik  sun�rthsh), pollèc forèc den perigr�fei pl rwc to
proc epÐlush prìblhma sthn sÔgqronh koinwnÐa. Opìte p�ra polloÐ ereunh-
tèc kai pollèc epiqeir seic montelopoioÔn plèon ta probl mata dromolìgh-
shc oqhm�twn wc poluantikeimenik� probl mata dromolìghshc. Autìc eÐnai
kai o lìgoc diexagwg c poll¸n ereun¸n pou aforoÔn thn epÐlush polua-
ntikeimenik¸n problhm�twn dromolìghshc oqhm�twn. Sth sunèqeia, gÐnetai
mÐa anafor� stic shmantikìterec melètec pou aforoÔn to Poluantikeimenikì
Prìblhma Dromolìghshc Oqhm�twn Periorismènhc Qwrhtikìthtac, all� kai
tic pio gnwstèc parallagèc tou.

4.3.2. Poluantikeimenikì Prìblhma Dromolìghshc Oqhm�twn Periorismènhc
Qwrhtikìthtac (Multiobjective Capacitated Vehicle Routing Problem -
MOCVRP)

Ta èth 1986 kai 1989 èginan oi pr¸tec èreunec gia thn epÐlush tou Pro-
bl matoc Dromolìghshc Oqhm�twn Periorismènhc Qwrhtikìthtac, oi opoÐec
èbalan sthn Ðdia antikeimenik  sun�rthsh thn elaqistopoÐhsh thc apìstashc
ìlou tou taxidioÔ, thc katastrof c twn proðìntwn kat� thn di�rkeia thc me-
tafor�c touc kai thn megistopoÐhsh thc ekpl rwshc twn uphresi¸n èktakthc
an�gkhc me qr sh enìc euretikoÔ algorÐjmou ([224], [225]). To 1999 prag-
matopoi jhke mÐa èreuna sthn opoÐa sumperil fjhke sthn Ðdia antikeimenik 
sun�rthsh h beltistopoÐhsh thc diadrom c kai thc an�jeshc fortÐou metaxÔ
twn oqhm�twn [160].

To 2002 pragmatopoi jhke mÐa èreuna pou aforoÔse thn epÐlush enìc
probl matoc dromolìghshc oqhm�twn dÔo antikeimenik¸n sunart sewn, sto
opoÐo h mÐa antikeimenik  sun�rthsh  tan upeÔjunh gia thn elaqistopoÐhsh
thc apìstashc kai h deÔterh sth diafor� metaxÔ tou m kouc twn diadro-
m¸n (V RPRB) [122]. Gia thn epÐlus  tou qrhsimopoi jhke ènac par�llhloc
poluantikeimenikìc exeliktikìc algìrijmoc (Parallel multi-objective evolutio-
nary algorithm) kai ènac ubridikìc algìrijmoc ston opoÐo emperièqetai kai o
algìrijmoc Par�llhlou Pareto Periorismènhc Anaz thshc (Parallel Pareto
Tabu Search). To 2003 epilÔjhke to Ðdio prìblhma apì touc Ðdiouc suggra-
feÐc me th qr sh thc mejìdou Stoqeumènhc DiadikasÐac Anaz thshc Pareto
(Target Aiming Pareto Search) [123], to 2005 me th qr sh tou Genetiko-
Ô AlgorÐjmou Mh KuriarqoÔ-menhc Taxinìmhshc II (Non-dominated Sorting
Genetic Algorithm II - NSGA II) [124] kai to 2009 me thn qr sh enìc exeli-
ktikoÔ algorÐjmou [126].
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Tèloc, to 2007 ègine mÐa èreuna pou aforoÔse thn epÐlush dÔo diafore-
tik¸n poluantikeimenik¸n problhm�twn periorismènhc qwrhtikìthtac dromo-
lìghshc oqhm�twn me th qr sh enìc mimhtikoÔ exeliktikoÔ algorÐjmou [197].
To èna prìblhma  tan me perÐodo kanonik c z thshc (Normal Demand Pe-
riod), en¸ to �llo me perÐodo uyhl c z thshc (High Demand Period) kai ta
krit ria  tan h elaqistopoÐhsh tou sunolikoÔ kìstouc dianom c, thc kaju-
stèrhshc apì thn mèra par�doshc, kaj¸c kai h elaqistopoÐhsh tou pl jouc
twn oqhm�twn. Skopìc thc èreunac aut c  tan o upologismìc twn kurÐarqwn
lÔsewn gia k�je eÐdoc periìdou kai h eÔresh thc omoiìthtac twn kurÐarqwn
diadrom¸n.

4.3.3. Poluantikeimenikì Prìblhma Dromolìghshc Oqhm�twn me Qronik�
Par�jura (Multiobjective Vehicle Routing Problem with Time Windo-
ws - MOVRPTW)

To 1991 ègine mÐa apì tic pr¸tec èreunec gia to Poluantikeimenikì Prìblh-
ma Dromolìghshc Oqhm�twn me Qronik� Par�jura [194], to opoÐo epilÔjhke
me qalaroÔc qronikoÔc periorismoÔc, dhlad  mporeÐ èna ìqhma na ft�sei ston
proorismì tou prin ton nwrÐtero qrìno kai/  na fÔgei apì autìn met� ton
argìtero qrìno paÐrnontac mia {poin }. Sto prìblhma autì topojet jhke
sthn Ðdia antikeimenik  sun�rthsh to endeqìmeno thc nwrÐterhc �fixhc kai thc
argìterhc anaq¸rhshc kai h epÐlus  tou ègine me th qr sh enìc logismikoÔ
basizìmeno sthn mèjodo Diakl�dwshc kai Oriojèthshc (branch and bound).
To 1999 ègine h epÐlush tou probl matoc me thn qr sh enìc euretikoÔ algo-
rÐjmou kai sumperil fjhke se mÐa antikeimenik  sun�rthsh h elaqistopoÐhsh
tou sunolikoÔ qrìnou taxidioÔ tou oq matoc kai tou sunolikoÔ qrìnou ana-
mon c twn pelat¸n [115].

To 2001 parousi�sthke mÐa èreuna, sthn opoÐa ègine h elaqistopoÐhsh
tess�rwn krithrÐwn tou probl matoc me diaforetikèc antikeimenikèc sunar-
t seic kai h exagwg  twn kat� Pareto kurÐarqwn lÔsewn [96]. Ta proc
elaqistopoÐhsh krit ria  tan h sunolik  apìstash taxidioÔ, o arijmìc twn
qrhsimopoioÔmenwn oqhm�twn, to mègejoc thc parabÐashc twn qronik¸n pa-
rajÔrwn kai o arijmìc twn parabiasmènwn qronik¸n parajÔrwn. H epÐlush
tou probl matoc autoÔ ègine me th qr sh enìc genetikoÔ algorÐjmou. To
Ðdio ètoc (2001) parousi�sthke mÐa èreuna, sthn opoÐa ègine h elaqistopoÐhsh
tri¸n antikeimenik¸n sunart sewn [245]. H pr¸th antikeimenik  sun�rthsh e-
laqistopoioÔse thn apìstash pou dianÔei èna ìqhma, h deÔterh to pl joc twn
qrhsimopoioÔmenwn oqhm�twn kai h trÐth thn sunolik  apìstash tou dromo-
logÐou. H epÐlush tou probl matoc autoÔ ègine me th qr sh dÔo parallag¸n
tou GenetikoÔ AlgorÐjmou Mh KuriarqoÔmenhc Taxinìmhshc (NSGA).

To 2003 ègine h parousÐash mÐac èreunac pou aforoÔse thn epÐlush tou
poluantikeimenikoÔ probl matoc dromolìghshc me qronik� par�jura me th
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qr sh enìc algorÐjmou pou basÐzetai sto sÔsthma apoikÐac murmhgki¸n [22].
To prìblhma autì eÐqe treic antikeimenikèc sunart seic, oi opoÐec beltisto-
poioÔsan, sugqrìnwc, ton arijmì twn oqhm�twn, ton sunolikì qrìno taxidioÔ
tou oq matoc kai ton sunolikì qrìno dianom c. To 2006 pragmatopoi jh-
ke mÐa èreuna gia thn tautìqronh elaqistopoÐhsh tou kìstouc thc diadrom c
kai tou arijmoÔ twn oqhm�twn me th qr sh enìc ubridikoÔ poluantikeimeni-
koÔ exeliktikoÔ algorÐjmou [278]. To Ðdio ètoc (2006) ègine h epÐlush tou
Ðdiou probl matoc me tic Ðdiec antikeimenikèc sunart seic, all� me th qr sh
enìc poluantikeimenikoÔ genetikoÔ algorÐjmou [207]. To 2007 ègine h epÐlush
tou probl matoc dromolìghshc me qronik� par�jura gia thn perÐptwsh thc
sullog c aporrimm�twn [208]. To prìblhma autì eÐqe wc stìqo thn elaqi-
stopoÐhsh tou sunolikoÔ arijmoÔ twn qrhsimopoioÔmenwn oqhm�twn kai thc
apìstashc tou taxidioÔ, th megistopoÐhsh thc periektikìthtac k�je diadrom c
kai thn elaqistopoÐhsh thc diafor�c tou fìrtou ergasÐac k�je oq matoc kai
h epÐlus  tou ègine me qr sh enìc poluantikeimenikoÔ genetikoÔ algorÐjmou.

To 2010 ègine mÐa èreuna pou aforoÔse thn epÐlush tou probl matoc me
dÔo antikeimenikèc sunart seic me qr sh enìc genetikoÔ algorÐjmou [98]. Ta
proc elaqistopoÐhsh krit ria tou probl matoc autoÔ  tan to mègejoc tou
stìlou kai h sunolik  apìstash pou dianÔei autìc. To 2011 ègine mÐa �llh
èreuna pou aforoÔse thn epÐlush tou probl matoc, ìpou ta proc elaqistopoÐ-
hsh krit ria  tan o arijmìc twn diadrom¸n, h apìstash taxidioÔ kai o qrìnoc
par�doshc [94]. H epÐlush tou probl matoc ègine me th qr sh enìc polua-
ntikeimenikoÔ exeliktikoÔ algorÐjmou, o opoÐoc sugkrÐjhke me ton Genetikì
Algìrijmo Mh KuriarqoÔmenhc Taxinìmhshc II (NSGA II).

MÐa �llh èreuna ègine to 2015 pou aforoÔse thn epÐlush enìc poluanti-
keimenikoÔ problhmatoc dromolìghshc oqhm�twn me qronik� par�jura me th
qr sh tou poluantikeimenikoÔ exeliktikoÔ algorÐjmou MOEA/D [242]. Ta
proc elaqistopoÐhsh krit ria tou probl matoc autoÔ  tan h sunolik  dianu-
ìmenh apìstash kai o arijmìc twn qrhsimopoioÔmenwn oqhm�twn. Tèloc, to
2017 parousi�sthke mÐa èreuna gia thn epÐlush tou probl matoc me th qr sh
enìc mimhtikoÔ algorÐjmou (MA−MOVRPTW ) [259].

4.3.4. Poluantikeimenikì Prìblhma Qwrojèthshc Egkatast�sewn kai Dro-
molìghshc Oqhm�twn (Multiobjective Location Routing Problem - MO-
LRP)

To 1998 ègine h pr¸th èreuna sto Poluantikeimenikì Prìblhma Qwro-
jèthshc Egkatast�sewn kai Dromolìghshc Oqhm�twn kai aforoÔse thn to-
pojèthsh egkatast�sewn gia diaqeÐrish apobl twn kont� se pìleic [99]. Ta
proc elaqistopoÐhsh krit ria, ta opoÐa topojet jhkan me qr sh sugkekri-
mènwn bar¸n se mÐa antikeimenik  sun�rthsh,  tan to sunolikì kìstoc lei-
tourgÐac, h sunolik  antÐlhyh tou kindÔnou, h diafor� tou ìgkou tou kindÔnou
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metaxÔ twn emplekìmenwn pìlewn (isìtimh katanom  blab¸n metaxÔ twn pìle-
wn) kai h diafor� tou bajmoÔ dusqèreiac metaxÔ twn emplekìmenwn pìlewn
(isìtimh katanom  dusqèreiac metaxÔ twn pìlewn). H epÐlush autoÔ tou pro-
bl matoc ègine me to sÔsthma beltistopoÐhshc FORTMP sunduasmèno me
th gl¸ssa montelopoÐhshc MPL.

To 2006 parousi�sthke mÐa �llh èreuna p�nw sto Poluantikeimenikì Prì-
blhma Qwrojèthshc Egkatast�sewn kai Dromolìghshc Oqhm�twn me peris-
sìterec apì mia antikeimenikèc sunart seic [171]. Ta proc elaqistopoÐhsh
krit ria  tan to sunolikì kìstoc, dhlad  to stajerì kìstoc epilog c topo-
jesi¸n, to kìstoc taxidioÔ kai to kìstoc twn oqhm�twn kai tou plhr¸matoc,
kai h diafor� tou fìrtou ergasÐac k�je oq matoc. Ed¸ prèpei na epishmanjeÐ
ìti h elaqistopoÐhsh thc diafor�c tou fìrtou ergasÐac k�je oq matoc anta-
nakl� thn isìthta sthn an�jesh ergasi¸n kai ephre�zei thn ikanopoÐhsh twn
ergazomènwn. 'Eginan dÔo morfèc se autì to prìblhma: me tautìqronh an�je-
sh diadrom¸n sta oq mata   me diadoqik  kai gia thn epÐlus  tou ègine qr sh
twn mejeuretik¸n algorÐjmwn Periorismènhc Anaz thshc (Tabu search) kai
Prosomoiwmènhc Anìpthshc (Simulated annealing).

To 2007 ègine mÐa èreuna p�nw sto Poluantikeimenikì Prìblhma Qwro-
jèthshc Egkatast�sewn kai Dromolìghshc Oqhm�twn, h opoÐa basÐzontan se
prìblhma pragmatik¸n sunjhk¸n. To prìblhma aforoÔse thn swst  topo-
jèthsh k�poiwn ergostasÐwn apotèfrwshc zwik¸n apobl twn se èna sÔnolo
apì pijanèc topojesÐec, me skopì thn ikanopoÐhsh twn apait sewn enìc a-
rijmoÔ pelat¸n. Pio sugkekrimèna, to prìblhma aforoÔse th dhmiourgÐa dÔo
mon�dwn apotèfrwshc se èna sÔnolo apì prokajorismènec perioqèc thc An-
dalousÐac kai th sqedÐash twn diadrom¸n proc autèc apì ta di�fora sfageÐa
thc perioq c. H epÐlush tou probl matoc ègine me ton mejeuretikì algìrijmo
MOAMP (Multiobjective Metaheuristic using an Adaptive Memory Procedu-
re), o opoÐoc basÐzetai sth mèjodo Periorismènhc Anaz thshc (Tabu search).
[35]. Ta proc beltistopoÐhsh krit ria pou qrhsimopoi jhkan gia thn epÐlush
tou probl matoc  tan dÔo eid¸n: oikonomik c fÔsewc kai koinwnik c fÔsewc.
Ta oikonomik� krit ria proc elaqistopoÐhsh  tan: to stajerì kìstoc ènar-
xhc kai sunt rhshc kai to kìstoc metafor�c metrhmèno se qiliìmetra an�
diadrom . Ta koinwnik� krit ria proc elaqistopoÐhsh  tan: h apìrriyh twn
diadrom¸n twn oqhm�twn pou dièrqontai mèsa apì pìleic sto dromolìgiì touc
gia ta ergost�sia, h diafor� tou ìgkou twn blab¸n metaxÔ twn emplekìme-
nwn pìlewn (isìtimh katanom  blab¸n metaxÔ twn pìlewn) kai h koinwnik 
apìrriyh apì tic pìleic sunart sei thc apìstas c touc apì ta ergost�sia
kai tou megèjouc touc se plhjusmì katoÐkwn.

Tèloc, to 2015 parousi�sthke mÐa èreuna p�nw sto Poluantikeimenikì
Prìblhma Qwrojèthshc Egkatast�sewn kai Dromolìghshc Oqhm�twn me dÔo
antikeimenikèc sunart seic [178]. H mÐa antikeimenik  sun�rthsh aforoÔse thn
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elaqistopoÐhsh tou sunolikoÔ kìstouc, en¸ h �llh th megistopoÐhsh thc su-
nolik c z thshc twn pelat¸n. H epÐlush tou probl matoc ègine me qr sh tou
poluantikeimenikoÔ algorÐjmou beltistopoÐhshc sm nouc swmatidÐwn. Sto
prìblhma autì eÐqe uiojethjeÐ mia sugkekrimènh apotÔpwsh lÔshc kai eÐqan
sqediasteÐ dÔo diaforetikèc mèjodoi apokwdikopoÐhs c tou.

4.3.5. 'Allec Parallagèc tou PoluantikeimenikoÔ Probl matoc Dromolìgh-
shc Oqhm�twn

To 2004 parousi�sthke mÐa èreuna p�nw sthn epÐlush tou poluantikeimeni-
koÔ dunamikoÔ probl matoc dromolìghshc oqhm�twn me qr sh enìc ubridikoÔ
algorÐjmou, o opoÐoc  tan basismènoc sth beltistopoÐhsh apoikÐac murmhgki-
¸n (Ant Colony Optimization) [54]. Sto prìblhma autì up rqe abebaiìthta
sto qrìno dièleushc apì mÐa diadrom  pou en¸nei dÔo kìmbouc, miac kai to
prìblhma  tan dunamikì. Ta krit ria proc elaqistopoÐhsh  tan o sunolikìc
qrìnoc dièleushc mÐac akm c kai h sunolik  diakÔmansh tou qrìnou dièleushc.

To 2006 ègine mÐa èreuna p�nw sto Poluantikeimenikì Prìblhma Dromo-
lìghshc Oqhm�twn kai RumoulkoÔmenwn (Truck and Trailer VRP [43]), h
opoÐa eÐqe wc stìqo thn tautìqronh elaqistopoÐhsh thc apìstashc kai tou
arijmoÔ twn oqhm�twn [278]. H epÐlush tou probl matoc ègine me th qr sh
enìc ubridikoÔ poluantikeimenikoÔ exeliktikoÔ algorÐjmou.

'Ena qrìno argìtera, to 2007, ègine mÐa èreuna p�nw sto Stoqastikì
Prìblhma Dromolìghshc Oqhm�twn, sto opoÐo h z thsh k�je pel�th ana-
koin¸netai ìtan to ìqhma ft�sei ston pel�th autì [279]. Oi antikeimenikèc
sunart seic tou probl matoc autoÔ aforoÔsan thn elaqistopoÐhsh tou arij-
moÔ twn oqhm�twn, thc apìstashc tou taxidioÔ kai tou misjoÔ twn odhg¸n.
H epÐlush tou probl matoc ègine me th qr sh enìc poluantikeimenikoÔ exe-
liktikoÔ algorÐjmou, o opoÐoc emperieÐqe dÔo sugkekrimènouc euretikoÔc al-
gorÐjmouc gia thn topik  anaz thsh lÔsewn. Oi euretikoÐ algìrijmoi  tan
h Anaz thsh tou Suntomìterou MonopatioÔ (Shortest Path Search), sthn
opoÐa gÐnetai h anakat�taxh thc akoloujÐac ìlwn twn kìmbwn miac diadro-
m c ¸ste o pr¸toc kìmboc na gÐnei teleutaÐoc kai o teleutaÐoc pr¸toc, kai
h Anaz thsh Sugkekrimènhc KateÔjunshc, sthn opoÐa, lamb�nontac upìyh
mia dosmènh lÔsh, gÐnetai h dhmiourgÐa mÐac nèac lÔshc pou kineÐtai proc thn
antÐjeth kateÔjunsh.

To 2012 ègine mÐa èreuna sthn epÐlush enìc poluantikeimenikoÔ anoiktoÔ
probl matoc dromolìghshc oqhm�twn me qronik� par�jura me th qr sh enìc
poluantikeimenikoÔ algorÐjmou Sm nouc SwmatidÐwn (multi-objective parti-
cle swarm optimization algorithm - MOPSO) [204]. 'Epeita, ègine sÔgkrish
me trÐa diaforetik� mètra apotelesmatikìthtac twn apotelesm�twn tou al-
gorÐjmou autoÔ me ta apotelèsmata pou èdwse o Genetikìc Algìrijmoc Mh
KuriarqoÔmenhc Taxinìmhshc II (Non-dominated Sorting Genetic Algorithm
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II - NSGA II) me ton proteinìmeno algìrijmo na dÐnei arket� axiìloga apote-
lèsmata.

Kata thn perÐodo 2014-2016 dhmosieÔthkan kai �llec èreunec p�nw sta
poluantikeimenik� probl mata dromolìghshc oqhm�twn pou aforoÔn thn tau-
tìqronh dianom  kai paralab  proðìntwn ([104], [205], [95], [337]). Ta krit ria
proc elaqistopoÐhsh pou qrhsimopoi jhkan  tan o arijmìc twn oqhm�twn, to
sunolikì kìstoc tou taxidioÔ, to m koc thc diadrom c kai to metaferìmeno
fortÐo. To 2015 ègine mÐa èreuna p�nw sto Genikeumènhc Sunèpeiac Prìblhma
Dromolìghshc Oqhm�twn (generalized consistent vehicle routing problem -
GenConVRP) me tautìqronh beltistopoÐhsh thc sunèpeiac tou odhgoÔ, thc
sunèpeiac sto qrìno �fixhc kai tou kìstouc thc diadrom c [143]. Gia thn
epÐlush tou probl matoc ègine qr sh enìc polukateujunt riou ektetamènhc
geitoni�c anaz thshc algorÐjmou (multi-directional large neighborhood sea-
rch - MDLNS).

To 2018 ègine mÐa èreuna p�nw sto prìblhma dromolìghshc oqhm�twn dÔo
antikeimenik¸n sunart sewn (Bi-objective Vehicle Routing Problem - BO-
VRP), ìpou oi stìqoi  tan h elaqistopoÐhsh thc apìstashc kai tou kìstouc
tou taxidioÔ [127]. AutoÐ oi dÔo stìqoi mporeÐ na eÐnai sugkrousiakoÐ, miac kai
sto autokÐnhto, o qrìnoc diadrom c diafèrei apì thn katan�lwsh kausÐmou.
Gia thn epÐlush tou probl matoc ègine qr sh tou algìrijmou Branch-and-
price.

To 2019 ègine mÐa èreuna p�nw sto poluantikeimenikì prìblhma dromolìgh-
shc oqhm�twn me euèlikta qronik� par�jura (Multi-objective Vehicle Routing
Problem with �exible Time Windows - MOVRPFlexTW), ìpou to sunolikì
kìstoc dianom c (sumperilambanomènwn twn exìdwn taxidÐou kai tou stajeroÔ
kìstouc oqhm�twn) elaqistopoieÐtai kai megistopoieÐtai h sunolik  ikanopoÐ-
hsh tou pel�th [333]. Se autì to prìblhma, ènac stìloc oqhm�twn mporeÐ na
exuphret sei èna sÔnolo pelat¸n nwrÐtera kai argìtera apì ton apaitoÔmeno
qrìno. Aut  h euelixÐa epitrèpei se mia etaireÐa na exoikonom sei èxoda diano-
m c eic b�roc thc ikanopoÐhshc tou pel�th. H mèjodoc pou qrhsimopoieÐtai gia
thn epÐlush tou probl matoc eÐnai basismènh sth beltistopoÐhsh thc apoikÐac
murmhgki¸n kai se treic qeiristèc met�llaxhc, oi opoÐoi enswmat¸noun thn
idèa tou bèltistou Pareto gia poluantikeimenik  beltistopoÐhsh.

Thn Ðdia qroni� (2019) ègine mÐa èreuna p�nw sto poluantikeimenikì prìblh-
ma dromolìghshc oqhm�twn kai drones me qronik� par�jura (Multi-Objective
Vehicle and Drone Routing Problem with Time Windows - MOVDRPTW),
to opoÐo orÐzetai se èna astikì dÐktuo par�doshc [226]. Sto prìblhma au-
tì, jewreÐtai èna sÔsthma dipl c metafor�c pou apoteleÐtai apì drones kai
oq mata, ìpou ta drones qrhsimopoioÔntai wc sumpl rwma tou oq matoc kai
leitourgoÔn apì shmeÐo se shmeÐo metaxÔ thc apoj khc kai tou pel�th. Oi
pel�tec protimoÔn na lamb�noun tic uphresÐec par�doshc entìc tou proka-
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jorismènou qronikoÔ eÔrouc kai orismènoi apì autoÔc qrei�zontai gr gorh
par�dosh. H epÐlush tou probl matoc ègine me qr sh enìc ubridikoÔ polua-
ntikeimenikoÔ exeliktikoÔ algorÐjmou.

Gia epiprìsjetec èreunec p�nw sta poluantikeimenik� probl mata dromo-
lìghshc mporeÐ k�poioc na apeujunjeÐ sto [125].

4.4. Prìblhma Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec (Multi -
Depot Vehicle Routing Problem - MDVRP)

4.4.1. Eisagwg 
To prìblhma autì eÐnai mÐa parallag  tou Probl matoc Dromolìghshc

Oqhm�twn me th diafor� ìti se autì qrhsimopoioÔntai parap�nw apì mÐa a-
poj kec. Gia thn epÐlush tou probl matoc autoÔ up�rqoun dÔo trìpoi [340]:
eÐte h k�je mÐa apì tic apoj kec èqei to dikì thc arijmì oqhm�twn kai touc
dikoÔc thc pel�tec na exuphret sei eÐte èna ìqhma pou xekin�ei apì mÐa apo-
j kh termatÐzei se mÐa �llh   endi�mesa stamat�ei se k�poia �llh apoj kh
gia na fort¸sei epiplèon proðìnta kai na suneqÐsei thn diadrom  tou. Stìqoc
tou sugkekrimènou probl matoc eÐnai na brejoÔn oi diadromèc twn oqhm�twn
pou an koun se k�je mÐa apoj kh. AxÐzei na shmeiwjeÐ ìti to prìblhma mpo-
reÐ na epilujeÐ san prìblhma dÔo f�sewn, ìpou sthn pr¸th f�sh gÐnetai h
an�jesh twn pelat¸n stic apoj kec kai sth deÔterh gÐnetai h dhmiourgÐa twn
dromologÐwn gia k�je mÐa apoj kh kai gia k�je èna ìqhma [340].

O Tillman [286], to 1969,  tan o pr¸toc pou prìteine to Prìblhma Dro-
molìghshc Oqhm�twn me Pollaplèc Apoj kec (Multi-Depot Vehicle Routing
Problem - MDVRP) gia thn epÐlush tou probl matoc pollapl¸n termati-
k¸n par�doshc me pijanèc zht seic. To prìblhma autì jewreÐtai prìblhma
NP − hard, ìpou epilègontai tautìqrona oi diadromèc gia ènan arijmì oqh-
m�twn apì perissìterec apì mÐa apoj kec se mia om�da shmeÐwn par�doshc
kai sth sunèqeia epistrèfoun ta oq mata sthn Ðdia apoj kh, qwrÐc ìmwc na
uperbaÐnoun thn qwrhtikìtht� touc ([180], [269]). Sthn sunèqeia, gÐnetai ana-
for� se èreunec pou pragmatopoi jhkan gia thn epÐlush tou sugkekrimènou
probl matoc, kaj¸c kai twn parallag¸n tou.

4.4.2. Prìblhma Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec kai pa-
rallagèc tou

Gia thn epÐlush autoÔ tou probl matoc qrhsimopoi jhkan poll� montèla.
To 2002, oi Wu et al. [302] prìteinan mia mejodologÐa gia thn epÐlush
tou Probl matoc Dromolìghshc kai Qwrojèthshc me Pollaplèc Apoj kec
(Multi-Depot Location Routing Problem - MDLRP), diair¸ntac to se Prìblh-
ma Qwrojèthshc Egkatast�sewn (Facility Location Problem - FLP) kai
se genikì Prìblhma Dromolìghshc Oqhm�twn (Vehicle Routing Problem -
VRP). Sth sunèqeia èlusan ta epimèrouc upo-probl mata me mia diadoqik  kai
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epanalhptik  prosèggish, qrhsimopoi¸ntac ton algìrijmo prosomoiwmènhc a-
nìpthshc (SA). To 2009, anaptÔqjhke èna montèlo probl matoc dromolìgh-
shc oq matoc me pollaplèc apoj kec (Multi-Depot Vehicle Routing Problem
- MDVRP) gia thn epÐlush tou Probl matoc Stoqastik c Dromolìghshc
kai Qwrojethshc Egkatast�sewn (Stochastic Location-Routing Problem -
SLRP), to opoÐo elaqistopoieÐ to kìstoc metafor�c kai topojèthshc twn e-
gkatast�sewn, megistopoi¸ntac par�llhla thn pijanìthta par�doshc stouc
pel�tec [110]. To montèlo autì ègine se dÔo st�dia: sthn epÐlush tou
probl matoc thc qwrojèthshc egkatast�sewn (Facility Location Problem
- FLP) kai sthn epÐlush tou poluantikeimenikoÔ probl matoc dromolìghshc
oq matoc me pollaplèc apoj kec (Multi-Objective Multi-Depot Vehicle Rou-
ting Problem - MO-MDVRP) me th qr sh enìc ubridikoÔ algorÐjmou pro-
somoiwmènhc anìpthshc (SA) pou qrhsimopoÐhse genetikoÔc qeiristèc, kai
sugkekrimèna, th met�llaxh kai th diastaÔrwsh.

To 2010 prot�jhke èna oloklhrwmèno montèlo Probl matoc Dromolìgh-
shc kai Qwrojèthshc me Pollaplèc Apoj kec (Multi-Depot Location Rou-
ting Problem - MDLRP) dÔo antikeimenik¸n sunart sewn gia thn k�luyh
thc sunolik c z thshc kai thn elaqistopoÐhsh tou stajeroÔ kai metablhtoÔ
kìstouc twn apojhk¸n kai twn exìdwn par�doshc [282]. Sto montèlo autì,
anaptÔqjhke ènac algìrijmoc pollapl¸n stìqwn anaz thshc (MOSS) gia
thn apìkthsh tou sunìrou Pareto kai qrhsimopoi jhke h Elitistik  Perio-
rismènh Anaz thsh (Elite Tabu Search -ETS) gia thn epÐlush tou montèlou,
ìson afor� thn poiìthta thc lÔshc kai thn poikilomorfÐa twn lÔsewn. To
2011 pragmatopoi jhke mÐa èreuna, gia thn epÐlush tou probl matoc dro-
molìghshc oqhm�twn me pollaplèc apoj kec (Multi-Depot Vehicle Routing
Problem - MDVRP), sthn opoÐa ègine sunduasmìc twn problhm�twn dromo-
lìghshc kai qwrojèthshc kai twn periodik¸n problhm�twn dromolìghshc kai
qrhsimopoi jhke, gia thn epÐlush tou probl matoc, ènac ubridikìc euretikìc
algìrijmoc basismènoc ston ektetamèno me tuqaiìthta algìrijmo Clarke kai
Wright (Randomized Extended Clarke and Wright Algorithm (RECWA))
[237].

Thn Ðdia qroni� (2011) ègine mÐa èreuna sÔmfwna me thn opoÐa h monte-
lopoÐhsh tou probl matoc dromolìghshc oqhm�twn me pollaplèc apoj kec
(Multi-Depot Vehicle Routing Problem - MDVRP) ègine wc sunduasmìc tou
probl matoc dromolìghshc oqhm�twn me qwristèc paradìseic (split delivery
vehicle routing problem) me to prìblhma dromolìghshc oqhm�twn me polla-
plèc apoj kec. To montèlo autì epilÔjhke qrhsimopoi¸ntac èna euretikì
montèlo basismèno se akèraio programmatismì [105]. Thn Ðdia qroni� (2011)
èna akìmh montèlo anaptÔqjhke sto opoÐo mia eikonik  kentrik  apoj kh pro-
stÐjetai gia na metatrèyei to prìblhma dromolìghshc oqhm�twn me pollaplèc
apoj kec (Multi-Depot Vehicle Routing Problem - MDVRP) se prìblhma
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dromolìghshc oqhm�twn me pollaplèc apoj kec me eikonik  kentrik  apo-
j kh (Multi-Depot Vehicle Routing Problem with the Virtual central depot
- V-MDVRP), ¸ste na gÐnei ìmoio me to klassikì prìblhma dromolìghshc
oqhm�twn. Gia thn epÐlush tou montèlou autoÔ, ulopoi jhke ènac beltiw-
mènoc algìrijmoc beltistopoÐhshc apoikÐac murmhgki¸n (ACO) me par�llhlh
strathgik  pou sthrÐzetai se ìqi suqn  epikoinwnÐa twn murmhgki¸n, stra-
thgik  b�rouc twn murmhgki¸n kai qeiristèc met�llaxhc [321]. EpÐshc, to
2011, diereun jhke mÐa efarmogh tou probl matoc dromolìghshc oqhm�twn me
pollaplèc apoj kec (Multi-Depot Vehicle Routing Problem - MDVRP) se
epeÐgousa efodiastik , qrhsimopoi¸ntac ènan par�llhlo genetikì algìrijmo
(GA) [163].

To 2012, gia thn epÐlush tou probl matoc dromolìghshc oqhm�twn me pol-
laplèc apoj kec me qronik� par�jura (Multi-Depot Vehicle Routing Problem
with Time Windows - MD-VRPTW), qrhsimopoi jhke mÐa kathgorÐa ubridi-
k¸n algorÐjmwn stouc mejeuretikoÔc pou ekteloÔntai sth seir� (High-Level
Relay Hybrid - HRH). O algìrijmoc autìc leitourgeÐ se trÐa epÐpeda kai qrh-
simopoieÐ èna genetikì algìrijmo (GA) wc kÔrio algìrijmo beltistopoÐhshc
kai thn Periorismènh Anaz thsh (Tabu Search) wc mèjodo topik c anaz th-
shc [203]. To 2014, diereun jhke to prìblhma dromolìghshc oqhm�twn me
pollaplèc apoj kec (Multi-Depot Vehicle Routing Problem - MDVRP) me
eterogen  oq mata kai ulopoi jhke mia apotelesmatik  èkdosh tou algorÐj-
mou thc metablht c geitoni�c anaz thshc (V NS), h opoÐa perilamb�nei mia
strathgik  proepexergasÐac gia ton entopismì oriak¸n shmeÐwn par�doshc,
ènan mhqanismì, pou sugkentr¸nei kai aposunjètei tic diadromèc metaxÔ twn
pollapl¸n apojhk¸n, kai mia dokim  meÐwshc geitoni�c, pou mei¸nei shmanti-
k� ton qrìno upologismoÔ se meg�la paradeÐgmata [256]. Thn Ðdia qroni�
(2014), gia thn epÐlush tou probl matoc dromolìghshc oqhm�twn me polla-
plèc apoj kec (Multi-Depot Vehicle Routing Problem - MDVRP) se sÔntomo
upologistikì qrìno, prot�jhke ènac tropopoihmènoc algìrijmoc anap dhshc
batr�qou poll¸n f�sewn (Multi-Phase Modi�ed Shu�ed Frog Leaping Al-
gorithm - MPMSFLA), ston opoÐo qrhsimopoieÐtai o algìrijmoc K-mèsou
(K-means) gia thn omadopoÐhsh ìlwn twn pelat¸n [180].

To 2016 melet jhke mÐa nèa parallag  tou probl matoc dromolìghshc
oqhm�twn me pollaplèc apoj kec me qronik� par�jura, ìpou h apoj kh pou
telei¸nei to dromolìgiì tou to ìqhma eÐnai euèlikth, dhlad  mporeÐ na mhn eÐnai
h Ðdia me thn apoj kh apì thn opoÐa xekin�. To prìblhma montelopoi jhke
wc ènac akèraioc programmatismìc, lamb�nontac upìyhn touc periorismoÔc tou
probl matoc tou qronikoÔ parajÔrou, thc qwrhtikìthtac kai thc di�rkeiac thc
diadrom c tou oq matoc, tou megèjouc tou stìlou kai tou arijmoÔ twn q¸rwn
st�jmeushc k�je apoj khc. Gia thn ulopoÐhs  tou qrhsimopoi jhke ènac
ubridikìc genetikìc algìrijmoc (GA) me prosarmostik  topik  anaz thsh
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[168].
To 2017 epilÔjhke to prìblhma dromolìghshc oqhm�twn me pollaplèc a-

poj kec me qronik� parajÔra (Multi-Depot Vehicle Routing Problem with
Time Windows - MDVRPTW) me th qr sh enìc genetikoÔ algorÐjmou do-
m c plhjusmoÔ pou qrhsimopoieÐ èna telest  palaiìthtac sta mèlh tou plh-
jusmoÔ (Age-Layered Population Structure - ALPS) [30]. O stìqoc aut c
thc èreunac  tan h beltistopoÐhsh tou arijmoÔ twn oqhm�twn kai thc suno-
lik c apìstashc pou dianÔjhke apì ton stìlo, qrhsimopoi¸ntac thn teqnik 
Pareto. Thn Ðdia qroni� (2017), ègine mÐa èreuna ìpou epilÔjhke to prìblhma
dromolìghshc oqhm�twn me pollaplèc apoj kec me qronik� parajÔra (Multi-
Depot Vehicle Routing Problem with Time Windows - MDVRPTW) me th
qr sh enìc beltiwmènou algorÐjmou BeltistopoÐhshc ApoikÐac Murmhgki¸n
(ACO) [181].

To 2017, gia thn epÐlush tou probl matoc dromolìghshc me pollaplèc
apoj kec (Multi-Depot Vehicle Routing Problem - MDVRP), prot�jhke mia
prosèggish beltistopoÐhshc sm nouc swmatidÐwn dÔo epipèdwn (PSO). Se
autìn ton algìrijmo qrhsimopoieÐtai mÐa exwterik  beltistopoÐhsh sm nouc
swmatidÐwn (PSO), gia ton prosdiorismì twn bèltistwn jèsewn twn apojh-
k¸n, kai mÐa eswterik  beltistopoÐhsh sm nouc swmatidÐwn (PSO), gia ton
prosdiorismì thc bèltisthc lÔshc tou probl matoc dromolìghshc oqhm�twn
me pollaplèc apoj kec (Multi-Depot Vehicle Routing Problem - MDVRP).
Thn Ðdia qroni� (2017), gia thn epÐlush tou Ðdiou probl matoc, anaptÔqjhke
èna asafèc montèlo programmatismoÔ dÔo epipèdwn, to opoÐo qrhsimopoi jh-
ke gia thn elaqistopoÐhsh tou sunolikoÔ anamenìmenou metaforikoÔ kindÔnou
kat� thn par�dosh epikÐndunwn ulik¸n stouc pel�tec apì tic apoj kec [79].
To 2018 prot�jhke to poluantikeimenikì prìblhma dromolìghshc me polla-
plèc apoj kec (Multi-Objective Problem of Multi-Depot Vehicle Routing -
MOMDVRP) me skopì thn elaqistopoÐhsh tou kìstouc taxidioÔ kai thc isor-
ropÐac twn diadrom¸n [89]. Se aut  th melèth anaptÔqjhke mÐa mejodologÐa
lÔshc tri¸n stadÐwn qrhsimopoi¸ntac ènan euretikì algìrijmo, epanalamba-
nìmenouc poluantikeimenikoÔc mejeuretikoÔc algìrijmouc topik c anaz thshc
(Iterated Local Search Multi-Objective metaheuristics - ILSMO) kai tic èn-
noiec thc kuriarqÐac.

4.5. Energeiakì Prìblhma Dromolìghshc Oqhm�twn (Energy Vehicle Rou-
ting Problem - EVRP)

4.5.1. Eisagwg 
Sth sÔgqronh koinwnÐa, h aÔxhsh thc biomhqanÐac od ghse sthn aÔxhsh

twn periballontologik¸n kai oikologik¸n epipt¸sewn twn proðìntwn ston
plan th. EÐnai fanerì, loipìn, ìti oi biomhqanikèc apof�seic diadramatÐzoun
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èna shmantikì rìlo sth diat rhsh tou perib�llontoc mac, miac kai eÐnai upeÔ-
junec gia thn uperjèrmansh tou plan th, thn katastrof  tou ìzontoc kai
thn ex�ntlhsh twn fusik¸n pìrwn. S mera, pollèc biomhqanÐec, me skopì
thn elaqistopoÐhsh thc katanaliskìmenhc enèrgeiac gia thn paragwg  kai thn
metafor� twn proðìntwn touc kai gia na k�noun ta proðìnta touc perissìtero
oikologik�, k�noun mia an�lush tou kÔklou zw c tou proðìntoc. Epomènwc, oi
epiqeir seic meletoÔn tic oikologikèc epipt¸seic ìlwn twn stadÐwn thc zw c
tou proðìntoc apì thn sÔllhyh thc idèac, to sqediasmì, thn epexergasÐa twn
pr¸twn ul¸n, th sunarmolìghsh, thn apoj keush e¸c thn suskeuasÐa, th
metafor� kai thn epanaqrhsimopoÐhs  touc [83].

Ta teleutaÐa qrìnia èqoun dhmosieujeÐ plhj¸ra ereun¸n me stìqo thn
parousÐash montèlwn gia thn elaqistopoÐhsh thc katan�lwshc kausÐmou twn
oqhm�twn kai sugqrìnwc thn elaqistopoÐhsh twn ekpempìmenwn rÔpwn. Se
orismènec apì autèc parousi�zontai apl� montèla, ta opoÐa lamb�noun upìyh
touc thn dianuìmenh apìstash kai to metaferìmeno fortÐo tou oq matoc gia
ton upologismì thc katan�lwshc kausÐmou enìc oq matoc [130], en¸ se �llec
parousi�zontai montèla ta opoÐa, gia ton upologismì thc katan�lwshc kau-
sÐmou, lamb�noun upìyhn pollèc sugkekrimènec paramètrouc. Me autìn ton
trìpo leitourgoÔn me arket  akrÐbeia p�nw sta pragmatik� dedomèna kai gia
ton sugkekrimèno tÔpo oqhm�twn gia ta opoÐa sqedi�sthkan [277]. Epiplèon,
shmantikèc èreunec èqoun gÐnei ìson afor� ta poluantikeimenik� montèla sqe-
diasmèna p�nw se pragmatik� probl mata dromolìghshc ([74], [195]), en¸
�llh èreuna èqei gÐnei me pio apl  montelopoÐhsh, sthn opoÐa elaqistopoieÐtai
sugqrìnwc h dianuìmenh apìstash kai oi ekpompèc twn rÔpwn tou oq ma-
toc [120]. Sth sunèqeia, gÐnetai anafor� se èreunec p�nw sto Energeiakì
Prìblhma Dromolìghshc Oqhm�twn   alli¸c sto Pr�sino Prìblhma Dro-
molìghshc Oqhm�twn kai se èreunec pou anafèroun par�gontec pou mporoÔn
na ephre�soun thn katan�lwsh kai tic ekpompèc rÔpwn enìc oq matoc.

4.5.2. Energeiakì Prìblhma Dromolìghshc Oqhm�twn kai Par�gontec pou
Ephre�zoun thn Katan�lwsh kai tic Ekpompèc RÔpwn Enìc Oq matoc

To 1997 ègine mÐa apì tic pr¸tec èreunec p�nw stic ekpompèc rÔpwn twn o-
qhm�twn, h opoÐa apèdeixe ìti h metabol  thc taqÔthtac kai h klÐsh tou drìmou
p�nw ston opoÐo kineÐtai èna ìqhma mporoÔn na sumb�lloun sthn aÔxhsh thc
katan�lwshc kausÐmou kai sthn apìdosh monoxeidÐou tou �njraka (CO) [57].
Oi metr seic èginan se drìmouc tou Los Angeles me klÐsh apì 0% èwc 7%.
H èreuna aut  apèdeixe, epÐshc, ìti oi ekpompèc sqedìn triplasi�zontan se
perÐptwsh leitourgÐac klimatistikoÔ.

To 2002 ègine mÐa parousÐash thc pr¸thc montelopoÐhshc tou EnergeiakoÔ
Probl matoc Dromolìghshc Oqhm�twn gia ton upologismì kai thn elaqisto-
poÐhsh twn ekpomp¸n dioxeidÐou tou �njraka (CO2) enìc oq matoc [288]. O
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skopìc thc èreunac aut c  tan h elaqistopoÐsh thc apìstashc twn diadrom¸n
kai twn rÔpwn, lamb�nontac upìyhn to fortÐo tou oq matoc kai enìc par�go-
nta thc mèshc ekpomp c CO2 an� tonoqiliìmetro (tkm [191]) (Ef ). Gia thn
epÐlush tou probl matoc autoÔ ègine qr sh tou algorÐjmou ApokleismoÔ kai
AnasunduasmoÔ (Block Recombination Algorithm).

To 2004 ègine mÐa anafor� twn paragìntwn pou ephre�zoun tic ekpompèc
rÔpwn [161]. AutoÐ oi par�gontec eÐnai: h swst  epilog  tou oq matoc, ìson
afor� ton ìgko tou fortÐou pou prèpei na metaferjeÐ, h teqnologÐa me thn
opoÐa eÐnai exoplismèno to ìqhma, h swst  ekpaÐdeush twn odhg¸n, ìson
afor� thn odhgik  touc sumperifor�, kai h swst  qr sh twn plhrofori¸n gia
tic sunj kec thc diadrom c (p.q. plhroforÐec kukloforiak c sumfìrhshc).
Epiplèon, se aut n thn èreuna ègine anafor� ston tÔpo pou upologÐzei thn
{Apodotikìthta thc qr shc tou oq matoc} (E�ciency of vehicle use (Evu))
kai ston tÔpo thc {Apìdoshc CO2} (CO2 E�ciency (E)).

To 2007 ègine mÐa bibliografik  èreuna p�nw sth qr sh mejìdwn diakri-
t c beltistopoÐhshc se tomeÐc thc Pr�sinhc Efodiastik c AlusÐdac [264]. Se
aut  thn èreuna bgaÐnei to sumpèrasma ìti h elaqistopoÐhsh tou qrìnou e-
ktèleshc tou dromologÐou sumb�llei sthn elaqistopoÐhsh twn ekpempìmenwn
rÔpwn. Pio sugkekrimèna, h swst  epilog  diadrom¸n odhgeÐ sthn aÔxhsh thc
taqÔthtac ektèleshc tou dromologÐou kai h swst  epilog  taqÔthtac taxidioÔ
prokaleÐ ligìterouc rÔpouc kai mei¸nei to qrìno ektèleshc tou dromologÐou.
To 2010 ègine mÐa èreuna h opoÐa katèlhge sto Ðdio akrib¸c sumpèrasma me
thn prohgoÔmenh èreuna [182].

To 2007 parousi�sthke h montelopoÐhsh tou Energeiak c ElaqistopoÐ-
hshc Probl matoc Dromolìghshc Oqhm�twn (Energy Minimizing Vehicle
Routing Problem) me thn antikeimenik  sun�rthsh na eÐnai basismènh ston
pollaplasiasmì tou sunolikoÔ fortÐou tou oq matoc (fortÐo kai b�roc �deiou
oq matoc) me th dianuìmenh apìstash [130]. Skopìc thc èreunac aut c  tan h
eÔresh thc kat�llhlhc diadrom c pou elaqistopoieÐ thn sunolik  katan�lwsh
enèrgeiac. AxÐzei na shmeiwjeÐ ìti sthn èreuna aut  gÐnetai h diapÐstwsh ìti
ta probl mata pou aforoÔn thn elaqistopoÐhsh thc enèrgeiac-katan�lwshc
èqoun �llh montelopoÐhsh an prìkeitai gia probl mata dianom c kai �llh an
prìkeitai gia probl mata sullog c proðìntwn. Gia thn epÐlush tou probl ma-
toc autoÔ ègine qr sh thc CPLEX 8.0.

To 2010 ègine mÐa èreuna p�nw sto Qronik� Exart¸meno Prìblhma Dromo-
lìghshc Oqhm�twn (Time Dependent Vehicle Routing Problem), ìpou ègine
h eisagwg  sthn antikeimenik  sun�rthsh thc paramètrou thc tim c thc ta-
qÔthtac me thn opoÐa dianÔetai h apìstash metaxÔ dÔo kìmbwn [154]. Gia thn
epÐlush tou probl matoc autoÔ ègine qr sh tou algorÐjmou Prosomoiwmènhc
Anìpthshc. To Ðdio ètoc (2010) ègine mÐa montelopoÐhsh tou probl matoc
gia ton upologismì thc katan�lwshc enèrgeiac twn lewforeÐwn thc perioq c
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Chiang Rai thc Taðl�ndhc lamb�nontac upìyh thn dianuìmenh apìstash, to
b�roc tou oq matoc kai �llec paramètrouc ìpwc h taqÔthta twn oqhm�twn,
to b�roc twn epibat¸n k.� [45]. Gia thn epÐlush tou probl matoc autoÔ ègi-
ne qr sh twn algorÐjmwn Diakl�dwshc kai Oriojèthshc, AnÐqneushc Kat�
B�joc (DFS), AnÐqneushc Kat� Pl�toc (BFS) kai KalÔterou TopikoÔ O-
rÐou (Best Local Bound - BLB).

To 2011 parousi�sthke mÐa èreuna h opoÐa apèdeixe th shmantikìthta thc
paramètrou thc taqÔthtac sthn elaqistopoÐhsh thc katan�lwshc enèrgeiac
[27]. H epÐlush tou probl matoc, to opoÐo onom�sthke Prìblhma RÔpan-
shc - Dromolìghshc (Pollution-Routing Problem), ègine me thn qr sh tou
progr�mmatoc beltistopoÐhshc CPLEX 12.1, to opoÐo qrhsimopoieÐ ton al-
gìrijmo Diakl�dwshc kai Tom c. Sta probl mata pou epilÔjhkan up rqan
kai peript¸seic me qronik� par�jura kai ta dedomèna pou qrhsimopoi jhkan
apoteloÔsan pragmatik� dedomèna pìlewn tou Hnwmènou BasileÐou.

Thn Ðdia qroni� (2011) ègine mÐa èreuna pou aforoÔse thn parousÐash
èxi montèlwn basismènwn sthn taqÔthta kai thn epit�qunsh pou anèptusse
èna ìqhma, sto b�roc pou metèfere, sthn klÐsh tou odostr¸matoc kai se
�llec paramètrouc ([72], [73]). To 2013 ègine mÐa montelopoÐhsh tou Qro-
nik� exarthmènou Probl matoc RÔpanshc- Dromolìghshc (Time dependent
Pollution-Routing Problem) [87], en¸ to 2014 ègine h exèlixh twn sugkekri-
mènwn ereun¸n me thn prosj kh thc paramètrou thc anomoiogèneiac metaxÔ
twn oqhm�twn [142]. To 2014 ègine h epÐlush tou Probl matoc RÔpanshc
- Dromolìghshc me thn qr sh enìc euretikoÔ algorÐjmou majhmatikoÔ pro-
grammatismoÔ (ILS-SP-SOA matheuristic Algorithm).

To 2011 parousi�sthke èna montèlo apì ton Suzuki gia thn elaqistopoÐ-
hsh thc katan�lwshc kausÐmou kai twn ekpempìmenwn rÔpwn enìc oq matoc
metafor¸n class− 8 me qr sh pragmatik¸n dedomènwn apì mÐa etaireÐa meta-
for¸n twn Hnwmènwn Politei¸n [275]. Sto montèlo autì, gia ton upologismì
thc katan�lwshc kai twn rÔpwn,  tan aparaÐthth h gn¸sh thc taqÔthtac tou
oq matoc kai pollèc �llec par�metroi, ektìc apì to fortÐo tou oq matoc kai
thn apìstash. Gia thn epÐlush tou probl matoc ègine qr sh thc mejìdou Su-
mpiesmènhc Anìpthshc (Compressed Annealing) [206]. To Ðdio ètoc (2011) pa-
rousi�sthke kai h montelopoÐhsh tou Probl matoc Dromolìghshc Oqhm�twn
me ElaqistopoÐhsh Ekpomp¸n RÔpwn (Emissions VRP), ìpou sthn antikeime-
nik  sun�rths  tou up rqe san par�metroc h tim  thc taqÔthtac taxidÐou [85].
Ta dedomèna pou qrhsimopoi jhkan sto prìblhma autì  tan ta paradeÐgmata
gia to Prìblhma Dromolìghshc Oqhm�twn me Qronik� Par�jura pou pro-
t�jhkan apì ton Solomon [268], me thn kat�llhlh prosarmog  touc. Gia thn
epÐlush tou probl matoc ègine qr sh miac parallag c thc DiadikasÐac thc
'Aplhsthc Tuqaiopoihmènhc Prosarmostik c Anaz thshc (Greedy Randomi-
zed Adaptive Search Procedure - GRASP) [84]. Epiplèon montelopoi seic

33



pou aforoÔn sth qr sh thc taqÔthtac twn oqhm�twn me skopì thn ektÐmhsh
thc katan�lwshc kausÐmou up�rqoun sta ([234], [301]).

To 2012 parousi�sthke mÐa èreuna p�nw sthn epÐlush tou probl matoc
pou montelopoÐhse o Suzuki [275] me th qr sh enìc algorÐjmou Periorismènhc
Anaz thshc (Tabu Search) se ubridik  morf  me ènan algìrijmo Metablh-
t c Geitoni�c Anaz thshc (Variable Neighborhood Search - VNS) [164]. H
dhmiourgÐa twn arqik¸n lÔsewn ègine me th qr sh enìc prosarmostikoÔ pa-
r�llhlou euretikoÔ algorÐjmou (adaptive parallel route construction heuri-
stic (APRCH)). Se aut n thn èreuna apodeÐqjhke ìti h elaqistopoÐhsh enìc
dromologÐou wc proc thn apìstash mporoÔse na par�gei energeiak� oikono-
mikìterec diadromèc apì autèc pou par�gontan apì thn elaqistopoÐhsh tou
dromologÐou wc proc touc qrìnouc met�bashc. To Ðdio ètoc (2012) parousi-
�sthke kai mÐa èreuna ìpou sthn antikeimenik  sun�rthsh sumperilamb�nontan
h klÐsh tou ed�fouc, h puknìthta tou aèra, to embadìn thc mprostin c epi-
f�neiac tou oq matoc, h dÔnamh thc mhqan c tou oq matoc kai pollèc �llec
epiplèon par�metroi, ektìc apì tic paramètrouc thc taqÔthtac, tou fortÐou
kai thc apìstashc [246]. H epÐlush ègine me th qr sh algorÐjmwn topik c
anaz thshc.

To Ðdio ètoc (2012) parousi�sthke mÐa èreuna p�nw sto Pr�sino Prìblhma
Dromolìghshc Oqhm�twn (Green Vehicle Routing Problem - G-VRP) [82] me
ta oq mata na kinoÔntai me enallaktik� kai pio filik� proc to perib�llon kaÔ-
sima, ìpwc to biontÐzel (biodiesel) kai to fusikì aèrio (liquid natural gas -
LNG, compressed natural gas - CNG). Se aut n thn èreuna gÐnetai h montelo-
poÐhsh tou probl matoc autoÔ me thn antikeimenik  sun�rthsh na prospajeÐ
na mei¸sei to m koc tou dromologÐou prospaj¸ntac na dhmiourg sei dromo-
lìgia, ¸ste na mhn qrei�zetai na gÐnei anefodiasmìc tou oq matoc   na mhn
qrei�zetai na up�rxei meg�lh apìklish apì to kurÐwc dromolìgio gia thn eÔ-
resh shmeÐou anefodiasmoÔ. Epiplèon, sthn montelopoÐhsh tou probl matoc
lamb�netai upìyhn kai epiplèon par�metroi, ìpwc to sÔnolo kai h jèsh twn
shmeÐwn anefodiasmoÔ kai h qwrhtikìthta thc dexamen c kausÐmou twn oqh-
m�twn. Ta dedomèna pou qrhsimopoi jhkan  tan èna pl joc suntetagmènwn
pragmatik¸n shmeÐwn sto q�rth twn topojesi¸n thc Virginia, tou Maryland
kai thc Columbia. H epÐlush tou probl matoc ègine me th qr sh tri¸n diafo-
retik¸n euretik¸n algorÐjmwn, oi opoÐoi sqedi�sthkan sto pakèto thc Java
�ILOG's CPLEX Concert Technology 11.2�.

To Ðdio ètoc (2012) dhmosieÔthke mÐa èreuna apì toucXiao et al., ìpou sthn
antikeimenik  sun�rthsh tou Probl matoc Dromolìghshc Oqhm�twn gÐnetai
h prosj kh tou bajmoÔ katan�lwshc kausÐmou (Fuel Consumption Rate -
FCR) twn oqhm�twn metrhmèno se lÐtra katan�lwshc an� qiliìmetro [305].
To kìstoc kausÐmou enìc kinoÔmenou oq matoc exart�tai apì polloÔc pa-
r�gontec pou qwrÐzontai se dÔo sÔnola. Sto pr¸to sÔnolo eÐnai h apìstash,
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to fortÐo, h taqÔthta kai oi sunj kec tou odikoÔ diktÔou, o bajmìc kata-
n�lwshc kausÐmou (FCR) kai h tim  tou kausÐmou kai �lloi par�gontec pou
sqetÐzontai �mesa me thn diadikasÐa tou programmatismoÔ tou taxidioÔ kai
jewroÔntai metablhtì kìstoc. To deÔtero sÔnolo, to opoÐo den èqei �mesh
sqèsh me thn diadikasÐa tou taxidioÔ, perilamb�nei par�gontec ìpwc ta ela-
stik� tou oq matoc, h sunt rhs  tou, oi amoibèc twn odhg¸n, oi fìroi k.a.
Ta dedomèna pou qrhsimopoi jhkan gia thn epÐlush tou probl matoc  tan
ta paradeÐgmata gia to Prìblhma Dromolìghshc Oqhm�twn pou prot�jhkan
apì touc Christo�des et al. [56] kai touc Golden et al. [101]. H epÐlush tou
probl matoc ègine me th qr sh enìc ubridikoÔ algorÐjmou Prosomoiwmènhc
Anìpthshc.

To 2014 dhmosieÔthke mÐa èreuna p�nw sto Periballontologikì Prìblhma
Dromolìghshc Oqhm�twn (Environmental Vehicle Routing Problem - EVRP)
[327], sto opoÐo ègine qr sh kai exèlixh tou montèlou twn Xiao et al. [305].
Sthn antikeimenik  sun�rthsh tou montèlou autoÔ gÐnetai o pollaplasiasmìc
tou bajmoÔ katan�lwshc kausÐmou, pou upologÐzetai sto montèlo twn Xiao
et al., epÐ thn tim  twn ekpomp¸n CO2 se kil� an� lÐtro kausÐmou (CO2

emission rate - CER). Ta dedomèna pou qrhsimopoi jhkan gia thn epÐlush tou
probl matoc  tan to sÔnolo dedomènwn pou prot�jhke apì touc Christo�des
kai Eilon [55] kai h epÐlush tou probl matoc ègine me th qr sh enìc ubridikoÔ
algorÐjmou apoikÐac meliss¸n (Hybrid arti�cial bee colony).

To Ðdio ètoc (2014) ègine mÐa èreuna p�nw sto Energeiakì Prìblhma Dro-
molìghshc Oqhm�twn gia Dianom  kai Sullog  (Vehicle Routing Problem
with Simultaneous Delivery and Pickup - VRPSDP) [172]. H èreuna aut 
aforoÔse thn dianom  mpoukali¸n neroÔ kai th sullog  twn �deiwn mpouka-
li¸n gia anakÔklwsh apì touc antÐstoiqouc pel�tec kai èkane sÔgkrish twn
apotelesm�twn metaxÔ dÔo diaforetik¸n problhm�twn kai twn antÐstoiqwn
montèlwn touc gia thn elaqistopoÐhsh tou sunolikoÔ kìstouc thc diadika-
sÐac. Ta probl mata aut�  tan to Prìblhma Dromolìghshc Oqhm�twn gia
Dianom  kai Pl rh Sullog  proðìntwn, ìpou to ìqhma k�nei pl rh sullog 
proðìntwn apì k�je pel�th kat� thn di�rkeia tou dromologÐou, kai to Prìblh-
ma Dromolìghshc Oqhm�twn gia Dianom  kai Merik  Sullog  proðìntwn gia
pel�tec me diaforetik  z thsh kai posìthta proc anakÔklwsh, ìpou to ìqhma
k�nei merik  sullog  proðìntwn an�loga me ton eleÔjero q¸ro pou diajètei to
ìqhma ¸ste na oloklhr¸sei mia diadrom . Stìqoc, kai stic dÔo peript¸seic,
 tan h eÔresh twn bèltistwn diadrom¸n me thn el�qisth apìstash me de-
domèno ìti ìla ta proðìnta  tan panomoiìtupa, ìla ta oq mata  tan Ðdia, h
taqÔthta twn oqhm�twn  tan Ðdia kai stajer  gia ìla ta oq mata kai h z th-
sh kai h posìthta proc anakÔklwsh gia k�je pel�th  tan gnwst . 'Epeita,
ègine o upologismìc diafìrwn kìstwn, ìpwc to kìstoc katan�lwshc kau-
sÐmou, to kìstoc se ekpompèc CO2, to kìstoc paragwg c kai anakÔklwshc
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proðìntwn kai ta ajroistik� kìsth, lamb�nontac upìyhn arketèc oikonomikèc
paramètrouc me gnwstèc timèc kai èqontac wc dedomèna tic bèltistec wc proc
thn apìstash diadromèc kai tic antÐstoiqec bèltistec apost�seic. Tèloc, h
epÐlush twn dÔo problhm�twn ègine me th qr sh enìc genetikoÔ algorÐjmou.

To Ðdio ètoc (2014) ègine mÐa èreuna p�nw sto Prìblhma Dromolìghshc
Oqhm�twn gia ElaqistopoÐsh thc RÔpanshc gia Dianom  kai Sullog  me Qro-
nik� Par�jura kai abèbaih z thsh (Time Window Pickup-Delivery Pollution
Routing Problem (TWPDPRP) with uncertain input data), sto opoÐo stìqoc
 tan h elaqistopoÐhsh tou kìstouc miac diadrom c [277]. Gia th montelopoÐh-
sh tou probl matoc ègine qr sh poll¸n paramètrwn tìso thc diadrom c ìso
kai tou oq matoc. Oi par�metroi pou qrhsimopoi jhkan, ektìc apì tic para-
mètrouc pou orÐzoun ta qronik� ìria kai ta ìria qwrhtikìthtac kai z thshc,
 tan: to kìstoc metafor�c metaxÔ dÔo shmeÐwn, to kìstoc thc katan�lwshc
kausÐmou, to kìstoc thc ekpomp c rÔpwn, to b�roc tou �deiou oq matoc, to
wriaÐo kìstoc tou odhgoÔ, to embadìn tou mprostinoÔ mèrouc tou oq matoc
kai h taqÔtht� tou, h tim  thc antÐstashc tou aèra kai h tim  thc olisjhrìth-
tac tou odostr¸matoc, h puknìthta tou aèra, h barutik  èlxh kai h klÐsh tou
ed�fouc.

To Ðdio ètoc (2014) ègine mÐa èreuna pou upolìgize thn katan�lwsh kau-
sÐmou kai tic ekpompèc rÔpwn me dÔo diaforetik� montèla [21]. Sto pr¸to
montèlo ègine qr sh thc mètrhshc thc stigmiaÐac taqÔthtac twn oqhm�twn me
qr sh suskeu c plo ghshc (GPS), en¸ sto deÔtero ègine qr sh thc mètrh-
shc thc mèshc taqÔthtac twn oqhm�twn. Ta dedomèna pou qrhsimopoi jhkan
 tan pragmatik�. Apì thn èreuna aut  bgaÐnei to sumpèrasma ìti to eÐdoc tou
oq matoc kai ta qarakthristik� tou paÐzoun shmantikì rìlo sth mètrhsh twn
ekpempìmenwn rÔpwn.

To 2015 pragmatopoi jhke mÐa èreuna pou aforoÔse thn an�ptuxh enìc
montèlou gia thn elaqistopoÐhsh twn ekpempìmenwn rÔpwn sto Prìblhma
Dromolìghshc Tr�ktora kai RumoulkoÔmenou me Uperbolik  Z thsh (Tra-
ctor and Semitrailer Routing Problem with Many-to-Many Demand - TSRP-
MMD) [167], to opoÐo eÐnai mÐa epèktash tou Probl matoc Dromolìghshc
Fìrtwshc kai Ekfìrtwshc (Rollon-Rollo� Vehicle Routing Problem - RRVR-
P). Sthn antikeimènikh sun�rthsh tou probl matoc autoÔ, gÐnetai o upo-
logismìc twn ekpomp¸n rÔpwn an� tonoqiliìmetro. Ta dedomèna pou qrh-
simopoi jhkan  tan paradeÐgmata pou dhmiourg jhkan apì thn sun�rthsh
{RANDOM} tou programmatistikoÔ perib�llontoc thc Matlab kai k�poia
apì aut� pou èqoun proteÐnei oi Christo�des et al. ([55], [56]). H epÐlush
tou probl matoc ègine me th qr sh enìc euretikoÔ algorÐjmou tri¸n f�se-
wn (Modi�ed Clarke and Wright Savings Heuristic Algorithm (CW) with an
Improvement Phase and a Local Search Phase). To Ðdio ètoc (2015) ègine
kai mÐa èreuna pou aforoÔse sthn epÐlush tou pr�sinou probl matoc dromo-
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lìghshc oqhm�twn kai qronoprogrammatismoÔ me th qr sh enìc algorÐjmou
prosomoiwmènhc anìpthshc [306]. Se aut n thn èreuna ègine elaqistopoÐhsh
twn ekpomp¸n rÔpwn, lamb�nontac upìyhn thn apìstash kai ènan par�go-
nta ekpomp¸n rÔpwn an� mon�da apìstashc, ton qrìno �fixhc tou oq matoc
kai to sunolikì qrìno taxidioÔ, lamb�nontac upìyhn th mèsh taqÔthta tou
oq matoc.

To 2017 pragmatopoi jhke mÐa èreuna p�nw sto Ubridikì Prìblhma Dro-
molìghshc Oqhm�twn (Hybrid Vehicle Routing Problem - HVRP), to opoÐ-
o apoteleÐ epèktash tou Pr�sinou Probl matoc Dromolìghshc Oqhm�twn
(G − V RP ) [322]. Sthn èreuna aut  qrhsimopoi jhkan oq mata pou qrhsi-
mopoioÔn ubridikèc phgèc enèrgeiac kai anaptÔqjhke èna majhmatikì montèlo
gia thn elaqistopoÐhsh tou kìstouc twn taxidi¸n twn oqhm�twn. Gia thn e-
pÐlush tou probl matoc autoÔ ègine qr sh tou algorÐjmou prosomoiwmènhc
anìpthshc me strathgik  epanekkÐnhshc (SA RS) se dÔo ekdìseic. H pr¸th
èkdosh rujmÐzei thn pijanìthta apodoq c miac qeirìterhc lÔshc apì mia su-
n�rthsh Boltzmann, en¸ h deÔterh qrhsimopoieÐ th sun�rthsh Cauchy gia
thn paragwg  thc pijanìthtac apodoq c miac qeirìterhc lÔshc.

To 2018 parousi�sthke mÐa èreuna p�nw sto oikologikì prìblhma dromo-
lìghshc oqhm�twn me mia st�sh se èna stajmì anefodiasmoÔ, pou onom�ze-
tai Pr�sino Prìblhma Dromolìghshc Oqhm�twn [8]. O stìqoc autoÔ tou
probl matoc  tan h elaqistopoÐhsh thc sunolik c apìstashc, tou qrìnou
anamon c kai tou arijmoÔ twn hlektrik¸n oqhm�twn (EV ) gia thn exuphrèth-
sh enìc sunìlou pelat¸n me thn enswm�twsh enallaktik¸n kìmbwn stajm¸n
kausÐmwn se k�je diadrom , ¸ste na exaleifjeÐ o kÐndunoc ex�ntlhshc twn
kausÐmwn. Gia thn epÐlush tou probl matoc ègine qr sh tou tropopoihmènou
algorÐjmou exoikonìmhshc Clarke kai Wright (MCWS).

Thn Ðdia qroni� (2018) parousi�sthke mÐa èreuna, ìpou sqedi�sthke to
majhmatikì montèlo tou pr�sinou anoiqtoÔ probl matoc dromolìghshc oqh-
m�twn me qronik� par�jura (GOV RPTW ) me b�sh to montèlo sunolik c ek-
pomp c (CMEM) [202]. Gia thn epÐlush tou probl matoc ègine qr sh enìc
ubridikoÔ algorÐjmou Periorismènhc Anaz thshc (tabu search) me anaz thsh
geitoni�c.

Sth sunèqeia ja anaferjoÔn oi èreunec pou aforoÔn thn epÐlush polua-
ntikeimenik¸n energeiak¸n problhm�twn dromolìghshc oqhm�twn. To 2012
parousi�sthke mÐa èreuna pou aforoÔse èna pr�sino prìblhma dromolìgh-
shc oqhm�twn dÔo antikeimenik¸n sunart sewn (bi-objective Green Vehicle
Routing Problem), sto opoÐo stìqoc  tan na brejoÔn oi lÔseic pou elaqi-
stopoioÔn thn dianuìmenh apìstash tou oq matoc kai tic ekpompèc rÔpwn tou
oq matoc [120]. H epÐlush tou probl matoc ègine me th qr sh tou Genetiko-
Ô AlgorÐjmou Mh KuriarqoÔmenhc Taxinìmhshc II (Non-dominated Sorting
Genetic Algorithm II - NSGA II). H mèjodoc me thn opoÐa upologÐzontan oi
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ekpomèc CO2  tan o pollaplasiasmìc thc apìstashc pou diènue to ìqhma me
ènan par�gonta ekpomp¸n rÔpwn. H èreuna aut   tan mia arket� kal  pro-
sp�jeia gia na parousiasteÐ èna apì ta pr¸ta poluantikeimenik� energeiak�
probl mata dromolìghshc me dedomèna thc V RPLIB, ìmwc ta apotelèsmata
den èdwsan pollèc mh kuriarqoÔmenec lÔseic, miac kai o trìpoc upologismoÔ
twn ekpempìmenwn rÔpwn exartiìtan apì thn dianuìmenh apìstash.

To 2014 parousi�sthke mÐa èreuna p�nw sto Prìblhma RÔpanshc - Dro-
molìghshc dÔo antikeimenik¸n sunart sewn (Bi-objective Pollution - Routing
Problem) [74], h opoÐa  tan basismènh sth montelopoÐhsh tou Probl matoc
RÔpanshc-Dromolìghshc (Pollution-Routing Problem) [27]. H mÐa antikei-
menik  sun�rthsh elaqistopoioÔse th sunolik  ekpomp  rÔpwn, lamb�nontac
upìyhn ìlec tic paramètrouc pou eÐqan sumperilhfjeÐ sto [27], kai h �llh ela-
qistopoioÔse thn sunolik  katan�lwsh qrìnou gia to ek�stote dromolìgio.
Ta dedomèna pou qrhsimopoi jhkan  tan paradeÐgmata me pragmatikèc gew-
grafikèc suntetagmènec kai h epÐlush tou probl matoc ègine me qr sh twn
parallag¸n tou prosarmostikoÔ algìrijmou Meg�lhc Geitoni�c Anaz thshc
(Adaptive Large Neighborhood Search Algorithm - ALNS) [73].

To Ðdio ètoc (2014) parousi�sthke mÐa èreuna pou aforoÔse thn epÐlush
enìc poluantikeimenikoÔ probl matoc dromolìghshc oqhm�twn me qronik� pa-
r�jura me treic antikeimenikèc sunart seic [195]. Sthn pr¸th antikeimenik 
sun�rthsh ginìtan h elaqistopoÐhsh tou sunolikoÔ kìstouc dromolìghshc,
sth deÔterh twn ekpomp¸n rÔpwn se CO2 kai sthn trÐth twn ekpomp¸n rÔpwn
se NOx. H epÐlush tou probl matoc ègine gia èna pragmatikì par�deigma
me th qr sh enìc euretikoÔ algorÐjmou, ìpou ta oq mata eÐqan diaforeti-
k� kìsth, qwrhtikìthtec kai suntelestèc ekpomp¸n rÔpwn. To montèlo pou
qrhsimopoi jhke perieÐqe pollèc paramètrouc, ìpwc eÐnai h amoib  tou odh-
goÔ an� mon�da qrìnou, h katan�lwsh tou �deiou oq matoc, h katan�lwsh
an� mon�da aÔxhshc tou fortÐou kai h posìthta ekpom¸n rupogìnwn ousi¸n
an�loga me thn teqnologÐa tou k�je oq matoc.

To 2016 parousi�sthke mÐa èreuna pou aforoÔse thn elaqistopoÐhsh,
tautoqrìnwc, tou kìstouc paragwg c kai thc katan�lwshc kausÐmou enìc
probl matoc dromolìghshc oqhm�twn me th qr sh enìc algìrijmou beltisto-
poÐhshc sm nouc swmatidÐwn [153]. Gia na faneÐ h apìdosh tou algorÐjmou
autoÔ, ègine sÔgkrish twn apotelesm�twn tou me ta apotelèsmata tou Gene-
tikoÔ AlgorÐjmou Mh KuriarqoÔmenhc Taxinìmhshc II (NSGA II).

To 2018 parousi�sthke mÐa èreuna pou aforoÔse to Pr�sino Prìblh-
ma Dromolìghshc Oqhm�twn me dÔo antikeimenikèc sunart seic (F −GV RP )
[233]. H epÐlush tou probl matoc ègine me qr sh tou algorÐjmou beltistopoÐ-
hshc sm nouc swmatidÐwn me �plhsto qeirist  metall�xewn kai suntelest 
epit�qunshc pou metab�lletai me to qrìno (TV a−PSOGMO). To Ðdio ètoc
(2018) parousi�sthke mÐa èreuna sthn opoÐa anaptÔqjhke èna koinì montèlo
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beltistopoÐhshc tou pr�sinou probl matoc programmatismoÔ kai dromolìgh-
shc oqhm�twn me qronik� metaballìmenec taqÔthtec (green vehicle scheduling
and routing problem with time-varying speeds), sto opoÐo exet�sthkan kai
oi prìsjetoi misjoÐ kat� th di�rkeia mh erg�simwn periìdwn, kaj¸c kai oi
periorismoÐ qronikoÔ parajÔrou [330]. Gia thn epÐlush tou probl matoc ègi-
ne qr sh enìc prosarmostikoÔ algorÐjmou anaz thshc meg�lhc geitoni�c. H
èreuna aut  anafèrei ìti h suntomìterh diadrom  den exasfalÐzei ligìterh
katan�lwsh enèrgeiac kai ìti o qrìnoc anaq¸rhshc ephre�zei shmantik� thn
katan�lwsh kausÐmwn kai ta epÐpeda CO2.

Sth sunèqeia ja anaferjoÔn oi èreunec pou diex qjhkan p�nw sto Po-
luantikeimenikì Energeiakì Prìblhma Dromolìghshc Oqhm�twn me Polla-
plèc Apoj kec. To 2017 pragmatopoi jhke mÐa èreuna p�nw sto Pr�sino
Prìblhma Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec, to opoÐo eÐqe
wc stìqo thn elaqistopoÐhsh tou kìstouc kai twn ekpomp¸n [116]. Gia thn
epÐlush tou probl matoc ègine qr sh enìc algìrijmou basismènou sth Bel-
tistopoÐhsh ApoikÐac Murmhgki¸n (ACO) me th qr sh metablht c geitoni�c
anaz thshc, h opoÐa qrhsimopoi jhke gia thn epÐlush peript¸sewn meg�lhc
klÐmakac. To 2019 anaptÔqjhke èna montèlo probl matoc dromolìghshc me
pollaplèc apoj kec (Multi-Depot Vehicle Routing Problem - MDVRP), lam-
b�nontac upìyhn ta pr�sina krit ria, kai epilÔjhke me th qr sh tou algo-
rÐjmou BeltistopoÐhshc ApoikÐac Murmhgki¸n (ACO) [331]. H lÔsh gia to
montèlo autì eÐnai qr simh gia tic etaireÐec pou qrhsimopoioÔn Enallaktik�
KaÔsima (AFV ), ¸ste na antimetwpistoÔn ta empìdia pou prokaloÔntai apì
ton periorismèno arijmì stajm¸n enallaktik¸n kausÐmwn.

To 2019, epÐshc, ègine mÐa èreuna p�nw se èna montèlo sto opoÐo èna
prìblhma pollapl¸n apojhk¸n dromolìghshc oqhm�twn me qronik� par�ju-
ra (Multi-Depot Vehicle Routing Problem with Time Windows - MDVR-
PTW) enswmat¸jhke stic strathgikèc apof�seic pou sqetÐzontai me to sqe-
diasmì tou diktÔou [103]. Gia thn epÐlush tou probl matoc qrhsimopoi jhke
o algìrijmoc beltistopoÐhshc sm nouc swmatidÐwn (PSO), o algìrijmoc mh-
qanismoÔ hlektromagnhtismoÔ (EMA) kai o algìrijmoc teqnht c apoikÐac
meliss¸n (ABC), ìpou k�je ènac algìrijmoc apì autoÔc ubridopoi jhke me
èna algìrijmo metablht c geitoni�c anaz thshc (V NS). Ta apotelèsmata
twn algorÐjmwn sugkrÐjhkan metaxÔ touc kai me ènan ubridikì genetikì al-
gìrijmo (GA) kai apì th sÔgkrish aut  bg ke to sumpèrasma ìti ta mètwpa
Pareto pou par�gontai apì ton ubridikì algìrijmo mhqanismoÔ hlektroma-
gnhtismoÔ (EMA) kuriarqoÔn sta mètwpa Pareto pou par�gontai apì touc
upìloipouc algorÐjmouc.

To Ðdio ètoc (2019) parousi�sthke mÐa èreuna gia to Poluantikeimenikì
Energeiakì Prìblhma Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec, sto
opoÐo ginìtan h megistopoÐhsh twn esìdwn kai h elaqistopoÐhsh tou kìstouc,

39



tou qrìnou kai twn ekpomp¸n [169]. H epÐlush tou probl matoc ègine me
th qr sh enìc beltiwmènou algorÐjmou beltistopoÐhshc apoikÐac murmhgki¸n
(IACO), o opoÐoc qrhsimopoÐhse mÐa kainotìmo prosèggish gia thn enhmèrwsh
thc feromìnhc kai autì eÐqe wc apotèlesma na odhg sei se kalÔterec lÔseic.

Mia pl rh bibliografik  èreuna p�nw sthn Energeiak  Efodiastik  A-
lusÐdac up�rqei sta ([270], [328]), en¸ gia to Prìblhma Dromolìghshc O-
qhm�twn me èmfash sth meÐwsh thc energeiak c katan�lwshc kai twn rÔpwn
up�rqei sta ([156], [173], [65]). Tèloc, mia sunoptik  perigraf  arket¸n mo-
ntèlwn gia thn elaqistopoÐhsh thc katan�lwshc kai twn ekpempìmenwn rÔpwn
twn oqhm�twn up�rqei sto [75].
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5. MontelopoÐhsh Poluantikeimenik¸n Energeiak¸n Problh-
m�twn Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec
(Formulation of Multiobjective Energy Multi - Depot Vehicle
Routing Problems)

5.1. Eisagwg 

Probl mata thc pragmatik c zw c, pou aforoÔn kurÐwc dÐktua dianom c,
eÐnai polÔ pio perÐploka kai polÔpleura ìtan ikanopoioÔn epiqeirhsiakoÔc, ta-
ktikoÔc kai strathgikoÔc stìqouc ([193], [64]). 'Opwc eÐnai  dh gnwstì, to
klasikì V RP eÐnai kat�llhlo gia thn epÐlush problhm�twn miac apoj khc,
en¸ se poll� dÐktua efodiastik c alusÐdac apaitoÔntai pio isqurèc kai olo-
klhrwmènec proseggÐseic, ìpwc eÐnai to Prìblhma Dromolìghshc Oqhm�twn
me Pollaplèc Apoj kec (Multi-Depot Vehicle Routing Problem - MDVRP),
miac kai apoteloÔntai apì pollèc apoj kec kai pollapl� shmeÐa par�doshc.
Epiplèon, up�rqei mia auxanìmenh pÐesh stic epiqeir seic, kurÐwc se autèc pou
sqetÐzontai me metaforèc kai efodiasmì, ìson afor� thn elaqistopoÐhsh twn
periballontik¸n touc apotupwm�twn. Epomènwc, eÐnai se auxanìmenh z thsh
h an�ptuxh montèlwn ikan¸n na antimetwpÐsoun tic oikonomikèc, koinwnikèc
kai periballontikèc prokl seic, ìson afor� th diaqeÐrish kai th leitourgÐa
twn diktÔwn efodiastik c alusÐdac.

Apì ta parap�nw eÐnai emfan c h epitaktik  an�gkh gia dhmiourgÐa mÐac
montelopoÐhshc gia thn epÐlush energeiak¸n problhm�twn dromolìghshc o-
qhm�twn me pollaplèc apoj kec. To prìblhma, ìpwc montelopoi jhke sthn
paroÔsa didaktorik  diatrib , upologÐzei kat� prosèggish thn katan�lwsh
kausÐmou se mon�dec ìgkou se paradeÐgmata bibliografÐac, sta opoÐa lam-
b�nontai upìyhn, arqik�, h dianuìmenh apìstash kai to metaferìmeno for-
tÐo, kai sth sunèqeia se pio perÐploka paradeÐgmata sth biblliografÐa, sta
opoÐa lamb�nontai upìyhn epiplèon par�metroi miac diadrom c (klÐsh tou o-
dostr¸matoc, kairikèc sunj kec, sumperifor� tou odhgoÔ). Ektìc apì ton
parap�nw stìqo thc paroÔsac didaktorik c diatrib c, �lloc stìqoc eÐnai h
parousÐash twn montelopoi sewn tess�rwn poluantikeimenik¸n problhm�twn
me pollaplèc apoj kec, pou èqoun stìqo thn tautìqronh elaqistopoÐhsh tou
qrìnou enìc dromologÐou kai thc katan�lwshc kausÐmou tou oq matoc tìso
se perib�llonta ìpou den lamb�nontai upìyhn (  den eÐnai gnwstèc) oi epi-
plèon par�metroi miac diadrom c, ìso kai se perib�llonta ìpou lamb�nontai
upìyhn (  eÐnai gnwstèc) oi epiplèon par�metroi miac diadrom c.

Sto epìmeno kef�laio ja anaferjeÐ to skeptikì pou akolouj jhke gia
th dhmiourgÐa thc proteinìmenhc montelopoÐhshc sthn paroÔsa didaktorik 
diatrib . Prèpei na shmeiwjeÐ ìti h proteinìmenh montelopoÐhsh eÐqe wc
b�sh thn montelopoÐhsh tri¸n diaforetik¸n kathgori¸n problhm�twn dro-
molìghshc oqhm�twn: twn Energeiak¸n Problhm�twn Dromolìghshc Oqh-
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m�twn, twn Problhm�twn Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec
kai twn Poluantikeimenik¸n Problhm�twn Dromolìghshc Oqhm�twn. Tèloc,
sto teleutaÐo kef�laio ja parousiasteÐ h montelopoÐhsh twn proteinìmenwn
Poluantikeimenik¸n Energeiak¸n Problhm�twn Dromolìghshc Oqhm�twn me
Pollaplèc Apoj kec.

5.2. Jewrhtikì Upìbajro gia thn proteinìmenh montelopoÐhsh (Theoretical
Background for the proposed formulation)

Sth sunèqeia paratÐjontai ta probl mata apì ta opoÐa antl jhkan oi
kat�llhlec plhroforÐec gia tic montelopoi seic twn proteinìmenwn problh-
m�twn. 'Ena meg�lo tm ma thc pr¸thc antikeimenik c sun�rthshc, pou ja
qrhsimopoihjeÐ sta poluantikeimenik� probl mata pou ja parousiastoÔn sth
sunèqeia, eÐnai apìrroia thc montelopoÐhshc tou Probl matoc ElaqistopoÐ-
hshc thc Qronik c Di�rkeiac Diadrom c (Time Reduction Vehicle Routing
Problem - TRVRP). H sugkekrimènh antikeimenik  sun�rthsh elaqistopoieÐ
th sunolik  di�rkeia tou taxidioÔ, dhlad  elaqistopoieÐ to qrìno ektèleshc
(Time Reduction - TR) enìc dromologÐou apì th stigm  pou ta oq mata xeki-
noÔn apì thn apoj kh èwc th stigm  pou epistrèfoun se aut , kai den all�zei
eÐte prìkeitai gia èna prìblhma dianom c eÐte gia èna prìblhma sullog c pro-
ðìntwn.

Gia thn montelopoÐhsh twn proteinìmenwn problhm�twn qrhsimopoi jhke
h montelopoÐhsh tou Probl matoc ElaqistopoÐhshc thc Katan�lwshc Kau-
sÐmou gia Dromolìgia me Paramètrouc Diadrom c (Route-based Fuel Consum-
ption Vehicle Routing Problem - RFCVRP) pou prot�jhke apì touc Xiao et
al [305]. Sth montelopoÐhsh aut , h Katan�lwsh KausÐmou (ìgkoc twn kau-
sÐmwn) enìc oq matoc (Fuel Consumption - FC) metrhmènh se mon�dec ìgkou
kausÐmou (p.q. lÐtra) apì ènan kìmbo i se ènan kìmbo j upologÐzetai apì thn
sun�rthsh:

FCij = dij(1 +
yij
Q

), (1)

ìpou dij eÐnai h apìstash apì ènan kìmbo i se ènan kìmbo j, Q eÐnai h sunoli-
k  qwrhtikìthta tou oq matoc kai yij eÐnai to fortÐo pou metafèrei to ìqhma
apì ton kìmbo i ston kìmbo j. AxÐzei na shmeiwjeÐ ìti o bajmìc katan�lw-
shc kausÐmou (FCR) eÐnai h posìthta pou upologÐzetai apì thn pr�xh thc
parènjeshc tou tÔpou kai sun jwc metr�tai se lÐtra an� qiliìmetro (lt/km)
(mon�dec ìgkou an� mon�da apìstashc).

Sto sugkekrimèno tÔpo, ìmwc, up�rqei èna shmantikì meionèkthma: den
lamb�netai kajìlou upìyhn ìti mia diadrom  mporeÐ na perilamb�nei kai �llec
paramètrouc pragmatik¸n sunjhk¸n, k�ti pou apoteleÐ shmantikì par�gonta
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ston upologismì thc katan�lwshc kausÐmou enìc oq matoc ([161], [120], [57]).
K�poioi par�gontec eÐnai h kl�sh tou oq matoc, h odhgik  sumperifor� kai
�llec par�metroi diadrom c [161], en¸ �llec eÐnai h taqÔthta kai h epit�qunsh
tou oq matoc, oi kairikèc sunj kec (kat� mètwpo kai kat� pl�th �nemo) kai h
kukloforiak  sumfìrhsh [120]. EpÐshc, �lloc par�gontac eÐnai h klÐsh tou
ed�fouc [57] kai sugkekrimèna to epitreptì eÔroc klÐshc tou odostr¸matoc
p�nw sto opoÐo mporeÐ na kinhjeÐ èna ìqhma eÐnai apì 0% èwc 10% bajmoÔc,
sÔmfwna me th sugkekrimènh èreuna.

Gia thn antimet¸pish autoÔ tou meionekt matoc, prostèjhke, ston proh-
goÔmeno tÔpo, ènac epiplèon par�gontac pou antiproswpeÔei tic sunj kec thc
diadrom c. O par�gontac autìc sumbolÐzetai wc r kai eÐnai ènac jetikìc arij-
mìc pou apoteleÐ sun�rthsh thc klÐshc tou odostr¸matoc, thc taqÔthtac kai
thc for�c tou anèmou kai thc odhgik c sumperifor�c tou odhgoÔ. Epomènwc,
o tÔpoc thc katan�lwshc kausÐmou, lamb�nontac upìyhn kai tic epiplèon pa-
ramètrouc diadrom c, sumperilambanomènwn thc dianuìmenhc apìstashc kai
tou fortÐou pou metafèrei to ìqhma se aut  thn apìstash, dÐnetai apì thn
parak�tw sun�rthsh thc Katan�lwshc KausÐmou me Paramètrouc Diadrom c
(Route-based Fuel Consumption - RFC) [342]:

RFCij = dij(1 +
yij
Q

)rij = FCijrij, (2)

ìpou dij eÐnai h apìstash apì ènan kìmbo i se ènan kìmbo j, Q eÐnai h sunolik 
qwrhtikìthta tou oq matoc, yij eÐnai to fortÐo pou metafèrei to ìqhma apì
ton kìmbo i ston kìmbo j kai rij eÐnai oi par�metroi thc diadrom c apì ton
kìmbo i ston kìmbo j. Ed¸ axÐzei na shmeiwjeÐ ìti ja mporoÔse to rij 6= rji,
miac kai an apì èna shmeÐo i proc èna shmeÐo j jewrhjeÐ ìti o drìmoc eÐnai
anhforikìc, tìte kai apì to shmeÐo j proc to shmeÐo i o drìmoc ja eÐnai
Ðdiac apìstashc all� kathforikìc, an up�rqei epiplèon h paradoq  ìti ìloi
oi drìmoi eÐnai dipl c kateÔjunshc. Autèc oi paradoqèc odhgoÔn to prìblhma
pou epilÔetai se mh-summetrikì. Epiplèon, an rij < 1, tìte jewroÔme ìti h
diadrom  apì to i sto j eÐnai kathforik    o aèrac eÐnai dunatìc kai qtup�ei
to ìqhma kat� pl�th   ìti o odhgìc odhgeÐ arket� omal� to ìqhm� tou. En¸
an rij > 1, upojètoume ìti h diadrom  apì to i sto j eÐnai anhforik    o
aèrac eÐnai dunatìc kai qtup�ei to ìqhma kat� mètwpo   ìti o odhgìc odhgeÐ
arket� {epijetik�} to ìqhm� tou. Tèloc, an rij = 1 ∀(i, j) pou an kei sthn
diadrom , tìte jewroÔme ìti den up�rqei klÐsh sto èdafoc, up�rqei �pnoia kai
ìti o odhgìc odhgeÐ me ton kalÔtero trìpo, opìte to prìblhma metatrèpetai
se summetrikì kai isqÔei ìti RFCij = FCij.

H par�metroc rij upologÐzetai lamb�nontac upìyhn ìti h klÐsh tou odo-
str¸matoc mporeÐ na eÐnai apì 0% èwc 10% bajmoÔc (Grades) eÐte anhfìra
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eÐte kathfìra, ìti h taqÔthta tou anèmou metrhmènh sthn klÐmaka Beaufort
mporeÐ na ft�sei apì 0 èwc 12 mon�dec thc klÐmakac [60] (eÐte kat� mètwpo
eÐte kat� pl�th) kai ìti h pr�sinh perioq  (perioq  qamhl c katan�lwshc) tou
rologioÔ mètrhshc twn strof¸n an� leptì tou kinht ra (rounds per minute
- rpm) enìc tr�ktora m�rkac {Scania} (Qwrhtikìthta Mhqan c: 9 lÐtra, E-
nergeiak c Kl�shc: Euro 5 kai me apìdosh 230 Ðppouc (Hp) stic 1900 rpm)
[344] eÐnai metaxÔ 1000 rpm kai 1500 rpm me mègisto arijmì strof¸n stic
3000 rpm, dhlad  h katan�lwsh paramènei se qamhl� epÐpeda ìso o odhgìc
all�zei th sqèsh twn taqut twn omal� prin to ìqhma xeper�sei tic 1500 stro-
fèc. Epomènwc, h tim  thc paramètrou rij apì èna kìmbo i proc èna kìmbo j
dÐnetai apì ton akìloujo tÔpo [342]:

rij =
Gij +Bij

2
· rpmij

1500
, (3)

ìpouGij eÐnai ènac DeÐkthc KlÐshc (Grade Index), Bij eÐnai DeÐkthcBeaufort
(Beaufort Index) kai rpmij eÐnai oi strofèc an� leptì tou kinht ra tou oq ma-
toc. Sto montèlo pou ja qrhsimopoihjeÐ, up�rqoun dÔo diaforetikoÐ tÔpoi gia
ton upologismì twn dÔo deikt¸n, lamb�nontac upìyhn ton �nemo (kat� mètwpo
  kat� pl�th)   to odìstrwma (anhfìra   kathfìra), ìpwc faÐnetai kai ston
akìloujo pÐnaka [342]:

PÐnakac 1: DeÐkthc KlÐshc kai DeÐkthc Beaufort

Grade Index (Gij) Beaufort Index (Bij)

Anhfìra Kathfìra 'Anemoc kat� mètwpo 'Anemoc kat� pl�th
1+(Grade/10%) 1-(Grade/10%) 1+(Beaufort/12) 1-(Beaufort/12)

Gia thn proteinìmenh montelopoÐhsh, shmantikì rìlo èpaixan kai oi mo-
ntelopoi seic dÔo Energeiak¸n Problhm�twn Dromolìghshc Oqhm�twn: tou
Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia
Dianom c me Paramètrouc Diadrom c (Delivery Route-based Fuel Consum-
ption Vehicle Routing Problem - DRFCVRP) kai tou Probl matoc Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c me Pa-
ramètrouc Diadrom c (Pickup Route-based Fuel Consumption Vehicle Rou-
ting Problem - PRFCVRP). To Prìblhma ElaqistopoÐhshc thc Katan�lwshc
KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c (DRFCV RP )
èqei wc stìqo thn elaqistopoÐhsh thc katan�lwshc kausÐmou, lamb�nontac
upìyhn th dianuìmenh apìstash pou dianÔei èna fortwmèno ìqhma pollapla-
siasmènh kai me �llec paramètrouc diadrom c, ìtan to ìqhma ekteleÐ mìno
dianom  proðìntwn. Sto prìblhma autì, to ìqhma xekin�ei me tìso fortÐo
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ìsh kai h z thsh twn pelat¸n pou èqei programmatisteÐ na episkefjeÐ kai na
exuphret sei sto dromolìgiì tou kai ìqi gem�to (ektìc an h z thsh twn pe-
lat¸n eÐnai Ðsh me thn mègisth qwrhtikìtht� tou), miac kai k�ti tètoio odhgeÐ
sthn �skoph katan�lwsh perissìterou kausÐmou. Tèloc, prèpei na tonisteÐ
ìti k�je for� pou to ìqhma exuphreteÐ ènan pel�th, to fortÐo tou mei¸netai
tìso ìsh  tan kai h z thsh tou pel�th autoÔ kai ìti ìtan telei¸sei kai h
exuphrèthsh tou teleutaÐou pel�th, to ìqhma epistrèfei sthn apoj kh �deio.
To Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia
Sullog c me Paramètrouc Diadrom c (PRFCV RP ) èqei wc stìqo thn ela-
qistopoÐhsh thc katan�lwshc kausÐmou, lamb�nontac upìyhn thn dianuìmenh
apìstash pou dianÔei èna fortwmèno ìqhma pollaplasiasmènh me �llec pa-
ramètrouc diadrom c, ìtan to ìqhma ekteleÐ mìno sullog  proðìntwn. Sto
prìblhma autì, to ìqhma xekin�ei �deio apì thn apoj kh kai epistrèfei me
tìso fortÐo ìsh kai h proc sullog  posìthta twn pelat¸n pou èqei pro-
grammatisteÐ na episkefjeÐ kai na exuphret sei sto dromolìgiì tou. Tèloc,
prèpei na tonisteÐ ìti k�je for� pou to ìqhma exuphreteÐ ènan pel�th, to
fortÐo tou aux�netai tìso ìsh  tan kai h posìthta pou sullèqjhke apì ton
pel�th autìn kai ìti ìtan telei¸sei kai h exuphrèthsh tou teleutaÐou pe-
l�th, to ìqhma epistrèfei sthn apoj kh me tìso fortÐo ìsh kai h sunolik 
posìthta pou tou èqoun enapojèsei oi pel�tec.

Shmantikì rìlo gia thn proteinìmenh montelopoÐhsh èpaixe kai h montelo-
poÐhsh tou Probl matoc Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec
(Multi-Depot Vehicle Routing Problem - MDVRP). To prìblhma autì eÐnai
mia parallag  tou Probl matoc Dromolìghshc Oqhm�twn pou qrhsimopoieÐ
parap�nw apì mÐa apoj kec kai stìqoc tou eÐnai na brejoÔn oi diadromèc twn
oqhm�twn pou an koun se k�je mÐa apoj kh. Gia thn epÐlush autoÔ tou pro-
bl matoc up�rqoun dÔo peript¸seic. H mÐa perÐptwsh eÐnai h k�jemia apì tic
apoj kec na èqei to dikì thc arijmì oqhm�twn kai touc dikoÔc thc pel�tec,
en¸ sthn �llh perÐptwsh èna ìqhma xekin�ei apì mia apoj kh kai   termatÐzei
se mia �llh   endi�mesa stamat�ei se k�poia �llh apoj kh gia na fort¸sei
kai suneqÐzei th diadrom  tou. To prìblhma mporeÐ na epilujeÐ san prìblhma
dÔo f�sewn, ìpou sthn pr¸th f�sh up�rqei h an�jesh twn pelat¸n stic apo-
j kec kai sth deÔterh f�sh up�rqei h dhmiourgÐa twn dromologÐwn gia k�je
mÐa apoj kh kai gia k�je èna ìqhma.

H proteinìmenh montelopoÐhsh eÐnai apìrroia kai thc montelopoÐhshc twn
Poluantikeimenik¸n Energeiak¸n Problhm�twn Dromolìghshc Oqhm�twn
(Multiobjective Energy Vehicle Routing Problems - MEVRP) kai sugkekri-
mèna tou PoluantikeimenikoÔ SummetrikoÔ kai Mh-SummetrikoÔ Probl matoc
ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me
Paramètrouc Diadrom c (Multiobjective Symmetric and Asymmetric Delivery
Route-based Fuel Consumption Vehicle Routing Problem) kai tou Poluanti-
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keimenikoÔ SummetrikoÔ kai Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc
thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Dia-
drom c (Multiobjective Symmetric and Asymmetric Pick-up Route-based Fuel
Consumption Vehicle Routing Problem) [342]. To Poluantikeimenikì Sum-
metrikì Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromo-
lìgia Dianom c me Paramètrouc Diadrom c èqei wc stìqo thn elaqistopoÐhsh
thc sunolik c qronik c di�rkeiac tou dromologÐou kai, sugqrìnwc, thn ela-
qistopoÐhsh thc katan�lwshc kausÐmou gia dromolìgia dianom c, ìtan ìloi
oi pel�tec èqoun z thsh. To Poluantikeimenikì Mh-Summetrikì Prìblhma
ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me
Paramètrouc Diadrom c èqei ton Ðdio stìqo me to prohgoÔ-meno prìblhma me
th diafor� ìti sth montelopoÐhsh summetèqei h austhr� jetik  par�metroc
rij gia thn opoÐa isqÔei rij 6= rji, miac kai to prìblhma eÐnai mh-summetrikì.
To Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐhshc thc Katan�lw-
shc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c èqei wc
stìqo thn elaqistopoÐhsh thc sunolik c qronik c di�rkeiac tou dromologÐou
kai, sugqrìnwc, thn elaqistopoÐ-hsh thc katan�lwshc kausÐmou gia dromo-
lìgia sullog c, ìtan ìloi oi pel�tec èqoun mia posìthta proðìntwn pou prèpei
na sulleqjeÐ apì to ìqhma. Tèloc, to Poluantikeimenikì Mh-Summetrikì
Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Sul-
log c me Paramètrouc Diadrom c èqei ton Ðdio stìqo me to prohgoÔmeno
prìblhma me th diafor� ìti sth montelopoÐhsh summetèqei h austhr� jeti-
k  par�metroc rij gia thn opoÐa isqÔei rij 6= rji, miac kai to prìblhma eÐnai
mh-summetrikì.

5.3. Poluantikeimenik� Energeiak� Probl mata Dromolìghshc Oqhm�twn
me Pollaplèc Apoj kec (Multiobjective Energy Multi-Depot Vehicle Rou-
ting Problem)

Sthn sÔgqronh koinwnÐa, pollèc forèc oi epiqeir seic sun jwc èqoun na
antimetwpÐsoun thn elaqistopoÐhsh parap�nw tou enìc krithrÐou. Epiplèon,
up�rqoun pollèc etaireÐec pou èqoun parap�nw apì mÐa apoj kec, kai ja  je-
lan na tic diaqeiristoÔn me ton kalÔtero dunatì trìpo gia thn epÐteuxh twn
stìqwn touc. EpÐshc, pollèc forèc mia etaireÐa mporeÐ na qreiasteÐ na jèsei
diaforetik  barÔthta se k�je krit rio. Gia par�deigma, mporeÐ mia mèra ta
metaferìmena proðìnta miac etaireÐac na eÐnai eupaj , k�ti pou qr zei �meshc
metafor�c, opìte ja prèpei na epilèxei èna dromolìgio pou na ekteleÐtai se
sÔntomo qronikì di�sthma akìma kai me to endeqìmeno uyhlìterhc katan�lw-
shc kausÐmou. Up�rqoun ìmwc peript¸seic, ìpou den eÐnai �mesa emfanèc to
krit rio sto opoÐo ja prèpei na d¸sei èmfash mia etaireÐa, opìte ekeÐ ja prèpei
na èqei apì prin ètoimec strathgikèc, ¸ste na epilèxei ekeÐnh pou ja k�nei a-
n�loga me ta sumfèront� thc. Apì ta parap�nw eÐnai emfan c h an�gkh gia
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montelopoÐhsh twn proteinìmenwn poluantikeimenikwn problhm�twn pou ja
parousiastoÔn sth sunèqeia.

5.3.1. ParousÐash kai An�lush MontelopoÐhshc Proteinìmenwn Poluanti-
keimenik¸n Problhm�twn (Presentation and Formulation of Proposed
Multi-Objective Problems)

To Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐhshc thc Kata-
n�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Symmetric Delivery Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem) qrhsimopoieÐ kai ela-
qistopoieÐ sugqrìnwc dÔo antikeimenikèc sunart seic. H pr¸th antikeimenik 
sun�rthsh (objective function 1 - OF1) èqei wc stìqo thn elaqistopoÐhsh thc
sunolik c qronik c di�rkeiac tou dromologÐou, en¸ h deÔterh (objective fu-
nction 2 - OF2) èqei wc stìqo thn elaqistopoÐhsh thc katan�lwshc kausÐmou
gia dromolìgia dianom c, ìtan ìloi oi pel�tec èqoun z thsh.

H diadikasÐa montelopoÐhshc tou probl matoc eÐnai h ex c: èstw ìti tκij
eÐnai o qrìnoc met�bashc enìc oq matoc κ, mègisthc qwrhtikìthtac Q, apì
èna kìmbo i se èna kìmbo j kai sκj eÐnai o qrìnoc pou apaiteÐtai apì to ìqhma
κ na exuphret sei ton pel�th j me z thsh Dj. Epiplèon, èstw ìti to n eÐnai o
arijmìc twn kìmbwn tou probl matoc, to m eÐnai o arijmìc twn panomoiìtu-
pwn oqhm�twn pou qrhsimopoioÔntai, to yκij eÐnai to fortÐo enìc oq matoc κ
pou metafèretai apì èna kìmbo i se èna kìmbo j, oi apoj kec eÐnai to sÔnolo
Π = {I1, I2, ...Iπ} tou sunìlou twn n kìmbwn, ìpou i = j = I1, I2, ...Iπ, to π
eÐnai o arijmìc twn panomoiìtupwn apojhk¸n, to {I1, I2, ...Iπ, 2, 3, ..., n} eÐnai
to sÔnolo twn kìmbwn kai gia tic apoj kec isqÔei DI1 = DI2 = ... = DIπ = 0.
EpÐshc, èstw ìti oi pel�tec èqoun  dh katanemhjeÐ sta oq mata, lamb�nontac
upìyh touc periorismoÔc thc qwrhtikìthtac twn oqhm�twn kai thc qronik c

di�rkeiac, tìte yκI1j =
n∑

i=I1

Di gia k�je ìqhma, miac kai k�je ìqhma xekin�ei apì

thn apoj kh me tìso fortÐo ìso kai to �jroisma thc z thshc twn pelat¸n
tou dromologÐou tou. 'Alla dedomèna tou probl matoc eÐnai ìti to cij eÐnai h
apìstash apì ènan kìmbo i se ènan kìmbo j kai ìti to xκij èqei tim  1, e�n to
ìqhma κ episkèptetai ton pel�th j amèswc met� ton pel�th i, kai 0 se k�je
�llh perÐptwsh. AxÐzei na shmeiwjeÐ ìti k�je ìqhma epistrèfei p�nta sthn
apoj kh apì ìpou xekin� kai den episkèptetai �llh apoj kh kat� th di�rkeia
tou dromologÐou tou. Epiplèon, den up�rqei met�bash metaxÔ twn apojhk¸n
(gia par�deigma apì thn apoj kh I1 sthn I3). Tèloc, prèpei na shmeiwjeÐ
ìti, afoÔ to prìblhma eÐnai summetrikì, den eÐnai aparaÐthto na summet�sqei
sth montelopoÐhsh h par�metroc rij, miac kai sthn perÐptwsh aut  jewreÐtai
ìti den up�rqei klÐsh sto èdafoc, up�rqei �pnoia kai o odhgìc odhgeÐ me ton
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kalÔtero trìpo, dhlad  up�rqoun tèleiec sunj kec paramètrwn diadrom c.
Epomènwc, sthn perÐptwsh aut , h par�metroc rij isoÔtai me 1. Lamb�no-
ntac upìyhn ìla ta parap�nw, parousi�zetai sth sunèqeia h montelopoÐhsh
tou PoluantikeimenikoÔ SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Ka-
tan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Symmetric Delivery Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem) [240]:

minOF1 =
n∑

i=I1

n∑
j=1

m∑
κ=1

(tκij + sκj )x
κ
ij (4)

minOF2 =
Iπ∑
h=I1

n∑
j=2

m∑
κ=1

chjx
κ
hj(1 +

yκhj
Q

)rhj +

+
n∑
i=2

n∑
j=I1

m∑
κ=1

cijx
κ
ij(1 +

yκi−1,i −Di

Q
)rij (5)

upì:

n∑
j=I1

m∑
κ=1

xκij = 1, i = I1, · · · , n (6)

n∑
i=I1

m∑
κ=1

xκij = 1, j = I1, · · · , n (7)

n∑
j=2

Di

n∑
j=1

xκij 6 Qκ, i = I1, · · · , n, κ = 1, · · · ,m (8)

n∑
j=I1

xκij −
n∑

j=I1

xκji = 0, i = I1, · · · , n, κ = 1, · · · ,m (9)

n∑
j=I1,j 6=i

yκji −
n∑

j=I1,j 6=i

yκij = Di, i = I1, · · · , n, κ = 1, · · · ,m (10)
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Qxκij ≥ yκij, i, j = I1, · · · , n, κ = 1, · · · ,m (11)

n∑
j=I1

xκij 6 |S| − 1, gia ìla ta S ⊆ {2, · · · , n}, κ = 1, · · · ,m (12)

xκij =

{
1, e�n (i, j) an koun sthn diadrom 
0, diaforetik�

(13)

Oi dÔo pr¸toi periorismoÐ (6 kai 7) egguoÔntai ìti k�je pel�thc prèpei
na ton episkefjeÐ èna mìno ìqhma. O trÐtoc periorismìc (8) eÐnai o periori-
smìc thc qwrhtikìthtac tou oq matoc, o opoÐoc diabebai¸nei ìti h ajroistik 
z thsh twn pelat¸n tou den ja xeper�sei thn qwrhtikìtht� tou. O tètar-
toc periorismìc (9) diabebai¸nei ìti k�je ìqhma pou eisèrqetai se ènan kìmbo
prèpei na apoqwreÐ kai apì autìn, en¸ o pèmptoc periorismìc (10) eggu�tai
ìti h meÐwsh tou fortÐou, ìtan èna ìqhma exuphret sei ènan kìmbo-pel�th,
eÐnai Ðsh me thn z thsh tou kìmbou autoÔ. O epìmenoc periorismìc (11) qrhsi-
mopoieÐtai gia na oriojet sei to mègisto ìrio fortÐou pou metafèrei èna ìqhma
kai na jèsei to yκij = 0, ìtan xκij = 0. O proteleutaÐoc periorismìc (12) eÐnai
o upoqrewtikìc periorismìc ex�leiyhc upokÔklwn (Subtour elimination con-
straint), o opoÐoc empodÐzei touc upokÔklouc stic diadromèc. O teleutaÐoc
periorismìc (13) eggu�tai ìti h metablht  apìfashc mporeÐ na p�rei tic timèc
0   1.

To Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐhshc thc Ka-
tan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Asymmetric Delivery Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem) qrhsimopoieÐ kai ela-
qistopoieÐ sugqrìnwc dÔo antikeimenikèc sunart seic. H pr¸th antikeimenik 
sun�rthsh (objective function 1 - OF1) èqei wc stìqo thn elaqistopoÐhsh
thc sunolik c qronik c di�rkeiac tou dromologÐou kai h deÔterh (objective fu-
nction 2 - OF2) èqei wc stìqo thn elaqistopoÐhsh thc katan�lwshc kausÐmou
gia dromolìgia dianom c, ìtan ìloi oi pel�tec èqoun z thsh. Ed¸ axÐzei na
shmeiwjeÐ ìti oi dÔo antikeimenikèc sunart seic pou qrhsimopoi jhkan gia thn
epÐlush tou probl matoc, kaj¸c kai h diadikasÐa montelopoÐhshc eÐnai ìpwc
perigr�fthke sto Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐ-
hshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc
Diadrom c me Pollaplèc Apoj kec. H diafor� èggutai sto ìti, afoÔ to
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prìblhma eÐnai mh-summetrikì, summetèqei sth montelopoÐhsh h austhr� jeti-
k  par�metroc rij gia thn opoÐa isqÔei: rij 6= rji.

To Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐhshc thc Kata-
n�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Symmetric Pick-up Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem) qrhsimopoieÐ kai ela-
qistopoieÐ sugqrìnwc dÔo antikeimenikèc sunart seic. H pr¸th antikeimenik 
sun�rthsh (objective function 1 - OF1) èqei wc stìqo thn elaqistopoÐhsh
thc sunolik c qronik c di�rkeiac tou dromologÐou, kai eÐnai Ðdia me aut  pou
perigr�fthke sto Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐ-
hshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc
Diadrom c me Pollaplèc Apoj kec. H deÔterh (objective function 3 - OF3)
èqei wc stìqo thn elaqistopoÐhsh thc katan�lwshc kausÐmou gia dromolìgia
sullog c, ìtan ìloi oi pel�tec èqoun mia posìthta proðìntwn pou prèpei na
sulleqjeÐ apì to ìqhma. H exÐsws  thc dÐnetai parak�tw:

minOF3 =
Iπ∑
h=I1

n∑
j=2

m∑
κ=1

chjx
κ
hjrhj +

n∑
i=2

n∑
j=I1

m∑
κ=1

cijx
κ
ij(1 +

yκi−1,i +Di

Q
)rij (14)

H diadikasÐa montelopoÐhshc tou probl matoc eÐnai Ðdia me tou Poluanti-
keimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc
KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c me Pollaplèc
Apoj kec. H diafor� eÐnai ìti yκI1j = 0 gia k�je ìqhma, miac kai xekin�ei apì
thn apoj kh �deio kai epistrèfei se aut  me tìso fortÐo ìso kai to �jroi-
sma thc posìthtac pou sullèqjhke apì touc pel�tec tou dromologÐou tou.
EpÐshc, ìti se aut n thn perÐptwsh, to Di eÐnai h posìthta sullog c apì ton
pel�th i.

To Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐhshc thc Ka-
tan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Asymmetric Pick-up Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem) qrhsimopoieÐ kai ela-
qistopoieÐ sugqrìnwc dÔo antikeimenikèc sunart seic. H pr¸th antikeimenik 
sun�rthsh (objective function 1 - OF1) èqei wc stìqo thn elaqistopoÐhsh thc
sunolik c qronik c di�rkeiac tou dromologÐou, en¸ h deÔterh (objective fu-
nction 3 - OF3) èqei wc stìqo thn elaqistopoÐhsh thc katan�lwshc kausÐmou
gia dromolìgia sullog c, ìtan ìloi oi pel�tec èqoun mia posìthta proðìntwn
pou prèpei na sulleqjeÐ apì to ìqhma. Oi dÔo antikeimenikèc sunart seic,
kaj¸c kai h diadikasÐa montelopoÐhshc, eÐnai Ðdiec me autèc tou Poluantikei-
menikoÔ SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc Kau-
sÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc
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Apoj kec. H diafor� eÐnai ìti, afoÔ ed¸ to prìblhma eÐnai mh-summetrikì,
isqÔei: rij 6= rji.
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6. ExeliktikoÐ PoluantikeimenikoÐ Algìrijmoi (Evolutionary
Multiobjective Algorithms)

6.1. Eisagwg 

Sth sunèqeia ja parousiastoÔn oi algìrijmoi oi opoÐoi ulopoi jhkan sthn
sugkekrimènh diatrib . Up�rqoun dÔo kathgorÐec algorÐjmwn: autoÐ oi opoÐoi
eÐqan ulopoihjeÐ se prohgoÔmenh èreuna sto ergast rio kai tropopoi jhkan
kat�llhla sta plaÐsia aut c thc didaktorik c diatrib c gia ta probl mata
pou perigr�foume prohgoumènwc kai h kathgorÐa twn algorÐjmwn, h opoÐa
eÐnai h pleioyhfÐa twn algorÐjmwn, h opoÐa ulopoi jhke gia pr¸th for� sta
plaÐsia aut c thc diatrib c kai k�poioi apì autoÔc den èqoun efarmosteÐ potè
xan� se poluantikeimenikì prìblhma beltistopoÐhshc kai idiaÐtera se polua-
ntikeimenikì prìblhma dromolìghshc oqhm�twn.

Arqik�, sto pr¸to upokef�laio gÐnetai mÐa sÔntomh anafor� stic mejìdouc
eÔreshc twn kurÐarqwn lÔsewn (KuriarqÐa Pareto). 'Epeita, sta upìloipa
upokef�laia ja gÐnei mÐa analutik  perigraf  twn exeliktik¸n poluantikei-
menik¸n algorÐjmwn pou proteÐnontai gia thn epÐlush twn tess�rwn polua-
ntikeimenik¸n problhm�twn pou analÔjhkan sto prohgoÔmeno kef�laio. Oi
algìrijmoi pou ulopoi jhkan kalÔptoun dÔo basikèc kathgorÐec algorÐjmwn:
twn Genetik¸n kai Exeliktik¸n algorÐjmwn (Genetikìc Algìrijmoc Mh Ku-
riarqoÔmenhc Taxinìmhshc II, Algìrijmoc Epilog c Kl¸nwn kai Algìrijmoc
Diaforik c Exèlixhc) kai twn algorÐjmwn Empneusmènwn apì th FÔsh (Al-
gìrijmoc BeltistopoÐhshc Sm nouc SwmatidÐwn, Algìrijmoc Teqnht c A-
poikÐac Meliss¸n, Algìrijmoc PugolampÐdac, Algìrijmoc BeltistopoÐhshc
Sm nouc Fwsforizìntwn Skoulhki¸n, Algìrijmoc NuqterÐdac, Algìrijmoc
Anaz thshc Trof c twn Kril kai Algìrijmoc Anaz thshc tou KoÔkou).

O pr¸toc algìrijmoc pou analÔetai kai perigr�fetai parak�tw eÐnai ènac
genetikìc ubridikìc algìrijmoc, o Par�llhloc Poluenarkt rioc Genetikìc
Algìrijmoc Mh KuriarqoÔmenhc Taxinìmhshc II (Parallel Multi-Start NSGA
II - PMS-NSGA II). Sthn sunèqeia, analÔetai kai perigr�fetai mÐa diafo-
retik  parallag  enìc ubridikoÔ algorÐjmou Diaforik c Exèlixhc, o opoÐoc
eÐnai o Par�llhloc Poluenarkt rioc Diaforik c Exèlixhc Algìrijmoc Mh
KuriarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non-dominated Sorting
De�erential Evolution Algorithm - PMS-NSDE). 'Epeita, analÔetai kai pe-
rigr�fetai mÐa diaforetik  parallag  enìc ubridikoÔ algorÐjmou Beltisto-
poÐhshc Sm nouc SwmatidÐwn, tou Par�llhlou Poluenarkt riou Algìrij-
mou BeltistopoÐhshc Sm nouc SwmatidÐwn Mh KuriarqoÔmenhc Taxinìmh-
shc (Parallel Multi-Start Non-dominated Sorting Particle Swarm Optimi-
zation Algorithm - PMS-NSPSO). Sthn sunèqeia, ja analujeÐ kai ja ulo-
poihjeÐ o Par�llhloc Poluenarkt rioc Poluantikeimenikìc Algìrijmoc E-
pilog c Kl¸nwn (Parallel Multi-Start Multiobjective Clonal Selection Al-
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gorithm - PMSMOCSA), o opoÐoc eÐnai apì thn kathgorÐa twn algorÐjmwn
twn Teqnht¸n Anosopoihtik¸n Susthm�twn. Tèloc, apo thn kathgorÐa twn
algorÐjmwn Empneusmènwn apì th FÔsh, ja analujoÔn kai ja perigrafo-
Ôn: o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Teqnh-
t c ApoikÐac Meliss¸n (Parallel Multi-Start Multiobjective Arti�cial Bee
Colony Algorithm -PMS-ABC), o Par�llhloc Poluenakt rioc Poluantikei-
menikìc Algìrijmoc PugolampÐdac (Parallel Multi-Start Multiobjective Fi-
re�y Algorithm -PMS-FIREFLY), o Par�llhloc Poluenakt rioc Poluanti-
keimenikìc Algìrijmoc BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulh-
ki¸n (Parallel Multi-Start Multiobjective Glowworm Swarm Optimization
Algorithm -PMS-GSO), o Par�llhloc Poluenakt rioc Poluantikeimenikìc
Algìrijmoc NuqterÐdac (Parallel Multi-Start Multiobjective Bat Algorithm
-PMS-BA), o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc
Anaz thshc Trof c twn Kril (Parallel Multi-Start Multiobjective Krill H-
erd Algorithm -PMS-KH) kai o Par�llhloc Poluenakt rioc Poluantikeimeni-
kìc Algìrijmoc Anaz thshc tou KoÔkou (Parallel Multi-Start Multiobjective
Cuckoo Search Algorithm -PMS-CS).

Ed¸ prèpei na shmeiwjeÐ ìti ìloi oi algìrijmoi, oi opoÐoi ja perigrafoÔn
parak�tw, qrhsimopoioÔn ton Ðdio arijmì exwterik¸n epanal yewn (gia ton o-
poÐo brèjhke me th mèjodo dokim c kai sf�lmatoc ìti èdwse ta kalÔtera apo-
telèsmata, ìpwc ja analujeÐ sto antÐstoiqo kef�laio, kai gia tic epanal yeic
kai gia tic upìloipec metablhtèc), ton Ðdio trìpo apotÔpwshc kai dhmiourgÐac
arqik¸n lÔsewn kai thn Ðdia mèjodo topik c anaz thshc. O lìgoc pou ègi-
ne autì eÐnai giatÐ jèloume na doÔme akrib¸c k�tw apì Ðdiec sunj kec pwc
sumperifèretai to exeliktikì mèroc tou algìrijmou kai ìqi h topik  anaz th-
sh. EpÐshc, ìloi oi algìrijmoi qrhsimopoioÔn diadikasÐec kai sunart seic gia
beltÐwsh thc ikanìtht�c touc sthn paragwg  enìc arqikoÔ plhjusmoÔ lÔse-
wn [342]. Tèloc, ìloi oi algìrijmoi qrhsimopoioÔn kainotìmec diadikasÐec kai
sunart seic gia epilog  lÔsewn kai thn exelÐx  touc kat� th di�rkeia twn
epanal yewn.

Arqik�, ìloi oi algìrijmoi èqoun ton Ðdio trìpo dhmiourgÐac tou arqi-
koÔ plhjusmoÔ lÔsewn, o opoÐoc qwrÐzetai se tìsouc upoplhjusmoÔc ìsec
eÐnai kai oi antikeimenikèc sunart seic tou probl matoc. EpÐshc, h paragwg 
twn lÔsewn k�je upoplhjusmoÔ gÐnetai me ton sunduasmì tri¸n sugkekri-
mènwn mejìdwn kai ìqi mìno mÐac. Me thn diadikasÐa aut  gÐnetai h paragwg 
omoiìmorfa katanemhmènwn arqik¸n lÔsewn se ìlh thn èktash tou q¸rou
lÔsewn. Epiplèon, ìloi oi algìrijmoi qrhsimopoioÔn thn Par�llhlh Polue-
narkt ria Mèjodo, sthn opoÐa gÐnetai h paragwg  kai exèlixh perissotèrwn
apì enìc plhjusm¸n arqik¸n lÔsewn stouc algorÐjmouc. AxÐzei na shmeiwjeÐ
ìti sto tèloc thc ektèleshc tou k�je algorÐjmou, gÐnetai h parousÐash twn
mh-kuriarqoÔmenwn lÔsewn apì ta mètwpa Pareto ìlwn twn plhjusm¸n.

53



Gia th beltÐwsh twn lÔsewn qrhsimopoieÐtai mÐa mèjodoc topik c anaz th-
shc pou basÐzetai ston algìrijmo Metablht c Geitoni�c Anaz thshc. O al-
gìrijmoc autìc, ìpwc ulopoi jhke sth sugkekrimènh didaktorik  diatrib ,
qrhsimopoieÐ gnwstèc mejìdouc topik c anaz thshc, oi opoÐec èqoun th duna-
tìthta epilog c metaxÔ tuqaÐwn   mh metabol¸n tou dianÔsmatoc thc lÔshc,
kai epiplèon èqoun thn ikanìthta epanènarxhc twn epanal ye¸n touc se pe-
rÐptwsh pou belti¸soun mia lÔsh. EpÐshc, se ìlouc touc algìrijmouc ensw-
mat¸jhke (k�ti pou gÐnetai gia pr¸th for�) h mejìdoc taxinìmhshc twn lÔse-
wn pou proteÐnetai ston algìrijmo NSGA II wc èna epiplèon b ma twn pro-
teinìmenwn poluantikeimenik¸n Exeliktik¸n algorÐjmwn kai sugkekrimèna twn
proteinìmenwn poluantikeimenik¸n algorÐjmwn Empneusmènwn apì th FÔsh,
pou ja analujoÔn parak�tw. SÔmfwna me aut  th mèjodo, oi lÔseic {goneÐc}
(W se arijmì) miac epan�lhyhc kai oi lÔseic {apogìnoi} (W se arijmì) sugke-
ntr¸nontai se ènan eniaÐo pÐnaka, ìpou sth sunèqeia gÐnetai h taxinìmhs  touc
kai diathroÔntai kai exelÐssontai oi pr¸tec W lÔseic. H basik  kainotomÐa
twn algorÐjmwn eÐnai h tropopoÐhsh twn basik¸n sunart sewn pou anagr�fo-
ntai sthn bibliografÐa twn algorÐjmwn, ¸ste na gÐnoun kat�llhloi gia thn
epÐlush poluantikeimenik¸n problhm�twn, afoÔ oi perissìteroi apì autoÔc
èqoun efarmosteÐ kurÐwc gia thn epÐlush monoantikeimenik¸n problhm�twn
kai ìsoi apì autoÔc èqoun qrhsimopoihjeÐ se poluantikeimenik� probl mata
den èqoun qrhsimopoihjeÐ gia thn epÐlush poluantikeimenik¸n problhm�twn
dromolìghshc oqhm�twn.

6.2. KuriarqÐa Pareto

H diadikasÐa epÐlushc mèsw qr shc kuriarqÐac Pareto, thc opoÐac o ìroc
dhmiourg jhke apì ton italì oikonomolìgo Vilfredo Pareto, qrhsimopoieÐtai
suqn� gia thn eÔresh twn bèltistwn lÔsewn sta probl mata pollapl¸n a-
ntikeimenik¸n sunart sewn (  krithrÐwn). H diadikasÐa eÐnai h ex c: èstw
duo dianÔsmata Y1 kai Y2 gia ta opoÐa isqÔei Y1 = {y1,1, y1,2, ..., y1,K}, Y2 =
{y2,1, y2,2, ..., y2,K}. 'Estw, epÐshc, ìti K eÐnai o arijmìc twn krithrÐwn enìc
probl matoc pollapl¸n sunart sewn-krithrÐwn kai ta y1,i kai y2,i eÐnai oi
timèc twn Y1 kai Y2 gia to krit rio i. Epiplèon, èstw ìti oi antikeimenikèc su-
nart seic eÐnai proc elaqistopoÐhsh me y1,i ≤ y2,i, gia k�je iε[1, K). Opìte,
sth perÐptwsh aut , to Y1 kuriarqeÐ epÐ tou Y2. Epomènwc, èna di�nusma Y1
lègetai mh kuriarqoÔmenh lÔsh, ìtan den up�rqei kanèna �llo Y2 to opoÐo na
kuriarqeÐ epÐ tou Y1. EpÐshc, èna di�nusma Y1 lègetai bèltisto kat� Pareto an
den kuriarqeÐtai. Epiprosjètwc, to sÔnolo bèltistwn kat� Pareto shmeÐwn
lègetai bèltisto mètwpo Pareto (Pareto front) ([5], [59], [341]). Sto Sq ma 2
apeikonÐzetai èna mètwpo Pareto twn lÔsewn enìc poluantikeimenikoÔ probl -
matoc pou elaqistopoieÐ dÔo antikeimenikèc sunart seic, to mègejoc (Size) kai
to kìstoc (Cost), ìpwc epÐshc kai èna sq ma to opoÐo epexhgeÐ, ìson afo-
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Sq ma 2: KuriarqÐa Pareto [345].

r� èna gr�fhma, poiec lÔseic kuriarqoÔn se èna shmeÐo (Dominates), poiec
kuriarqoÔntai apì èna shmeÐo (Dominated) kai poiec den mporoÔn na sugkri-
joÔn me to shmeÐo autì, dhlad  oÔte kuriarqoÔn oÔte kuriarqoÔntai (Non-
Dominated).

6.3. Koin� Qarakthristik� twn AlgorÐjmwn

Se autì to upokef�laio ja analujoÔn ìla ta koin� qarakthristik� twn
exeliktik¸n poluantikeimenik¸n algorÐjmwn pou ulopoi jhkan sthn paroÔsa
diatrib , ta opoÐa eÐnai: o trìpoc apotÔpwshc miac diadrom c-lÔshc, h qr sh
thc mejìdou thc topik c anaz thshc, h mèjodoc dhmiourgÐac twn arqik¸n
lÔsewn kai h Par�llhlh Poluenarkt ria mèjodoc sthn ektèlesh twn algo-
rÐjmwn me qr sh pollapl¸n plhjusm¸n arqik¸n lÔsewn.

6.3.1. ApotÔpwsh Diadrom c-LÔshc
H apotÔpwsh thc Diadrom c-LÔshc ègine ìmoia me ton trìpo apotÔpwshc

thc Diadrom c-LÔshc sthn diatrib  tou Dr. YÔqa [342]. Pio sugkekrimèna,
oi lÔseic ìlwn twn algorÐjmwn apotup¸nontai me èna bohjhtikì di�nusma me
thn akoloujÐa twn kìmbwn, ìpou h apoj kh eÐnai o kìmboc 1. Se perÐptwsh
pou mÐa lÔsh den xekin�ei apì ton kìmbo 1, tìte gÐnetai epanatopojèthsh
stouc kìmbouc, ¸ste to bohjhtikì di�nusma na xekin�ei apì thn apoj kh.
Sto bohjhtikì di�nusma gÐnontai ìlec oi metabolèc pou gÐnontai stic lÔseic,
kat� thn di�rkeia thc ektèleshc twn algorÐjmwn. H monadik  perÐptwsh ìpou
oi kìmboi tou bohjhtikoÔ dianÔsmatoc diaqwrÐzontai se dromolìgia oqhm�twn
miac diadrom c, qwrÐc na parabi�zontai oi periorismoÐ tou mègistou qrìnou
ektèleshc enìc dromologÐou enìc oq matoc kai thc mègisthc qwrhtikìthtac
tou k�je oq matoc, eÐnai ìtan axiologeÐtai mÐa lÔsh, dhlad  ìtan upologÐzetai
to kìstoc thc eÐte wc proc ton qrìno ektèleshc thc diadrom c eÐte wc proc
thn posìthta tou kausÐmou pou katanal¸jhke. Tèloc, prèpei na anaferjeÐ
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ìti k�je for� pou parousi�zetai o kìmboc 1 mèsa sto di�nusma thc diadrom c,
autì shmaÐnei ìti èna dromolìgio oloklhr¸jhke kai xekin�ei èna �llo.

6.3.2. Topik  Anaz thsh me ènan algìrijmo Metablht c Geitoni�c Anaz th-
shc (Variable Neighborhood Search - VNS)

H diadikasÐa topik c anaz thshc qrhsimopoieÐtai, ¸ste na up�rqei h duna-
tìthta stic nèec paragìmenec lÔseic tou k�je algorÐjmou gia epiplèon bel-
tÐwsh. Sthn paroÔsa diatrib  qrhsimopoieÐtai ènac algìrijmoc Metablht c
Geitoni�c Anaz thshc (Variable Neighborhood Search - VNS) [109, 341, 342].
Se autìn ton algìrijmo, prokeimènou h lÔsh na mporèsei na xefÔgei apì en-
deqìmena topik� el�qista, ekteloÔntai mia seir� apì diaforetikèc mèjodoi
topik c anaz thshc se k�je lÔsh. Ed¸, prèpei na tonisteÐ ìti me ton ìro
{beltiwmènh lÔsh} ennoeÐtai mia lÔsh pou kuriarqeÐ sthn prohgoÔmen  thc,
ìson afor� ta kìsth pou upologÐzontai me b�sh tic antikeimenikèc sunar-
t seic. H kuriarqÐa mÐac lÔshc, h opoÐa beltistopoieÐtai se K antikeimenikèc
sunart seic, epÐ miac �llhc lÔshc orÐzetai apì thn tim  tou kìstouc k�je k
antikeimenik c sun�rthshc thc lÔshc, to opoÐo prèpei na eÐnai mikrìtero   Ðso
me to kìstoc thc antÐstoiqhc k antikeimenik c sun�rthshc thc �llhc lÔshc.

Oi algìrijmoi topik c anaz thshc pou èqoun qrhsimopoihjeÐ eÐnai oi a-
kìloujoi:

1. Algìrijmoc 2-opt [159, 341]
Se autìn ton algìrijmo, diagr�fontai dÔo akmèc apì th diadrom  kai au-

tì èqei wc apotèlesma h diadrom  na qwrÐzetai se dÔo monop�tia, ìpou sth
sunèqeia ta monop�tia aut� epanasundèontai me diaforetikì trìpo gia na dh-
miourghjeÐ mia nèa diadrom . Up�rqoun di�foroi mèjodoi gia thn epilog  twn
tìxwn pou prèpei na diagrafoÔn, ìpwc gia par�deigma na diagrafoÔn ta dÔo
qeirìtera tìxa, dhlad  aut� me ta megalÔtera kìsth met�bashc, kai na a-
ntikatastajoÔn me dÔo kainoÔria. MÐa �llh mèjodoc eÐnai na diagr�fetai to
qeirìtero tìxo kai èna tuqaÐo kai sthn sunèqeia na antikajÐstantai me dÔo
kainoÔria. H pio gr gorh mèjodoc, ìson afor� to qrìno ektèleshc miac kai
den qrei�zetai na brejoÔn poia eÐnai ta qeirìtera kìsth met�bashc metaxÔ twn
kìmbwn, eÐnai na diagr�fontai dÔo tuqaÐa tìxa kai na antikajÐstantai me dÔo
�lla.

Prèpei na epishmanjeÐ ìti sthn diadikasÐa thc epanènwshc twn dÔo mono-
pati¸n eÐnai anagkaÐo na sqhmatÐzetai mia nèa diadrom  qwrÐc na up�rqoun
endi�mesoi kÔkloi kai qwrÐc na pern�ei to ìqhma deÔterh for� apì k�poion
kìmbo. Epiplèon, prèpei na shmeiwjeÐ ìti ìtan epilÔetai k�poio prìblhma me
mh-summetrik� kìsth met�bashc metaxÔ twn tìxwn, tìte ta kìsth sta endi-
�mesa tìxa den eÐnai ta Ðdia (k�ti pou isqÔei sta summetrik� probl mata) kai
qrei�zetai epanupologismìc tou kìstouc olìklhrhc thc nèac diadrom c.
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Sthn paroÔsa èreuna qrhsimopoi jhke ènac gr goroc algìrijmoc 2−opt,
o opoÐoc den basÐzetai ex olokl rou se tuqaÐa epilog  tìxwn, kai eÐnai [342]:

Gia k�je lÔsh i
Gia localmax epanal yeic, epan�lhyh thc parak�tw diadikasÐac:

Epilog  miac tuqaÐac tim c metaxÔ 0 kai 1 se
mia proswrin  metablht  temp

An temp 6 0.5 tìte
EÔresh tìxou me th qeirìterh met�bash kai deÔterou

tuqaÐou tìxou gia allag  me dÔo nèa tìxa
Sqediasmìc thc nèac diadrom c

Alli¸c
EÔresh dÔo tuqaÐwn tìxwn gia allag  me dÔo

�lla tìxa
Sqediasmìc thc nèac diadrom c

Tèloc an
An to kìstoc thc nèac diadrom c eÐnai kalÔtero apì thc

prohgoÔmenhc (h kainoÔrgia lÔsh kuriarqeÐ thc pali�c)
tìte
Antikat�stash thc pali�c lÔshc me thn nèa

Tèloc an
Tèloc gia

Tèloc gia

2. Algìrijmoc 3-opt [159, 341]
SÔmfwna me aut n th mèjodo, treic akmèc diagr�fontai apì th diadro-

m , opìte h diadrom  qwrÐzetai se trÐa monop�tia. Ta monop�tia aut� epa-
nasundèontai me diaforetikì trìpo ¸ste na dhmiourghjeÐ mia nèa diadrom .
Up�rqoun di�foroi mèjodoi gia epilog  twn tìxwn pou diagr�fontai. 'Opwc
kai sthn mèjodo 2-opt, sth diadikasÐa thc epanènwshc twn tri¸n monopati-
¸n, ja prèpei o sqhmatismìc miac nèac diadrom c na dhmiourgeÐtai qwrÐc na
up�rqoun endi�mesoi kÔkloi kai qwrÐc na pern�ei to ìqhma deÔterh for� a-
pì k�poion kìmbo. Epiplèon, prèpei na shmeiwjeÐ ìti, ìpwc kai sthn mèjodo
2-opt, ìtan epilÔetai k�poio prìblhma me mh-summetrik� kìsth met�bashc me-
taxÔ twn tìxwn, tìte ta kìsth sta endi�mesa tìxa den eÐnai ta Ðdia (k�ti
pou isqÔei sta summetrik� probl mata) kai qrei�zetai epanupologismìc tou
kìstouc olìklhrhc thc nèac diadrom c.

Sthn paroÔsa melèth qrhsimopoi jhke ènac gr goroc algìrijmoc 3−opt,
o opoÐoc den basÐzetai ex olokl rou se tuqaÐa epilog  tìxwn, kai eÐnai [342]:

Gia k�je lÔsh i
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Gia localmax epanal yeic, epan�lhyh thc parak�tw diadikasÐac:
Epilog  miac tuqaÐac tim c metaxÔ 0 kai 1 se

mia proswrin  metablht  temp
An temp 6 0.5 tìte

EÔresh tìxou me th qeirìterh met�bash kai dÔo
tuqaÐwn tìxwn gia allag  me dÔo nèa tìxa

Sqediasmìc thc nèac diadrom c
Alli¸c

EÔresh tri¸n tuqaÐwn tìxwn gia allag  me dÔo
�lla tìxa

Sqediasmìc thc nèac diadrom c
Tèloc an
An to kìstoc thc nèac diadrom c eÐnai kalÔtero apì thc

prohgoÔmenhc tìte
Antikat�stash thc pali�c lÔshc me thn nèa

Tèloc an
Tèloc gia

Tèloc gia

3. Algìrijmoc 1-1 antallag  (1-1 exchange) [159, 341]
Ed¸, gÐnetai h antallag  jèsewn dÔo kìmbwn tou dianÔsmatoc thc lÔshc

metaxÔ touc. Sthn paroÔsa èreuna qrhsimopoi jhke ènac gr goroc algìrij-
moc 1-1 antallag c, o opoÐoc den basÐzetai ex olokl rou se tuqaÐa epilog 
tìxwn, kai eÐnai [342]:

Gia k�je lÔsh i
Gia localmax epanal yeic, epan�lhyh thc parak�tw diadikasÐac:

Epilog  miac tuqaÐac tim c metaxÔ 0 kai 1 se
mia proswrin  metablht  temp

An temp 6 0.5 tìte
EÔresh tìxou me th qeirìterh met�bash kai diat rhsh

tou deÔterou kai enìc tuqaÐou kìmbou tou gia
antallag  metaxÔ touc

Sqediasmìc thc nèac diadrom c
Alli¸c

EÔresh dÔo tuqaÐwn kìmbwn gia antallag  metaxÔ touc
Sqediasmìc thc nèac diadrom c

Tèloc an
An to kìstoc thc nèac diadrom c eÐnai kalÔtero apì thc

prohgoÔmenhc tìte
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Antikat�stash thc pali�c lÔshc me thn nèa
Tèloc an

Tèloc gia
Tèloc gia

4. Algìrijmoc 2-2 antallag  (2-2 exchange) [159, 341]
Ed¸, se aut n th mèjodo, gÐnetai h antallag  jèsewn dÔo kìmbwn tou

dianÔsmatoc thc lÔshc me dÔo �llouc kìmbouc. Sthn paroÔsa èreuna qrhsi-
mopoi jhke ènac gr goroc algìrijmoc 2-2 antallag c, o opoÐoc den basÐzetai
ex olokl rou se tuqaÐa epilog  tìxwn, kai eÐnai [342]:

Gia k�je lÔsh i
Gia localmax epanal yeic, epan�lhyh thc parak�tw diadikasÐac:

Epilog  miac tuqaÐac tim c metaxÔ 0 kai 1 se
mia proswrin  metablht  temp

An temp 6 0.5 tìte
EÔresh tìxou me th qeirìterh met�bash kai diat rhsh

tou deÔterou, tou amèswc epìmenou kai dÔo �llwn
diadoqik¸n tuqaÐwn kìmbwn tou gia antallag 
metaxÔ touc

Sqediasmìc thc nèac diadrom c
Alli¸c

EÔresh dÔo diadoqik¸n tuqaÐwn kìmbwn gia antallag 
me dÔo �llouc diadoqikoÔc tuqaÐouc kìmbouc

Sqediasmìc thc nèac diadrom c
Tèloc an
An to kìstoc thc nèac diadrom c eÐnai kalÔtero apì thc

prohgoÔmenhc tìte
Antikat�stash thc pali�c lÔshc me thn nèa

Tèloc an
Tèloc gia

Tèloc gia

5. Algìrijmoc 1-0 epanatopojèthsh (1-0 relocate) [159, 341]
Se aut  thn mèjodo gÐnetai epanatopojèthsh enìc kìmbou tou dianÔsmatoc

thc lÔshc apì to shmeÐo pou brÐsketai se k�poio �llo shmeÐo sto di�nusma
thc lÔshc. Sthn paroÔsa èreuna qrhsimopoi jhke ènac gr goroc algìrijmoc
1-0 epanatopojèthshc, o opoÐoc den basÐzetai ex olokl rou se tuqaÐa epilog 
tìxwn, kai eÐnai [342]:

59



Gia k�je lÔsh i
Gia localmax epanal yeic, epan�lhyh thc parak�tw diadikasÐac:

Epilog  miac tuqaÐac tim c metaxÔ 0 kai 1 se
mia proswrin  metablht  temp

An temp 6 0.5 tìte
EÔresh tìxou me th qeirìterh met�bash, diat rhsh tou

deÔterou kìmbou tou kai tuqaÐa epilog  twn kìmbwn
metaxÔ twn opoÐwn ja gÐnei epanatopojèths  tou

Sqediasmìc thc nèac diadrom c
Alli¸c

EÔresh enìc tuqaÐou kìmbou kai tuqaÐa epilog  twn
kìmbwn metaxÔ twn opoÐwn ja gÐnei
epanatopojèths  tou

Sqediasmìc thc nèac diadrom c
Tèloc an
An to kìstoc thc nèac diadrom c eÐnai kalÔtero apì thc

prohgoÔmenhc tìte
Antikat�stash thc pali�c lÔshc me thn nèa

Tèloc an
Tèloc gia

Tèloc gia

6. Algìrijmoc 2-0 epanatopojèthsh (2-0 relocate) [159, 341]
Sthn paroÔsa mèjodo, gÐnetai epanatopojèthsh dÔo diadoqik¸n kìmbwn

tou dianÔsmatoc thc lÔshc apì to shmeÐo pou brÐskontai se k�poio �llo sh-
meÐo sto di�nusma thc lÔshc. Sthn paroÔsa èreuna qrhsimopoi jhke ènac
gr goroc algìrijmoc 2-0 epanatopojèthshc, o opoÐoc den basÐzetai ex olo-
kl rou se tuqaÐa epilog  tìxwn, kai eÐnai [342]:

Gia k�je lÔsh i
Gia localmax epanal yeic, epan�lhyh thc parak�tw diadikasÐac:

Epilog  miac tuqaÐac tim c metaxÔ 0 kai 1 se
mia proswrin  metablht  temp

An temp 6 0.5 tìte
EÔresh tìxou me th qeirìterh met�bash, diat rhsh tou

deÔterou kai tou amèswc epìmenou kìmbou tou kai
tuqaÐa epilog  twn kìmbwn metaxÔ twn opoÐwn
ja gÐnei epanatopojèths  touc

Sqediasmìc thc nèac diadrom c
Alli¸c
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EÔresh enìc tuqaÐou kìmbou kai tou epìmenoÔ tou
kai tuqaÐa epilog  twn kìmbwn metaxÔ twn
opoÐwn ja gÐnei epanatopojèths  touc

Sqediasmìc thc nèac diadrom c
Tèloc an
An to kìstoc thc nèac diadrom c eÐnai kalÔtero apì thc

prohgoÔmenhc tìte
Antikat�stash thc pali�c lÔshc me thn nèa

Tèloc an
Tèloc gia

Tèloc gia

O yeudok¸dikac tou algorÐjmou Metablht c Geitoni�c Anaz thshc (V NS)
eÐnai [342]:

Gia k�je lÔsh i
Gia vnsmax epanal yeic, epan�lhyh thc parak�tw diadikasÐac:

ep = 1
'Oso ep 6 localmax, epan�lhyh thc mejìdou 2− opt

An h lÔsh beltiwjeÐ tìte
Antikat�stash thc prohgoÔmenhc lÔshc me th nèa
ep = 1

Alli¸c
ep = ep+ 1
Tèloc an

Tèloc ìso
ep = 1
'Oso ep 6 localmax, epan�lhyh thc mejìdou 3− opt

An h lÔsh beltiwjeÐ tìte
Antikat�stash thc prohgoÔmenhc lÔshc me th nèa
ep = 1

Alli¸c
ep = ep+ 1
Tèloc an

Tèloc ìso
ep = 1
'Oso ep 6 localmax, epan�lhyh thc mejìdou 1-1 antallag 

An h lÔsh beltiwjeÐ tìte
Antikat�stash thc prohgoÔmenhc lÔshc me th nèa
ep = 1
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Alli¸c
ep = ep+ 1
Tèloc an

Tèloc ìso
ep = 1
'Oso ep 6 localmax, epan�lhyh thc mejìdou 2-2 antallag 

An h lÔsh beltiwjeÐ tìte
Antikat�stash thc prohgoÔmenhc lÔshc me th nèa
ep = 1

Alli¸c
ep = ep+ 1
Tèloc an

Tèloc ìso
ep = 1
'Oso ep 6 localmax, epan�lhyh thc mejìdou 1-0 epanatopojèthsh

An h lÔsh beltiwjeÐ tìte
Antikat�stash thc prohgoÔmenhc lÔshc me th nèa
ep = 1

Alli¸c
ep = ep+ 1
Tèloc an

Tèloc ìso
ep = 1
'Oso ep 6 localmax, epan�lhyh thc mejìdou 2-0 epanatopojèthsh

An h lÔsh beltiwjeÐ tìte
Antikat�stash thc prohgoÔmenhc lÔshc me th nèa
ep = 1

Alli¸c
ep = ep+ 1
Tèloc an

Tèloc ìso
Tèloc gia

Tèloc gia

Apì ton parap�nw yeudok¸dika faÐnetai ìti gia k�je lÔsh gÐnetai efar-
mog  thc mejìdou V NS gia vnsmax epanal yeic. EpÐshc, k�je for� pou
up�rqei beltÐwsh mÐac lÔshc me mia mèjodo topik c anaz thshc, sth di�rkeia
twn localmax epanal yewn, arqikopoieÐtai o arijmìc twn eswterik¸n thc e-
panal yewn (localmax). An den up�rqei beltÐwsh, sth di�rkeia twn localmax
epanal yewn, tìte h lÔsh pern�ei sthn epìmenh mèjodo topik c anaz thshc.
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6.3.3. Mèjodoc DhmiourgÐac PlhjusmoÔ Arqik¸n LÔsewn
Stouc exeliktikoÔc algìrijmouc up�rqoun pollèc diadikasÐec paragwg c

arqik¸n lÔsewn. MÐa diadikasÐa eÐnai h paragwg  enìc plhjusmoÔ tuqaÐwn
lÔsewn, en¸ mÐa �llh eÐnai h paragwg  om�dwn lÔsewn, oi opoÐec beltisto-
poioÔntai me sugkekrimèno algìrijmo wc proc tic diaforetikèc antikeimenikèc
sunart seic (mÐa om�da gia k�je antikeimenik  sun�rthsh), kai sth sunèqeia
mèsw enìc algorÐjmou gÐnetai anaz thsh twn geitonik¸n touc lÔsewn, oi o-
poÐec an eÐnai efiktèc kai mh-kuriarqoÔmenec, eis�gontai sto mètwpo Pareto
[152]. Sthn paroÔsa diatrib  qrhsimopoi jhke mia diadikasÐa, h opoÐa sundu-
�zei tic parap�nw mejìdouc [342]. Sthn diadikasÐa aut , arqik�, o plhjusmìc
twn arqik¸n lÔsewn eÐnai Ðsoc me W lÔseic. 'Epeita, k�je plhjusmìc qwrÐze-
tai se tìsouc upoplhjusmoÔc ìsec eÐnai kai oi K diaforetikèc antikeimenikèc
sunart seic. Opìte, k�je upoplhjusmìc apoteleÐtai apì w = W/K lÔseic,
oi opoÐec belti¸nontai wc proc thn antÐstoiqh antikeimenik  sun�rthsh.

Gia k�je k diaforetikì upoplhjusmì gÐnetai h parak�tw diadikasÐa. Ar-
qik�, gÐnetai h dhmiourgÐa miac {mhtrik c} lÔshc-diadrom c, h opoÐa basÐzetai
sth beltistopoÐhsh thc k antikeimenik c sun�rthshc. H paragwg  miac lÔshc
gÐnetai me thn qr sh tou algorÐjmou tou Plhsièsterou GeÐtona [341] wc proc
thn k antikeimenik  sun�rthsh kai h beltÐws  thc, wc proc thn k antikeimenik 
sun�rthsh, gÐnetai me th qr sh tou algorÐjmou Metablht c Geitoni�c Ana-
z thshc, o opoÐoc anafèrjhke sto prohgoÔmeno upokef�laio. 'Epeita, gÐnetai
h dhmiourgÐa twn lÔsewn apì thn deÔterh èwc thn w

3
lÔsh, qrhsimopoi¸ntac

ton parak�tw algìrijmo enallag c kìmbwn (Swap):

Gia k�je lÔsh i apì thn 2 èwc thn w
3

Epilog  miac tuqaÐac tim c metaxÔ 2 kai 20 se
mia proswrin  metablht  temp

TuqaÐa epilog  dÔo kìmbwn, an� temp keli� thc {mhtrik c} lÔshc,
kai enallag  metaxÔ touc

Apoj keush thc lÔshc ston pÐnaka arqik¸n lÔsewn
Tèloc gia

Sth sunèqeia, gÐnetai h dhmiourgÐa twn lÔsewn apì thn w
3

+ 1 èwc thn 2w
3

lÔsh, qrhsimopoi¸ntac ton parak�tw 2− opt algìrijmo:

Gia k�je lÔsh i apì thn w
3

+ 1 èwc thn 2w
3

Gia th lÔsh w
3

+ 1
Ektèlesh thc 2− opt sthn {mhtrik } lÔsh
Apoj keush thc lÔshc ston pÐnaka arqik¸n lÔsewn

Tèloc gia
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Gia tic upìloipec lÔseic
Ektèlesh thc 2− opt sthn i− 1 lÔsh,

pou dhmiourg jhke sthn prohgoÔmenh epan�lhyh
Apoj keush thc lÔshc ston pÐnaka arqik¸n lÔsewn

Tèloc gia
Tèloc gia

Tèloc, gia thn dhmiourgÐa twn lÔsewn apì thn 2w
3

+ 1 èwc thn w lÔsh
gÐnetai paragwg  tuqaÐwn lÔsewn, sÔmfwna me ton parak�tw algìrijmo:

Gia k�je lÔsh i apì thn 2w
3

+ 1 èwc thn w
TuqaÐoc sqediasmìc miac lÔshc
Apoj keush thc lÔshc ston pÐnaka arqik¸n lÔsewn

Tèloc gia

Me autìn ton trìpo dhmiourgeÐtai o pÐnakac me ton plhjusmì twn W ar-
qik¸n lÔsewn, o opoÐoc apoteleÐtai apì K upoplhjusmoÔc twn w lÔsewn o
kajènac. Sumperasmatik�, apì thn parap�nw diadikasÐa, gÐnetai h paragw-
g  twn akraÐwn-{mhtrik¸n} lÔsewn tou met¸pou Pareto, h paragwg  mÐac
om�dac apì lÔseic sthn geitoni� thc k�je {mhtrik c} lÔshc, h paragwg  miac
om�dac apì lÔseic, stic opoÐec dÐnetai h dunatìthta na xefÔgoun apì thn gei-
toni� thc k�je {mhtrik c} lÔshc qwrÐc ìmwc na katal goun se teleÐwc tuqaÐa
apotelèsmata kai, tèloc, h paragwg  mÐac om�dac apì tuqaÐec lÔseic, apì tic
opoÐec Ðswc up�rxei h pijanìthta, Ôstera apì thn kat�llhlh exèlixh stic e-
pìmenec epanal yeic, na summet�sqoun sthn om�da twn mh-kuriarqoÔmenwn
lÔsewn.

6.3.4. Par�llhlh Poluenarkt ria Mèjodoc (Parallel Multi-Start method -
PMS)

Sto parìn upokef�laio ja gÐnei an�lush thc Par�llhlhc Poluenarkt riac
Mejìdou (Parallel Multi-Start method - PMS) [342], h opoÐa qrhsimopoi jh-
ke se ìlouc touc algorÐjmouc pou perigr�fontai sth sunèqeia. Sthn paroÔsa
didaktorik  diatrib  par�goume X plhjusmoÔc arqik¸n lÔsewn, ìpou o ka-
jènac plhjusmìc apoteleÐtai ìqi p�nta apì tic bèltistec lÔseic, all� kai apì
diaforetikèc lÔseic kont� sto bèltisto. O lìgoc tou ìti gÐnetai h paragwg 
plhjusm¸n pou dhmiourgoÔntai apì diaforetik  {mhtrik } lÔsh k�je for�
eÐnai gia na kalÔptontai apì mh-kuriarqoÔmenec lÔseic perissìterec perioqèc
sto telikì mètwpo Pareto. Aut  h mèjodoc odhgeÐ sth beltÐwsh thc diaspo-
r�c twn mh-kuriarqoÔmenwn lÔsewn sto di�gramma tou met¸pou Pareto, me
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apotèlesma na kalÔptetai pio omoiìmorfa h perioq  tou q¸rou lÔsewn. EÐ-
nai emfanèc ìti aut  h mèjodoc den exasfalÐzei th beltÐwsh tou arijmoÔ twn
mh-kuriarqoÔmenwn lÔsewn   th beltÐwsh thc èktashc tou met¸pou, up�rqei
ìmwc endeqìmeno gia èna mètwpo Pareto pou par�getai me thn poluenarkt ria
mèjodo na kuriarqeÐ se èna mètwpo pou par�qjhke me thn qr sh enìc plhju-
smoÔ lÔsewn. O lìgoc eÐnai ìti oi lÔseic tou met¸pou Pareto pou par�getai
me thn poluenarkt ria mèjodo eÐnai kalÔtera diesparmènec sto mètwpo kurÐwc
metaxÔ twn mesaÐwn kai twn akraÐwn lÔsewn.

Pio analutik�, arqik�, gÐnetai paragwg  thc {mhtrik c} lÔshc gia k�je
ènan upoplhjusmì gia to pr¸to 40% twn plhjusm¸n me thn qr sh tou algo-
rÐjmou tou Plhsièsterou GeÐtona wc proc thn antÐstoiqh antikeimenik  tou
(tou upoplhjusmoÔ) sun�rthsh kai èpeita gÐnetai beltÐws  thc me th qr sh
tou algorÐjmou Metablht c Geitoni�c Anaz thshc (p�nta sÔmfwna me thn
antikeimenik  sun�rthsh tou k�je upoplhjusmoÔ). Sth sunèqeia, gÐnetai pa-
ragwg  thc {mhtrik c} lÔshc gia k�je ènan upoplhjusmì gia to epìmeno
20% twn plhjusm¸n me thn qr sh tou algorÐjmou tou Plhsièsterou GeÐto-
na beltistopoi¸ntac thn antÐstoiqh antikeimenik  tou (tou upoplhjusmoÔ)
sun�rthsh. 'Epeita, gÐnetai paragwg  thc {mhtrik c} lÔshc gia k�je ènan
upoplhjusmì gia to teleutaÐo 40% twn plhjusm¸n me thn qr sh mÐac perio-
rismènhc morf c thc DiadikasÐac 'Aplhsthc Tuqopoihmènhc Prosarmostik c
Anaz thshc (Greedy Randomized Adaptive Search Procedure - GRASP) [84]
beltistopoi¸ntac thn antÐstoiqh antikeimenik  sun�rthsh tou upoplhjusmoÔ.
O yeudok¸dikac gia thn parap�nw diadikasÐa eÐnai:

Eisagwg  sto di�nusma thc lÔshc ton kìmbo 1 (apoj kh)
Gia k�je kìmbo i pou èqei eisaqjeÐ sto di�nusma

Epilog  miac tuqaÐac tim c metaxÔ tou 0 kai tou 1 se
mia proswrin  metablht  temp

An temp 6 0.5 tìte
Eisagwg  sto di�nusma ton kontinìtero ston i kìmbo

Alli¸c
Eisagwg  sto di�nusma ton deÔtero pio kontinì ston i kìmbo

Tèloc an
Tèloc gia

Apì ta parap�nw eÐnai emfanèc ìti sto pr¸to 40% twn plhjusm¸n, gia
k�je antikeimenik  sun�rthsh, h eÔresh thc pr¸thc lÔshc gÐnetai me th qr sh
tou algorÐjmou Metablht c Geitoni�c Anaz thshc, apì thn deÔterh èwc thn
w
3
lÔsh qrhsimopoi¸ntac ton algìrijmo enallag c kìmbwn (Swap), apì thn

w
3

+ 1 èwc thn 2w
3

lÔsh, qrhsimopoi¸ntac ton 2 − opt algìrijmo kai apì thn
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2w
3

+ 1 èwc thn w lÔsh me thn paragwg  tuqaÐwn lÔsewn. Sto epìmeno 20%
twn plhjusm¸n, gia k�je antikeimenik  sun�rthsh, h eÔresh thc pr¸thc lÔshc
gÐnetai me th qr sh tou algorÐjmou Plhsièsterou GeÐtona, en¸ oi upìloipec
lÔseic brÐskontai ìmoia me parap�nw. Sto teleutaÐo 40% twn plhjusm¸n,
gia k�je antikeimenik  sun�rthsh, h eÔresh thc pr¸thc lÔshc gÐnetai me thn
qr sh mÐac periorismènhc morf c thc DiadikasÐac 'Aplhsthc Tuqaiopoihmènhc
Prosarmostik c Anaz thshc (Greedy Randomized Adaptive Search Proce-
dure - GRASP), en¸ oi upìloipec lÔseic brÐskontai ìmoia me parap�nw.

Sthn sunèqeia, gÐnetai paragwg  enìc met¸pou Pareto (Pop Pareto) apì
k�je ènan plhjusmì apì touc X plhjusmoÔc. Tèloc, gÐnetai sugkèntrwsh
se ènan pÐnaka ìlwn twn lÔsewn twn Pop Pareto, ta opoÐa eÐnai ta telik�
mètwpa Pareto twn plhjusm¸n, kai, apì autèc tic lÔseic, gÐnetai o upologi-
smìc twn sunolik¸n kai telik¸n mh- kuriarqoÔmenwn lÔsewn (Total Pareto).
O yeudok¸dikac thc Par�llhlhc Poluenarkt riac Mejìdou eÐnai:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe
ArqikopoÐhsh

Epilog  enìc arijmoÔ arqik¸n lÔsewn tou plhjusmoÔ (W )
Sqediasmìc twn lÔsewn tou plhjusmoÔ
Epilog  tim¸n stic paramètrouc tou algorÐjmou
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou

Ektèlesh twn bhm�twn tou algorÐjmou
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)

6.4. Par�llhloi Poluenakt rioi PoluantikeimenikoÐ Algìrijmoi (Parallel Multi-
Start Multiobjective Algorithms)

Sta epìmena upokef�laia gÐnetai mÐa ekten c anafor� twn Par�llhlwn
Poluenakt riwn Poluantikeimenik¸n AlgorÐjmwn pou ulopoi jhkan sta plaÐ-
sia aut c thc didaktorik c diatrib c. Sto shmeÐo autì, prèpei na anaferjeÐ
ìti mÐa arqik  morf  twn pr¸twn tri¸n algorÐjmwn ulopoi jhke sthn dida-
ktorik  diatrib  tou Dr. YÔqa [342] kai sth sunèqeia tropopoihj jhkan
kat�llhla, ¸ste na epilÔoun ta probl mata thc paroÔsac didaktorik c dia-
trib c. Sto teleutaÐo kef�laio parousi�zontai oi omoiìthtec kai oi diaforèc
twn algorÐjmwn.
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6.4.1. Par�llhloc Poluenarkt rioc Genetikìc Algìrijmoc Mh KuriarqoÔme-
nhc Taxinìmhshc II (Parallel Multi-Start NSGA II - PMS-NSGA II)

O Genetikìc Algìrijmoc Mh KuriarqoÔmenhc Taxinìmhshc II (Non- do-
minated Sorting Genetic Algorithm - NSGA II) anaptÔqjhke apì touc Deb
et al. [71] kai eÐnai ènac apì touc pio dhmofileÐc algìrijmouc gia thn epÐlu-
sh poluantikeimenik¸n problhm�twn. 'Eqei qrhsimopoihjeÐ sthn epÐlush pol-
l¸n poluantikeimenik¸n problhm�twn, ìpwc sto poluantikeimenikì prìblhma
beltistopoÐhshc qrìnou s matoc (multiobjective signal timing optimization
problem) [273], sth beltistopoÐhsh thc diadikasÐac epexergasÐac me hlektri-
k  ekkènwsh kalwdÐou (Multi-objective optimization of wire-electro discharge
machining process) [155], sth beltistopoÐhsh qarakthristik¸n mhqanik c h-
lektrik c ekfìrtishc sÔnjetwn ulik¸n WC / Co (Optimization of electrical
discharge machining characteristics of WC/Co composites) [129], sth rÔjmish
enìc PID elegkt  gia ènan stajeropoiht  basismèno sto euèlikto sÔsthma
met�doshc AC (the tuning of a Proportional Integral Derivate (PID) control-
ler for a Flexible AC Transmission System (FACTS)-based stabilizer) [221],
sto poluantikeimenikì prìblhma beltistopoÐhshc paramètrwn kop c kat� th
diadikasÐa peristrof c [313], ston autìmato èlegqo paragwg c sust matoc
pollapl¸n epifanei¸n (Automatic generation control of multi-area power sy-
stem) [222] kai sthn poludi�stath beltistopoÐhsh me periorismì twn pìrwn
se diakritì qrìno kai kìstoc kat� ton programmatismì twn èrgwn (Multi-
mode resource-constrained discrete time�cost-resource optimization in pro-
ject scheduling) [97]. 'Alla poluantikeimenik� probl mata pou èqei qrhsi-
mopoihjeÐ gia thn epÐlus  touc eÐnai: sto poluantikeimenikì programmatismì
bèltistwn diadrom¸n [10], sto sqediasmì tou elegkt  FOPID gia to sÔsth-
ma rÔjmishc thc udraulik c tourmpÐnac (design of the FOPID controller for
hydraulic turbine regulating system (HTRS)) [49], sth jermo-oikonomik  bel-
tistopoÐhsh thc antlÐac jermìthtac Stirling [9] kai sthn poluantikeimenik 
beltistopoÐhsh ktirÐou sqedìn mhdenik c enèrgeiac me b�sh thn elaqistopo-
Ðhsh thc jermik c kai optik c dusforÐac (Multi-objective optimization of a
nearly zero-energy building based on thermal and visual discomfort minimi-
zation) [39].

H diafor� tou algorÐjmou autoÔ se sqèsh me touc �llouc gnwstoÔc al-
gìrijmouc pou qrhsimopoioÔntan mèqri thn hmèra pou prot�jhke gia thn e-
pÐlush poluantikeimenik¸n problhm�twn eÐnai ìti katat�ssei ìlec tic lÔseic
(�toma) k�je epan�lhyhc se di�fora mètwpa Pareto me thn qr sh twn tele-
st¸n rank kai crowding distance, ètsi ¸ste na diathreÐtai h poikilomorfÐa
tou plhjusmoÔ kai tou met¸pou Pareto. Arqik�, qrhsimopoieÐtai o telest c
rank, h opoÐa upodhl¸nei se pio apì ta mètwpa Pareto sta opoÐa katat�qjh-
kan oi lÔseic an kei k�je lÔsh. 'Epeita, qrhsimopoieÐtai o telest c crowding
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distance, h opoÐa anafèretai se lÔseic mìno tou Ðdiou met¸pou kai upologÐzei
thn apìstash pou èqei mÐa lÔsh apì thn prohgoÔmenh kai thn epìmen  thc
[71].

Pio analutik�, apì ènan plhjusmì atìmwn upologÐzetai arqik� to pr¸to
mètwpo Pareto lÔsewn kai gia k�je mÐa apì autèc tic lÔseic to rank = 1.
'Epeita, apì ton plhjusmì lÔsewn pou den èqoun taxinomhjeÐ, upologÐzetai to
mètwpo Pareto touc kai oi lÔseic tou nèou met¸pou paÐrnoun tim  rank = 2
k.o.k. AfoÔ èqoun taxinomhjeÐ ìlec oi lÔseic kai èqoun mia tim  rank, sth
sunèqeia, oi lÔseic taxinomoÔntai mèsa se k�je mètwpo me b�sh ton telest 
crowding distance. Oi dÔo akraÐec lÔseic èqoun tim  crowding distance Ðsh
me �peiro, en¸ gia k�je endi�mesh lÔsh i h tim  crowding distance upolo-
gÐzetai apì ton tÔpo:

crowding distance(i) =
K∑
k=1

|f i+1
k − f i−1k |

fmaxk − fmink

, (15)

ìpou i eÐnai to mèloc tou plhjusmoÔ, fmaxk kai fmink eÐnai h mègisth kai h
el�qisth tim  kìstouc thc antikeimenik c sun�rthshc k, antÐstoiqa. EpÐshc,
to f i+1

k kai to f i−1k eÐnai h tim  kìstouc thc k antikeimenik c sun�rthshc gia to
i+1 kai to i−1 mèloc tou plhjusmoÔ tou met¸pou pou exet�zetai, antÐstoiqa.

Parak�tw ja analujeÐ o Par�llhloc Poluenarkt rioc Genetikìc Algìrij-
moc Mh KuriarqoÔmenhc Taxinìmhshc II (Parallel Multi-Start NSGA II -
PMS-NSGA II), o opoÐoc ja qrhsimopoihjeÐ gia thn epÐlush twn problhm�twn
pou exet�zontai sthn paroÔsa diatrib . Gia tic lÔseic k�je arqikoÔ plhju-
smoÔ lÔsewn apì touc X arqikoÔc plhjusmoÔc lÔsewn upologÐzontai oi timèc
twn telest¸n rank kai crowding distance gia k�je mèloc tou plhjusmoÔ, a-
foÔ pr¸ta gÐnei h metatrop  twn lÔsewn apì di�nusma akèraiwn stoiqeÐwn
se di�nusma dekadik¸n. H metatrop  gÐnetai diair¸ntac ìla ta stoiqeÐa tou
dianÔsmatoc thc lÔshc me ton arijmì twn stoiqeÐwn tou dianÔsmatoc [188],
ìpou k�je lÔsh (�tomo) sumbolÐzetai xij me i = 1, 2, ...,W , j = 1, 2, ..., n.

Sth sunèqeia, kat� thn di�rkeia twn epanal yewn, gia k�je epan�lhyh it
brÐskontai dÔo lÔseic goneÐc xi1j kai xi2j tou trèqontoc plhjusmoÔ, me skopì
na paraqjoÔn dÔo lÔseic apìgonoi oi1j kai oi2j me thn diadikasÐa thc diastaÔ-
rwshc. Gia thn epilog  tou k�je gonèa arqik� epilègontai tuqaÐa dÔo lÔseic
apì tic W lÔseic tou trèqontoc plhjusmoÔ kai apì autèc epilègetai h lÔsh
me thn mikrìterh tim  rank kai thn megalÔterh tim  crowding distance gia
gonèac. AfoÔ gÐnei h epilog  twn dÔo gonèwn, qrhsimopoioÔntai oi parak�tw
sunart seic gia thn paragwg  twn dÔo apogìnwn:

oi1j(it) = (1− g) · xi1j(it) + g · xi2j(it), (16)
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oi2j(it) = g · xi1j(it) + (1− g) · xi2j(it), (17)

ìpou g ènac tuqaÐoc arijmìc sto di�sthma (0,1).
'Epeita, gÐnetai o upologismìc tou kìstouc twn antikeimenik¸n sunart se-

wn, afoÔ pr¸ta gÐnei h metatrop  twn stoiqeÐwn twn dÔo apogìnwn se akèraia
morf  dÐnontac thn tim  1 sto stoiqeÐo me thn mikrìterh tim , thn tim  2 sto
stoiqeÐo me thn amèswc megalÔterh k.o.k. èwc ìtou na p�rei to megalÔtero
twn stoiqeÐwn thn tim  n.

Ed¸ axÐzei na shmeiwjeÐ ìti stouc algìrijmouc pou gia thn leitourgÐa
touc qrei�zetai oi lÔseic touc na brÐskontai se di�nusma dekadik¸n arijm¸n,
ja prèpei oi lÔseic na metatrèpontai p�nta se akèraia morf  k�je for� pou
prèpei na upologisteÐ to kìstoc touc gia k�je antikeimenik  sun�rthsh. 'Oson
afor� thn upìloiph diadikasÐa tou algorÐjmou, oi lÔseic exakoloujoÔn na
exelÐssontai se morf  dianÔsmatoc dekadik¸n arijm¸n.

H diadikasÐa paragwg c apogìnwn epanalamb�netai èwc ìtou paraqjoÔn
W apìgonoi. 'Epeita, upologÐzetai to kìstoc k�je antikeimenik c sun�rth-
shc gia k�je apìgono kai efarmìzetai o algìrijmoc Metablht c Geitoni�c
Anaz thshc (V NS) gia k�je apìgono, ¸ste na up�rqei h dunatìthta stouc
apogìnouc gia peraitèrw beltÐwsh.

Ed¸ prèpei na tonisteÐ ìti sthn perÐptwsh pou kat� thn efarmog  thc
mejìdou V NS qreiasteÐ na anazhthjeÐ to tìxo thc lÔshc me to qeirìtero
kìstoc met�bashc, tìte up�rqoun dÔo endeqìmena. Sthn perÐptwsh pou h
lÔsh an kei sthn pr¸th om�da twn w lÔsewn tou plhjusmoÔ, ja prèpei na
anazhthjeÐ to tìxo me ton megalÔtero qrìno met�bashc, en¸ gia thn perÐptw-
sh pou h lÔsh an kei sthn deÔterh om�da twn w lÔsewn tou plhjusmoÔ, ja
prèpei na anazhthjeÐ to tìxo me thn megalÔterh apìstash met�bashc, e�n
epilÔetai poluantikeimenikì summetrikì prìblhma   to tìxo me thn megalÔte-
rh tim  tou pollaplasiasmoÔ thc apìstashc epÐ ton antÐstoiqo suntelest 
paramètrwn diadrom c, e�n epilÔetai poluantikeimenikì mh-summetrikì prìblh-
ma. H sugkekrimènh parat rhsh isqÔei kai gia ìlouc touc algorÐjmouc pou
perigr�fontai sth sunèqeia k�je for� pou ekteleÐtai h mèjodoc V NS.

Sth sunèqeia, gÐnetai h topojèthsh twn gonèwn kai twn apogìnwn thc
epan�lhyhc it ston Ðdio pÐnaka kai h taxinìmhs  touc me b�sh tic timèc twn te-
lest¸n rank kai crowding distance. Opìte, sthn epìmenh epan�lhyh pern�ne
oiW pr¸tec taxinomhmènec lÔseic. Tèloc, gÐnetai h sugkèntrwsh twn lÔsewn
thc teleutaÐac epan�lhyhc me rank = 1 tou kajenìc apì touc X plhjusmo-
Ôc (Pop Pareto) se ènan pÐnaka kai sthn sunèqeia apì autèc epilègontai oi
mh-kuriarqoÔmenec, oi opoÐec apoteloÔn to Total Pareto.

O yeudok¸dikac tou Par�llhlou Poluenarkt riou GenetikoÔ Algìrijmou
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Mh KuriarqoÔmenhc Taxinìmhshc II (Parallel Multi-Start NSGA II - PMS-
NSGA II) eÐnai:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n atìmwn plhjusmoÔ (W )
DhmiourgÐa arqikoÔ plhjusmoÔ atìmwn
Upologismìc tou kìstouc k�je lÔshc tou plhjusmoÔ gia k�je

antikeimenik  sun�rthsh
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

Upologismìc tou rank kai tou crowding distance k�je atìmou
Gia k�je dÔo epilegmènouc goneÐc

DhmiourgÐa dÔo apogìnwn me diastaÔrwsh
Upologismìc tou kìstouc k�je lÔshc twn apìgonwn gia

k�je antikeimenik  sun�rthsh
Tèloc gia
Efarmog  thc mejìdou V NS se k�je apìgono
Upologismìc tou kìstouc k�je atìmou gia k�je antikeimenik 

sun�rthsh
Upologismìc tou rank kai tou crowding distance k�je gonèa

kai apogìnou
Taxinìmhsh me b�sh ta rank kai crowding distance
Epilog  twn pr¸twn W atìmwn
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)

6.4.2. Par�llhloc Poluenarkt rioc Algìrijmoc Diaforik c Exèlixhc Mh Ku-
riarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non-dominated Sor-
ting Di�erential Evolution Algorithm - PMS-NSDE)

O Par�llhloc Poluenarkt rioc Algìrijmoc Diaforik c Exèlixhc Mh Ku-
riarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non-dominated Sorting Dif-
ferential Evolution Algorithm - PMS-NSDE) analÔetai parak�tw. 'Opwc ana-
fèrjhke prohgoÔmena, sth sugkekrimènh didaktorik  diatrib , qrhsimopoi jh-
kan kat�llhla prosarmosmènoi treic algìrijmoi apì th didaktorik  diatrib 
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tou Dr. YÔqa [342]. 'Enac apì autoÔc eÐnai kai o NSDE. Sthn didaktorik 
diatrib  tou Dr. YÔqa gia to sugkekrimèno algìrijmo eÐqan protajeÐ treic
parallagèc. EmeÐc qrhsimopoi same thn pr¸th parallag , h opoÐa eÐqe ono-
masteÐ PMS − NSDE1. Tèloc, gia suntomÐa ja anagr�fetai o algìrijmoc
PMS −NSDE1 wc PMS −NSDE sthn paroÔsa diatrib .

O Algìrijmoc Diaforik c Exèlixhc (Di�erential Evolution Algorithm -
DE), ìpwc kai parallagèc tou, èqoun qrhsimopoihjeÐ sthn epÐlush poll¸n
problhm�twn, ìpwc eÐnai to prìblhma beltistopoÐhshc twn grammik¸n su-
sthm�twn [52], ta mh grammik� probl mata programmatismoÔ pou perièqoun
akèraiec kai diakritèc metablhtèc [210], to prìblhma bèltisthc ro c isqÔoc
me kampÔlec kìstouc mh kampÔlhc kai mh kurt  genn tria kausÐmwn [263],
ta probl mata Periorismènhc BeltistopoÐhshc Ro c ReÔmatoc me Metabal-
lìmenh Stajerìthta (Transient Stability Constrained Optimal Power Flow)
[36] kai to prìblhma bèltisthc ro c isqÔoc [81]. Orismènec parallagèc tou
eÐnai o Algìrijmoc Diaforik c Exèlixhc me auto-prosarmostik  diastaÔrw-
sh kai met�llaxh [1], o Algìrijmoc AsafoÔc Prosarmostik c Diaforik c
Exèlixhc pou qrhsimopoi jhke sthn epÐlush arijmhtik¸n problhm�twn [175],
o Diakritìc Algìrijmoc Diaforik c Exèlixhc gia to prìblhma programmati-
smoÔ met�jeshc ro c [217], o auto-prosarmostikìc Algìrijmoc Diaforik c
Exèlixhc pou qrhsimopoi jhke sthn epÐlush twn klasik¸n problhm�twn oli-
k c beltistopoÐhshc [243] kai o Algìrijmoc Diaforik c Exèlixhc me sÔnola
paramètrwn kai strathgikèc met�llaxhc [184].

Pollèc melètec èqoun dhmosieujeÐ kai gia thn qr sh tou Poluantikeimeni-
koÔ Algìrijmou Diaforik c Exèlixhc (Multiobjective Di�erential Evolution
Algorithm - MODE) sthn epÐlush poluantikeimenik¸n problhm�twn, ìpwc
gia par�deigma sta periorismèna probl mata beltistopoÐhshc (constrained
optimization problems) [102] kai thn eÔresh bèltistou megèjouc enìc fw-
toboltaðkoÔ sust matoc �ntlhshc neroÔ (optimally size a photovoltaic wa-
ter pumping system) [196]. EpÐshc, o Algìrijmoc Diaforik c Exèlixhc Mh
KuriarqoÔmenhc Taxinìmhshc (Non-dominated Sorting Di�erential Evolution
Algorithm - NSDE) èqei qrhsimopoihjeÐ kai autìc sthn epÐlush orismènwn po-
luantikeimenik¸n problhm�twn, ìpwc eÐnai to poluantikeimenikì prìblhma bel-
tistopoÐhshc l yhc apof�sewn thc genikeumènhc prosfor�c (multi-objective
decision-making optimization problem of generation bidding) [274], h polua-
ntikeimenik  beltistopoÐhsh apostol c fortÐou (multi-objective optimal load
dispatch) [230], h poluantikeimenik  bèltisth topojèthsh mon�dac mètrhshc
f�shc [231], to poluantikeimenikì prìblhma beltistopoÐhshc enìc pleon�zo-
ntoc rompìt (multi-objective optimization problem of a redundant robot)
[177] kai h poluantikeimenik  beltistopoÐhsh thc prostasÐac apì astoqÐec se
sÔnjeta dÐktua (multi-objective optimization of cascading failures protection
in complex networks) [165]. K�poiec parallagèc tou algìrijmou autoÔ qrh-
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simopoi jhkan gia thn epÐlush poluantikeimenik¸n problhm�twn, ìpwc eÐnai o
Ubridikìc Algìrijmoc Diaforik c Exèlixhc Mh KuriarqoÔmenhc Taxinìmhshc
me th mèjodo simplex Nelder-Mead [335] kai o Sunergatikìc Algìrijmoc Dia-
forik c Exèlixhc Mh KuriarqoÔmenhc Taxinìmhshc (Non-Dominated Sorting
Cooperative Co-Evolutionary Di�erential Evolution Algorithm) [329].

Arqik�, gia tic lÔseic k�je arqikoÔ plhjusmoÔ lÔsewn apì touc X ar-
qikoÔc plhjusmoÔc lÔsewn akoloujeÐtai h parak�tw diadikasÐa. Pr¸ta epi-
lègetai h par�metroc β = 0.5. 'Epeita, gÐnetai h metatrop  k�je mÐac apì
tic W lÔseic tou arqikoÔ plhjusmoÔ se di�nusma dekadik¸n arijm¸n, ìpwc
perigr�fetai sthn prohgoÔmenh par�grafo, kai sth sunèqeia gÐnetai h topo-
jèthsh twn lÔsewn ston pÐnaka Individual Best (Proswpikì Bèltisto k�je
atìmou). H arqikopoÐhsh tou pÐnaka Individual Best gÐnetai me thn topo-
jèthsh thc bèltisthc, mèqri thn trèqousa epan�lhyh, lÔshc k�je atìmou.
Sthn sunèqeia, gÐnetai o upologismìc tou pr¸tou mètwpou Pareto tou ar-
qikoÔ plhjusmoÔ apì ton pÐnaka Individual Best, prin akìma xekin soun oi
epanal yeic.

'Epeita, kat� thn di�rkeia twn epanal yewn, pr¸ta dhmiourgeÐtai to doki-
mastikì dianÔsma gia k�je mÐa apì tic W lÔseic-�toma xij(it) tou trèqontoc
plhjusmoÔ, qrhsimopoi¸ntac thn exÐswsh:

uij(it) = xi1j(it) + β(xi2j(it)− xi3j(it)), (18)

ìpou ìlec oi lÔseic xij eÐnai tuqaÐa epilegmènec kai diaforetikèc metaxÔ touc
lÔseic apì ton trèqonta plhjusmì lÔsewn.

Met� ton upologismì tou dokimastikoÔ dianÔsmatoc tou k�je atìmou tou
trèqonta plhjusmoÔ, ta stoiqeÐa twn lÔsewn twn dokimastik¸n dianusm�twn
paÐrnoun akèraia morf  mìno gia ton upologismì tou kìstouc k�je antikeime-
nik c sun�rthshc gia k�je dokimastikì di�nusma. 'Epeita, gÐnetai h topojèth-
sh twn lÔsewn tou trèqontoc plhjusmoÔ (xij(it − 1)) kai twn antÐstoiqwn
dokimastik¸n dianusm�twn (uij(it)) se ènan koinì pÐnaka kai gÐnetai h taxinìmh-
s  touc me b�sh tic timèc twn telest¸n rank kai crowding distance, ìpwc
perigr�fetai se prohgoÔmeno upokef�laio. H diadikasÐa aut  gÐnetai prokei-
mènou na dojeÐ h dunatìthta sta �toma-goneÐc tou plhjusmoÔ thc trèqousac
epan�lhyhc, pou kuriarqoÔn stic lÔseic twn dokimastik¸n dianusm�twn pou
par�qjhkan, na èqoun mÐa epiprìsjeth eukairÐa gia peraitèrw beltÐwsh. Oi
pr¸tec W taxinomhmènec lÔseic apoteloÔn touc apogìnouc thc trèqousac e-
pan�lhyhc. Me ton trìpo autì, dÐnetai h dunatìthta na krathjoÔn oi lÔseic
me kal� qarakthristik� thc prohgoÔmenhc geni�c sthn epìmenh epan�lhyh gia
epiplèon exèlixh kai na gÐnei exisorrìphsh thc pijan c ap¸leiac kal¸n plh-
rofori¸n pou mporeÐ na prokÔyoun kat� thn diadikasÐa thc metatrop c twn
tim¸n twn dianusm�twn twn lÔsewn apì diakrit  morf  se suneq .
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Sth sunèqeia, efarmìzetai o algìrijmoc Metablht c Geitoni�c Anaz th-
shc (V NS) gia k�je apìgono x′ij(it) kai oi apìgonoi autoÐ dhmiourgoÔn ta
�toma tou plhjusmoÔ thc epìmenhc epan�lhyhc. 'Epeita, gÐnetai o upologi-
smìc tou kìstouc k�je antikeimenik c sun�rthshc gia k�je apìgono kai sth
sunèqeia gÐnetai h antikat�stash thc bèltisthc lÔshc gia k�je �tomo ston
pÐnaka Individual Best. Ed¸ prèpei na tonisteÐ ìti gia na gÐnei antikat�sta-
sh mÐac bèltisthc èwc thn it − 1 epan�lhyh lÔsh enìc atìmou tou pÐnaka
Individual Best me mÐa lÔsh apìgono thc epan�lhyhc it tou Ðdiou atìmou, ja
prèpei h lÔsh apìgonoc na kuriarqeÐ epÐ thc bèltisthc. Mìlic telei¸sei aut 
h diadikasÐa, efarmìzetai o algìrijmoc Metablht c Geitoni�c Anaz thshc gia
k�je lÔsh tou ananewmènou pÐnaka Individual Best, ¸ste na up�rxei pija-
nìthta peraitèrw beltÐwshc stic èwc t¸ra bèltistec lÔseic, kai kurÐwc se
autèc pou den antikatast jhkan apì touc apìgonouc. Epiplèon, oi par�me-
troi vnsmax kai localmax eÐnai Ðsoi me 10. Sthn sunèqeia, gÐnetai h paragwg 
twn lÔsewn Pareto thc epan�lhyhc it apì tic lÔseic Pareto thc epan�lh-
yhc it − 1 kai apì tic lÔseic tou pÐnaka Individual Best thc epan�lhyhc it.
Sthn teleutaÐa apì tic epanal yeic tou algorÐjmou gia k�poion apì touc X
plhjusmoÔc gÐnetai o upologismìc tou met¸pou Pareto tou plhjusmoÔ (Pop
Pareto). Tèloc, gÐnetai h sugkèntrwsh se èna pÐnaka twn lÔsewn Pareto thc
teleutaÐac epan�lhyhc tou kajenìc apì toucX plhjusmoÔc (Pop Pareto) kai
apì autèc kratoÔntai oi mh-kuriarqoÔmenec, oi opoÐec dhmiourgoÔn to Total
Pareto.

O yeudok¸dikac tou Par�llhlou Poluenarkt riou Algìrijmou Diafo-
rik c Exèlixhc Mh KuriarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non-
dominated Sorting Di�erential Evolution Algorithm - PMS-NSDE) eÐnai:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n atìmwn plhjusmoÔ (W )
Epilog  thc tim c tou b
DhmiourgÐa arqikoÔ plhjusmoÔ atìmwn
Upologismìc tou kìstouc k�je lÔshc tou plhjusmoÔ gia k�je

antikeimenik  sun�rthsh
ArqikopoÐhsh tou pÐnaka Individual Best
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

Gia k�je �tomo
Upologismìc tou dokimastikoÔ dianÔsmatoc
Upologismìc tou kìstouc k�je dokimastikoÔ dianÔsmatoc

gia k�je antikeimenik  sun�rthsh
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Tèloc gia
Topojèthsh se koinì pÐnaka twn atìmwn tou trèqontoc

plhjusmoÔ kai twn antÐstoiqwn dokimastik¸n dianusm�twn
Upologismìc tou rank kai tou crowding distance k�je atìmou

kai k�je dokimastikoÔ dianÔsmatoc
Taxinìmhsh me b�sh ta rank kai crowding distance
Epilog  twn pr¸twn W lÔsewn gia apogìnouc
Efarmog  thc mejìdou V NS se k�je apìgono
Upologismìc tou kìstouc k�je apogìnou gia k�je antikeimenik 

sun�rthsh
Enhmèrwsh tou pÐnaka Individual Best
Efarmog  thc mejìdou V NS se k�je atomo tou Individual Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)

6.4.3. Par�llhloc Poluenarkt rioc Algìrijmoc BeltistopoÐhshc Sm nouc
SwmatidÐwn Mh KuriarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non-
dominated Sorting Particle Swarm Optimization Algorithm - PMS-
NSPSO)

Sth sunèqeia parousi�zetai mia parallag  tou Par�llhlou Poluenar-
kt riou Algìrijmou BeltistopoÐhshc Sm nouc SwmatidÐwn Mh KuriarqoÔme-
nhc Taxinìmhshc (Parallel Multi-Start Non-dominated Sorting Particle Sw-
arm Optimization Algorithm - PMS-NSPSO). 'Opwc anafèrjhke prohgoÔ-
mena, sth sugkekrimènh didaktorik  diatrib , qrhsimopoi jhkan kat�llhla
prosarmosmènoi treic algìrijmoi apì th didaktorik  diatrib  tou Dr. YÔqa
[342]. 'Enac apì autoÔc eÐnai kai o NSPSO. Sthn didaktorik  diatrib 
tou Dr. YÔqa gia to sugkekrimèno algìrijmo eÐqan protajeÐ treic paral-
lagèc. EmeÐc qrhsimopoi same thn trÐth parallag , h opoÐa eÐqe onomasteÐ
PMS − NSPSO3. Epiplèon, sthn paroÔsa diatrib , gia suntomÐa ja ana-
gr�fetai o algìrijmoc PMS −NSPSO3 wc PMS −NSPSO.

O Algìrijmoc BeltistopoÐhshc Sm nouc SwmatidÐwn (Sorting Particle
Swarm Optimization Algorithm - PSO) prot�jhke to 1995 apì toucKennedy
kai Eberhart [140] kai prosomoi¸nei th sumperifor� twn z¸wn pou kinoÔntai
se morf  sm nouc, ìpwc gia par�deigma ta pouli� kai ta y�ria. Apì tìte
èqoun pragmatopoihjeÐ pollèc èreunec pou aforoÔn ton sugkekrimèno al-
gìrijmo. To 2002 qrhsimopoi jhke se èna poludi�stato polÔploko q¸ro
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[58], en¸ to 2007 ègine h qr sh tou algìrijmou autoÔ sthn epÐlush problh-
m�twn me poll� topik� bèltista [33]. To 2010 parousi�sthke mÐa èreuna ìpou
ègine qr sh tou sugkekrimènou algìrijmou ston prosdiorismì tou bèltistou
tÔpou kai thc jèshc twn phgadi¸n gia thn exìruxh petrelaÐou kai fusikoÔ
aerÐou [211]. O algìrijmoc, epÐshc, qrhsimopoi jhke to 2012 sthn an�lush
omadopoÐhshc [47]. Epiplèon, se pollèc èreunec èqoun qrhsimopoihjeÐ kai
parallagèc tou sugkekrimènou algìrijmou, ìpwc eÐnai o duadikìc diakritìc
algìrijmoc beltistopoÐhshc sm nouc swmatidÐwn me th mèjodo epan�lhyhc
Lambda gia thn epÐlush problhm�twn dèsmeushc mon�dwn (discrete binary
particle swarm optimization (BPSO) method with the Lambda-iteration me-
thod for solving unit commitment (UC) problems) [88], o algìrijmoc belti-
stopoÐhshc sm nouc swmatidÐwn b�sei thc katanom c pijanìthtac Gaussian
[151], ènac ubridikìc algìrijmoc beltistopoÐhshc sm nouc swmatidÐwn gia thn
epÐlush tou probl matoc dromolìghshc oqhm�twn periorismènhc qwrhtikìth-
tac [46], o dunamikìc algìrijmoc beltistopoÐhshc sm nouc swmatidÐwn adra-
neÐac (dynamic inertia weight particle swarm optimization algorithm) [121], o
diakritìc algìrijmoc beltistopoÐhshc sm nouc swmatidÐwn, o opoÐoc qrhsimo-
poi jhke sthn epÐlush tou probl matoc programmatismoÔ ro c qwrÐc anamon 
[218] kai ènac algìrijmoc beltistopoÐhshc sm nouc swmatidÐwn m�jhshc gia
thn klimakoÔmenh beltistopoÐhsh (social learning particle swarm optimiza-
tion algorithm for scalable optimization) [53].

O Algìrijmoc BeltistopoÐhshc Sm nouc SwmatidÐwn (Sorting Particle
Swarm Optimization Algorithm - PSO) èqei qrhsimopoihjeÐ ìmwc kai sthn
epÐlush poluantikeimenik¸n problhm�twn, ìpwc eÐnai ta poluantikeinik� pro-
bl mata sqediasmoÔ [113], to prìblhma thc allhlouqÐac ro c an�meixhc (per-
mutation �owshop sequencing problem) me antikeimenikèc sunart seic thn e-
laqistopoÐhsh tou krithrÐou makespan kai tou sunolikoÔ qrìnou ro c twn
ergasi¸n [281], ta suneq  probl mata beltistopoÐhshc [229], to poluanti-
keimenikì euèlikto prìblhma programmatismoÔ ergasi¸n (multi-objective �e-
xible job-shop scheduling problem) [325] kai to periballontikì/ oikonomikì
prìblhma (environmental/economic dispatch (EED) problem) me antikeime-
nikèc sunart seic thn elaqistopoÐhsh tou kìstouc kai twn ekpomp¸n [3]. O
Algìrijmoc BeltistopoÐhshc Sm nouc SwmatidÐwn Mh KuriarqoÔmenhc Ta-
xinìmhshc (Non-dominated Sorting Particle Swarm Optimization Algorithm
- NSPSO) parousi�sthke apì ton Li [162] to 2003. Orismènec èreunec èqoun
qrhsimopoi sei ton sugkekrimèno algìrijmo sthn epÐlush poluantikeimenik¸n
problhm�twn, ìpwc gia par�deigma sto poluantikeimenikì prìblhma staje-
rìthtac t�shc [28] kai ston programmatismì ergasi¸n se èna eterogenèc peri-
b�llon kai sugkekrimèna sthn elaqistopoÐhsh thc ro c kai, sugqrìnwc, tou
krithrÐou makespan [272]. K�poiec parallagèc tou pou èqoun dhmosieujeÐ
eÐnai mÐa parallag  tou PoluantikeimenikoÔ Algìrijmou BeltistopoÐhshc Sm -
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nouc SwmatidÐwn Mh KuriarqoÔmenhc Taxinìmhshc, sthn opoÐa sundu�zo-
ntai leitourgÐec tou GenetikoÔ Algìrijmou Mh KuriarqoÔmenhc Taxinìmh-
shc II (NSGA-II) me tou Algìrijmou BeltistopoÐhshc Sm nouc SwmatidÐwn
(Particle Swarm Optimization Algorithm - PSO) [176] kai o Prohgmènoc Po-
luantikeimenikìc Algìrijmoc BeltistopoÐhshc Sm nouc SwmatidÐwn Mh Ku-
riarqoÔmenhc Taxinìmhshc Met¸pou Pareto, o opoÐoc qrhsimopoi jhke sth
bèltisth diamìrfwsh (topojèthsh kai mètrhsh diastasewn) thc katanemh-
mènhc geni�c sto sÔsthma aktinik c dianom c (Advanced Pareto Front Non-
Dominated Sorting Multi-Objective Particle Swarm Optimization for optimal
con�guration (placement and sizing) of distributed generation (DG) in the
radial distribution system) [183].

Arqik�, gia tic lÔseic k�je arqikoÔ sm nouc swmatidÐwn apì touc X ar-
qikoÔc plhjusmoÔc lÔsewn, epilègontai oi par�metroi epit�qunshc c1 kai c2.
Sth sunèqeia, gÐnetai h metatrop  k�je mÐac apì tic W lÔseic (jèseic sw-
matidÐwn) tou arqikoÔ plhjusmoÔ lÔsewn (arqikoÔ sm nouc) se di�nusma
dekadik¸n arijm¸n. 'Epeita, gÐnetai h topojèthsh twn lÔsewn ston pÐna-
ka Personal Best (Proswpikì Bèltisto), ìpou ja topojeteÐtai h bèltisth
mèqri thn trèqousa epan�lhyh lÔsh (jèsh) k�je swmatidÐou. Me autìn ton
trìpo gÐnetai h arqikopoÐhsh tou pÐnaka Personal Best. Sthn sunèqeia, apì
ton pÐnaka Personal Best, gÐnetai o upologismìc tou pr¸tou met¸pou Pareto
tou arqikoÔ sm nouc, prin akìma xekin soun oi epanal yeic.

Kat� thn di�rkeia twn epanal yewn, qrhsimopoieÐtai h parak�tw sun�rth-
sh dhmiourgÐac tou dianÔsmatoc thc taqÔthtac (vij) gia k�je mÐa apì tic W
lÔseic xij(it) tou trèqontoc plhjusmoÔ lÔsewn:

vij(it+ 1) = x(vij(it) + c1rand1(pbestij − xij(it)) +

+c2rand2(gParetoj(it)− xij(it))), (19)

ìpou it eÐnai h trèqousa epanal yh, c1 kai c2 eÐnai oi metablhtèc epit�qunshc
pou sun jwc paÐrnoun thn tim  2, ta rand1 kai rand2 eÐnai tuqaÐec metablh-
tèc sto di�sthma [0,1]. EpÐshc, h bèltisth jèsh enìc swmatidÐou (pbestij)
upologÐzetai apì thn akìloujh exÐswsh gia probl mata elaqistopoÐhshc:

pbestij =

{
xij(it+ 1), e�n f(xij(it+ 1)) ≤ f(xij(it))
pbestij, alli¸c

, (20)

ìpou f(xij(it)) eÐnai h sun�rthsh poiìthtac thc jèshc tou swmatidÐou xij sthn
epan�lhyh it. Tèloc, to x brÐsketai apì thn exÐswsh:

x =
2

|2− c−
√
c2 − 4c|

µε c = c1 + c2, c > 4 (21)
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kai to gPareto eÐnai èna tuqaÐa epilegmèno swmatÐdio apì to mètwpo Pareto
thc epan�lhyhc it. Ed¸ axÐzei na shmeiwjeÐ ìti se èna poluantikeimenikì
prìblhma beltistopoÐhshc eÐnai dÔskolo na epilegeÐ me apl  sÔgkrish mìno
mÐa lÔsh kai autìc eÐnai o lìgoc ìpou epilègetai tuqaÐa mÐa lÔsh apì to mètwpo
Pareto tou pÐnaka Personal Best, miac kai ìlec autèc oi lÔseic metaxÔ touc
jewroÔntai isodÔnamec.

'Epeita, gÐnetai o upologismìc thc nèac jèshc tou k�je swmatidÐou apì th
sun�rthsh:

xij(it+ 1) = xij(it) + vij(it+ 1) (22)

Met� th diadikasÐa tou upologismoÔ thc nèac jèshc tou k�je swmati-
dÐou tou trèqontoc plhjusmoÔ (sm nouc), ta stoiqeÐa twn lÔsewn paÐrnoun
akèraia morf  mìno gia na upologisteÐ to kìstoc k�je antikeimenik c su-
n�rthshc gia k�je nèa jèsh swmatidÐou. 'Epeita, gÐnetai h topojèthsh twn
lÔsewn twn jèsewn tou trèqontoc plhjusmoÔ (xij(it)) kai twn antÐstoiqwn
nèwn jèsewn touc (xij(it + 1)) se ènan koinì pÐnaka kai gÐnetai h taxinìmhs 
touc me b�sh touc telestèc rank kai crowding distance, ìpwc akrib¸c pe-
rigr�fetai se prohgoÔmenh upopar�grafo, ètsi ¸ste na dÐnetai h dunatìthta
stic jèseic twn swmatidÐwn tou plhjusmoÔ thc epan�lhyhc it, pou kuriarqoÔn
stic lÔseic twn nèwn jèsewn pou par�qjhkan sthn epan�lhyh it+1, na èqoun
mÐa epiprìsjeth eukairÐa gia peraitèrw beltÐwsh. Oi pr¸tecW taxinomhmènec
lÔseic apoteloÔn tic nèec jèseic twn swmatidÐwn thc epan�lhyhc it + 1, dh-
lad  ton pÐnaka xij(it + 1). Me autìn ton trìpo, up�rqei h dunatìthta na
krathjoÔn oi lÔseic tou prohgoÔmenou sm nouc me kal� qarakthristik� gia
epiplèon exèlixh sthn epìmenh epan�lhyh kai na gÐnei exisorrìphsh thc pija-
n c ap¸leiac kal¸n plhrofori¸n pou mporeÐ na prokÔyei kat� thn diadikasÐa
thc metatrop c twn tim¸n twn dianusm�twn twn lÔsewn apì diakrit  morf 
se suneq .

Sthn sunèqeia efarmìzetai o algìrijmoc Metablht c Geitoni�c Anaz th-
shc (V NS) gia k�je nèa jèsh xij(it+ 1), oi opoÐec apoteloÔn tic jèseic twn
swmatidÐwn tou plhjusmoÔ thc epìmenhc epan�lhyhc. Me thn efarmog  tou
V NS, dÐnetai h dunatìthta stic nèec jèseic gia peraitèrw beltÐwsh. 'Epeita,
gÐnetai o upologismìc tou kìstouc k�je antikeimenik c sun�rthshc gia k�je
nèa jèsh swmatidÐou kai sth sunèqeia gÐnetai h ananèwsh thc bèltisthc, e¸c
thn prohgoÔmenh epan�lhyh, jèshc gia k�je swmatÐdio ston pÐnaka Personal
Best. Ed¸ prèpei na epishmanjeÐ ìti gia na antikatastajeÐ mÐa bèltisth jèsh
enìc swmatidÐou tou pÐnaka Personal Best me mÐa jèsh thc epan�lhyhc it+ 1
tou Ðdiou swmatidÐou, ja prèpei h jèsh thc epan�lhyhc it + 1 na kuriarqeÐ
sthn bèltisth jèsh èwc thn epan�lhyh it. Sth sunèqeia efarmìzetai o al-
gìrijmoc Metablht c Geitoni�c Anaz thshc gia k�je lÔsh tou ananewmènou
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pÐnaka Personal Best, ¸ste na up�rxei pijanìthta stic èwc t¸ra bèltistec
lÔseic gia peraitèrw beltÐwsh kai kurÐwc se autèc pou den antikatast jhkan.
'Epeita, gÐnetai h paragwg  twn lÔsewn Pareto thc epan�lhyhc it + 1 apì
tic lÔseic Pareto thc epan�lhyhc it kai apì tic lÔseic tou pÐnaka Personal
Best thc epan�lhyhc it+ 1. Sthn teleutaÐa apì tic epanal yeic tou algorÐj-
mou, gÐnetai o upologismìc tou mètwpou Pareto tou plhjusmoÔ (Pop Pareto)
gia k�poion apì touc X plhjusmoÔc. Tèloc, oi lÔseic Pareto thc teleutaÐac
epan�lhyhc tou kajenìc apì toucX plhjusmoÔc (Pop Pareto) sugkentr¸no-
ntai se ènan pÐnaka kai apì autèc kratoÔntai oi mh-kuriarqoÔmenec, oi opoÐec
dhmiourgoÔn to Total Pareto.

O yeudok¸dikac tou Par�llhlou Poluenarkt riou Algìrijmou Belti-
stopoÐhshc Sm nouc SwmatidÐwn Mh KuriarqoÔmenhc Taxinìmhshc (Parallel
Multi-Start Non-dominated Sorting Particle Swarm Optimization Algorithm
- PMS-NSPSO) paratÐjetai parak�tw:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n swmatidÐwn sm nouc (W )
Epilog  twn tim¸n twn c1 kai c2
DhmiourgÐa arqikoÔ plhjusmoÔ swmatidÐwn
Upologismìc tou kìstouc thc lÔshc (jèshc) k�je swmatidÐou tou

plhjusmoÔ gia k�je antikeimenik  sun�rthsh
ArqikopoÐhsh tou pÐnaka Personal Best
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

Gia k�je swmatÐdio
Upologismìc thc taqÔthtac kai thc nèa tou jèshc
Upologismìc tou kìstouc k�je jèshc gia k�je

antikeimenik  sun�rthsh
Tèloc gia
Topojèthsh se koinì pÐnaka twn jèsewn tou trèqontoc

plhjusmoÔ kai twn antÐstoiqwn nèwn jèsewn twn swmatidÐwn
Upologismìc tou rank kai tou crowding distance k�je jèshc
Taxinìmhsh twn jèsewn me b�sh to rank kai to crowding

distance
Epilog  twn pr¸twn W lÔsewn gia nèec jèseic swmatidÐwn
Efarmog  thc mejìdou V NS se k�je nèa jèsh swmatidÐou
Upologismìc tou kìstouc k�je nèac jèshc gia k�je

antikeimenik  sun�rthsh
Enhmèrwsh tou pÐnaka Personal Best
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Efarmog  thc mejìdou V NS se k�je lÔsh tou Personal Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)
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Sq ma 3: Epilog  Kl¸nwn [346].

6.4.4. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Epilog c
Kl¸nwn (Parallel Multi-Start Multiobjective Clonal Selection Algori-
thm - PMS-MOCSA)

Ta Teqnht� Anosopoihtik� Sust mata (AIS) [66, 69] empnèontai apì to
fusikì anosopoihtikì sÔsthma. Oi algìrijmoi AIS taxinomoÔntai se treic
kathgorÐec [31]: a) o Algìrijmoc Jetik c/Arnhtik c Epilog c [86], b) o
Algìrijmoc Epilog c Kl¸nwn [68, 70] kai g) o Algìrijmoc DiktÔou [287].
Gia analutikèc plhroforÐec sqetik� me to teqnhtì anosopoihtikì sÔsthma
mporeÐ k�poioc na anatrèxei sta [31, 69, 228].

O Algìrijmoc Epilog c Kl¸nwn (Clonal Selection Algorithm - CSA) e-
mpneÔsthke apì th leitourgÐa tou anosopoihtikoÔ sust matoc [66, 69, 339]
kai sugkekrimèna apì ta lemfokÔttara, ta opoÐa par�gontai ston muelì twn
ost¸n. H kÔria leitourgÐa twn lemfokutt�rwn eÐnai h anagn¸rish kai h a-
ntÐdras  touc apènanti sta antigìna, ta opoÐa brÐskonai sthn epif�neia twn
pajogìnwn kutt�rwn, ìtan aut� eisèrqontai ston organismì [339]. O sugke-
krimènoc algìrijmoc qrhsimopoieÐ th diadikasÐa thc klwnopoÐhshc twn lemfo-
kutt�rwn (cloning process) kai thc met�llaxhc aut¸n me thn èkkrish antisw-
m�twn (upermet�llaxh - hypemutation process). O sunduasmìc twn parap�nw
apoteleÐ thn wrÐmansh thc suggèneiac (a�nity maturation). O lìgoc Ôparxhc
thc parap�nw diadikasÐac eÐnai h swst  �muna tou organismoÔ apènanti sta
antigìna enìc xènou kutt�rou met� thn eisbol  touc ston organismì. Gia pe-
rissìterec plhroforÐec p�nw sthn fusik  diadikasÐa epilog c kl¸nwn mporeÐ
k�poioc na anatrèxei sta [341, 232].

Gia ton Algìrijmo Epilog c Kl¸nwn (Clonal Selection Algorithm - CSA)
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èqoun dhmosieujeÐ pollèc èreunec gia thn epÐlush diafìrwn problhm�twn,
ìpwc eÐnai h dhmiourgÐa enìc teqnhtoÔ anosopoihtikoÔ sust matoc gia anti-
met¸pish ioÔ upologist  [319], to prìblhma dromolìghshc oqhm�twn perio-
rismènhc qwrhtikìthtac [61], to anoiktì prìblhma dromolìghshc oqhm�twn
[219], to dunamikì prìblhma di�taxhc egkat�stashc [292], to prìblhma bra-
quprìjesmou udrojermikoÔ programmatismoÔ (short-term hydrothermal sche-
duling problem) [276], h beltistopoÐhsh asaf¸n sunart sewn summetoq c
pollapl¸n eisìdwn-exìdwn [6] kai to prìblhma programmatismoÔ sunt rhshc
gennhtri¸n isqÔoc [80]. EpÐshc, èqoun dhmosieujeÐ kai èreunec me parallagèc
tou, ìpwc eÐnai o pragmatik c kwdikopoÐhshc algìrijmoc epilog c kl¸nwn
(real-coded clonal selection algorithm (RCSA)), o opoÐoc qrhsimopoi jhke
sth beltistopoÐhsh tou hlektromagnhtikoÔ sqediasmoÔ [38], o algìrijmoc
epilog c kl¸nwn anosopoihtik c mn mhc, o opoÐoc qrhsimopoi jhke sto sqe-
diasmì fÐltrwn stoÐbac (Immune memory clonal selection algorithms for de-
signing stack �lters) [77] kai o pragmatik c kwdikopoÐhshc katanemhmènoc
algìrijmoc epilog c kl¸nwn (real-coded Distributed Clonal Selection Algo-
rithm), o opoÐoc qrhsimopoi jhke sth beltistopoÐhsh tou hlektromagnhtikoÔ
sqediasmoÔ [24].

O Algìrijmoc Epilog c Kl¸nwn (Clonal Selection Algorithm - CSA),
kaj¸c kai parallagèc tou, èqoun qrhsimopoihjeÐ kai gia thn epÐlush polua-
ntikeimenik¸n problhm�twn. Orismèna apì aut� eÐnai: h poluantikeimenik 
beltistopoÐhsh sqediasmoÔ sÔnjetwn ulik¸n qrhsimopoi¸ntac ton antikei-
menik c enallag c algìrijmo epilog c kl¸nwn (Objective Switching Clonal
Selection Algorithm) [209], ta probl mata mhqanik c sqedÐashc qrhsimopoi-
¸ntac ton dunamikì poluantikeimenikì algìrijmo epilog c kl¸nwn [25], ta
poluantikeimenik� probl mata sakidÐou 0/1 qrhsimopoi¸ntac ton Kbantikì
Anosopoihtikì Algìrijmo Epilog c Kl¸nwn (Quantum Immune Clonal Se-
lection Algorithm) [265], to sÔnjeto prìblhma periballontik c/oikonomik c
katanom c twn jermik¸n gennhtri¸n sto sÔsthma hlektrik c enèrgeiac, ìpou
qrhsimopoi jhke o prosarmostikìc algìrijmoc epilog c kl¸nwn (Adaptive
Clonal Selection Algorithm (ACSA)) [247] kai h diadikasÐa sqedÐashc twn
in¸n �njraka qrhsimopoi¸ntac ton sunergetikì anosopoihtikì algìrijmo epi-
log c kl¸nwn (synergetic immune clonal selection algorithm) [48]. EpÐshc,
eÐte o algìrijmoc autìc eÐte parallagèc tou èqoun parousiasteÐ kai se �llec
èreunec, ìpwc eÐnai to poluantikeimenikì prìblhma bèltisthc ro c isqÔoc qrh-
simopoi¸ntac ènan prosarmostikì algìrijmo epilog c kl¸nwn (ACSA) [248],
ta dunamik� poluantikeimenik� probl mata beltistopoÐhshc qrhsimopoi¸ntac
ton kbantikì anosopoihtikì algìrijmo epilog c kl¸nwn (Quantum immune
clonal coevolutionary algorithm) [266], to prìblhma bèltisthc ro c isqÔoc me
abebaiìthta fortÐou, ìpou qrhsimopoi jhke o poluantikeimenikìc prosarmo-
stikìc algìrijmoc epilog c kl¸nwn (MOACSA) [249], to poluantikeimenikì
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prìblhma dromolìghshc tìxwn periorismènhc qwrhtikìthtac qrhsimopoi¸ntac
ton anosopoihtikì algìrijmo epilog c kl¸nwn basismèno sthn kateujunìme-
nh exèlixh (Immune Clonal Algorithm Based on Directed Evolution) [267], ta
probl mata prìbleyhc [16] kai ta poluantikeimenik� energeiak� probl mata
dromolìghshc oqhm�twn me Pollaplèc Apoj kec [250].

Ston Algìrijmo Epilog c Kl¸nwn (Clonal Selection Algorithm - CSA),
arqik�, epilègetai ènac arqikìc plhjusmìc apì W antis¸mata (lÔseic), ìpou
k�je antÐswma, xij, me i = 1, 2, ...,W kai j = 1, 2, ..., n, èqei mÐa apìdosh pou
ektim�tai apì mia prokajorismènh sun�rthsh poiìthtac (fitness function).
Apì ton arqikì plhjusmì twnW lÔsewn gÐnetai h epilog  twn Fb kalÔterwn
lÔsewn. 'Epeita, apì ta Fb antis¸mata gÐnetai h dhmiourgÐa twn Fc kl¸nwn
me b�sh thn apìdosh thc sun�rthshc poiìthtac (to kìstoc thc antikeimenik c
sun�rthshc - suggèneia). EÐnai eunìhto ìti h pio isqur  lÔsh (antÐswma)
par�gei ton megalÔtero arijmì kl¸nwn. O arijmìc twn kl¸nwn gia k�je
antÐswma upologÐzetai apì thn sun�rthsh:

Fc =
Fb∑
i=1

round
β1W

i
, (23)

ìpou to β1 eÐnai mia par�metroc pollaplasiasmoÔ. Met� akoloujeÐ h efarmo-
g  tou telest  upermet�llaxhc (hypermutation), ìpou gÐnetai tuqaÐa epilog 
twn stoiqeÐwn enìc antis¸matoc pou metab�llontai. Oi allagèc autèc mpo-
roÔn na xeper�soun èwc kai to 80 % thc lÔshc. Sth sunèqeia, gÐnetai h
diadikasÐa diìrjwshc twn upodoqèwn (diaforopoÐhsh twn lÔsewn), ¸ste na
xefÔgei mia lÔsh apì èna topikì el�qisto. Oi dÔo parap�nw diadikasÐec mpo-
roÔn na efarmostoÔn eÐte diadoqik� stouc kl¸nouc eÐte na efarmosteÐ h mÐa
apì tic dÔo qrhsimopoi¸ntac ènan telest  wrÐmanshc Mr. H epilog  gÐnetai
wc ex c: gia k�je kl¸no, par�getai tuqaÐa ènac arijmìc metaxÔ tou 0 kai tou
1 kai an autìc o arijmìc eÐnai mikrìteroc   Ðsoc me to Mr, tìte efarmìzetai
o telest c upermet�llaxhc. Diaforetik� efarmìzetai o telest c diìrjwshc
twn upodoqèwn.

To epìmeno st�dio eÐnai o upologismìc tou kìstouc thc antikeimenik c
sun�rthshc k�je kl¸nou kai h epilog  twn Fs kalÔterwn, ¸ste na anti-
katast soun k�poia apì ta W mèlh tou trèqontoc plhjusmoÔ antiswm�twn.
Tèloc, gÐnetai h dhmiourgÐa enìc mikroÔ arijmoÔ tuqaÐwn antiswm�twn me sko-
pì thn antikat�stash k�poiwn apì ta qeirìtera antis¸mata tou trèqontoc
plhjusmoÔ antiswm�twn. Sthn epìmenh epan�lhyh epibi¸noun mìno ta W
antis¸mata, en¸ diagr�fontai ìla ta upìloipa (Fb, Fc, Fs).

Ston Par�llhlo Poluenarkt rio Poluantikeimenikì Algìrijmo Epilog c
Kl¸nwn (Parallel Multi-Start Multiobjective Clonal Selection Algorithm -
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PMS-MOCSA) epilègetai o plhjusmìc twn lÔsewn (antiswm�twn) Q wc a-
koloÔjwc: Arqik� dÐnontai timèc sta Mr kai β1 kai sth sunèqeia oi lÔseic
tou arqikoÔ plhjusmoÔ topojetoÔntai ston pÐnaka Antibody Best (Prosw-
pikì Bèltisto k�je antis¸matoc), apì ìpou dhmiourgeÐtai to mètwpo Pareto
tou arqikoÔ plhjusmoÔ. Se k�je epan�lhyh, prokeimènou na brejoÔn ta ka-
lÔtera antis¸mata tou trèqontoc plhjusmoÔ antiswm�twn (Fb), entopÐzontai
ta mh-kuriarqoÔmena antis¸mata (Pareto antiswm�twn). 'Epeita, gÐnetai h ta-
xinìmhs  touc wc ex c: arqik� upologÐzetai o mèsoc ìroc twn tim¸n kìstouc
gia k�je antikeimenik  sun�sthsh. Sthn poreÐa, upologÐzetai h EukleÐdeia
apìstash metaxÔ tou mèsou ìrou kai k�je mÐac apì tic mh-kuriarqoÔmenec
lÔseic twn antiswm�twn. Tèloc, oi lÔseic taxinomoÔntai an�loga me thn
apìstas  touc apì to mèso ìro. Met� apì ìla ta parap�nw, oi Fb mh-
kuriarqoÔmenec lÔseic antiswm�twn taxinomoÔntai p�li wc ex c: pr¸to a-
ntÐswma sthn lÐsta twn Fb antiswm�twn topojeteÐtai to kontinìtero ston
mèso ìro kai deÔtero ekeÐno pou eÐnai to pio apomakrusmèno apì to mèso ìro.
To trÐto antÐswma topojeteÐtai to deÔtero pio kont� ston mèso ìro kai to
tètarto antÐswma topojeteÐtai to deÔtero pio apomakrusmèno apì ton mèso
ìro klp. Lìgw aut c thc diadikasÐac par�getai ènac epark c arijmìc kl¸nwn
apì ton sunduasmì twn akraÐwn mh-kuriarqoÔmenwn lÔsewn tou Pareto me-
t¸pou kai aut¸n pou brÐskontai sto kèntro tou Pareto met¸pou.

Sth sunèqeia, ènac arijmìc kl¸nwn twn Fb antis¸matwn par�getai qrh-
simopoi¸ntac thn exÐswsh (23), ìpou h par�metroc β1 èqei tim  1. EpÐshc,
gÐnetai h prosj kh dèka tuqaÐwn dhmiourghmènwn antiswm�twn sto sÔnolo
twn kl¸nwn, ¸ste na up�rqoun epiplèon ikanìthtec exereÔnhshc ston pÐnaka
twn kl¸nwn.

Met� thn dhmiourgÐa twn kl¸nwn, dhmiourgeÐtai ènac tuqaÐoc arijmìc gia
k�je kl¸no sto di�sthma (0, 1). An autìc o arijmìc eÐnai mikrìteroc   Ðsoc
me ènan telest  wrÐmanshc Mr = 0, 5, tìte ston exetazìmeno kl¸no efar-
mìzetai h diadikasÐa thc upermet�llaxhc, ìpou epilègetai tuqaÐa ènac arijmìc
kìmbwn tou dianÔsmatoc tou kl¸nou kai antall�ssontai tuqaÐa metaxÔ touc.
Diaforetik�, o kl¸noc upob�lletai se diadikasÐa diìrjwshc twn upodoqèwn
kai ekteleÐtai mia allag  ston exetazìmeno kl¸no me thn mèjodo 2−opt, ìpou
h epilog  twn diagr�yimwn tìxwn eÐnai tuqaÐa.

Sto epìmeno st�dio tou algorÐjmou, upologÐzetai to kìstoc gia k�je mÐa
antikeimenik  sun�rthsh k�je kl¸nou kai epilègontai oi mh-kuriarqoÔmenoi
kl¸noi (Pareto kl¸nwn). Opìte, an o arijmìc twn mh-kuriarqoÔmenwn kl¸nwn
eÐnai mikrìteroc   Ðsoc me toW , tuqaÐa epilegmèna antis¸mata apì ton trèqo-
nta plhjusmì antiswm�twn antikajÐstantai me touc mh-kuriarqoÔmenouc kl¸-
nouc. Diaforetik�, ìla ta antis¸mata antikajÐstantai apì tuqaÐa epileg-
mènouc mh-kuriarqoÔmenouc kl¸nouc. Sthn sunèqeia, gia th beltÐwsh twn
nèwn antiswm�twn, qrhsimopoieÐtai o algìrijmoc Metablht c Geitoni�c Ana-
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z thshc (V NS) gia k�je antÐswma. Ta nèa antis¸mata apoteloÔn ta anti-
s¸mata tou plhjusmoÔ sthn epìmenh epan�lhyh.

'Epeita, upologÐzetai to kìstoc k�je antikeimenik c sun�rthshc gia k�je
nèo antÐswma kai anane¸netai h bèltisth èwc thn prohgoÔmenh epan�lhyh
lÔsh gia k�je antÐswma ston pÐnaka Antibody Best. MÐa bèltisth èwc thn
it − 1 epan�lhyh lÔsh enìc antis¸matoc tou pÐnaka Antibody Best antika-
jÐstatai me mÐa lÔsh thc epan�lhyhc it tou Ðdiou antis¸matoc, mìno an h
lÔsh thc epan�lhyhc it kuriarqeÐ sthn bèltisth èwc thn epan�lhyh it − 1
lÔsh. Sthn poreÐa, gia peraitèrw beltÐwsh twn èwc t¸ra bèltistwn lÔse-
wn, ekteleÐtai o algìrijmoc Metablht c Geitoni�c Anaz thshc gia k�je lÔsh
tou ananewmènou pÐnaka Antibody Best. Tèloc, par�gontai oi lÔseic Pareto
thc epan�lhyhc it apì tic lÔseic Pareto thc epan�lhyhc it − 1 kai apì tic
lÔseic tou pÐnaka Antibody Best thc epan�lhyhc it kai sthn teleutaÐa apì
tic epanal yeic tou algorÐjmou gia k�poion apì touc X plhjusmoÔc, upolo-
gÐzetai to mètwpo Pareto tou plhjusmoÔ (Pop Pareto). Tèloc, oi Pareto
lÔseic thc teleutaÐac epan�lhyhc tou kajenìc apì touc Q plhjusmoÔc (Pop
Pareto) sugkentr¸nontai se ènan pÐnaka apì ìpou sth sunèqeia kratoÔntai
oi mh-kuriarqoÔmenec lÔseic, oi opoÐec apoteloÔn to Total Pareto.

O yeudok¸dikac tou Par�llhlou Poluenakt riou PoluantikeimenikoÔ Al-
gìrijmou Epilog c Kl¸nwn (Parallel Multi-Start Multiobjective Clonal Se-
lection Algorithm - PMS-MOCSA) eÐnai:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n antiswm�twn (W )
DhmiourgÐa arqikoÔ plhjusmoÔ antiswm�twn
Upologismìc tou kìstouc k�je antis¸matoc tou plhjusmoÔ gia k�je

antikeimenik  sun�rthsh
Epilog  twn tim¸n twn β1 kai Mr
ArqikopoÐhsh tou pÐnaka Antibody Best
ArqikopoÐhsh tou Pareto met¸pou tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

DhmiourgÐa tou Pareto met¸pou twn antiswm�twn
Gia k�je antÐswma tou Pareto met¸pou twn antiswm�twn

DhmiourgÐa twn antÐstoiqwn kl¸nwn tou
Upologismìc tou kìstouc k�je kl¸nou gia k�je

antikeimenik  sun�rthsh
Tèloc gia
Prosj kh sto di�nusma kl¸nwn dèka epiplèon tuqaÐwn lÔsewn
Gia k�je kl¸no
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Epilog  kai efarmog  metaxÔ upermet�llaxhc   diìrjwshc twn
upodoqèwn

Upologismìc tou kìstouc k�je kl¸nou gia k�je antikeimenik 
sun�rthsh

Tèloc gia
DhmiourgÐa tou met¸pou Pareto twn kl¸nwn
Antikat�stash twn lÔsewn twn kl¸nwn me tuqaÐa antis¸mata

tou trèqontoc plhjusmoÔ
Efarmog  thc mejìdou V NS se k�je antÐswma
Upologismìc tou kìstouc k�je antis¸matoc gia k�je

antikeimenik  sun�rthsh
Enhmèrwsh tou pÐnaka Antibody Best
Efarmog  thc mejìdou V NS se k�je lÔsh tou Antibody Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)

85



Sq ma 4: Mèlissa [347].

6.4.5. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Teqnh-
t c ApoikÐac Meliss¸n (Parallel Multi-Start Multiobjective Arti�cial
Bee Colony Algorithm - PMS-ABC)

Gia thn kalÔterh katanìhsh tou algorÐjmou, eÐnai protimìtero na gÐnei
mÐa sÔntomh anafor� thc sumperifor�c twn meliss¸n sthn kajhmerinìthta. O
kÔrioc lìgoc thc apom�krunshc twn meliss¸n apì thn kuyèlh eÐnai h anaz th-
sh trof c. 'Otan entopÐsoun thn trof , sun jwc den mporoÔn mìnec touc na
thn sullèxoun kai na thn metafèroun sthn kuyèlh. Epomènwc, gurn�ne sthn
kuyèlh topojet¸ntac to nèktar pou èqoun sullèxei. 'Epeita, prospajoÔn na
enhmer¸soun tic upìloipec mèlissec pou brÐskontai mèsa sthn kuyèlh gia thn
phg  trof c pou br kan, k�nontac eidikèc kin seic, tic opoÐec oi epist monec
onìmasan qorì (waggle dance).

Genik�, o Algìrijmoc Teqnht c ApoikÐac twn Meliss¸n (Arti�cial Bee
Colony Algorithm - ABC) [131, 133] efarmìzetai kurÐwc se suneq  pro-
bl mata beltistopoÐhshc kai basÐzetai sth diadikasÐa tou qoroÔ twn meliss¸n
(waggled dance) kat� th diadikasÐa anaz thshc trof c. EÐnai o pio gnwstìc
algìrijmoc pou prosomoi¸nei th sumperifor� twn pragmatik¸n meliss¸n kai
èqei efarmosteÐ se pollèc melètec. To 2007 parousi�sthke mÐa èreuna sthn o-
poÐa ègine qr sh tou Algìrijmou Teqnht c ApoikÐac twn Meliss¸n (Arti�cial
Bee Colony Algorithm - ABC) sthn epÐlush tou probl matoc genikeumènhc
an�jeshc (Generalized Assignment Problem) [26]. Thn Ðdia qroni�, parousi-
�sthke mÐa èreuna ìpou o algìrijmoc autìc qrhsimopoi jhke sth beltistopoÐ-
hsh sunart sewn pollapl¸n metablht¸n kai ta apotelèsmata pou par�go-
ntai apì ton algìrijmo autì, sugkrÐjhkan me ta apotelèsmata pou par�go-
ntai apì touc: Genetikì Algìrijmo (Genetic Algorithm - GA), Algìrijmo
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BeltistopoÐhshc Sm nouc SwmatidÐwn (Particle Swarm Optimization Algori-
thm - PSO) kai Exeliktikì Algìrijmo BeltistopoÐhshc Sm nouc SwmatidÐwn
(Particle Swarm Inspired Evolutionary Algorithm - PS-EA) [131]. EpÐshc,
thn Ðdia qroni�, se mÐa èreuna ègine qr sh tou algìrijmou autoÔ sta neurw-
nik� dÐktua [132]. To 2008 parousi�sthke mÐa èreuna pou aforoÔse th qr sh
tou algìrijmou autoÔ sthn epÐlush poludi�statwn arijmhtik¸n problhm�twn
kai ta apotelèsmata pou prokÔptoun apì ton algìrijmo autì, sugkrÐjhkan
me ta apotelèsmata pou par�gontai apì touc: Algìrijmo Diaforik c Exèli-
xhc (Di�erential Evolution Algorithm - DE), Algìrijmo BeltistopoÐhshc
Sm nouc SwmatidÐwn (Particle Swarm Optimization Algorithm - PSO) kai
Exeliktikì Algìrijmo (Evolutionary Algorithm - EA) [133]. To 2009 parou-
si�sthke mÐa bibliografik  èreuna stouc algorÐjmouc pou èqoun wc b�sh thn
eufuòa sta sm nh meliss¸n, kaj¸c kai tic efarmogèc touc [134]. Epiplèon,
thn Ðdia qroni�, parousi�sthke mÐa èreuna sthn opoÐa ègine qr sh tou algìrij-
mou autoÔ gia th beltistopoÐhsh miac meg�lhc seir�c arijmhtik¸n sunart se-
wn kai ègine sÔgkrish twn apotelesm�twn pou par�gontai apì ton algìrij-
mo autì me ta apotelèsmata pou prokÔptoun apì touc: Genetikì Algìrijmo
(Genetic Algorithm - GA), Algìrijmo BeltistopoÐhshc Sm nouc SwmatidÐwn
(Particle Swarm Optimization Algorithm - PSO), Algìrijmo Diaforik c E-
xèlixhc (Di�erential Evolution Algorithm - DE) kai strathgikèc exèlixhc
[135]. To 2010, se �llh èreuna ègine qr sh tou Algìrijmou Teqnht c Apoi-
kÐac twn Meliss¸n (Arti�cial Bee Colony Algorithm - ABC) gia thn epÐlush
twn genikeumènwn problhm�twn ekq¸rhshc (generalized assignment problems
- GAP) [216], en¸ se �llh èreuna ègine qr sh tou algorÐjmou autoÔ gia thn
exagwg  twn paramètrwn enìc montèlou kukl¸matoc isodÔnamou s matoc thc
suskeu c tranzÐstor epifaneÐac hmiagwgoÔ GaAs [254]. 'Ena qrìno argìtera,
to 2011, se �llh èreuna ègine qr sh tou algìrijmou autoÔ gia th sugkèntrw-
sh dedomènwn se probl mata sugkritik c axiolìghshc (benchmark problems)
kai h apìdosh tou algìrijmou sugkrÐnetai me ton Algìrijmo BeltistopoÐhshc
Sm nouc SwmatidÐwn (Particle Swarm Optimization Algorithm - PSO) kai me
�llec ennèa teqnikèc [136].

Pollèc melètec èqoun gÐnei, ìmwc, kai p�nw ston Poluantikeimenikì Al-
gìrijmo Teqnht c ApoikÐac twn Meliss¸n (Multi-Objective Arti�cial Bee
Colony algorithm - MOABC), kaj¸c kai gia th qr sh tou sthn epÐlush po-
luantikeimenik¸n problhm�twn. To 2012 parousi�sthke mÐa èreuna pou afo-
roÔse th qr sh tou PoluantikeimenikoÔ Algìrijmou Teqnht c ApoikÐac twn
Meliss¸n (Multi-Objective Arti�cial Bee Colony algorithm - MOABC) sthn
epÐlush poluantikeimenik¸n problhm�twn [11]. Thn Ðdia qroni� (2012) parou-
si�sthke se mÐa èreuna o Ubridikìc Poluantikeimenikìc Algìrijmoc Teqnht c
ApoikÐac twn Meliss¸n (Hybrid Multi-Objective Arti�cial Bee Colony algo-
rithm - HMOABC), o opoÐoc qrhsimopoi jhke gia thn beltistopoÐhsh thc
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epib�runshc thc paragwg c lwrÐdwn qalkoÔ [326]. To 2014 parousi�sthke
mÐa èreuna gia to sqediasmì diarrÔjmishc ergotaxÐou me th qr sh tou Polua-
ntikeimenikoÔ Algìrijmou Teqnht c ApoikÐac twn Meliss¸n (Multi-Objective
Arti�cial Bee Colony algorithm - MOABC) me pt seic Levy [307]. To 2015
parousi�sthke se mÐa èreuna o Poluantikeimenikìc Algìrijmoc Teqnht c A-
poikÐac twn Meliss¸n (Multi-Objective Arti�cial Bee Colony algorithm -
MOABC) pou qrhsimopoieÐ èna arqeÐo stajeroÔ megèjouc, sto opoÐo, me b�sh
thn apìstash apì to pl joc (crowding-distance), apojhkeÔei mh kurÐarqec
lÔseic pou èqoun brejeÐ kat� th diadikasÐa anaz thshc [304]. To 2018, se
�llh èreuna parousi�sthke o Poluantikeimenikìc Algìrijmoc Teqnht c Apoi-
kÐac twn Meliss¸n (Multi-Objective Arti�cial Bee Colony algorithm - MOA-
BC) enswmatwmènoc me mh kuriarqoÔmenh diadikasÐa taxinìmhshc kai me gene-
tikoÔc qeiristèc [108]. Thn Ðdia qroni� (2018), se mia èreuna parousi�sthke h
qr sh tou algìrijmou autoÔ sthn epÐlush tou probl matoc prosanatolismo-
Ô dÔo antikeimenik¸n sunart sewn (bi-objective orienteering problem) [190].
Tèloc, to 2019 parousi�sthke mÐa èreuna p�nw sthn qr sh tou algìrijmou
autoÔ gia thn tautìqronh prosanatolismènh seir� paraggelÐac kai thn exi-
sorrìphsh thc gramm c sunarmolìghshc [255], en¸ to 2020 parousi�sthke
mÐa èreuna sthn opoÐa qrhsimopoi jhke o Algìrijmoc Teqnht c ApoikÐac twn
Meliss¸n gia thn epÐlush tou PoluantikeimenikoÔ EnergeiakoÔ Probl matoc
Dromolìghshc Oqhm�twn me Pollaplèc Apoj kec [251].

Ston algìrijmo up�rqoun treic upoom�dec meliss¸n: oi aniqneÔtriec (scout
bees), oi jeatèc (onlookers bees) kai oi exereun triec (employed bees). Oi
exereun triec brÐskoun thn phg  trof c (pijan  lÔsh sto prìblhma) apì
mia prokajorismènh seir� pijan¸n phg¸n trofÐmwn kai moir�zontai autèc tic
plhroforÐec mèsw tou qoroÔ me tic �llec mèlissec sthn kuyèlh. Oi jeatèc
mèlissec perimènoun sthn kuyèlh kai me b�sh tic plhroforÐec pou lamb�noun
apì tic exereun triec, anazhtoÔn mÐa kalÔterh phg  trof c sth geitoni� ìpou
brÐsketai h trof  pou touc èqoun upodeÐxei. Tèloc, oi aniqneÔtriec mèlis-
sec gÐnontai exereun triec, ìtan h phg  trof c èqei telei¸sei kai anazhtoÔn
tuqaÐa mia nèa phg  trof c sto q¸ro thc lÔshc.

Arqik�, oi exereun triec mèlissec epilègoun tuqaÐa èna sÔnolo apì phgèc
trof c (pijanèc lÔseic) kai upologÐzetai h diajèsimh posìthta nèktar touc
(tim  thc antikeimenik c sun�rthshc). An to prìblhma eÐnai suneqèc, tìte oi
arqikèc timèc kajorÐzontai tuqaÐa sto pedÐo tim¸n pou to prìblhma ja prèpei
na epilujeÐ, diaforetik� prèpei na gÐnei metatrap  twn tim¸n apì suneqeÐc se
diakritèc. Gia thn metatrop  aut  qrhsimopoieÐtai h exÐswsh:

sig(xij) =
1

1 + exp(−xij)
, (24)
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kaj¸c epÐshc kai h parak�tw exÐswsh, h opoÐa qrhsipopoieÐtai gia thn diakri-
topoÐhsh twn tim¸n twn phg¸n trof c:

yij =

{
1, e�n rand1 < sig(xij)
0, alli¸c

(25)

ìpou to xij eÐnai h lÔsh (phg  trof c), i = 1, ..., N (N eÐnai o arijmìc twn
phg¸n trof c), j = 1, ..., d (d eÐnai h di�stash tou probl matoc), yij eÐnai h
metasqhmatismènh akèraia lÔsh (ìpou qrhsimopoieÐtai mìno gia epÐlush pro-
blhm�twn me qr sh duadik¸n tim¸n) kai rand1 eÐnai ènac tuqaÐoc arijmìc sto
di�sthma (0,1).

'Epeita, upologÐzetai h tim  thc k�je antikeimenik c sun�rthshc kai se
k�je mÐa phg  trof c antistoiqÐzetai mÐa exereun tria mèlissa. Oi exereu-
n triec mèlissec epistrèfoun sthn kuyèlh kai pragmatopoioÔn ton apokaloÔ-
meno qorì thc mèlissac (waggle dance) me skopì na enhmer¸soun tic mèlis-
sec pou èqoun parameÐnei sthn kuyèlh, tic jeatèc mèlissec, pou brÐskontai
oi phgèc trof c. AxÐzei na shmeiwjeÐ ìti sto arqikì �rjro pou prot�jhke
o algìrijmoc [131], proteÐnetai o arijmìc twn exereunhtri¸n kai o arijmìc
twn jeat¸n meliss¸n na eÐnai Ðdioc, k�ti ìmwc pou den eÐnai apìluto, miac kai
exart�tai apì to prìblhma pou jèloume na epilÔsoume.

Katìpin, oi jeatèc mèlissec epilègoun thn phg  trof c pou ja episke-
fjoÔn, basizìmenec sthn plhroforÐa pou lamb�noun gia to nèktar thc k�je
phg c, apì th diadikasÐa tou qoroÔ thc mèlissac. H pijanìthta epilog c mÐac
phg c trof c dÐnetai apì ton parak�tw tÔpo:

pi =
fi∑N
n=1 fn

, (26)

ìpou to fi eÐnai h tim  thc antikeimenik c sun�rthshc gia k�je phg  trof c.
Sth sunèqeia, oi exereun triec kai oi jeatèc mèlissec topojetoÔntai stic e-
pilegmènec phgèc, ìpou k�je mÐa phg  trof c antistoiqÐzetai se k�je mÐa
mèlissa. Gia thn paragwg  mÐac kainoÔriac phg c trof c qrhsimopoieÐtai h
akìloujh exÐswsh:

x′ij = xij + rand2(xij − xkj), (27)

ìpou to x′ij eÐnai h upoy fia phg  trof c, to k eÐnai mÐa diaforetik  phg 
trof c apì thn i kai to rand2 eÐnai ènac tuqaÐoc arijmìc sto di�sthma (0,1).

AxÐzei na shmeiwjeÐ ìti an gia k�poia phg  trof c oi jeatèc mèlissec,
mèsw twn kin sewn topik c anaz thshc, broun kalÔterh phg  trof c, tìte h
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phg  trof c antikajÐstatai sthn mn mh twn meliss¸n apì thn kalÔter  thc.
Epiplèon, an up�rqoun pollèc mèlissec se mÐa phg  trof c, tìte, apì tic
kin seic topik c anaz thshc thc k�je mèlissac, h sun�rthsh poiìthtac thc
sugkekrimènhc phg c trof c èqei kalÔterec timèc se diaforetik� shmeÐa tou
q¸rou lÔsewn.

Sth sunèqeia, ìlec oi mèlissec epistrèfoun xan� sthn kuyèlh kai h diadi-
kasÐa xekin�ei apì thn arq  me to qorì thc mèlissac. E�n h lÔsh den mporeÐ
na beltiwjeÐ gia èna arijmì epanal yewn, tìte aut  h phg  trof c jewreÐtai
ìti èqei exantlhjeÐ kai mÐa aniqneÔtria mèlissa topojeteÐtai se mÐa kainoÔria
tuqaÐa jèsh mèsa sto q¸ro lÔsewn (mÐa kainoÔria phg  trof c). H kainoÔria
tuqaÐa jèsh brÐsketai mèsa se k�poio prokajorismèno pedÐo tim¸n, ¸ste na
mporeÐ na odhg sei pio gr gora se mÐa kal  lÔsh kai upologÐzetai apì ton
tÔpo:

x′ij = xmin,j + rand3(xmax,j − xmin,j), (28)

ìpou ta xmin,j kai xmax,j eÐnai h el�qisth kai h mègisth tim  pou mporeÐ na
p�rei mÐa metablht  sto pedÐo tim¸n antÐstoiqa kai rand3 ènac tuqaÐoc arijmìc
sto di�sthma (0,1).

Tèloc, ja prèpei na tonisteÐ ìti oi mèlissec den eÐnai lÔseic, ìpwc sum-
baÐnei se �llouc algìrijmouc, all� diadikasÐec pou efarmìzontai se k�poia
lÔsh (phg  trof c) me skopì na thn belti¸soun. Opìte, an se k�poia ph-
g  trof c emfanisteÐ ìti ja akolouj soun 10 mèlissec thn exereun tria pou
br ke thn phg  trof c, autì shmaÐnei ìti ja efarmostoÔn 10 prosp�jeiec gia
eÔresh nèac phg c trof c. Epomènwc, to pl joc twn phg¸n trof c prèpei
na eÐnai megalÔtero apì to sÔnolo twn exereunhtri¸n, ¸ste na mporoÔn na
topojethjoÔn p�nw stic phgèc trof c qwrÐc na perissèyei k�poia mèlissa.

Ta pleonekt mata tou sugkekrimènou algìrijmou eÐnai ìti eÐnai aplìc, eu-
èliktoc, èqei thn ikanìthta exereÔnhshc topik¸n lÔsewn kai thn ikanìthta
qeirismoÔ antikeimenikoÔ kìstouc, eÐnai eÔkoloc sthn efarmog  kai arket�
dhmofil c. Epiplèon, mporeÐ na qrhsimopoihjeÐ se poll� diaforetik� pro-
bl mata.

Sth sunèqeia parousi�zetai o Par�llhloc Poluenakt rioc Poluantikei-
menikìc Algìrijmoc Teqnht c ApoikÐac Meliss¸n (Parallel Multi-Start Mul-
tiobjective Arti�cial Bee Colony Algorithm - PMS-ABC). Arqik�, èna sÔno-
lo phg¸n trof c (pijanèc lÔseic) (X) epilègetai tuqaÐa apì tic aniqneÔtriec
mèlissec kai upologÐzetai to diajèsimo nèktar touc (tim  thc antikeimenik c
sun�rthshc). Sth sunèqeia, k�je mÐa apì tic W lÔseic tou arqikoÔ plh-
jusmoÔ lÔsewn metatrèpetai se di�nusma dekadik¸n arijm¸n kai oi lÔseic
topojetoÔntai ston pÐnaka (Personal Best) (Proswpikì Bèltisto). EkeÐ, ja
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topojeteÐtai h bèltisth mèqri thn trèqousa epan�lhyh lÔsh (phg  trof c)
k�je mèlissac kai apì ton pÐnaka autì dhmiourgeÐtai to pr¸to Pareto mètw-
po tou arqikoÔ plhjusmoÔ, prin akìma xekin soun oi epanal yeic. Se k�je
epan�lhyh, entopÐzontai oi mh kuriarqoÔmenec lÔseic. 'Epeita, upologÐzetai h
tim  thc antikeimenik c sun�rthshc kai se k�je phg  trof c apodÐdetai mia
aniqneÔtria mèlissa.

Oi aniqneÔtriec melissec epistrèfoun sthn kuyèlh kai k�noun to qorì twn
meliss¸n, ¸ste na enhmer¸noun tic mèlissec pou èqoun parameÐnei sthn ku-
yèlh, tic jeatèc mèlissec, poÔ eÐnai oi phgèc trof c kai na epilèxoun thn phg 
trof c pou ja episkefjoÔn. Sth sunèqeia, oi aniqneÔtriec kai oi jeatèc mèlis-
sec topojetoÔntai stic epilegmènec phgèc trof c, tairi�zontac me thn phg 
trof c k�je mèlissa. O Par�llhloc Poluenakt rioc Poluantikeimenikìc Al-
gìrijmoc Teqnht c ApoikÐac Meliss¸n (Parallel Multi-Start Multiobjective
Arti�cial Bee Colony Algorithm - PMS-ABC) qrhsimopoieÐ thn exÐswsh (27)
gia na par�gei mia nèa phg  trof c gia k�je mèlissa. 'Epeita, dhmiourgeÐtai
ènac pÐnakac me tic nèec phgèc trof c kai tic  dh up�rqousec. Ed¸ axÐzei
na anaferjeÐ ìti, èpeita apì dokimèc, epilèqjhke o arijmìc twn nèwn phg¸n
trof c na eÐnai Ðsoc me 100. Sth sunèqeia, gÐnetai taxinìmhs  touc mèsw tou
rank. O arijmìc twn epilegìmenwn phg¸n trof c prèpei na eÐnai Ðsoc me ton
arqikì arijmì phg¸n trof c, opìte epilègontai oi phgèc trof c me to kalÔte-
ro rank. Se perÐptwsh pou sto teleutaÐo rank up�rqoun parap�nw phgèc
trof c, tìte h epilog  gÐnetai tuqaÐa mèqri na sumplhrwjeÐ o pÐnakac twn
phg¸n trof c.

Met� thn dhmiourgÐa tou pÐnaka twn nèwn phg c trof c k�je mèlissac tou
trèqontoc plhjusmoÔ, ta stoiqeÐa twn lÔsewn paÐrnoun akèraia morf  mìno
gia ton upologismì tou kìstouc k�je antikeimenik c sun�rthshc gia k�je nèa
phg  trof c. Epeid  h qr sh thc exÐswshc (27) gia ton upologismì twn nèwn
phg¸n trofÐmwn ja mporoÔse na prokalèsei k�poia anapotelesmatikìthta e-
xaitÐac tou metasqhmatismoÔ twn lÔsewn apì suneqeÐc timèc, oi opoÐec eÐnai
kat�llhlec gia tic exis¸seic tou Algìrijmou Teqnht c ApoikÐac Meliss¸n
(Arti�cial Bee Colony Algorithm - ABC), se diakritèc (anapar�stash dia-
drom c) kai antÐstrofa, kai epeid  kuriarqoÔntai apì to proswpikì bèltisto
k�je phg c trof c kai apì to olikì bèltisto ìlwn twn lÔsewn, apofasÐsthke
na prostejeÐ mÐa �llh diadikasÐa gia ton upologismì twn nèwn jèsewn ston
algìrijmo, prokeimènou na axiopoihjoÔn oi pijanèc kalèc nèec kai palaièc
jèseic sto sÔnolo twn phg¸n trof¸n. Opìte, oi lÔseic twn dÔo teleutaÐ-
wn epanal yewn (epan�lhyh it kai it + 1) sundu�zontai se èna nèo di�nusma
kai, sth sunèqeia, ta mèlh tou nèou dianÔsmatoc taxinomoÔntai qrhsimopoi-
¸ntac to rank kai to crowding distance, ìpwc ston algìrijmo NSGA II
pou tropopoi jhke sto [239]. Oi pr¸tec phgèc trof¸n tou W tou nèou dia-
nÔsmatoc eÐnai oi paragìmenec lÔseic (oi nèec phgèc trof¸n) thc epan�lhyhc
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it + 1. H katanom  twn nèwn phg¸n trof¸n gÐnetai me b�sh tic timèc twn
rank kai crowding distance. Me th diadikasÐa aut , apofeÔgetai h prosj kh
anapotelesmatik¸n lÔsewn stic epìmenec epanal yeic, pou endeqomènwc na
prokÔyoun qrhsimopoi¸ntac thn exÐswsh (27).

Oi nèec phgèc trof¸n W axiologoÔntai apì k�je antikeimenik  sun�r-
thsh qwrist�. O Algìrijmoc Metablht c Geitoni�c Anaz thshc (Variable
Neighborhood Search - VNS) efarmìzetai stic phgèc trofÐmwn me vnsmax kai
localmax Ðso me 10 [239]. Sth sunèqeia, upologÐzetai to kìstoc k�je antikeime-
nik c sun�rthshc gia k�je nèa phg  trof c kai èpeita anane¸netai h bèltisth,
e¸c thn prohgoÔmenh epan�lhyh, phg  trof c ston pÐnaka Personal Best.
AxÐzei na shmeiwjeÐ ìti gia thn antikat�stash thc bèltisthc lÔshc ergast ka-
me wc ex c: e�n mia lÔsh sthn epan�lhyh it + 1 kuriarqeÐ sthn prohgoÔmenh
kalÔterh lÔsh thc epan�lhyhc it, tìte h prohgoÔmenh bèltisth lÔsh antika-
jÐstatai apì thn trèqousa lÔsh. Apì thn �llh pleur�, an h prohgoÔmenh
bèltisth lÔsh kuriarqeÐ sthn trèqousa lÔsh, tìte h prohgoÔmenh bèltisth
lÔsh paramènei h Ðdia. Tèloc, e�n se autèc tic dÔo lÔseic den up�rqei ku-
riarqÐa metaxÔ touc, tìte den antikajÐstatai h prohgoÔmenh bèltisth lÔsh.
Ed¸, axÐzei na shmeiwjeÐ ìti oi mh kuriarqoÔmenec lÔseic den diagr�fontai
apì to Pareto mètwpo kai ètsi oi kalèc lÔseic den ja exafanistoÔn apì ton
plhjusmì. Stic epìmenec epanal yeic gia thn eisagwg  miac phg c trof c
sto Pareto mètwpo up�rqoun dÔo epilogèc: eÐte h phg  trof c den eÐnai ku-
riarqoÔmenh apì opoiad pote phg  trof c eÐte kuriarqeÐ se opoiad pote phg 
trof c. Kai stic dÔo peript¸seic, ìlec oi kuriarqoÔmenec phgèc trof¸n, pou
 dh an koun sthn kuyèlh, prèpei na diagrafoÔn apì aut . Sth sunèqeia efar-
mìzetai xan� o algìrijmoc Metablht c Geitoni�c Anaz thshc gia k�je lÔsh
tou ananewmènou pÐnaka Personal Best, gia peraitèrw beltÐwsh twn lÔsewn
pou den antikatast jhkan. Met�, gÐnetai h paragwg  twn lÔsewn Pareto
thc epan�lhyhc it + 1 apì tic lÔseic Pareto thc epan�lhyhc it kai apì tic
lÔseic tou pÐnaka Personal Best thc epan�lhyhc it+ 1. Sthn teleutaÐa epa-
n�lhyh tou algorÐjmou, gia k�poion apì touc Q plhjusmoÔc, upologÐzetai to
Pareto mètwpo tou plhjusmoÔ, to opoÐo brÐsketai ston pÐnaka Pop Pareto.
Sto tèloc k�je epan�lhyhc, apì tic mh kuriarqoÔmenec lÔseic apì ìlouc touc
plhjusmoÔc, to Total Pareto mètwpo enhmer¸netai, lamb�nontac upìyh tic
mh kuriarqoÔmenec lÔseic tou teleutaÐou arqikoÔ plhjusmoÔ.

O yeudok¸dikac tou Par�llhlou Poluenakt riou PoluantikeimenikoÔ Al-
gìrijmou Teqnht c ApoikÐac Meliss¸n (Parallel Multi-Start Multiobjective
Arti�cial Bee Colony Algorithm - PMS-ABC) eÐnai o ex c:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n phg¸n trof c (W )
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Epilog  nèou arijmoÔ phg¸n trof c
DhmiourgÐa arqikoÔ plhjusmoÔ phg¸n trof c
Upologismìc tou kìstouc thc lÔshc (jèshc) k�je phg c trof c tou

plhjusmoÔ gia k�je antikeimenik  sun�rthsh
ArqikopoÐhsh tou pÐnaka Personal Best
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

Gia k�je phg  trof c
DhmiourgÐa twn W nèwn phg¸n trof c qrhsimopoi¸ntac thn

exÐswsh (27)
Topojèthsh se koinì pÐnaka twn phg¸n trof c tou trèqontoc

plhjusmoÔ kai tic antÐstoiqec nèec phgèc trof c
Upologismìc tou rank twn phg¸n trof c
Taxinìmhsh twn phg¸n trof c me b�sh to rank
Epilog  twn kalÔterwn phg¸n trof c me b�sh to rank
Upologismìc tou kìstouc k�je nèac phg c trof c gia k�je

antikeimenik  sun�rthsh
Tèloc gia
Topojèthsh se koinì pÐnaka twn phg¸n trof c tou trèqontoc

plhjusmoÔ kai twn antÐstoiqwn nèwn phg¸n trof c
Upologismìc tou rank kai tou crowding distance twn phg¸n

trof c
Taxinìmhsh twn phg¸n trof c me b�sh to rank kai to crowding

distance
Epilog  twn pr¸twn W lÔsewn gia nèec phgèc trof c
Efarmog  thc mejìdou V NS se k�je nèa phg  trof c
Upologismìc tou kìstouc k�je nèac phg c trof c gia k�je

antikeimenik  sun�rthsh
Enhmèrwsh tou pÐnaka Personal Best
Efarmog  thc mejìdou V NS se k�je lÔsh tou Personal Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)
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Sq ma 5: PugolampÐda [348].

6.4.6. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Pugola-
mpÐdac (Parallel Multi-Start Multiobjective Fire�y Algorithm - PMS-
FIREFLY)

S mera up�rqoun perissìtera apì 2000 eÐdh pugolampÐdwn pagkosmÐwc.
Zoun sun jwc se zest� perib�llonta kai eÐnai pio drast riec se kalokairinèc
nÔqtec. Oi pugolampÐdec eÐnai apì ta pio qarismatik� èntoma lìgw tou fwtìc
pou anabosb nei, to opoÐo par�getai apì th bioqhmik  diergasÐa biofwtaÔgeiac
(biolumine-scence). To fwc pou anabosb nei mporeÐ na qrhsimeÔsei eÐte wc
s mata gia zeug�rwma eÐte gia proeidopoi sh apì pijanoÔc jhreutèc. AxÐzei
na shmeiwjeÐ ìti se orismèna eÐdh pugolampÐdwn antÐ gia paragwg  biofwtaÔ-
geiac par�goun feromình, ìpwc kai ta murm gkia, gia na proselkÔsoun touc
suntrìfouc touc.

Up�rqoun dÔo qarakthristik� gia thn nohmosÔnh tou sm nouc twn pugo-
lampÐdwn: h autoorg�nwsh kai h apokentrwmènh l yh apof�sewn. Arqik�, oi
pugolampÐdec zoun mazÐ se èna koinì mèroc. 'Omwc, gia na z soun armonik�, ta
mèlh thc om�dac prèpei na èqoun k�poia allhlepÐdrash   epikoinwnÐa metaxÔ
touc. Autèc oi sullogikèc apof�seic èqoun �mesh sqèsh me th sumperifo-
r� thc l�myhc fwtìc kai autìc eÐnai o lìgoc thc an�ptuxhc tou algorÐjmou
autoÔ.

O kÔrioc algìrijmoc pou basÐzetai sthn sumperifor� twn pugolampÐdwn
eÐnai o Algìrijmoc thc PugolampÐdac (Fire�y Algorithm) pou prot�jhke apì
ton Y ang [308]. Apì tìte, polloÐ ereunhtèc qrhsimopoÐhsan autìn ton al-
gìrijmo gia thn epÐlush poll¸n problhm�twn. To 2009 parousi�sthke se èna
�rjro o Algìrijmoc thc PugolampÐdac (Fire�y Algorithm) gia thn epÐlush
efarmog¸n beltistopoÐhshc me pollapl� topik� bèltista (multimodal opti-
mization) [309]. Thn Ðdia qroni� (2009) parousi�sthke o algìrijmoc autìc gia

94



thn epÐlush efarmog¸n periorismènhc suneqoÔc beltistopoÐhshc (constrained
continuous optimization tasks) [179]. To 2010, se mÐa èreuna ègine qr sh
tou algìrijmou autoÔ sthn epÐlush mh grammik¸n problhm�twn sqediasmoÔ
(nonlinear design problems) [311]. Thn Ðdia qroni� (2010) parousi�sthke mÐa
èreuna pou aforoÔse th qr sh tou diakritoÔ algìrijmou thc PugolampÐdac
gia thn elaqistopo sh tou krithrÐou makespan sto prìblhma qronoprogram-
matismoÔ ergasi¸n (permutation �ow shop scheduling problem) [262].

'Ena qrìno argìtera, to 2011, parousi�sthke mÐa èreuna ìpou ègine qr sh
tou algìrijmou autoÔ kai tou algìrijmou Meliss¸n (Bees Algorithm) gia
thn epÐlush sÔnjetwn problhm�twn mhqanik c [40]. Thn Ðdia qroni� (2011)
parousi�sthke se mÐa èreuna o algìrijmoc autìc, o opoÐoc sundu�sthke me th
JewrÐa sunìlwn (Rough Set Theory - RST) [20]. Thn Ðdia qroni� (2011) pa-
rousi�sthke mÐa èreuna sthn opoÐa ègine qr sh tou algìrijmou autoÔ sthn e-
pÐlush tou probl matoc katanom c fortÐou oikonomik¸n ekpomp¸n (Economic
Emissions Load Dispatch Problem) [15]. EpÐshc, thn Ðdia qroni� (2011), pa-
rousi�sthke mÐa èreuna ìpou ègine qr sh tou algìrijmou autoÔ, kaj¸c kai
tou algìrijmou Teqnht c ApoikÐac Meliss¸n, gia ton sqediasmì grammik¸n
tìxwn isotropik¸n phg¸n [23]. Epiplèon, thn Ðdia qroni� (2011), parousi�sth-
ke mÐa èreuna sthn opoÐa ègine qr sh tou algìrijmou autoÔ gia thn epÐlush
mikt¸n suneq¸n / diakrit¸n domik¸n problhm�twn beltistopoÐhshc (mixed
continuous/discrete structural optimization problems) [90]. Thn Ðdia qroni�
(2011) pragmatopoi jhke mÐa èreuna sthn opoÐa qrhsimopoi jhke o sugkekri-
mènoc algìrijmoc sthn epÐlush pragmatik¸n problhm�twn beltistopoÐhshc.
O algìrijmoc autìc tropopoi jhke sto st�dio thc kÐnhshc twn teqnht¸n pu-
golampÐdwn, ¸ste na beltiwjeÐ h apotelesmatikìtht� tou [18].

To 2012 parousi�sthke mÐa èreuna sthn opoÐa qrhsimopoi jhke o sugke-
krimènoc algìrijmoc sthn epÐlush tou probl matoc programmatismoÔ ergasi-
¸n (Job shop scheduling problem - JSSP) [141]. Thn Ðdia qroni� (2012) prag-
matopoi jhke mÐa èreuna sthn opoÐa ègine qr sh tou algìrijmou autoÔ sthn
epÐlush mh kurt¸n oikonomik¸n problhm�twn apostol c (non-convex econo-
mic dispatch problems) [314]. To 2013 parousi�sthke mÐa èreuna p�nw sthn
qr sh tou algìrijmou autoÔ sthn epÐlush diakrit¸n problhm�twn beltisto-
poÐhshc, kai sugkekrimèna tou Probl matoc tou Planìdiou Pwlht  (Traveling
Salesman Problem - TSP) [117]. To 2018 parousi�sthke mÐa èreuna ìpou ègi-
ne qr sh tou DuadikoÔ Algìrijmou thc PugolampÐdac (Binary Fire�y Algo-
rithm), ston opoÐo sumperilamb�netai mÐa sun�rthsh poin c, gia th di�gnwsh
tou karkÐnou tou mastoÔ, tou traq lou thc m trac kai tou hpatokutt�rou
- tou karkÐnou tou  patoc [261]. Thn Ðdia qroni� (2018) parousi�sthke mÐa
èreuna p�nw sth qr sh tou algìrijmou thc PugolampÐdac (Multi Measure
Improved Fire�y Algorithm) sthn epÐlush polÔplokwn problhm�twn belti-
stopoÐhshc [37].
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Pollèc èreunec èqoun pragmatopoihjeÐ gia th qr sh tou algìrijmou thc
PugolampÐdac sthn epÐlush poluantikeimenik¸n problhm�twn. To 2013 ègine
mÐa èreuna sthn opoÐa qrhsimopoi jhke o Algìrijmoc thc PugolampÐdac gia
thn epÐlush poluantikeimenik¸n problhm�twn beltistopoÐhshc [316]. Thn Ðdia
qroni� (2013) parousi�sthke mÐa èreuna ìpou ègine qr sh tou DiakritoÔ Al-
gìrijmou PugolampÐdac gia thn epÐlush poluantikeimenik¸n ubridik¸n problh-
m�twn programmatismoÔ (Multi-Objective Hybrid Flowshop Scheduling Pro-
blems) [186]. Thn Ðdia qroni� (2013) pragmatopoi jhke mÐa èreuna sthn opoÐa
ègine qr sh tou PoluantikeimenkoÔ Enisqumènou Algìrijmou PugolampÐdac
(Multi�objective Enhanced Fire�y Algorithm) gia thn epÐlush tou probl ma-
toc anÐqneushc koinìthtac se sÔnjeta dÐktua [14]. To 2014 parousi�sthke
èna �rjro ìpou qrhsimopoi jhke o diakritìc Algìrijmoc thc PugolampÐdac
gia thn epÐlush tou poluantikeimenikoÔ probl matoc programmatismoÔ euèli-
ktwn ergasi¸n me periorismoÔc pìrwn (�exible job shop scheduling problem
with limited resource constraints) [137]. Thn Ðdia qroni� (2014) parousi�sth-
ke mÐa èreuna sthn opoÐa sundu�sthke o Algìrijmoc thc PugolampÐdac me
ton Genetikì Algìrijmo gia thn epÐlush tou oikonomikoÔ probl matoc apo-
stol c isqÔoc [318]. To 2015 parousi�sthke mÐa èreuna p�nw sthn qr sh tou
ubridikoÔ diakritoÔ algìrijmou pugolampÐdac sthn epÐlush poluantikeimeni-
k¸n euèliktwn problhm�twn programmatismoÔ ergasi¸n (multi-objective �e-
xible job shop scheduling problems) [138]. Tèloc, to 2017 parousi�sthke mÐa
èreuna sthn opoÐa ègine qr sh tou poluantikeimenikoÔ Algìrijmou thc Pu-
golampÐdac me b�sh thn aposÔnjesh (Decomposition-based multi-objective
�re�y algorithm) gia to sqediasmì thc RÔjmishc diktÔou radiosuqnot twn
(Radio frequency identi�cation - RFID network planning with uncertainty)
me abebaiìthta [334].

O algìrijmoc thc PugolampÐdac prosomoi¸nei th diadikasÐa èlxhc qrhsi-
mopoi¸ntac th l�myh tou fwtìc. Se autìn ton algìrijmo, èqoume mÐa om�da
pugolampÐdwn, ìpou xi eÐnai h jèsh thc pugolampÐdac sto q¸ro kai f(xi) eÐnai
h tim  thc antikeimenik c sun�rthshc. K�je pugolampÐda èqei mia posìthta
biofwtaÔgeiac pou onom�zetai lousiferÐnh, h opoÐa qrhsimopoieÐtai gia thn
epikoinwnÐa me tic �llec pugolampÐdec. Epiplèon, k�je pugolampÐda prosel-
kÔetai apì thn fwteinìterh pugolampÐda thc geitoni�c thc. AxÐzei na anafer-
jeÐ ìti h elkustikìthta mei¸netai ìso aux�netai h apìstash. An den up�rqei
fwteinìterh pugolampÐda, tìte h pugolampÐda kineÐtai tuqaÐa sto q¸ro. O
algìrijmoc èqei trÐa basik� qarakthristik�:

• Oi pugolampÐdec proselkÔontai metaxÔ touc anex�rthta apì to fÔlo,
opìte den apaiteÐtai qeirist c met�llaxhc.

• H antallag  plhrofori¸n (  faghtoÔ) metaxÔ twn pugolampÐdwn eÐnai
an�logh proc thn elkustikìtht� touc, dhlad  eÐnai an�logh thc apìsta-
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shc touc. 'Etsi, ìso pio kont� brÐskontai oi dÔo pugolampÐdec, tìso pio
pijanì eÐnai na proselkÔsoun h mÐa thn �llh. E�n den up�rqei pio fw-
tein  pugolampÐda apì aut n pou koit�zoume, tìte aut  kineÐtai tuqaÐa
sto q¸ro.

• H fwteinìthta miac pugolampÐdac exart�tai apì thn tim  thc antikeime-
nik c thc sun�rthshc. Sta probl mata megistopoÐhshc isqÔei ìti ìso
uyhlìterh eÐnai h tim  thc antikeimenik c thc sun�rthshc, tìso pio fw-
tein  eÐnai. Sta probl mata elaqistopoÐhshc isqÔei to antÐstrofo, dh-
lad  ìso mikrìterh eÐnai h tim  thc antikeimenik c thc sun�rthshc, tìso
pio fwtein  eÐnai.

O algìrijmoc thc PugolampÐdac leitourgeÐ wc ex c: arqik� ìlec oi pugo-
lampÐdec topojetoÔntai se tuqaÐa jèsh sto q¸ro kai k�je pugolampÐda èqei
th dik  thc diakrit  l�myh β pou kajorÐzei pìso dunat� mporeÐ na èlxei ta
�lla mèlh tou sm nouc. H apìstash metaxÔ dÔo pugolampÐdwn sumbolÐzetai
me rij = d(xi, xj) kai h exÐswsh eÐnai:

rij =

√
(xi − xj)2 + (yi − yj)2 (29)

To pìso lamper� I blèpei   aisj�netai h pugolampÐda i thn pugolampÐda j
dÐnetai apì thn parak�tw exÐswsh, h opoÐa sthn apl  thc morf  eÐnai monìtonh
kai ekjetik :

I = I0e
−γrij , (30)

ìpou to I0 eÐnai h arqik  l�myh kai to γ eÐnai h stajer� pou deÐqnei thn
aporrofhtikìthta thc l�myhc.

H elkustikìthta miac pugolampÐdac eÐnai an�logh me thn èntash tou fwtìc
pou ekpèmpei proc tic �llec pugolampÐdec. K�je pugolampÐda èqei thn dik 
thc l�myh β, h opoÐa kajorÐzei pìso dunat� èlkei tic �llec pugolampÐdec
tou sm nouc. 'Omwc, h èlxh eÐnai sqetik , miac kai exart�tai kai apì thn
apìstash an�mesa stic 2 pugolampÐdec. H sun�rthsh elkustikìthtac β(r)
thc k�je pugolampÐdac dÐnetai apì thn parak�tw exÐswsh:

β(r) = β0e
−γr2

ij , (31)

ìpou β0 eÐnai h elkustikìthta sto shmeÐo r = 0 kai to γ eÐnai h stajer� pou
deÐqnei thn aporrofhtikìthta thc l�myhc.
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Tèloc, h kÐnhsh miac pugolampÐdac i pou brÐsketai sthn jèsh xi kai èlke-
tai apì mia �llh pugolampÐda j pou brÐsketai sthn jèsh xj, miac kai l�mpei
perissìtero apì thn i, kajorÐzetai apì thn exÐswsh:

xi(t+ 1) = xi(t) + β0e
−γr2

ij(xj(t)− xi(t)) + αεi, (32)

ìpou o pr¸toc ìroc eÐnai h trèqousa jèsh, o deÔteroc ìroc deÐqnei pìso ja
dei mia pugolampÐda mia pio lamper  pugolampÐda pou brÐsketai sthn perioq 
thc kai o trÐtoc ìroc eÐnai mia tuqaÐa kÐnhsh pou k�nei mia pugolampÐda, ìtan
den up�rqei kami� pio lamper  apì aut  sthn perioq  thc. H stajer� α eÐnai
ènac tuqaÐoc arijmìc sto di�sthma [0, 1] kai εi eÐnai ènac tuqaÐoc arijmìc pou
proèrqetai apì thn katanom  Gaussian. EpÐshc, kaj¸c to γ proseggÐzei to
mhdèn, h l�myh β = β0 eÐnai stajer  kai den metab�lletai apì thn apìstash,
dhlad  h l�myh miac pugolampÐdac mporeÐ na eÐnai orat  apì ìlec tic �llec.
Se antÐjeth perÐptwsh, dhladh ìso to γ megal¸nei, h elkustikìthta thc k�je
pugolampÐdac mei¸netai, k�ti pou shmaÐnei ìti kamÐa pugolampÐda den mporeÐ
na dei thn �llh kai ìlec oi pugolampÐdec kinoÔntai tuqaÐa sto q¸ro.

Sth sunèqeia ja analujeÐ o proteinìmenoc Par�llhloc Poluenakt rioc
Poluantikeimenikìc Algìrijmoc PugolampÐdac (Parallel Multi-Start Multiob-
jective Fire�y Algorithm - PMS-FIREFLY). Arqik�, èna sÔnolo pugola-
mpÐdwn (pijanèc lÔseic) (X) topojeteÐtai se tuqaÐec jèseic sto q¸ro. Sth
sunèqeia, k�je mÐa apì tic W lÔseic tou arqikoÔ plhjusmoÔ lÔsewn meta-
trèpetai se di�nusma dekadik¸n arijm¸n kai oi lÔseic topojetoÔntai ston
pÐnaka (Personal Best) (Proswpikì Bèltisto). EkeÐ, ja topojeteÐtai h bèl-
tisth mèqri thn trèqousa epan�lhyh lÔsh (jèsh) k�je pugolampÐdac kai apì
ton pÐnaka autì dhmiourgeÐtai to pr¸to Pareto mètwpo tou arqikoÔ plhju-
smoÔ, prin akìma xekin soun oi epanal yeic.

Sth sunèqeia epilègetai tuqaÐa h pr¸th pugolampÐda apì tic lÔseic tou
pÐnaka Personal Best. 'Epeita, upologÐzetai h tim  thc k�je antikeimenik c
sun�rthshc thc k�je pugolampÐdac kai taxinomoÔntai oi pugolampÐdec qrhsi-
mopoi¸ntac ton telest  rank, ìpwc ston algìrijmo NSGA II [239]. Sth
sunèqeia, gia k�je pugolampÐda (xi) kajorÐzetai h èntash tou fwtìc (Ii) sÔm-
fwna me thn exÐswsh:

Ii = (kostosi1 + kostosi2) ∗ ranki, (33)

ìpou to kostosi1, kostosi2 eÐnai oi timèc twn antikeimenik¸n sunart sewn thc
pugolampÐdac i kai to ranki eÐnai h taxinìmhsh thc pugolampÐdac i me b�sh
ton telest  rank.
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Epomènwc, an h èntash tou fwtìc mÐac pugolampÐdac j eÐnai megalÔterh
apì thn èntash tou fwtìc thc pugolampÐdac i, tìte epilègetai h pugolampÐda
j kai brÐsketai h eukleÐdeia apìstas  thc se sqèsh me tic upìloipec. Ed¸
axÐzei na shmeiwjeÐ ìti h pugolampÐda j eÐnai ekeÐnh me thn megalÔterh èntash
fwtìc se sqèsh me tic upìloipec. An den brejeÐ k�poia �llh pugolampÐda
pou na èqei megalÔterh èntash fwtìc apì thn pugolampÐda i, tìte epilège-
tai h pugolampÐda i kai brÐsketai h eukleÐdeia apìstas  thc se sqèsh me tic
upìloipec. Sth sunèqeia brÐsketai h sun�rthsh elkustikìthtac thc pugola-
mpÐdac i sÔmfwna me thn exÐswsh (31). Tèloc, h kÐnhsh miac pugolampÐdac
i pou brÐsketai sthn jèsh xi kai èlketai apì mia �llh pugolampÐda j pou
brÐsketai sthn jèsh xj brÐsketai apì thn parak�tw exÐswsh:

xi(t+ 1) = xi(t) + βi(xj(t)− xi(t)) + αranki, (34)

ìpou xi(t), xj(t) eÐnai h trèqousa jèsh kai h jèsh thc pugolampÐdac me thn
megalÔterh èntash fwtìc antÐstoiqa, βi eÐnai h sun�rthsh elkustikìthtac thc
pugolampÐdac i, h stajer� α eÐnai ènac tuqaÐoc arijmìc sto di�sthma [0, 1]
kai to ranki eÐnai h taxinìmhsh thc pugolampÐdac i me b�sh ton telest  rank.

Gia ton upologismì thc nèac jèshc k�je pugolampÐdac tou trèqontoc plh-
jusmoÔ, ta stoiqeÐa twn lÔsewn paÐrnoun akèraia morf  mìno gia ton upolo-
gismì tou kìstouc k�je antikeimenik c sun�rthshc gia k�je nèa pugolampÐda.
Sth sunèqeia, oi lÔseic twn dÔo teleutaÐwn epanal yewn (epan�lhyh it kai
it + 1) sundu�zontai se èna nèo di�nusma kai ta mèlh tou nèou dianÔsmatoc
taxinomoÔntai qrhsimopoi¸ntac touc telestèc rank kai crowding distance,
ìpwc ston algìrijmo NSGA II [239]. Me autìn ton trìpo dÐnetai h eukairÐa
stic jèseic twn pugolampÐdwn tou plhjusmoÔ pou par�qjhkan sthn epan�lh-
yh it, oi opoÐec kuriarqoÔn stic lÔseic twn nèwn jèsewn pou par�qjhkan sthn
epan�lhyh it+ 1, na beltiwjoÔn ek nèou. Oi pr¸tec pugolampÐdec tou W tou
nèou dianÔsmatoc eÐnai oi paragìmenec lÔseic thc epan�lhyhc it + 1. Me th
diadikasÐa aut , up�rqei to endeqìmeno na krathjoÔn oi lÔseic twn prohgoÔme-
nwn jèsewn twn pugolampÐdwn me kal� qarakthristik� gia epiplèon beltÐwsh
sthn epìmenh epan�lhyh kai na exisorrophjeÐ h pijan  ap¸leia kal¸n plhro-
fori¸n, exaitÐac thc metatrop c twn tim¸n twn dianusm�twn twn lÔsewn apì
diakrit  se suneq  morf .

Sth sunèqeia, gÐnetai efarmog  tou algìrijmou Metablht c Geitoni�c A-
naz thshc (Variable Neighborhood Search - VNS) gia k�je nèa jèsh twn
pugolampÐdwn pou par�qjhkan sthn epan�lhyh it+ 1 me vnsmax kai localmax
Ðso me 10 [239]. Oi nèec jèseic apoteloÔn tic jèseic twn pugolampÐdwn thc
epìmenhc epan�lhyhc. 'Epeita, upologÐzetai to kìstoc k�je antikeimenik c su-
n�rthshc gia k�je nèa jèsh kai anane¸netai h bèltisth, e¸c thn prohgoÔmenh
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epan�lhyh, jèsh thc k�je pugolampÐdac ston pÐnaka Personal Best. H diadi-
kasÐa gia thn antik�stash mÐac bèltisthc e¸c thn epan�lhyh it jèshc thc pu-
golampÐdac tou pÐnaka Personal Best apì mÐa jèsh thc epan�lhyhc it+1 thc
Ðdiac pugolampÐdac perigr�fhke leptomerèstata ston Par�llhlo Poluena-
kt rio Poluantikeimenikì Algìrijmo Teqnht c ApoikÐac Meliss¸n (Parallel
Multi-Start Multiobjective Arti�cial Bee Colony Algorithm - PMS-ABC).
Metèpeita, efarmìzetai o algìrijmoc Metablht c Geitoni�c Anaz thshc gia
k�je lÔsh tou pÐnaka Personal Best kai sth sunèqeia gÐnetai h paragwg  twn
lÔsewn Pareto thc epan�lhyhc it+ 1 apì tic lÔseic Pareto thc epan�lhyhc
it kai apì tic lÔseic tou pÐnaka Personal Best thc epan�lhyhc it + 1. Sthn
teleutaÐa epan�lhyh tou algorÐjmou, gia k�poion apì touc Q plhjusmoÔc, u-
pologÐzetai to Pareto mètwpo tou plhjusmoÔ, to opoÐo brÐsketai ston pÐnaka
Pop Pareto. Tèloc, dhmiourgeÐtai to Total Pareto, to opoÐo apoteleÐtai apì
tic mh kuriarqoÔmenec lÔseic Pareto thc teleutaÐac epan�lhyhc tou kajenìc
apì touc Q plhjusmoÔc.

O yeudok¸dikac tou algorÐjmou Par�llhlou Poluenakt riou Poluanti-
keimenikoÔ Algìrijmou PugolampÐdac (Parallel Multi-Start Multiobjective Fi-
re�y Algorithm - PMS-FIREFLY) eÐnai o ex c:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n pugolampÐdwn (W )
DhmiourgÐa arqikoÔ plhjusmoÔ pugolampÐdwn
Upologismìc tou kìstouc thc lÔshc (jèshc) k�je pugolampÐdac tou

plhjusmoÔ gia k�je antikeimenik  sun�rthsh
ArqikopoÐhsh tou pÐnaka Personal Best
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

TuqaÐa epilog  thc pr¸thc pugolampÐdac apì ton pÐnaka Personal
Best

Upologismìc tou rank twn pugolampÐdwn
Taxinìmhsh twn pugolampÐdwn me b�sh to rank

Gia k�je pugolampÐda
Kajorismìc thc èntashc tou fwtìc (Ii) apì thn exÐswsh (33)
SÔgkrish thc èntashc tou fwtìc thc pugolampÐdac i me thn

èntash tou fwtìc k�je �llhc pugolampÐdac
Epilog  thc pugolampÐdac j wc ekeÐnh me th megalÔterh

èntash fwtìc
E�n (Ij > Ii),
KÐnhsh thc pugolampÐdac i proc thn pugolampÐda j
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EÔresh thc eukleÐdeiac apìstashc thc pugolampÐdac j se
sqèsh me tic upìloipec

Alli¸c
EÔresh thc eukleÐdeiac apìstashc thc pugolampÐdac i se

sqèsh me tic upìloipec
Tèloc e�n
Kajorismìc thc sun�sthshc elkustikìthtac (βi) apì thn

exÐswsh (31)
DhmiourgÐa twn W nèwn pugolampÐdwn qrhsimopoi¸ntac thn

exÐswsh (34)
Tèloc gia

Topojèthsh se koinì pÐnaka twn pugolampÐdwn tou trèqontoc
plhjusmoÔ kai twn antÐstoiqwn nèwn pugolampÐdwn

Upologismìc tou rank kai tou crowding distance twn
pugolampÐdwn

Taxinìmhsh twn pugolampÐdwn me b�sh to rank kai to crowding
distance

Epilog  twn pr¸twn W lÔsewn gia nèec pugolampÐdec
Efarmog  thc mejìdou V NS se k�je nèa pugolampÐda
Upologismìc tou kìstouc k�je nèac pugolampÐdac gia k�je

antikeimenik  sun�rthsh
Enhmèrwsh tou pÐnaka Personal Best
Efarmog  thc mejìdou V NS se k�je lÔsh tou Personal Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)
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Sq ma 6: FwsforÐzon skoul ki [349].

6.4.7. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Beltisto-
poÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n (Parallel Multi-Start Mul-
tiobjective Glowworm Swarm Optimization Algorithm - PMS-GSO)

To fwsforÐzon skoul ki eÐnai èna mesaÐou èwc meg�lou megèjouc aspìndu-
lo, pou eÐnai gnwstì gia to pr�sino kai kÐtrino qr¸ma tou fwtìc pou ekpèmpei
sto tèloc thc our�c tou. Sunant�tai kuri¸c se pukn  dasik  bl�sthsh kai
se sphlièc se ìlo ton kìsmo, me exaÐresh thn Amerik , kai eÐnai èna apì ta
lÐga èntoma pou brÐskontai mèsa ston yuqrìtero Arktikì KÔklo. EÐnai nu-
qtìbio z¸o kai gia to lìgo autì èqei polu�rijmouc fusikoÔc jhreutèc, ìpwc
ar�qnec, meg�la èntoma, pouli� kai erpet�.

To fwsforÐzon skoul ki eÐnai koinì ìnoma gia poikÐlec diaforetikèc o-
m�dec pronumf¸n entìmwn kai en likwn jhluk¸n pronumf¸n pou l�mpoun
lìgw biofwtaÔgeiac. Ta fwsforÐzonta skoul kia mporeÐ merikèc forèc na
moi�zoun me pragmatik� skoul kia, all� den eÐnai, miac kai ta perissìtera
eÐdh eÐnai skaj�ria, ektìc apì èna eÐdoc pou eÐnai mÔga. Mìno ta jhluk� fw-
sforÐzonta skoul kia l�mpoun, kaj¸c pernoÔn perÐpou 2 ¸rec k�je br�du,
thn epoq  zeugar¸matoc, prospaj¸ntac na proselkÔsoun ènan sÔntrofo.
JewroÔntai eÐdoc upì exaf�nish, kaj¸c oi plhjusmoÐ touc mei¸nontai drama-
tik�. O kÔrioc lìgoc eÐnai o anjr¸pinoc par�gontac, miac kai eÐnai idiaÐtera
eu�lwta stic allagèc tou perib�llontìc touc.

Sth sunèqeia ja gÐnei mÐa anafor� ston Algìrijmo BeltistopoÐhshc Sm -
nouc Fwsforizìntwn Skoulhki¸n (Glowworm Swarm Optimization Algori-
thm - GSO). To 2009, oi Krishnanand kai Ghose [146] anèptuxan ton Al-
gìrijmo BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n (Glowworm
Swarm Optimization Algorithm - GSO), o opoÐoc mimeÐtai th sumperifor�

102



thc l�myhc twn fwsforizìntwn skoulhki¸n. Poll� �rjra èqoun dhmosieu-
jeÐ gia ton Algìrijmo BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n
(Glowworm Swarm Optimization Algorithm - GSO) apì tìte, ta opoÐa ton
qrhsimopoÐhsan gia thn epÐlush di�forwn problhm�twn. To 2008 parousi-
�sthke o Algìrijmoc BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n
(Glowworm Swarm Optimization Algorithm - GSO) gia thn anÐqneush kin-
dÔnou se perib�llonta me th qr sh paragìntwn eterogen¸n smhn¸n [144].
Thn Ðdia qroni�, to 2008, parousi�sthke mÐa èreuna ìpou qrhsimopoi jhke
o algìrijmoc BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n gia mia
parallag  tou probl matoc sun�nthshc me poll� �toma (multi-agent ren-
dezvous problem) [145]. 'Ena qrìno argìtera, to 2009, parousi�sthke mÐa
èreuna sthn opoÐa ègine qr sh tou sugkekrimènou algìrijmou gia thn epÐlu-
sh tou probl matoc anaz thshc uyhlìterwn diast�sewn (problem of search-
ing higher dimensional spaces) [147]. Thn Ðdia qroni�, 2009, dhmosieÔthke
èna �rjro sto opoÐo parousi�sthke mia tropopoihmènh èkdosh tou Algìrij-
mou BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n basismènou se èna
sÔsthma pollapl¸n rompìt gia ton entopismì phg¸n shm�twn [148]. Thn Ðdia
qroni�, 2009, parousi�sthke mÐa èreuna ìpou ègine qr sh tou sugkekrimènou
algìrijmou gia ton tautìqrono upologismì sunart sewn me pollapl� topik�
bèltista [149], en¸ to 2011 ègine qr sh tou algìrijmou autoÔ gia q¸rouc
anaz thshc me pollapl� topik� bèltista [150].

To 2011 dhmosieÔjhke èna �rjro sto opoÐo parousi�sthke èna sqèdio a-
n�ptuxhc aisjht rwn basismèno ston Algìrijmo BeltistopoÐhshc Sm nouc
Fwsforizìntwn Skoulhki¸n gia thn enÐsqush thc k�luyhc, met� apì mia ar-
qik  tuqaÐa egkat�stash twn aisjht rwn [170]. To 2012 parousi�sthke mÐa
èreuna ìpou qrhsimopoi jhke o sugkekrimènoc algìrijmoc gia thn epÐlush
suneq¸n problhm�twn beltistopoÐhshc [303]. Thn Ðdia qroni�, 2012, parou-
si�sthke mÐa èreuna ìpou sundu�sthke h euretik  strathgik  me th Belti-
stopoÐhsh Sm nouc Fwsforizìntwn Skoulhki¸n gia to prìblhma thc belti-
stopoÐhshc thc diamìrfwshc orjogwnÐou me ton periorismì isorropÐac [324].
To 2013 parousi�sthke se èna �rjro ènac beltiwmènoc Algìrijmoc Belti-
stopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n me b�sh thn par�llhlh u-
bridik  met�llaxh [280], en¸ thn Ðdia qroni� parousi�sthke kai o Algìrijmoc
BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n me montèlo sÔnnefou
(Cloud Model Glowworm Swarm Optimization Algorithm) gia thn epÐlush
sunart sewn beltistopoÐhshc [336]. To 2016 pragmatopoi jhke mÐa èreuna
ìpou ègine qr sh tou sugkekrimènou algìrijmou gia thn epÐlush sunart se-
wn me pollapl� topik� bèltista meg�lwn diast�sewn [12]. Thn Ðdia qronia,
2016, parousi�sthke mÐa èreuna sthn opoÐa prot�jhke o qaotikìc Algìrijmoc
BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n basismènoc sth met�l-
laxh Gauss (chaotic GSO algorithm based on Gauss mutation - GMCGSO)
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[220], en¸ thn Ðdia qroni� parousi�sthke èna �rjro sto opoÐo ègine qr sh
miac ubridopoihmènhc èkdoshc tou Algìrijmou BeltistopoÐhshc Sm nouc Fw-
sforizìntwn Skoulhki¸n gia thn epÐlush tou Probl matoc Dromolìghshc
Oq matoc me Stoqastikèc Zht seic (Vehicle Routing Problem with Stocha-
stic Demands - VRPSD) [189]. To 2018 parousi�sthke mÐa èreuna sthn
anaz thsh pollapl¸n phg¸n qrhsimopoi¸ntac ton Algìrijmo BeltistopoÐh-
shc Sm nouc Fwsforizìntwn Skoulhki¸n kai thn Katanemhmènh EktÐmhsh
KlÐshc (Multiple Source Seeking using Glowworm Swarm Optimization and
Distributed Gradient Estimation) [291], en¸ thn Ðdia qroni� ègine qrhsh tou
Algìrijmou BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n gia thn
epÐlush tou trisdi�statou programmatismoÔ diadrom c gia mh epandrwmèna
oq mata [223].

Pollèc èreunec èqoun parousiasteÐ gia th qr sh tou Algìrijmou Belti-
stopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n sthn epÐlush poluantikei-
menik¸n problhm�twn. To 2013 se èna �rjro qrhsimopoi jhke o Algìrij-
moc BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n gia thn epÐlu-
sh poluantikeimenik¸n problhm�twn beltistopoÐhshc [76]. To 2014 se mÐa
èreuna ègine h qr sh tou Algìrijmou BeltistopoÐhshc Sm nouc Fwsfori-
zìntwn Skoulhki¸n gia thn epÐlush tou poluantikeimenikoÔ periballontikoÔ
oikonomikoÔ probl matoc apostol c [118]. To 2018 parousi�sthke se mÐa
èreuna o Poluantikeimenikìc Algìrijmoc BeltistopoÐhshc Sm nouc Fwsfori-
zìntwn Skoulhki¸n basismènoc se dunamik  anaparagwg  gia katanemhmènec
b�seic dedomènwn se pragmatikì qrìno (Multiobjective Glowworm Swarm
Optimization-Based Dynamic Replication Algorithm for Real-Time Distribu-
ted Databases) [283]. Thn Ðdia qroni�, 2018, ègine qr sh tou tropopoihmènou
diakritoÔ Algìrijmou BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n
basismènou sth diaÐresh qronikoÔ parajÔrou gia thn epÐlush tou poluanti-
keimenikoÔ probl matoc dromolìghshc oqhm�twn me qronik� par�jura [78].
'Ena qrìno argìtera, to 2019, ègine qr sh tou sugkekrimènou algìrijmou
sth diaqeÐrish thc sumfìrhshc me mÐa bèltisth ro  isqÔoc sto plaÐsio twn
anadiarjrwmènwn agor¸n hlektrik c enèrgeiac [257]. Thn Ðdia qroni�, 2019,
qrhsimopoi jhke o sugkekrimenoc algìrijmoc sthn epÐlush tou poluantikei-
menikoÔ probl matoc bèltisthc ro c isqÔoc (multi-objective optimal power
�ow problem - MO-OPF) [258].

O lìgoc epilog c tou Algìrijmou BeltistopoÐhshc Sm nouc Fwsfori-
zìntwn Skoulhki¸n (Glowworm Swarm Optimization Algorithm - GSO) eÐnai
ìti qrhsimopoieÐtai gia ton entopismì pollapl¸n koruf¸n miac sun�rthshc me
pollapl� topik� bèltista, epeid  epitrèpei sta sm nh twn fwsforizìntwn
skoulhki¸n na upodiairejoÔn autìmata se upoom�dec, ta opoÐa mporoÔn sth
sunèqeia na sugklÐnoun se pollapl� topik� bèltista tautìqrona. O Al-
gìrijmoc BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n leitourgeÐ
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wc ex c: arqik�, up�rqoun n fwsforÐzonta skoul kia pou topojetoÔntai tu-
qaÐa sto q¸ro lÔsewn xi, i = 1, ..., n. K�je fwsforÐzon skoul ki apofasÐzei
gia thn kÐnhs  tou me b�sh thn èntash tou s matoc pou dèqetai apì touc geÐ-
tonèc tou. Autì eÐnai perÐpou ìmoio me thn lousiferÐnh (luciferin), dhlad 
thn ousÐa pou prokaleÐ l�myh se mia pugolampÐda, ¸ste na èlxei eÐte �lla
fwsforÐzonta skoul kia eÐte jhr�mata. EÐnai fanerì ìti ìso pio èntonh eÐnai
h l�myh, tìso dunatìterh eÐnai h èlxh. Epomènwc, k�je fwsforÐzon skoul ki
i èqei mÐa antikeimenik  sun�rthsh f(xi(t)) gia k�je topojesÐa xi(t) kai mÐa
tim  l�myhc li thn opoÐa gnwstopoieÐ stouc geÐtonèc thc.

To k�je fwsforÐzon skoul ki ektim� mìno ekeÐna ta dedomèna pou proèr-
qontai apì qr simouc geÐtonec, dhlad  ekeÐnouc me th megalÔterh l�myh. To
sÔnolo twn geitìnwn enìc fwsforÐzontoc skoulhkioÔ i apoteleÐtai apì ekeÐna
ta fwsforÐzonta skoul kia pou èqoun mÐa meg�lh tim  l�myhc kai brÐskontai
se mÐa apìstash rid, h opoÐa mporeÐ na p�rei timèc apì 0 < rid < rs, ìpou rs
eÐnai h aktÐna dr�shc thc lousiferÐnhc. EpÐshc, k�je fwsforÐzon skoul ki
epilègei touc geÐtonec tou j b�sei mÐac pijanìthtac pij kai kineÐtai proc au-
toÔc. Aut  h kÐnhsh, pou basÐzetai mìno se topik  plhroforÐa, epitrèpei sta
fwsforÐzonta skoul kia na moir�zontai se upo-om�dec, k�ti pou wfeleÐ sthn
epÐlush enìc probl matoc me poll� topik� bèltista.

Arqik�, topojetoÔntai n fwsforÐzonta skoul kia tuqaÐa sto q¸ro lÔse-
wn, ètsi ¸ste na èqoun ìso to dunatì megalÔterh diaspor�. 'Ola ta fwsfo-
rÐzonta skoul kia sth arq  èqoun Ðsh posìthta l�myhc I0. DÔo eÐnai oi kÔriec
f�seic k�je epan�lhyhc: H f�sh enhmèrwshc thc l�myhc kai h f�sh kÐnhshc
pou basÐzetai se èna kanìna met�bashc. H f�sh enhmèrwshc thc l�myhc e-
xart�tai apì thn tim  thc antikeimenik c sun�rthshc sto shmeÐo pou brÐsketai
to fwsforÐzon skoul ki. Opìte, se aut  th f�sh, k�je fwsforÐzon skou-
l ki prosjètei sthn prohgoÔmen  tou posìthta mÐa tim  pou eÐnai an�logh
thc twrin c tou jèshc sto q¸ro lÔsewn. Epiplèon, afaireÐtai mÐa mikr  po-
sìthta gia na deÐxei thn exasjènhsh pou èqei to fwsforÐzon skoul ki sto
qrìno. H f�sh enhmèrwsh thc l�myhc (lousiferÐnhc) dÐnetai apì thn exÐswsh
[146],[147]:

li(t+ 1) = (1− ρ)li(t) + γ(f(xi(t+ 1))), (35)

ìpou to ρ eÐnai to pìso exasjenÐzei h l�myh kat� th di�rkeia tou qrìnou pou
an kei sto di�sthma (0,1) kai γ eÐnai mÐa stajer� pou exart�tai apì thn tim 
thc antikeimenik c sun�rthshc se sqèsh me to qrìno.

Sthn f�sh thc kÐnhshc, k�je fwsforÐzon skoul ki apofasÐzei, qrhsimo-
poi¸ntac mÐa pijanìthta, na kinhjeÐ proc èna fwsforÐzon skoul ki me uyh-
lìterh tim  l�myhc apì th dik  tou. H pijanìthta pou èqei k�je fwsforÐzon
skoul ki i na kinhjeÐ proc èna �llo fwsforÐzon skoul ki j dÐnetai apì:
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pij(t) =
lj(t)− li(t)∑

k∈Ni(t)

(lk(t)− li(t))
, (36)

ìpou j ∈ Ni(t), Ni(t) = {j : dij(t) < rid(t), li(t) < lj(t)} eÐnai to sÔnolo
twn geitìnwn tou i th qronik  stigm  t, dij(t) eÐnai h EukleÐdeia apìstash
an�mesa se dÔo fwsforÐzonta skoul kia i kai j th qronik  stigm  t, kai rid(t)
anaparist� th metablht  aktÐna geitoni�c pou susqetÐzetai me to fwsforÐzon
skoul ki i th qronik  stigm  t.

An telik� to fwsforÐzon skoul ki i epilèxei to fwsforÐzon skoul ki j,
tìte h jèsh tou enhmer¸netai apì thn akìloujh exÐswsh:

xi(t+ 1) = xi(t) + s
xj(t)− xi(t)
||xj(t)− xi(t)||

, (37)

ìpou s > 0 eÐnai to b ma pou kineÐtai èna fwsforÐzon skoul ki proc èna
�llo fwsforÐzon skoul ki. Gia thn aÔxhsh twn ikanot twn anaz thshc tou
algorÐjmou, den qrhsimopoieÐtai stajerì m koc sthn anaz thsh thc geitoni�c
tou k�je fwsforÐzontoc skoulhkioÔ. Tèloc, an r0 eÐnai to arqikì mègejoc
pou mporeÐ na y�xei gia geÐtonec èna fwsforÐzon skoul ki tìte:

rid(t+ 1) = min{rs,max{0, rid(t) + β(nt − |Ni(t)|)}}, (38)

ìpou b eÐnai mÐa stajer� kai nt eÐnai to pl joc twn geitìnwn pou mporeÐ na
èqei èna fwsforÐzon skoul ki.
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(aþ) (bþ)

(gþ)

Sq ma 7: (a')Epèktash thc aktÐnac enìc kÔklou enìc fwsfwrÐzontoc skoulhkioÔ, (b') To
fwsfwrÐzon skoul ki qwrÐc �lla fwsfwrÐzonta skoul kia sth geitoni� tou, (g') Mete-
gkat�stash tou fwsfwrÐzontoc skoulhkioÔ mazÐ me �lla fwsfwrÐzonta skoul kia [189]

Parak�tw ja analujeÐ o proteinìmenoc Par�llhloc Poluenakt rioc Po-
luantikeimenikìc Algìrijmoc BeltistopoÐhshc Sm nouc Fwsforizìntwn Skou-
lhki¸n (Parallel Multi-Start Multiobjective Glowworm Swarm Optimization
Algorithm - PMS-GSO). Arqik�, èna sÔnolo fwsforizìntwn skoulhki¸n (pi-
janèc lÔseic) (X) topojeteÐtai se tuqaÐec jèseic sto q¸ro. Sth sunèqeia,
k�je mÐa apì tic W lÔseic tou arqikoÔ plhjusmoÔ lÔsewn metatrèpetai se di-
�nusma dekadik¸n arijm¸n kai oi lÔseic topojetoÔntai ston pÐnaka (Personal
Best) (Proswpikì Bèltisto). EkeÐ, ja topojeteÐtai h bèltisth, mèqri thn
trèqousa epan�lhyh, (lÔsh - jèsh) k�je fwsforÐzontoc skoulhkioÔ kai apì
ton pÐnaka autì dhmiourgeÐtai to pr¸to Pareto mètwpo tou arqikoÔ plhju-
smoÔ, prin akìma xekin soun oi epanal yeic.

Sth sunèqeia epilègetai tuqaÐa to pr¸to fwsforÐzon skoul ki apì tic
lÔseic tou pÐnaka Personal Best. 'Epeita, upologÐzetai h tim  thc k�je anti-

107



keimenik c sun�rthshc tou k�je fwsforÐzontoc skoulhkioÔ kai taxinomoÔntai
ta fwsforÐzonta skoul kia qrhsimopoi¸ntac ton telest  rank, ìpwc ston
paralagmèno algìrijmo NSGA II [239]. 'Epeita, gia k�je fwsforÐzon skou-
l ki brÐsketai h tim  thc l�myhc (lousiferÐnhc) sÔmfwna me ton tÔpo:

li(t+ 1) = (1− ρ)li(t) + γ(ranki), (39)

ìpou to ρ eÐnai to pìso exasjenÐzei h l�myh kat� th di�rkeia tou qrìnou pou
an kei sto di�sthma (0,1), γ eÐnai mÐa stajer� pou exart�tai apì thn tim  thc
antikeimenik c sun�rthshc se sqèsh me to qrìno kai ranki eÐnai h taxinìmhsh
tou i fwsforÐzontoc skoulhkioÔ me b�sh ton telest  rank.

Sthn poreÐa upologÐzetai h EukleÐdeia apìstash metaxÔ tou fwsforÐzo-
ntoc skoulhkioÔ i se sqèsh me ta upìloipa, epilègontai oi 10 kontinìteroi
geÐtonèc tou kai taxinomoÔntai kat� aÔxousa seir�. AfoÔ brÐskontai oi 10
pio pijanoÐ geÐtonec apì thn exÐswsh (36), èpeita gÐnetai h epilog  tou fw-
sforÐzontoc skoulhkioÔ j wc ex c: Epilègetai ènac tuqaÐoc arijmìc b sto
di�sthma (0,1). An o arijmìc autìc eÐnai mikrìteroc apì thn pijanìthta tou
pr¸tou plhsièsterou geÐtona, tìte epilègetai o pr¸toc geÐtonac. An o b eÐnai
an�mesa stic pijanìthtec tou pr¸tou kai tou deÔterou, epilègetai o deÔteroc
k.o.k. Ed¸, sthn ousÐa gÐnetai mÐa epilog  pou basÐzetai sthn mèjodo thc
roulètac, ìpwc efarmìzetai stouc genetikoÔc algìrijmouc. Tèloc, h jèsh
tou fwsforÐzontoc skoulhkioÔ i enhmer¸netai apì thn exÐswsh (37).

Sth sunèqeia, akoloujeÐtai h diadikasÐa ìpwc perigr�fhke ston Par�l-
lhlo Poluenakt rio Poluantikeimenikì Algìrijmo PugolampÐdac (Parallel
Multi-Start Multiobjective Fire�y Algorithm - PMS-FIREFLY). Dhlad , oi
lÔseic paÐrnoun akèraia morf , ¸ste na upologisteÐ h tim  thc k�je antikei-
menik c sun�rthshc gia k�je nèa lÔsh. 'Epeita, topojetoÔntai oi nèec lÔseic
se èna koinì pÐnaka me tic lÔseic tou trèqontoc plhjusmoÔ kai taxinomoÔntai
me b�sh touc telestèc rank kai crowding distance. AxÐzei na shmeiwjeÐ ìti oi
pr¸tec W taxinomhmènec lÔseic apoteloÔn tic nèec lÔseic. Tèloc, efarmìze-
tai o algìrijmoc Metablht c Geitoni�c Anaz thshc (Variable Neighborhood
Search - VNS) gia k�je nèa lÔsh, upologÐzetai h tim  thc k�je antikeimenik c
sun�rthshc gia k�je nèa lÔsh kai enhmer¸netai o pÐnakac Personal Best.
'Epeita, gÐnetai xan� efarmog  tou algìrijmou Metablht c Geitoni�c Ana-
z thshc gia k�je lÔsh tou pÐnaka Personal Best kai upologÐzetai to Pareto
mètwpo tou plhjusmoÔ (Pop Pareto) sthn teleutaÐa epan�lhyh tou algorÐj-
mou, gia k�poion apì touc Q plhjusmoÔc. Tèloc, gÐnetai h dhmiourgÐa tou
Total Pareto, to opoÐo apoteleÐtai apì tic mh kuriarqoÔmenec lÔseic Pareto
thc teleutaÐac epan�lhyhc tou kajenìc apì touc Q plhjusmoÔc.

O yeudok¸dikac tou Par�llhlou Poluenakt riou PoluantikeimenikoÔ Al-
gìrijmou BeltistopoÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n (Parallel
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Multi -Start Multiobjective Glowworm Swarm Optimization Algorithm -
PMS-GSO) eÐnai o ex c:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n fwsforizìntwn skoulhki¸n (W )
DhmiourgÐa arqikoÔ plhjusmoÔ fwsforizìntwn skoulhki¸n
Upologismìc tou kìstouc thc lÔshc (jèshc) k�je fwsforÐzontoc

skoulhkioÔ tou plhjusmoÔ gia k�je antikeimenik  sun�rthsh
ArqikopoÐhsh tou pÐnaka Personal Best
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

TuqaÐa epilog  tou pr¸tou fwsforÐzontoc skoulhkioÔ apì ton
pÐnaka Personal Best

Upologismìc tou rank twn fwsforizìntwn skoulhki¸n
Taxinìmhsh twn fwsforizìntwn skoulhki¸n me b�sh to rank

Gia k�je fwsforÐzon skoul ki
F�sh enhmèrwsh thc l�myhc (Ii) apì thn exÐswsh (39)
Upologismìc thc Euklèideiac apìstashc metaxÔ tou

fwsforÐzontoc skoulhkioÔ i se sqèsh me ta upìloipa
Epilog  twn 10 kontinìterwn geitìnwn tou kai taxinìmhs 

touc kat� aÔxousa seir�
Upologismìc thc pijanìthtac twn 10 geitìnwn apì thn

exÐswsh (36)
TuqaÐa epilog  arijmoÔ β metaxÔ (0,1)

E�n (pi1 > β),
KÐnhsh tou fwsforÐzontoc skoulhkioÔ i proc to pr¸to
fwsforÐzon skoul ki j
Tèloc e�n
Gia k�je èna apì ta upìloipa 9 fwsforÐzonta

skoul kia j
E�n (pij−1 < β < pij),
KÐnhsh tou fwsforÐzontoc skoulhkioÔ i proc to
fwsforÐzon skoul ki j
Tèloc e�n
Tèloc gia

DhmiourgÐa twn W nèwn fwsforizìntwn skoulhki¸n
qrhsimopoi¸ntac thn exÐswsh (37)

Tèloc gia
Topojèthsh se koinì pÐnaka twn fwsforizìntwn skoulhki¸n tou
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trèqontoc plhjusmoÔ kai twn antÐstoiqwn nèwn
fwsforizìntwn skoulhki¸n

Upologismìc tou rank kai tou crowding distance twn
fwsforizìntwn skoulhki¸n

Taxinìmhsh twn fwsforizìntwn skoulhki¸n me b�sh to rank kai
to crowding distance

Epilog  twn pr¸twn W lÔsewn gia nèa fwsforÐzonta skoul kia
Efarmog  thc mejìdou V NS se k�je nèo fwsforÐzon skoul ki
Upologismìc tou kìstouc k�je nèou fwsforÐzontoc skoulhkioÔ

gia k�je antikeimenik  sun�rthsh
Enhmèrwsh tou pÐnaka Personal Best
Efarmog  thc mejìdou V NS se k�je lÔsh tou Personal Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)
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Sq ma 8: NuqterÐda [350].

6.4.8. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Nuqte-
rÐdac (Parallel Multi-Start Multiobjective Bat Algorithm - PMS-BA)

Sth fÔsh up�rqoun perÐpou 996 diaforetik� eÐdh nuqterÐdwn kai eÐnai ta
mìna jhlastik� me fter�. EpÐshc, èqoun exeligmènh ikanìthta hqoentopismoÔ.
To mègejìc touc kumaÐnetai apì 1,5 èwc 2 g (mikroskopikèc nuqterÐdec)  
gigantiaÐec nuqterÐdec me fter� perÐpou 2 mètrwn kai b�roc èwc perÐpou 1
kg. Oi nuqterÐdec èqoun treic sun jeiec, eÐte kourni�zoun, eÐte èqoun bgei
gia anaz thsh faghtoÔ   apl� metakinoÔntai. Genik�, h anaz thsh faghtoÔ
mporeÐ na qwristeÐ se treic f�seic: f�sh anaz thshc, f�sh katadÐwxhc kai
f�sh egklwbismoÔ.

Oi mikrèc nuqterÐdec (microbats) eÐnai m kouc 4 èwc 16 cm kai qrhsimo-
poioÔn hqoentopismì, en¸ oi meg�lec nuqterÐdec (megabats) ìqi. O hqoentopi-
smìc eÐnai ènac tÔpoc sìnar kai qrhsimopoieÐtai gia thn anÐqneush jhr�matoc,
thn apofug  empodÐwn kai ton entopismì twn qaram�dwn gia koÔrniasma sto
skot�di. Oi mikrèc nuqterÐdec ekpèmpoun ènan polÔ dunatì hqhtikì palmì kai
dhmiourgeÐtai hq¸ pou par�getai apì thn antan�klash twn hqhtik¸n kum�twn
p�nw se epif�neiec. Mèsa apì thn an�lush twn epistrefìmenwn  qwn apì to
akoustikì touc sÔsthma, oi nuqterÐdec mporoÔn eÔkola na prosanatolistoÔn
sto perib�llon touc kai na metakinhjoÔn ston dikì touc q¸ro, kaj¸c kai na
entopÐsoun to faghtì touc.

'Enac arijmìc algorÐjmwn pou basÐzontai sth sumperifor� tou hqoento-
pismoÔ èqoun protajeÐ ta teleutaÐa qrìnia, all� o Algìrijmoc NuqterÐdac
(Bat Algorithm - BA) eÐnai o shmantikìteroc apì autoÔc. O Algìrijmoc Nu-
qterÐdac anaptÔqjhke apì ton Xin−She Y ang [312], o opoÐoc qrhsimopoÐhse
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orismènouc basikoÔc kanìnec. 'Enac apì autoÔc eÐnai ìti oi nuqterÐdec, mèsw
tou hqoentopismoÔ, mporoÔn na entopÐsoun thn apìstash kai na xeqwrÐsoun
metaxÔ faghtoÔ kai empodÐwn, akìma kai sto skot�di. Gia autì to lìgo prèpei
na kajoristeÐ h taqÔthta (vi), h jèsh (xi), mia kajorismènh suqnìthta (fmin),
èna metablhtì m koc kÔmatoc (λ) kai h èntash tou  qou (A0). O teleutaÐoc
kanìnac eÐnai ìti h èntash tou  qou kumaÐnetai apì mia meg�lh tim  (A0), ìtan
y�qnei gia mia leÐa, proc mia mikr  stajer  tim  (Amin), ìtan kukl¸nei to
j rama.

LÐga qrìnia argìtera, o Algìrijmoc NuqterÐdac qrhsimopoi jhke se èna
eurÔ f�sma pedÐwn kai problhm�twn. Merik� apì aut� eÐnai: omadopoÐhsh [4],
rompotik  mhqanik  [244] kai epexergasÐa eikìnac [93]. EpÐshc, pollèc pa-
rallagèc tou Algìrijmou NuqterÐdac èqoun protajeÐ ìpwc: o ubridikìc Al-
gìrijmoc NuqterÐdac me ton Algìrijmo Teqnht c ApoikÐac Meliss¸n (ABC)
[201], o Algìrijmoc NuqterÐdac me neurwnik� dÐktua gia thn prìbleyh twn
tim¸n twn metoq¸n [107], o Algìrijmoc NuqterÐdac me kateujunìmeno hqoe-
ntopismì gia suneq  probl mata beltistopoÐhshc [41] kai o par�llhloc Al-
gìrijmoc NuqterÐdac gia thn beltistopoÐhsh tou krithrÐou makespan se pro-
bl mata programmatismoÔ ergasi¸n [63]. Tèloc, o Algìrijmoc NuqterÐdac
qrhsimopoi jhke se probl mata dromolìghshc ìpwc: summetrik� kai asÔmme-
tra Probl mata Planìdiou Pwlht  [212], prìblhma dromolìghshc oqhm�twn
me qronik� par�jura [213], prìblhma dianom c iatrik¸n eid¸n me farmakeutik 
sullog  apobl twn [214] kai prìblhma dromolìghshc forthgoÔ kai rumoul-
koÔmenou [300].

Pollèc èreunec èqoun dhmosieujeÐ, ìmwc, kai gia th qr sh tou Algìrij-
mou NuqterÐdac sthn epÐlush poluantikeimenik¸n problhm�twn. To 2012 qrh-
simopoi jhke o Poluantikeimenikìc Algìrijmoc NuqterÐdac gia thn epÐlush
poluantikeimenik¸n problhm�twn, ìpwc gia par�deigma sto sqediasmì dok¸n
me sugkìllhsh [315], en¸ to 2015 prot�jhke o du�dikoc Poluantikeimenikìc
Algìrijmoc NuqterÐdac gia thn poluantikeimenik  beltistopoÐhsh se duadi-
k  anaz thsh q¸rou [13]. To 2016 qrhsimopoi jhke o Poluantikeimenikìc
Algìrijmoc NuqterÐdac gia touc kanìnec exìruxhc susqètishc [112] kai to
2017 qrhsimopoi jhke o Algìrijmoc NuqterÐdac sth jermik  mhqanik  [284].
To 2018 qrhsimopoi jhke o Poluantikeimenikìc Algìrijmoc NuqterÐdac se
probl mata sunduastik c beltistopoÐhshc [158] kai thn Ðdia qroni� qrhsi-
mopoi jhke gia thn eÔresh tou bèltistou met¸pou Pareto gia poluantikei-
menikèc sunart seic me metaballìmena b�rh [235]. Tèloc, to 2019 prot�jhke
ènac beltiwmènoc Poluantikeimenikìc Algìrijmoc NuqterÐdac gia thn epÐlush
tou poluantikeimenikoÔ probl matoc bèltisthc ro c isqÔoc me antifatikoÔc
stìqouc kai periorismoÔc [51].

To pleonèkthma tou sugkekrimènou algìrijmou eÐnai ìti eÐnai akrib c kai
apotelesmatikìc. Arqik�, ston Algìrijmo NuqterÐdac oi teqnhtèc nuqterÐdec
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pet�ne tuqaÐa prosarmìzontac th suqnìthta touc arqik� kai sth sunèqeia
enhmer¸nontac thn taqÔthta kai thn jèsh touc, ìpwc oi pragmatikèc. Oi
exis¸seic thc suqnìthtac, thc taqÔthtac kai thc jèshc eÐnai, antÐstoiqa:

fi = fmin + (fmax − fmin)β, (40)

vti = vt−1i + (xti − x∗)fi, (41)

xti = xt−1i + vti , (42)

ìpou to β paÐrnei tuqaÐec timèc apì to 0 èwc 1, fi eÐnai h trèqousa suqnìthta
fmin kai fmax eÐnai h el�qisth kai h mègisth tim  twn suqnot twn kai x∗ eÐnai
to trèqon bèltisto.

Gia thn f�sh thc topik c anaz thshc, gÐnetai h qr sh tuqaÐwn bhm�twn
gia th dhmiourgÐa miac kainoÔriac lÔshc gia k�je nuqterÐda kai h exÐswsh eÐnai:

xnew = xold + εAt, (43)

ìpou to ε ∈ [−1, 1] eÐnai ènac tuqaÐoc arijmìc kai to At = 〈Ati〉 eÐnai h mèsh
èntash tou  qou gia ìlec tic nuqterÐdec se autì to qronikì b ma.

Genik�, ìtan mia nuqterÐda brei j rama, h èntash tou  qou mei¸netai, ka-
j¸c o rujmìc twn ekpomp¸n twn palm¸n aux�netai. Oi parak�tw exis¸seic
eÐnai gia thn èntash tou  qou kai gia thn èntash tou palmoÔ thc i nuqterÐdac,
antÐstoiqa:

At+1
i = αAti, (44)

rt+1
i = r0i [1− exp(−γt)], (45)

ìpou At+1
i , Ati eÐnai oi prohgoÔmenec kai oi enhmerwmènec timèc thc èntashc

tou  qou gia thn i nuqterÐda, α kai γ eÐnai stajerèc kai rt+1
i eÐnai h èntash

tou palmoÔ thc i nuqterÐdac sthn epan�lhyh t + 1. To r qrhsimopoieÐtai wc
sunj kh apodoq c mÐac lÔshc. Gia k�je 0 < α < 1 kai γ > 0 isqÔei ìti
Ati → 0, rti → r0i , ac t→∞.

Sth sunèqeia parousi�zetai o proteinìmenoc algìrijmoc, o opoÐoc eÐnai
o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc NuqterÐdac

113



(Parallel Multi-Start Multiobjective Bat Algorithm - PMS-BA). Arqik�, èna
sÔnolo nuqterÐdwn (pijanèc lÔseic) (X) topojetoÔntai se tuqaÐec jèseic sto
q¸ro. Sth sunèqeia, k�je mÐa apì tic lÔseic W tou arqikoÔ plhjusmoÔ me-
tatrèpetai se èna di�nusma dekadikoÔ arijmoÔ kai oi lÔseic topojetoÔntai
ston pÐnaka (Personal Best). EkeÐ, ja topojethjeÐ h bèltisth jèsh, mèqri
thn trèqousa epan�lhyh, k�je nuqterÐdac kai apì autìn ton pÐnaka ja dh-
miourghjeÐ to pr¸to Pareto mètwpo tou arqikoÔ plhjusmoÔ, prin xekin soun
oi epanal yeic. 'Epeita, upologÐzetai h tim  thc antikeimenik c sun�rthshc
k�je nuqterÐdac kai oi nuqterÐdec taxinomoÔntai qrhsimopoi¸ntac ton telest 
rank, ìpwc ston parallagmèno algìrijmo NSGA II [239].

Sth sunèqeia, epilègontai oi mègistec kai oi el�qistec timèc kajemi�c apì
tic dÔo antikeimenikèc sunart seic. Met�, upologÐzetai h suqnìthta (fi) k�je
nuqterÐdac sÔmfwna me thn exÐswsh:

fi = f1,min + (f1,max − f1,min)β1 + (f2,max − f2,min)β2, (46)

ìpou ta β1, β2 paÐrnoun tuqaÐec timèc apì 0 mèqri 1, to fi eÐnai h trèqousa
suqnìthta, ta f1,min kai f1,max eÐnai h el�qisth kai h mègisth tim  thc pr¸thc
antikeimenik c sun�rthshc, antÐstoiqa, kai ta f2,min kai f2,max eÐnai h el�qisth
kai h mègisth tim  thc deÔterhc antikeimenik c sun�rthshc antÐstoiqa. EpÐshc,
h taqÔthta kai h jèsh k�je nuqterÐdac upologÐzetai sÔmfwna me tic exis¸seic
(41) kai (42), antÐstoiqa.

Sth sunèqeia, akoloujeÐtai h diadikasÐa ìpwc perigr�fhke ston Par�l-
lhlo Poluenakt rio Poluantikeimenikì Algìrijmo PugolampÐdac (Parallel
Multi-Start Multiobjective Fire�y Algorithm - PMS-FIREFLY). Sugkekri-
mèna, gÐnetai metatrop  twn lÔsewn se akèraia morf , ¸ste na upologisteÐ
h tim  thc k�je antikeimenik c sun�rthshc gia k�je nèa lÔsh. Sth sunèqeia,
gÐnetai topojèthsh twn nèwn lÔsewn se èna koinì pÐnaka mazÐ me tic lÔseic tou
trèqontoc plhjusmoÔ kai èpeita gÐnetai taxinìmhs  touc me b�sh touc telestèc
rank kai crowding distance. Metèpeita, oi pr¸tec W taxinomhmènec lÔseic
apoteloÔn tic nèec lÔseic, stic opoÐec efarmìzetai o algìrijmoc Metablht c
Geitoni�c Anaz thshc (Variable Neighborhood Search - VNS). Sth sunèqeia,
upologÐzetai h tim  thc k�je antikeimenik c sun�rthshc gia k�je nèa lÔsh
kai enhmer¸netai o pÐnakac Personal Best. Met�, efarmìzetai xan� gia k�je
lÔsh tou pÐnaka Personal Best o algìrijmoc Metablht c Geitoni�c Anaz th-
shc kai upologÐzetai to Pareto mètwpo tou plhjusmoÔ (Pop Pareto) sthn
teleutaÐa epan�lhyh tou algorÐjmou, gia k�poion apì touc Q plhjusmoÔc.
Tèloc, ìlec oi mh kuriarqoÔmenec lÔseic Pareto thc teleutaÐ-ac epan�lhyhc
tou kajenìc apì touc Q plhjusmoÔc dhmiourgoÔn to Total Pareto.

O yeudok¸dikac tou Par�llhlou Poluenakt riou PoluantikeimenikoÔ Al-
gìrijmou NuqterÐdac (Parallel Multi-Start Multiobjective Bat Algorithm -
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PMS-BA) eÐnai o ex c:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n nuqterÐdwn (W )
DhmiourgÐa arqikoÔ plhjusmoÔ nuqterÐdwn
Upologismìc tou kìstouc thc lÔshc (jèshc) k�je nuqterÐdac tou

plhjusmoÔ gia k�je antikeimenik  sun�rthsh
ArqikopoÐhsh tou pÐnaka Personal Best
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

Upologismìc tou rank twn nuqterÐdwn
Taxinìmhsh twn nuqterÐdwn me b�sh ton telest  rank
Epilog  twn megÐstwn kai elaqÐstwn tim¸n k�je antikeimenik c

sun�rthshc
Gia k�je nuqterÐda
Upologismìc thc suqnìthtac (fi), thc taqÔthtac (vi) kai

thc jèshc (xi), sÔmfwna me tic exis¸seic (46), (41)
kai (42) antÐstoiqa

Tèloc gia
Topojèthsh se koinì pÐnaka twn nuqterÐdwn tou trèqontoc

plhjusmoÔ kai twn antÐstoiqwn nèwn nuqterÐdwn
Upologismìc tou rank kai tou crowding distance twn nuqterÐdwn
Taxinìmhsh twn nuqterÐdwn me b�sh to rank kai to crowding

distance
Epilog  twn pr¸twn W lÔsewn gia nèec nuqterÐdec
Efarmog  thc mejìdou V NS se k�je nèa nuqterÐda
Upologismìc tou kìstouc k�je nèac nuqterÐdac gia k�je

antikeimenik  sun�rthsh
Enhmèrwsh tou pÐnaka Personal Best
Efarmog  thc mejìdou V NS se k�je lÔsh tou Personal Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)
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Sq ma 9: Kril - BikipaÐdeia (el.wikipedia.org).

6.4.9. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz th-
shc Trof c twn Kril (Parallel Multi-Start Multiobjective Krill Herd
Algorithm - PMS-KH)

To kril (krill) eÐnai koin  onomasÐa pou anafèretai se k�je mèloc tou
zwoplagktonikoÔ plhjusmoÔ thc t�xhc Eufause¸dh (Euphausiacea)   tou
gènouc EufaÔsia (Euphausia), ta opoÐa eÐnai malakìstraka. Sun jwc, h
onomasÐa aut  qrhsimopoieÐtai mìno gia to eÐdoc EufaÔsia h uper fanoc (Eu-
phausia superba). To ìnoma kril proèrqetai apì th norbhgik  lèxh ”krill”,
pou shmaÐnei ”mikr� thganht� y�ria”. To mègejìc touc kumaÐnetai apì 8 wc 60
qiliostìmetra kai èqoun katagrafeÐ 82 eÐdh kril. Ta perissìtera diajètoun
biofwsforÐzonta ìrgana sthn k�tw pleur� tou s¸matoc, pou ta kajistoÔn
orat� thn nÔqta.

Ta kril èqoun meg�lh oikologik  shmasÐa se orismènec jal�ssiec perio-
qèc, miac kai eÐnai trof  orismènwn yari¸n, pouli¸n kai khtwd¸n, kurÐwc thc
mple f�lainac. Ta krÔa ner� kont� sthn Antarktik  eÐnai plousiìtata se
jreptik� sustatik�, k�ti pou eunoeÐ thn ter�stia paragwg  futoplagktoÔ
kai kat� sunèpeia tou meg�lou arijmoÔ kril, miac kai eÐnai h basik  phg 
trof c touc. Autìc eÐnai kai o lìgoc pou zoun kurÐwc se yuqr� ner�, apì
−1, 80 wc +1, 80 C. Ta kril eÐnai wc epÐ to pleÐston pamf�ga, an kai merik�
eÐdh eÐnai sarkobìra kai kunhgoÔn mikr� zwoplagktìn kai pronÔmfec yari¸n.
EmfanÐzetai se ter�stia sm nh, pou mporeÐ na susswreujoÔn kont� sthn epi-
f�neia tou wkeanoÔ   kai se meg�la b�jh k�tw twn 2000 mètrwn. H puknìthta
tou plhjusmoÔ touc mporeÐ na ft�sei ta 20.000 �toma an� kubikì mètro ne-
roÔ. Tèloc, axÐzei na shmeiwjeÐ ìti to kril apoteleÐ shmantikì stoiqeÐo thc
udrìbiac trofik c alusÐdac, miac kai metatrèpei thn prwtogen  paragwg  tou
jhr�matìc tou se morf  kat�llhlh gia katan�lwsh apì megalÔtera z¸a pou
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den mporoÔn na trafoÔn �mesa apì ta fÔkia.
O algìrijmoc Anaz thshc Trof c twn Kril (Krill Herd Algorithm - KH)

eÐnai ènac algìrijmoc nohmosÔnhc sm nouc pou èqei protajeÐ arqik� gia sune-
q  probl mata beltistopoÐhshc. 'Eqei apodeiqjeÐ ìti èqei sugkrÐsimh apìdosh
me k�poiouc �llouc up�rqontec algìrijmouc. Prot�jhke apì touc Gandomi
kai Alavi [91] kai eÐnai apì touc pio prìsfatouc algìrijmouc. Pollèc me-
lètec èqoun dhmosieujeÐ kai aforoÔn ton sugkekrimèno algìrijmo. To 2014
prot�jhke o qaotikìc algìrijmoc Anaz thshc Trof c twn Kril [294], kaj¸c
kai o algìrijmoc Anaz thshc Trof c twn Kril [295]. Thn Ðdia qroni�, 2014,
parousi�sthke o biogewgrafikìc algìrijmoc Anaz thshc Trof c twn Kril
(biogeography-based krill herd algorithm - BBKH) gia thn epÐlush sÔnjetwn
problhm�twn beltistopoÐhshc [296] kai qrhsimopoi jhke o algìrijmoc Ana-
z thshc Trof c twn Kril sthn epÐlush diaforetik¸n oikonomik¸n problh-
m�twn apostol c fortÐou (Economic load dispatch problems) [185]. Thn Ðdia
qroni�, 2014, ègine qr sh enìc beltiwmènou algìrijmou Anaz thshc Trof c
twn Kril gia thn epÐlush olik¸n problhm�twn beltistopoÐhshc [106], ìpwc
epÐshc prot�jhke ènac sunduasmìc tou algìrijmou Anaz thshc Trof c twn
Kril me ton algìrijmo Anaz thshc thc Mousik c ArmonÐac gia thn epÐlu-
sh arijmhtik¸n problhm�twn beltistopoÐhshc [297]. Thn Ðdia qroni�, 2014,
parousi�sthke ènac ubridikìc algìrijmoc Anaz thshc Trof c twn Kril me
diaforik  exèlixh, o opoÐoc qrhsimopoi jhke sthn arijmhtik  beltistopoÐhsh
[298] kai prot�jhke kai ènac beltiwmènoc algìrijmoc Anaz thshc Trof c twn
Kril me grammikì meiwtikì b ma (improved KH-krill herd with linear decre-
asing step - KHLD) [166]. To 2016 prot�jhke ènac beltiwmènoc algìrijmoc
Anaz thshc Trof c twn Kril me enantÐwsh lìgw m�jhshc, jèsh pÐeshc kai
met�llaxh Cauchy gia thn epÐlush dÔo problhm�twn beltistopoÐhshc mhqa-
nik c [299].

Pollèc èreunec èqoun gÐnei gia th qr sh tou Algìrijmou Anaz thshc Tro-
f c twn Kril sthn epÐlush poluantikeimenik¸n problhm�twn. To 2015 parou-
si�sthke mÐa èreuna ìpou ègine qr sh tou Algìrijmou Anaz thshc Trof c
twn Kril gia thn epÐlush tou poluantikeimenikoÔ probl matoc anadieujèth-
shc, lamb�nontac upìyhn tic katanemhmènec genièc [2]. Thn Ðdia qroni�, 2015,
qrhsimopoi jhke o Poluantikeimenikìc Algìrijmoc Anaz thshc Trof c twn
Kril sthn hlektromagnhtik  beltistopoÐhsh [17], en¸ to 2016 ègine qr sh
tou Algìrijmou Anaz thshc Trof c twn Kril, basismènou se pragmatik 
anakatanom  hlektrik c enèrgeiac, gia beltÐwsh thc katanom c t�shc sthn
epÐlush poluantikeimenik¸n sunart sewn [119]. To 2018 qrhsimopoi jhke o
Algìrijmoc Anaz thshc Trof c twn Kril gia thn epÐlush poluantikeimenik¸n
bèltistwn problhm�twn ro c isqÔoc se èna dÐktuo sust matoc hlektrik c e-
nèrgeiac [241]. Thn Ðdia qroni�, 2018, ègine qr sh tou PoluantikeimenikoÔ
Algìrijmou Anaz thshc Trof c twn Kril sthn topojèthsh eikonik¸n mh-
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qan¸n sto upologistikì sÔnnefo [19], en¸ to 2019 sthn dunamik  katanom 
pìrwn se Perib�llon SÔnnefou [200].

O algìrijmoc Anaz thshc Trof c twn Kril (Krill Herd Algorithm - KH)
basÐzetai sthn prosomoÐwsh thc eÔreshc trof c twn sm nwn twn kril kai
sqedìn ìloi oi aparaÐthtoi suntelestèc gia thn ulopoÐhsh tou lamb�nontai
apì empeirikèc melètec twn pragmatik¸n kril, pou up�rqoun sthn bibliogra-
fÐa. H sun�rthsh katallhlìthtac k�je kril orÐzetai apì thn apost�sh tou
apì thn trof  kai apì thn uyhlìterh puknìthta tou sm nouc. Up�rqoun
treic basikèc enèrgeiec pou jewroÔntai ìti kajorÐzoun th qronik� exart¸menh
jèsh enìc memonwmènou kril kai eÐnai: (1) ephreasmìc apì thn kÐnhsh twn
�llwn atìmwn kril, (2) h drasthriìthta thc trof c kai (3) h tuqaÐa di�qush.
H eÔresh trof c tou kril eÐnai mia poluantikeimenik  diadikasÐa pou perilam-
b�nei dÔo kÔriouc stìqouc: (1) thn aÔxhsh thc puknìthtac kril kai (2) thn
epÐteuxh thc trof c. H prosèlkush tou kril (auxanìmenh puknìthta) kai h
exeÔresh trof c (perioqèc uyhl c sugkèntrwshc trofÐmwn) qrhsimopoioÔntai
wc stìqoi pou odhgoÔn telik� ta kril gÔrw apì ta olik� el�qista. Opìte,
to kril kineÐtai proc thn kalÔterh lÔsh ìtan y�qnei gia thn uyhlìterh pu-
knìthta twn kril kai gia trof . 'Ara, ìso pio kont� eÐnai h apìstash apì
thn uyhl  puknìthta twn kril kai thn trof , tìso mikrìterh eÐnai h tim  thc
antikeimenik c sun�rthshc.

H f�sh arqikopoÐhshc tou algorÐjmou eÐnai ìtan oi jhreutèc mei¸noun th
mèsh puknìthta twn kril kai apomakrÔnoun to sm noc apì thn phg  trof c
touc. 'Opwc proanafèrjhke, sth fÔsh, h katallhlìthta tou k�je atìmou
upotÐjetai ìti eÐnai ènac sunduasmìc thc apìstashc apì thn trof  kai apì
thn uyhlìterh puknìthta tou sm nouc twn kril. Epomènwc, h katallhlìthta
eÐnai h tim  thc antikeimenik c sun�rthshc gia ton algìrijmo. H qronik�
exart¸menh jèsh enìc memonwmènou kril dÐnetai apì to akìloujo Lagrangian
montèlo, to opoÐo eÐnai genikeumèno se èna n-di�stato q¸ro:

dXi

dt
= Ni + Fi +Di, (47)

ìpou Ni eÐnai h kÐnhsh pou prokaleÐtai apì ta �lla kril, Fi eÐnai h kÐnhsh thc
trof c kai Di eÐnai h fusik  di�qush twn i atìmwn kril.

'Eqei diapistwjeÐ ìti ta kril prospajoÔn na diathr soun uyhl  puknìthta
kai na kinhjoÔn lìgw twn amoibaÐwn touc epidr�sewn [114]. H kajodhgoÔme-
nh kateÔjunsh kÐnhshc (ai) upologÐzetai apì treic puknìthtec: thn topik 
puknìthta sm nouc (topik  epÐdrash), thn puknìthta tou sm nouc stìqou (e-
pÐdrash stìqou) kai thn apwstik  puknìthta tou sm nouc (apìrriyh) [114].
Gia èna kril, h epagìmenh kÐnhsh orÐzetai wc:

Nnew
i = Nmaxai + ωnN

old
i , (48)
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ìpou

ai = alocali + atargeti , (49)

kai Nmax eÐnai h mègisth epagìmenh taqÔthta, ωn eÐnai to b�roc adr�neiac thc
kÐnhshc pou prokaleÐtai sthn perioq  [ 0, 1], N old

i eÐnai h teleutaÐa prìklhsh
kin sewn, alocali eÐnai to topikì apotèlesma pou prokaleÐtai apì touc geÐtonec
kai atargeti eÐnai to apotèlesma kateÔjunshc-stìqou pou prokÔptei apì to ka-
lÔtero �tomo kril. Oi metrhmènec timèc thc mègisthc epagìmenhc taqÔthtac
se pragmatik� kril eÐnai Ðsec me 0,01 (ms−1) [114].

H epÐdrash twn geitìnwn mporeÐ na eÐnai eÐte elktik  eÐte apwstik  metaxÔ
twn atìmwn se mia topik  anaz thsh kai orÐzetai, ìson afor� thn kÐnhsh enìc
atìmou kril, wc ex c:

alocali =
NN∑
j=1

K̂i,jX̂i,j, (50)

X̂i,j =
Xj −Xi

||Xj −Xi||+ ε
, (51)

K̂i,j =
Ki −Kj

Kworst −Kbest
, (52)

ìpouKbest kaiKworst eÐnai oi kalÔterec kai oi qeirìterec timèc twn antikeimeni-
k¸n sunart sewn twn atìmwn kril mèqri stigm c, ta Ki kai Kj antiproswpeÔ-
oun tic timèc twn antikeimenik¸n sunart sewn twn atìmwn i kai j antÐstoiqa,
ìpou j eÐnai o geÐtonac me j = 1, 2, ..., NN , to X antiproswpeÔei tic sqetikèc
jèseic, to NN eÐnai o arijmìc twn geitìnwn kai to ε eÐnai ènac mikrìc jetikìc
arijmìc.

Oi dexièc pleurèc twn exis¸sewn (50) - (52) perièqoun dianÔsmata, ta o-
poÐa deÐqnoun tic epagìmenec kateujÔnseic apì diaforetikoÔc geÐtonec, kai
kanonikopoihmènec timèc, ìpou k�je tim  parousi�zei thn epÐdrash enìc geÐto-
na. To di�nusma twn geitìnwn mporeÐ na eÐnai elktikì   apwstikì an�loga me
to an h kanonikopoihmènh tim  eÐnai arnhtik    jetik , antÐstoiqa.

Gia thn eÔresh tou geÐtona up�rqoun pollèc strathgikèc. Gia par�deigma,
mÐa geitoni� mporeÐ apl� na oristeÐ wc h eÔresh tou arijmoÔ twn plhsièsterwn
atìmwn kril. 'Eqontac wc gn¸mona thn pragmatik  sumperifor� twn atìmwn
kril, prosdiorÐzetai mia apìstash anÐqneushc (ds) gÔrw apì èna �tomo kril
(ìpwc faÐnetai sto sq ma (10)), ¸ste na brejoÔn oi geÐtonec. O tÔpoc gia
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Sq ma 10: Mia sqhmatik  anapar�stash tou aisjht riou pedÐou gÔrw apì èna �tomo kril
[91].

thn apìstash anÐqneushc gia k�je �tomo kril se k�je epan�lhyh eÐnai o a-
kìloujoc:

ds,i =
1

5N

N∑
j=1

||Xi −Xj||, (53)

ìpou ds,i eÐnai h apìstash anÐqneushc gia to i �tomo kril kai N eÐnai o arijmìc
twn atìmwn kril. Apì thn parap�nw exÐswsh (53) kai apì to sq ma (10) eÐnai
emfanèc ìti dÔo �toma kril eÐnai geÐtonec, ìtan h apìstash metaxÔ touc eÐnai
mikrìterh apì thn kajorismènh apìstash anÐqneushc.

To di�nusma stìqou k�je atìmou kril eÐnai h el�qisth tim  katallhlìth-
tac tou atìmou. Epiplèon, lamb�netai upìyh h epÐdrash tou atìmou kril me
thn kalÔterh tim  katallhlìthtac gia to i kril, sÔmfwna me thn parak�tw
exÐswsh, k�ti pou odhgeÐ sto olikì bèltisto:

atargeti = CbestK̂i,bestX̂i,best, (54)

ìpou to Cbest eÐnai ènac suntelest c tou atìmou kril me thn kalÔterh tim 
katallhlìthtac sto i �tomo kai orÐzetai wc:

Cbest = 2(rand+
I

Imax
), (55)
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ìpou to rand paÐrnei tuqaÐec timèc metaxÔ 0 kai 1, to I eÐnai o arijmìc thc
trèqousac epan�lhyhc kai to Imax eÐnai o mègistoc arijmìc epanal yewn.

Sth sunèqeia ja gÐnei mÐa anafor� sqetik� me thn kÐnhsh thc trof c. H
kÐnhsh thc trof c diamorf¸netai me b�sh dÔo kÔriec paramètrouc: thn jèsh
twn trof¸n kai thn prohgoÔmenh empeirÐa sqetik� me th jèsh twn trof¸n.
Aut  h kÐnhsh mporeÐ na ekfrasteÐ ìson afor� to i �tomo wc ex c:

Fi = Vfβi + ωfF
old
i , (56)

ìpou

βi = βfoodi + βbesti , (57)

kai to Vf eÐnai h taqÔthta anaz thshc trof c, to ωf eÐnai to b�roc adr�neiac
thc kÐnhshc thc trof c sthn perioq  [0,1], to F old

i eÐnai h teleutaÐa kÐnhsh
trof c, to βfoodi eÐnai h trof  èlxhc kai to βbesti eÐnai to apotèlesma thc
kalÔterhc tim c katallhlìthtac tou i kril mèqri t¸ra. Oi metrhmènec timèc
thc taqÔthtac anaz thshc trof c se pragmatik� kril eÐnai Ðsec me 0,02 (ms−1)
[236].

H epÐdrash thc trof c orÐzetai kurÐwc apì thn jèsh thc. Arqik�, brÐsketai
to kèntro twn trof¸n kai sth sunèqeia gÐnetai h morfopoÐhsh thc èlxhc thc
trof c. To eikonikì kèntro thc sugkèntrwshc trof¸n ektim�tai sÔmfwna me
thn katanom  twn atìmwn kril, h opoÐa empnèetai apì to ”kèntro m�zac”. To
kèntro twn trof¸n gia k�je epan�lhyh brÐsketai apì thn akìloujh exÐswsh:

Xfood =

∑N
i=1

1
Ki
Xi∑N

i=1
1
Ki

(58)

Wc ek toÔtou, h èlxh twn trof¸n gia to i kril mporeÐ na kajoristeÐ wc
ex c:

βfoodi = CfoodK̂i,foodX̂i,food, (59)

ìpou Cfood eÐnai o suntelest c trof c. Lìgw tou ìti h epÐdrash thc trof c
sthn diatrof  tou kril mei¸netai kat� th di�rkeia tou qrìnou, o suntelest c
trof c prosdiorÐzetai wc:

Cfood = 2(1− I

Imax
), (60)
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ìpou I kai Imax eÐnai h trèqousa epan�lhyh kai o mègistoc arijmìc epana-
l yewn, antÐstoiqa.

H èlxh twn trof¸n orÐzetai ètsi ¸ste na proselkÔsei, pijan¸c, to sm noc
kril to olikì bèltisto kai wc ek toÔtou ta �toma kril plhsi�zoun to olikì
bèltisto èpeita apì k�poia epan�lhyh.

H epÐdrash thc kalÔterhc tim c katallhlìthtac tou atìmou i brÐsketai
qrhsimopoi¸ntac thn akìloujh exÐswsh:

βbesti = K̂i,ibestX̂i,ibest, (61)

ìpou K̂i,ibest eÐnai h kalÔterh jèsh pou episkèfjhke prohgoumènwc to �tomo
i.

'Oson afor� th fusik  di�qush twn atìmwn kril, h opoÐa jewreÐtai tuqaÐa
diadikasÐa, diatup¸netai wc ex c:

Di = Dmax(1− I

Imax
)δ, (62)

ìpou Dmax eÐnai h mègisth taqÔthta di�qushc kai paÐrnei tuqaÐec timèc metaxÔ
0,002 kai 0,010 (ms−1), δ eÐnai o tuqaÐoc forèac kateÔjunshc, ìpou ta stoi-
qeÐa tou paÐrnoun tuqaÐec timèc metaxÔ -1 kai 1, kai I, Imax eÐnai h trèqousa
epan�lhyh kai o mègistoc arijmìc epanal yewn, antÐstoiqa.

'Epeita, qrhsimopoi¸ntac tic diaforetikèc paramètrouc thc kÐnhshc sth
di�rkeia tou qrìnou, ìpwc parousi�sthkan parap�nw, to di�nusma jèshc enìc
atìmou kril kat� th di�rkeia tou diast matoc (t, t + ∆t) dÐnetai apì thn
akìloujh exÐswsh:

Xi(t+ ∆t) = Xi(t) + ∆t
dXi

dt
, (63)

ìpou ∆t eÐnai h par�metroc pou leitourgeÐ wc suntelest c klÐmakac tou dia-
nÔsmatoc taqÔthtac, exart�tai apì to q¸ro anaz thshc kai upologÐzetai sÔm-
fwna me ton tÔpo:

∆t = Ct

NV∑
j=1

(UBj − LBj), (64)

ìpou NV eÐnai o sunolikìc arijmìc metablht¸n, to Ct eÐnai mia stajer� sto
di�sthma [0,2] kai ta LBj, UBj eÐnai ta qamhlìtera kai an¸tera ìria twn
metablht¸n j (j = 1, 2, ..., NV ), antÐstoiqa.
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Apì ta parap�nw faÐnetai ìti to apìluto thc afaÐres c touc deÐqnei ton
q¸ro anaz thshc kai ìti oi qamhlèc timèc tou Ct epitrèpoun sta �toma kril na
y�xoun pio prosektik� to q¸ro. Met� ton upologismì thc kÐnhshc, gia th bel-
ti¸sh thc apìdoshc tou algorÐjmou, prostèjhkan oi telestèc diastaÔrwshc
kai metall�xhc ston algìrijmo.

Sth sunèqeia parousi�zetai o proteinìmenoc algìrijmoc, o opoÐoc eÐnai
o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz thshc
Trof c twn Kril (Parallel Multi-Start Multiobjective Krill Herd Algorithm
- PMS-KH). Arqik�, èna sÔnolo kril (pijanèc lÔseic) (X) topojetoÔntai
se tuqaÐec jèseic sto q¸ro. Sth sunèqeia, k�je mÐa apì tic lÔseic W tou
arqikoÔ plhjusmoÔ metatrèpetai se èna di�nusma dekadikoÔ arijmoÔ kai oi
lÔseic topojetoÔntai ston pÐnaka (Personal Best). EkeÐ, ja topojethjeÐ h
bèltisth jèsh, mèqri thn trèqousa epan�lhyh, k�je atìmou kril kai apì autìn
ton pÐnaka ja dhmiourghjeÐ to pr¸to Pareto mètwpo tou arqikoÔ plhjusmoÔ,
prin xekin soun oi epanal yeic. 'Epeita, upologÐzetai h tim  thc antikeimenik c
sun�rthshc k�je kril kai ta kril taxinomoÔntai qrhsimopoi¸ntac ton telest 
rank, ìpwc ston tropopoihmèno algìrijmo NSGA II [239].

'Epeita, apì ta kril pou eÐqan ton telest  rank Ðso me 1, dhmiourg jhke
ènac pÐnakac me tic jèseic touc kai èna di�nusma me th jèsh touc ston arqikì
plhjusmì. EpÐshc, brèjhke h mègisth kai h el�qisth tim  twn dÔo antikeime-
nik¸n sunart sewn tou probl matoc, antÐstoiqa. Sth sunèqeia, upologÐzetai
to K̂i,j gia k�je kril sÔmfwna me thn exÐswsh (52). Gia ton upologismì tou
X̂i,j qrhsimopoieÐtai o tÔpoc (51), afoÔ pr¸ta upologÐzetai h eukleÐdeia a-
pìstash tou k�je atìmou kril me sqèsh ta upìloipa. Tèloc, epilègontai ta
10 kril pou èqoun thn mikrìterh eukleÐdeia apìstash apì to i kril kai brÐske-
tai to alocali sÔmfwna me thn exÐswsh (50). To di�nusma stìqou k�je atìmou
kril brÐsketai apì thn parak�tw exÐswsh:

atargeti = 2(rand+
I

Imax
)(K̂i,best1 + K̂i,best2)X̂i,best, (65)

ìpou to rand paÐrnei tuqaÐec timèc metaxÔ 0 kai 1, to I eÐnai o arijmìc thc
trèqousac epan�lhyhc, to Imax eÐnai o mègistoc arijmìc epanal yewn, ta
best1 kai best2 eÐnai h kalÔterh tim  gia thn pr¸th kai deÔterh antikeimenik 
sun�rthsh, antÐstoiqa, kai to best eÐnai èna tuqaÐo kril apì ekeÐna me telest 
rank = 1. Tèloc, h epagìmenh kÐnhsh tou kril brÐsketai apì tic exis¸seic
(48) kai (49).

Gia ton upologismì thc kÐnhshc thc trof c qrhsimopoi jhkan oi exis¸seic
(56) kai (57). Epiplèon, gia thn èlxh twn trof¸n gia to i kril qrhsimopoi jh-
kan oi exis¸seic (59) kai (60), ìpou to kèntro twn trof¸n gia k�je epan�lhyh
(Xfood) dÐnetai apì thn exÐswsh:
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Xfood =

∑N
i=1

1
K1+K2

Xi∑N
i=1

1
K1+K2

, (66)

ìpouK1 kaiK2 eÐnai oi timèc twn antikeimenik¸n sunart sewn twn atìmwn kril
kai Xi eÐnai h jèsh touc sto q¸ro. Ed¸, prèpei na anaferjeÐ ìti an to Xfood

eÐnai arnhtikì, tìte epilègetai tuqaÐa mÐa tim  apì to plhjusmì twn kril, en¸
an bgei megalÔtero apì ton plhjusmì twn kril, epilègetai to mègisto tou
plhjusmoÔ.

Gia ton upologismì thc kalÔterhc tim c katallhlìthtac tou i kril qrhsi-
mopoi jhke h exÐswsh (61), gia thn èlxh twn trof¸n gia to i kril h (59) kai
gia th fusik  di�qush twn atìmwn kril h exÐswsh (62). Tèloc, gia thn nèa
jèsh tou i kril qrhsimopoi jhke o tÔpoc (63), me th bo jeia twn tÔpwn (64)
kai (47). 'Oso anafor� tic timèc tou qamhlìterou (LBj) kai tou an¸terou
orÐou (UBj) twn metablht¸n j (j = 1, ...,m), pou qrhsimopoi jhkan stic pa-
rap�nw exis¸seic, epilèqthkan to el�qisto kai to mègisto k�je st lhc tou
pÐnaka jèsewn twn atìmwn kril tou trèqontoc plhjusmoÔ, antÐstoiqa. Ed¸,
axÐzei na anaferjeÐ ìti se autìn ton algìrijmo den prostèjhkan oi telestèc
diastaÔrwshc kai met�llaxhc, mÐac kai qrhsimopoi jhke h topik  anazht sh
V NS gia thn beltÐwsh twn lÔsewn, h opoÐa analÔjhke se prohgoÔmenh pa-
r�grafo.

Sth sunèqeia, h diadikasÐa pragmatopoieÐtai ìpwc perigr�fhke analutik�
ston Par�llhlo Poluenakt rio Poluantikeimenikì Algìrijmo PugolampÐdac
(Parallel Multi-Start Multiobjective Fire�y Algorithm - PMS-FIREFLY). En
suntomÐa, upologÐzetai h tim  thc k�je antikeimenik c sun�rthshc gia k�je
nèa lÔsh metatrèpontac tic lÔseic se akèraia morf . 'Epeita, se èna koinì
pÐnaka gÐnetai topojèthsh twn nèwn lÔsewn mazÐ me tic lÔseic tou trèqontoc
plhjusmoÔ kai sth sunèqeia gÐnetai taxinìmhs  touc me b�sh touc telestèc
rank kai crowding distance. Sth sunèqeia, oi pr¸tecW taxinomhmènec lÔseic
eÐnai oi nèec lÔseic stic opoÐec efarmìzetai o algìrijmoc Metablht c Geito-
ni�c Anaz thshc (Variable Neighborhood Search - VNS), upologÐzetai h tim 
thc k�je antikeimenik c sun�rthshc gia k�je nèa lÔsh kai enhmer¸netai o
pÐnakac Personal Best. Met�, akoloujeÐ xan� h efarmog  tou algìrijmou
Metablht c Geitoni�c Anaz thshc gia k�je lÔsh tou pÐnaka Personal Best
kai upologÐzetai to Pareto mètwpo tou plhjusmoÔ (Pop Pareto) sthn teleu-
taÐa epan�lhyh tou algorÐjmou, gia k�poion apì touc Q plhjusmoÔc. Tèloc,
to Total Pareto apoteleÐtai apì ìlec tic mh kuriarqoÔmenec lÔseic Pareto
thc teleutaÐac epan�lhyhc tou kajenìc apì touc Q plhjusmoÔc.

O yeudok¸dikac tou Par�llhlou Poluenakt riou PoluantikeimenikoÔ Al-
gìrijmou Anaz thshc Trof c twn Kril (Parallel Multi-Start Multiobjective
Krill Herd Algorithm - PMS-KH) eÐnai o ex c:
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'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n kril (W )
Epilog  arijmoÔ ε
Epilog  tim c epagìmenhc taqÔthtac (Nmax)
Epilog  tim c taqÔthtac anaz thshc trof c (Vf )
DhmiourgÐa arqikoÔ plhjusmoÔ kril
Upologismìc tou kìstouc thc lÔshc (jèshc) k�je kril tou

plhjusmoÔ gia k�je antikeimenik  sun�rthsh
ArqikopoÐhsh tou pÐnaka Personal Best
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

Upologismìc tou rank twn atìmwn kril
Taxinìmhsh twn atìmwn kril me b�sh ton telest  rank
Epilog  twn atìmwn kril me telest  rank = 1
Epilog  thc mègisthc kai thc el�qisthc tim c

k�je antikeimenik c sun�rthshc
Gia k�je kril
Upologismìc thc eukleÐdeiac apìstashc k�je kril se

sqèsh me ta upìloipa
Epilog  twn 10 kontinìterwn geitìnwn tou kril me b�sh thn

eukleÐdeia apìstash
Upologismìc twn tim¸n K̂i,j kai X̂i,j, kai thc kÐnhshc

tou kril (alocali ), sÔmfwna me tic exis¸seic (51),
(52) kai (50) antÐstoiqa

Upologismìc tou dianÔsmatoc stìqou k�je atìmou kril
(atargeti ) apì thn exÐswsh (65)

Upologismìc thc epagìmenhc kÐnhshc tou kril (Nnew
i ) apì

tic exis¸seic (48) kai (49)
Upologismìc tou kèntrou twn trof¸n (Xfood) apì thn

exÐswsh (66)
Upologismìc thc èlxhc twn trof¸n (βfoodi ) apì thn

exÐswsh (59)
Upologismìc thc kalÔterhc tim c katallhlìthtac tou i kril

(βbesti ) apì thn exÐswsh (61)
Upologismìc thc kÐnhshc thc trof c (Fi) apì tic exis¸seic

(56) kai (57)
Upologismìc thc fusik c di�qushc twn atìmwn kril (Di)

apì thn exÐswsh (62)
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Upologismìc tou qamhlìterou (LBj) kai tou an¸terou orÐou
(UBj) twn metablht¸n j (j = 1, ...,m)

Upologismìc thc nèac jèshc tou kril apì thn exÐswsh (63),
me th bo jeia twn exis¸sewn (64) kai (47)

Tèloc gia
Topojèthsh se koinì pÐnaka twn jèsewn twn kril tou trèqontoc

plhjusmoÔ kai twn antÐstoiqwn nèwn jèsewn twn kril
Upologismìc tou rank kai tou crowding distance k�je jèshc
Taxinìmhsh twn kril me b�sh to rank kai to crowding

distance
Epilog  twn pr¸twn W lÔsewn gia tic nèec jèseic twn kril
Efarmog  thc mejìdou V NS se k�je nèa jèsh twn kril
Upologismìc tou kìstouc k�je nèac jèshc gia k�je

antikeimenik  sun�rthsh
Enhmèrwsh tou pÐnaka Personal Best
Efarmog  thc mejìdou V NS se k�je lÔsh tou Personal Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)
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Sq ma 11: KoÔkoc - BikipaÐdeia (el.wikipedia.org)

6.4.10. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz th-
shc tou KoÔkou (Parallel Multi-Start Multiobjective Cuckoo Search
Algorithm - PMS-CS)

ProtoÔ gÐnei h analutik  perigraf  tou algorÐjmou, eÐnai shmantik  h
perigraf  thc anaparagwg c tou koÔkou sth fÔsh. O koÔkoc eÐnai eurÔtata
gnwstìc gia th qarakthristik  fwn  tou, èna disÔllabo k�lesma pou akoÔ-
getai apì to arsenikì k�je �noixh, kai gia to fainìmeno tou anaparagwgikoÔ
parasitismoÔ (brood parasitism) pou emfanÐzei. Pio sugkekrimèna, o jhlukìc
koÔkoc genn�ei ta aug� tou stic fwlièc �llwn pouli¸n, afoÔ metakin sei apì
thn ek�stote fwli� ton antÐstoiqo arijmì aug¸n tou idiokt th (sun jwc 1
augì an� fwli�, sp�nia 2), me stìqo na auxhjeÐ h pijanìthta epibÐwshc twn
dik¸n tou aug¸n. Ed¸ axÐzei na shmeiwjeÐ ìti h metakÐnhsh twn aug¸n tou
pthnoÔ apì ton koÔko gÐnetai p�nta lÐgo met� thn stigm  pou o idiokt thc
thc fwli�c èqei af sei ta dik� tou aug�. 'Epeita, apomakrÔnetai gr gora, me
thn ìlh diadikasÐa na diarkeÐ perÐpou 10 deuterìlepta. 'Ena jhlukì mporeÐ na
episkefjeÐ mèqri kai 25 fwlièc kat� th di�rkeia thc periìdou anaparagwg c.

Up�rqoun treic diaforetikèc kathgorÐec parasitik c anatrof c apogìnwn:
eÐte antikat�stash k�poiwn aug¸n �llwn pthn¸n me ta dik� touc aug�, eÐte
sunergatik  anatrof  me �lla pthn� eÐte kat�lhyh thc fwli�c. AntÐstoiqa,
up�rqoun treic diaforetikoÐ trìpoi antimet¸pishc apì ta pthn� pou anaka-
lÔptoun aut  th diadikasÐa: eÐte antimetwpÐsh twn eisbolèwn koÔkwn, eÐte
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apom�krunsh twn xènwn aug¸n apì thn fwli� touc, eÐte apl� egkat�leiyh
thc fwli� touc kai xanafti�ximo miac �llhc fwli�c k�pou alloÔ.

To qronodi�gramma thc wotokÐac orismènwn eid¸n koÔkou eÐnai epÐshc ek-
plhktikì. Oi parasitikoÐ koÔkoi epilègoun suqn� mia fwli� ìpou to pthnì
mìlic èbale ta dik� tou aug�. Genik�, ta aug� tou koÔkou ekkol�ptontai lÐgo
nwrÐtera apì ta aug� twn pthn¸n. Mìlic o neossìc-koÔkoc ekkolafjeÐ, h
pr¸th enstikt¸dhc enèrgei� tou eÐnai na apwj sei ta aug� tou xenist  me
tuflì trìpo apì th fwli�, k�ti pou ja aux sei to merÐdiì tou sthn trof .
'Alloc trìpoc suqn c sÐtishc tou neognoÔ-koÔkou eÐnai h mÐmish mÐac olìklh-
rhc gk�mac fwn¸n {epaiteÐac}, pou parapèmpoun stic fwnèc twn aujentik¸n
neoss¸n tou xenist . Autì sumbaÐnei giatÐ o neossìc-koÔkoc qrei�zetai po-
sìthta trof c Ðsh me to sÔnolo thc trof c pou ja èdinan oi xenistèc-goneÐc
se ìlouc touc dikoÔc touc neossoÔc.

O algìrijmoc Anaz thshc tou KoÔkou (Cuckoo Search Algorithm - CS)
eÐnai mia apì tic teleutaÐec prosj kec sthn om�da twn algorÐjmwn empneu-
smènwn apì th fÔsh. 'Eqei protajeÐ apì touc Y ang kai Deb [310] to 2009
kai èqei apodeiqjeÐ polÔ elpidofìroc algìrijmoc gia thn epÐlush problh-
m�twn beltistopoÐhshc. Orismèna probl mata ìpou èqei qrhsimopoihjeÐ gia
thn epÐlus  touc eÐnai: ta probl mata qwrÐc periorismoÔc [290], to poluanti-
keimenikì prìblhma sqediasmoÔ [42], ta probl mata domik c beltistopoÐhshc
[92], ta probl mata beltistopoÐhshc axiopistÐac [293], to prìblhma tou pla-
nìdiou pwlht  [215], ta ubridik� probl mata programmatismoÔ ro c gia thn
elaqistopoi sh tou makespan [187], ta probl mata jermik c metabÐbashc a-
ntÐstrofhc gewmetrÐac [50] kai to prìblhma programatismoÔ ro c [332]. To
2019 ta apotelèsmata tou Algìrijmou Anaz thshc tou KoÔkou, pou proèku-
yan apì thn epÐlush tess�rwn diaforetik¸n sunart sewn thc bibliografÐac
(benchmark functions), sugkrÐjhkan me ta apotelèsmata enìc ExeliktikoÔ
Algìrijmou kai tou Algìrijmou thc PugolampÐdac [253].

Pollèc èreunec èqoun pragmatopoihjeÐ ìson afor� ton Poluantikeimenikì
Algìrijmo Anaz thshc tou KoÔkou, kaj¸c kai gia th qr sh tou Algìrijmou
Anaz thshc tou KoÔkou sthn epÐlush poluantikeimenik¸n problhm�twn. O
Poluantikeimenikìc Algìrijmoc Anaz thshc tou KoÔkou èqei qrhsimopoihjeÐ
se probl mata beltistopoÐhshc sqediasmoÔ [317], sthn anagn¸rish arijmhti-
koÔ kanìna sÔndeshc [128], se probl mata beltistopoÐhshc sqediasmoÔ mhqa-
nik c [139] kai se prìblhma elaqistopoÐhshc apwlei¸n isqÔoc enswmat¸no-
ntac èna statikì antistajmist  VAR (SVC) [199]. To 2014 parousi�sthke o
Algìrijmoc Anaz thshc tou KoÔkou se sunduasmì me th mh kuriarqoÔmenh
taxinìmhsh, kaj¸c kai me teqnikèc arqeiojèthshc, gia thn epÐlush poluanti-
keimenik¸n problhm�twn [111]. To 2017 parousi�sthke mÐa beltiwmènh èk-
dosh tou Algìrijmou Anaz thshc tou KoÔkou, h opoÐa  tan sunduasmènh
me mh kurÐarqoÔmenh taxinìmhsh, me ton telest  crowding distance kai tic
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Lévy pt seic [285], en¸ to 2018 parousi�sthke o Algìrijmoc Anaz thshc
tou KoÔkou me ènan asaf  prosarmostikì elegkt  gia thn epÐlush polua-
ntikeimenik¸n problhm�twn [44]. Thn Ðdia qroni�, 2018, parousi�sthke kai
ènac tropopoihmènoc Algìrijmoc Anaz thshc tou KoÔkou gia thn epÐlush
tou probl matoc beltistopoÐhshc programmatismoÔ se èna euèlikto perib�l-
lon paragwg c [29].

Ed¸ axÐzei na anaferjeÐ kai o lìgoc thc epilog c thc Lévy pt shc ston
algìrijmo Anaz thshc tou KoÔkou (Cuckoo Search Algorithm - CS). Sth
fÔsh, to monop�ti eÔreshc trof c enìc z¸ou eÐnai ènac tuqaÐoc perÐpatoc,
giatÐ h epìmenh kÐnhsh basÐzetai sthn trèqousa jèsh/kat�stash. H kate-
Ôjunsh pou ja epilegeÐ exart�tai apì mia pijanìthta pou mporeÐ na monte-
lopoihjeÐ majhmatik�. Gia par�deigma, p�ra pollèc èreunec èqoun deÐxei ìti
h sumperifor� sthn kÐnhsh/pt sh poll¸n z¸wn, pthn¸n kai entìmwn èqei ta
tupik� qarakthristik� miac Lévy pt shc [34, 252, 227].

O algìrijmoc Anaz thshc tou KoÔkou (Cuckoo Search Algorithm - CS)
qrhsimopoieÐ, gia thn aplopoÐhs  tou, treic kanìnec:

1) K�je koÔkoc genn�ei èna augì th for� kai to af nei se mia tuqaÐa
epilegmènh fwli�.

2) Oi kalÔterec fwlièc, autèc me ta poio isqur� aug� (lÔseic) ja meta-
ferjoÔn sthn epìmenh epan�lhyh.

3) O arijmìc twn diajèsimwn fwli¸n pou mporoÔn na filoxen soun aug�
eÐnai kajorismènoc, kai to poulÐ sto opoÐo an kei h fwli� mporeÐ na ana-
kalÔyei èna xèno augì me pijanìthta pα ε [0,1]. Se aut  thn perÐptwsh, to
sugkekrimèno poulÐ eÐte ja pet�xei to augì makri�   ja egkataleÐyei th fwli�
kai ja qtÐsei mia kainoÔria fwli� se mia teleÐwc diaforetik  topojesÐa.

Gia aplìthta, h teleutaÐa parat rhsh mporeÐ na proseggisteÐ me mia analo-
gÐa apì pα fwlièc apì tic n pou mporoÔn na antikatastajoÔn apì nèec fwlièc
(me kainoÔriec nèec lÔseic se nèec topojesÐec). Gia èna prìblhma beltistopoÐ-
hshc, h poiìthta thc lÔshc eÐnai an�logh me thn antikeimenik  sun�rthsh.

Me gn¸mona autoÔc touc treic kanìnec, to pr¸to b ma tou algorÐjmou
eÐnai h dhmiourgÐa nèwn lÔsewn x(t+1) gia ton koÔko i me thn efarmog  thc
Lévy pt shc, sÔmfwna me ton tÔpo:

x
(t+1)
i = x

(t)
i + α⊕ Lévy(λ), (67)

ìpou to α > 0 eÐnai to mègejoc tou b matoc to opoÐo susqetÐzetai me thn
klÐmaka tou probl matoc pou epilÔetai. Stic perissìterec peript¸seic, mpo-
roÔme na poÔme ìti α eÐnai poluplokìthtac O(1). EpÐshc, to ginìmeno ⊕
shmaÐnei pollaplasiasmìc dÔo pin�kwn stoiqeÐo me stoiqeÐo kai ìqi ginìmeno
pin�kwn. Oi Lévy pt seic ousiastik� parèqoun èna tuqaÐo perÐpato, en¸ ta
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tuqaÐa b mata touc sqedi�zontai apì mÐa Lévy katanom  gia meg�la b mata,
sÔmfwna me thn exÐswsh:

Lévy ∼ u = t−λ, (1 < λ 6 3), (68)

h opoÐa èqei �peirh diakÔmansh me �peiro mèso. Ed¸, ta suneqìmena b ma-
ta enìc koÔkou ousiastik� sqedi�zoun mia diadikasÐa tuqaÐou perip�tou pou
akoloujeÐ mia polÔ isqur  bhmatik  katanom .

AxÐzei na shmeiwjeÐ ìti, sth fÔsh, an èna augì tou koÔkou eÐnai polÔ
parìmoio me ta aug� enìc xenist , tìte autì to augì tou koÔkou eÐnai ligìtero
pijanì na anakalufjeÐ, opìte h katallhlìthta prèpei na sqetÐzetai me th
diaforetikìthta stic lÔseic. Autìc eÐnai o lìgoc thc epilog c tou tuqaÐou
perip�tou me prokajorismèno trìpo gia k�poia tuqaÐa megèjh bhm�twn.

Parak�tw parousi�zetai o proteinìmenoc algìrijmoc, o opoÐoc eÐnai o Pa-
r�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz thshc tou
KoÔkou (Parallel Multi-Start Multiobjective Cuckoo Search Algorithm - PMS-
CS). Arqik�, èna sÔnolo koÔkwn (pijanèc lÔseic) (X) topojetoÔntai se tu-
qaÐec jèseic sto q¸ro. Sth sunèqeia, k�je mÐa apì tic lÔseic W tou arqikoÔ
plhjusmoÔ metatrèpetai se èna di�nusma dekadikoÔ arijmoÔ kai oi lÔseic to-
pojetoÔntai ston pÐnaka (Personal Best). EkeÐ, ja topojethjeÐ h bèltisth
jèsh, mèqri thn trèqousa epan�lhyh, k�je koÔkou kai apì autìn ton pÐna-
ka ja dhmiourghjeÐ to pr¸to Pareto mètwpo tou arqikoÔ plhjusmoÔ, prin
xekin soun oi epanal yeic. 'Epeita, upologÐzetai h tim  thc antikeimenik c
sun�rthshc k�je koÔkou kai oi koÔkoi taxinomoÔntai qrhsimopoi¸ntac ton
telest  rank, ìpwc ston tropopoihmèno algìrijmo NSGA II [239].

Sth sunèqeia, epilègontai oi lÔseic pou èqoun tim  rank = 1. 'Epeita,
upologÐzetai h sun�rthsh s, h opoÐa dÐnetai apì thn parak�tw exÐswsh:

σ = (
γ(1 + β) · sin(π β

2
)

γ(1+β
2

) · β · 2β−1
2

)
1
β , (69)

ìpou g eÐnai h katanom  G�mma kai to b eÐnai Ðso me 3/2.
'Epeita, gia to k�je koÔko i upologÐzontai ta dianÔsmata u kai v sÔmfwna

me touc tÔpouc:

ui = rand · σ, (70)

vi = rand1, (71)

ìpou ta rand kai rand1 paÐrnoun tuqaÐec akèraiec timèc metaxÔ 1 kai m me m
na eÐnai o arijmìc twn koÔkwn. Ta u kai v eÐnai aparaÐthta gia thn epilog 
tou b matoc (step) tou k�je koÔkou i, o opoÐoc brÐsketai apì thn exÐswsh:
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stepi =
u.

|v.|
1
β

, (72)

Sth sunèqeia upologÐzetai to mègejoc tou b matoc (stepsizei) k�je koÔ-
kou i apì ton tÔpo:

stepsizei = 0.01 · step. · (xi − besti), (73)

ìpou xi eÐnai h jèsh tou koÔkou i kai besti eÐnai h jèsh tou tuqaÐou koÔkou
pou èqei rank = 1.

H dhmiourgÐa twn nèwn lÔsewn xt+1
i twn koÔkwn upologÐzontai apì ton

tÔpo:

xt+1
i = xti + stepsize. · rand2, (74)

ìpou xti eÐnai oi lÔseic thc prohgoÔmenhc epan�lhyhc kai to rand2 paÐrnei
tuqaÐec akèraiec timèc metaxÔ 1 kai m me m na eÐnai o arijmìc twn koÔkwn.
Tèloc, gÐnetai o upologismìc twn tim¸n twn dÔo antikeimenik¸n sunart sewn
tou probl matoc gia tic kainoÔriec lÔseic pou brèjhkan kai gÐnetai sÔgkrish
k�je mÐac kainoÔriac lÔshc (xt+1

i ) me thn pali� lÔsh (xti), ìson afor� eÐte
thn tim  thc pr¸thc eÐte thc deÔterhc antikeimenik c sun�rthshc, ¸ste na
krathjeÐ h kalÔterh. Ed¸ prèpei na shmeiwjeÐ ìti oi lÔseic sugkrÐnontai me
b�sh eÐte thn tim  thc pr¸thc eÐte thc deÔterhc antikeimenik c sun�rthshc kai
epilègontai oi lÔseic me thn mikrìterh tim  stic antikeimenikèc sunart seic.

Sth sunèqeia, h diadikasÐa gÐnetai ìpwc perigr�fhke analutik� ston Pa-
r�llhlo Poluenakt rio Poluantikeimenikì Algìrijmo PugolampÐdac (Parallel
Multi-Start Multiobjective Fire�y Algorithm - PMS-FIREFLY). En sunto-
mÐa, gÐnetai o upologismìc twn tim¸n thc k�je antikeimenik c sun�rthshc gia
k�je nèa lÔsh, afoÔ pr¸ta metatrèpontai oi lÔseic se akèraia morf . Ka-
tìpin, topojetoÔntai se èna koinì pÐnaka oi nèec lÔseic mazÐ me tic lÔseic
tou trèqontoc plhjusmoÔ. Sth sunèqeia, gÐnetai h taxinìmhs  touc me b�sh
touc telestèc rank kai crowding distance kai oi pr¸tec W taxinomhmènec
lÔseic apoteloÔn tic nèec lÔseic, ìpou efarmìzetai o algìrijmoc Metablht c
Geitoni�c Anaz thshc (Variable Neighborhood Search - VNS). 'Epeita, upolo-
gÐzetai h tim  thc k�je antikeimenik c sun�rthshc gia k�je nèa lÔsh kai enh-
mer¸netai o pÐnakac Personal Best. Katìpin, efarmìzetai xan� o algìrijmoc
Metablht c Geitoni�c Anaz thshc gia k�je lÔsh tou pÐnaka Personal Best
kai upologÐzetai to Pareto mètwpo tou plhjusmoÔ (Pop Pareto) sthn teleu-
taÐa epan�lhyh tou algorÐjmou, gia k�poion apì touc Q plhjusmoÔc. Tèloc,
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sto Total Pareto topojetoÔntai ìlec oi mh kuriarqoÔmenec lÔseic Pareto thc
teleutaÐac epan�lhyhc tou kajenìc apì touc Q plhjusmoÔc.

O yeudok¸dikac tou Par�llhlou Poluenakt riou PoluantikeimenikoÔ Al-
gìrijmou Anaz thshc tou KoÔkou (Parallel Multi-Start Multiobjective Cu-
ckoo Search Algorithm - PMS-CS) eÐnai o ex c:

'Oso den èqei xeperasteÐ o mègistoc arijmìc plhjusm¸n (X) epan�labe:
ArqikopoÐhsh
Epilog  arijmoÔ arqik¸n koÔkwn (W )
DhmiourgÐa arqikoÔ plhjusmoÔ koÔkwn
Upologismìc tou kìstouc thc lÔshc (jèshc) k�je koÔkou tou

plhjusmoÔ gia k�je antikeimenik  sun�rthsh (kostos1 kai
kostos2 antÐstoiqa)

ArqikopoÐhsh tou pÐnaka Personal Best
ArqikopoÐhsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)
KÔria f�sh algorÐjmou
'Oso den èqoun oloklhrwjeÐ oi epanal yeic tou algorÐjmou:

Upologismìc tou rank twn koÔkwn
Taxinìmhsh twn koÔkwn me b�sh ton telest  rank
Epilog  twn koÔkwn me telest  rank = 1
Epilog  thc tim c tou b
Upologismìc thc sun�sthshc s apì ton tÔpo (69)

Gia k�je koÔko
Upologismìc twn dianusm�twn ui kai vi apo touc tÔpouc

(70) kai (71)
Upologismìc tou b matoc (stepi) apì thn exÐswsh (72)
Upologismìc tou megèjouc tou b matoc (stepsizei) sÔmfwna

me ton tÔpo (73)
Upologismìc thc nèac jèshc tou koÔkou apì thn exÐswsh (74).
Upologismìc tou kìstouc k�je nèac jèshc gia k�je
antikeimenik  sun�rthsh (kostosnew1 kai kostosnew2

antÐstoiqa)
E�n (kostosnew1 < kostos1)   (kostosnew2 < kostos2)
Epilog  thc nèac lÔshc xt+1

i

Tèloc e�n
Tèloc gia

Topojèthsh se koinì pÐnaka twn jèsewn twn koÔkwn tou trèqontoc
plhjusmoÔ kai twn antÐstoiqwn nèwn jèsewn twn koÔkwn

Upologismìc tou rank kai tou crowding distance k�je jèshc
Taxinìmhsh twn koÔkwn me b�sh to rank kai to crowding

distance
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Epilog  twn pr¸twn W lÔsewn gia tic nèec jèseic twn koÔkwn
Efarmog  thc mejìdou V NS se k�je nèa jèsh twn koÔkwn
Upologismìc tou kìstouc k�je nèac jèshc gia k�je

antikeimenik  sun�rthsh
Enhmèrwsh tou pÐnaka Personal Best
Efarmog  thc mejìdou V NS se k�je lÔsh tou Personal Best
Enhmèrwsh tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto tou plhjusmoÔ (Pop Pareto)

Tèloc ìso
Epistrof  tou met¸pou Pareto ìlwn twn mh-kuriarqoÔmenwn lÔsewn

ìlwn twn plhjusm¸n (Total Pareto)

6.5. Omoiìthtec - Diaforèc twn algorÐjmwn

Oi omoiìthtec kai oi diaforèc twn algorÐjmwn sunoyÐzontai sth sunèqeia.

Omoiìthtec

1. H apotÔpwsh thc Diadrom c-LÔshc, dhlad  oi lÔseic ìlwn twn algo-
rÐjmwn apotup¸nontai me èna bohjhtikì di�nusma me thn akoloujÐa twn
kìmbwn, ìpou h apoj kh eÐnai o kìmboc 1.

2. H mèjodoc DhmiourgÐac PlhjusmoÔ Arqik¸n LÔsewn.
3. H qr sh tou algìrijmou Metablht c Geitoni�c Anaz thshc gia th bel-

tÐwsh twn lÔsewn.
4. H qr sh thc Par�llhlhc Poluenarkt riac Mejìdou gia thn paragwg 

twn X plhjusm¸n arqik¸n lÔsewn.

Diaforèc

1. Se ìlouc touc algìrijmouc, plhn tou Par�llhlou Poluenakt riou Po-
luantikeimenikoÔ Algìrijmou Epilog c Kl¸nwn (Parallel Multi-Start
Multiobjective Clonal Selection Algorithm - PMS-MOCSA), gÐnetai me-
tatrop  k�je mÐac apì tic lÔseic W tou arqikoÔ plhjusmoÔ se èna
di�nusma dekadikoÔ arijmoÔ.

2. Topojèthsh tou arqikoÔ plhjusmoÔ lÔsewn ston pÐnaka (Personal
Best), plhn tou Par�llhlou Poluenakt riou PoluantikeimenikoÔ Al-
gìrijmou Epilog c Kl¸nwn (Parallel Multi-Start Multiobjective Clonal
Selection Algorithm - PMS-MOCSA), ìpou topojetoÔntai ston pÐna-
ka (Antibody Best), kai tou Par�llhlou Poluenakt riou GenetikoÔ
Algìrijmou Mh KuriarqoÔmenhc Taxinìmhshc II (Parallel Multi-Start
NSGA II - PMS-NSGA II), pou topojetoÔntai ston pÐnaka (Individual
Best).
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3. Se ìlouc touc algìrijmouc, plhn tou Par�llhlou Poluenakt riou Po-
luantikeimenikoÔ Algìrijmou Epilog c Kl¸nwn (Parallel Multi-Start
Multiobjective Clonal Selection Algorithm - PMS-MOCSA), gÐnetai me-
tatrop  twn stoiqeÐwn twn lÔsewn se akèraia morf  gia ton upologismì
tou kìstouc k�je antikeimenik c sun�rthshc gia k�je nèa lÔsh.

4. Se ìlouc touc algìrijmouc, plhn tou Par�llhlou Poluenakt riou Po-
luantikeimenikoÔ Algìrijmou Epilog c Kl¸nwn (Parallel Multi-Start
Multiobjective Clonal Selection Algorithm - PMS-MOCSA) kai tou Pa-
r�llhlou Poluenarkt riou GenetikoÔ Algìrijmou Mh KuriarqoÔmenhc
Taxinìmhshc II (Parallel Multi-Start NSGA II - PMS-NSGA II), gÐne-
tai topojèthsh se èna koinì pÐnaka twn nèwn lÔsewn me tic lÔseic tou
trèqontoc plhjusmoÔ.

5. Se ìlouc touc algìrijmouc, plhn tou Par�llhlou Poluenakt riou Po-
luantikeimenikoÔ Algìrijmou Epilog c Kl¸nwn (Parallel Multi-Start
Multiobjective Clonal Selection Algorithm - PMS-MOCSA), gÐnetai ta-
xinìmhsh twn nèwn lÔsewn me b�sh touc telestèc rank kai crowding
distance.

6. H taxinìmhsh twn nèwn lÔsewn me b�sh touc telestèc rank kai crowding
distance gÐnetai ston Par�llhlo Poluenarkt rio Genetikì Algìrij-
mo Mh KuriarqoÔmenhc Taxinìmhshc II (Parallel Multi-Start NSGA
II - PMS-NSGA II) se dÔo f�seic: sthn arq  tou algìrijmou gia
thn epilog  tou k�je gonèa kai met� thn efarmog  tou algìrijmou
Metablht c Geitoni�c Anaz thshc (Variable Neighborhood Search -
VNS), en¸ stouc upìloipouc algìrijmouc, plhn tou Par�llhlou Polu-
enakt riou PoluantikeimenikoÔ Algìrijmou Epilog c Kl¸nwn (Parallel
Multi-Start Multiobjective Clonal Selection Algorithm - PMS-MOCSA),
met� thn topojèthsh se èna koinì pÐnaka twn nèwn lÔsewn me tic lÔseic
tou trèqontoc plhjusmoÔ.

7. Se ìlouc touc algìrijmouc, plhn tou Par�llhlou Poluenakt riou Po-
luantikeimenikoÔ Algìrijmou Epilog c Kl¸nwn (Parallel Multi-Start
Multiobjective Clonal Selection Algorithm - PMS-MOCSA), met� thn
taxinìmhsh twn nèwn lÔsewn me b�sh touc telestèc rank kai crowding
distance, oi pr¸tec W taxinomhmènec lÔseic apoteloÔn tic lÔseic thc
trèqousac epan�lhyhc.

8. Ston Par�llhlo Poluenakt rio Genetikì Algìrijmo Mh KuriarqoÔme-
nhc Taxinìmhshc II (Parallel Multi-Start NSGA II - PMS-NSGA II)
efarmìzetai o algìrijmoc Metablht c Geitoni�c Anaz thshc (Variable
Neighborhood Search - VNS) gia k�je lÔsh mÐa for�, en¸ se ìlouc
touc upìloipouc algìrijmouc dÔo forèc.

9. Se ìlouc touc algìrijmouc, plhn tou Par�llhlou Poluenakt riou Ge-
netikoÔ Algìrijmou Mh KuriarqoÔmenhc Taxinìmhshc II (Parallel Multi-
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Start NSGA II - PMS-NSGA II), met� th deÔterh efarmog  tou al-
gìrijmou Metablht c Geitoni�c Anaz thshc (Variable Neighborhood
Search - VNS) gÐnetai ananèwsh thc bèltisthc lÔshc gia k�je �tomo
tou pÐnaka (Personal Best)   tou pÐnaka (Antibody Best) (Par�llh-
loc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Epilog c Kl¸nwn
(Parallel Multi-Start Multiobjective Clonal Selection Algorithm - PMS-
MOCSA) )   tou pÐnaka (Individual Best) (Par�llhloc Poluenakt rioc
Genetikìc Algìrijmoc Mh KuriarqoÔmenhc Taxinìmhshc II (Parallel Mul-
ti -Start NSGA II - PMS-NSGA II) ).

10. Se ìlouc touc algìrijmouc, ektìc tou Par�llhlou Poluenakt riou
GenetikoÔ Algìrijmou Mh KuriarqoÔmenhc Taxinìmhshc II (Parallel
Multi-Start NSGA II - PMS-NSGA II), tou Par�llhlou Poluenakt riou
PoluantikeimenikoÔ Algìrijmou Epilog c Kl¸nwn (Parallel Multi-Start
Multiobjective Clonal Selection Algorithm - PMS-MOCSA), tou Pa-
r�llhlou Poluenarkt riou Algìrijmou Diaforik c Exèlixhc Mh Ku-
riarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non-dominated Sor-
ting Di�erential Evolution Algorithm - PMS-NSDE) kai tou Par�l-
lhlou Poluenarkt riou Algìrijmou BeltistopoÐhshc Sm nouc Swmati-
dÐwn Mh KuriarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non- domi-
nated Sorting Particle Swarm Optimization Algorithm - PMS-NSPSO),
gÐnetai taxinìmhsh twn lÔsewn me b�sh ton telest  rank. Pio sugke-
krimèna, ston Par�llhlo Poluenakt rio Poluantikeimenikì Algìrijmo
Teqnht c ApoikÐac Meliss¸n (Parallel Multi-Start Multiobjective Arti-
�cial Bee Colony Algorithm - PMS-ABC) h diadikasÐa aut  gÐnetai met�
thn topojèthsh se koinì pÐnaka twn phg¸n trof c tou trèqontoc plhju-
smoÔ me tic antÐstoiqec nèec phgèc trof c, en¸ ston Par�llhlo Polu-
enakt rio Poluantikeimenikì Algìrijmo PugolampÐdac (Parallel Multi-
Start Multiobjective Fire�y Algorithm - PMS-FIREFLY) kai ton Pa-
r�llhlo Poluenakt rio Poluantikeimenikì Algìrijmo BeltistopoÐhshc
Sm nouc Fwsforizìntwn Skoulhki¸n (Parallel Multi-Start Multiobje-
ctive Glowworm Swarm Optimization Algorithm - PMS-GSO) h taxi-
nìmhsh gÐnetai met� thn tuqaÐa epilog  thc pr¸thc lÔshc apì ton pÐnaka
(Personal Best). Tèloc, ston Par�llhlo Poluenakt rio Poluantikei-
menikì Algìrijmo NuqterÐdac (Parallel Multi-Start Multiobjective Bat
Algorithm - PMS-BA), ston Par�llhlo Poluenakt rio Poluantikei-
menikì Algìrijmo Anaz thshc Trof c twn Kril (Parallel Multi-Start
Multiobjective Krill Herd Algorithm - PMS-KH) kai ston Par�llhlo
Poluenakt rio Poluantikeimenikì Algìrijmo Anaz thshc tou KoÔkou
(Parallel Multi-Start Multiobjective Cuckoo Search Algorithm - PMS-
CS) h taxinìmhsh efarmìzetai met� th dhmiourgÐa tou pr¸tou Pareto
met¸pou tou arqikoÔ plhjusmoÔ, prin xekin soun oi epanal yeic.

135



7. Mètra Apotelesmatikìthtac Met¸pou Pareto (Evaluation
Measures)

7.1. Eisagwg 

Gia thn axiolìghsh enìc poluantikeimenikoÔ probl matoc eÐnai aparaÐthth
h epÐteuxh tess�rwn stìqwn ([260],[338]). 'Enac stìqoc eÐnai h elaqistopoÐh-
sh thc apìstashc se sqèsh me to bèltisto Mètwpo Pareto (an eÐnai gnwstì),
en¸ ènac �lloc eÐnai h epÐteuxh omoiìmorfhc katanom c twn lÔsewn p�nw sto
Mètwpo Pareto (spread kai distribution). Oi �lloi dÔo stìqoi eÐnai h epÐteu-
xh thc epèktashc tou diagr�mmatoc se ìso megalÔterh èktash se ìlouc touc
�xonec kai h megistopoÐhsh tou arijmoÔ twn lÔsewn tou Met¸pou Pareto.

Up�rqoun treic trìpoi sÔgkrishc gia thn sÔgkrish enìc sunìlou met¸pwn
Pareto. 'Enac trìpoc eÐnai h sÔgkrish ìlwn me to bèltisto Mètwpo Pareto,
en¸ ènac �lloc trìpoc eÐnai h sÔgkrish ìlwn metaxÔ touc. O teleutaÐoc
trìpoc eÐnai h qr sh tÔpwn gia ton upologismì thc epÐdoshc k�je diagr�m-
matoc xeqwrist�, ìson afor� thn èktas  tou, thn katanom    thn diaspor�
twn lÔsewn tou p�nw stouc �xonec, thn omalìthta tou diagr�mmatoc kai ton
arijmì twn lÔsewn tou.

Sthn paroÔsa didaktorik  diatrib  qrhsimopoi jhkan k�poia mètra apo-
telesmatikìthtac, miac kai den up rqe, gia ta probl mata pou epilÔjhkan,
k�poio Mètwpo ParetoAnafor�c   k�poio shmeÐo anafor�c   bèltisto Pareto.
Ta mètra aut� parousi�zontai sth sunèqeia.

7.2. Arijmìc lÔsewn kai èktash Met¸pou Pareto (Number of solutions and
extent of the Pareto front)

To mètro apotelesmatikìthtac L deÐqnei ton arijmì twn lÔsewn tou Me-
t¸pou Pareto. To mètro apotelesmatikìthtac Mk   alli¸c h èktash Me-
t¸pou Pareto (Mk) deÐqnei to pìso ekteÐnetai to mètwpo Pareto wc proc
k�je di�stash kai upologÐzetai apì thn exÐswsh [338]:

Mk =

√√√√ K∑
i=1

max{‖ p′ − q′ ‖}, (75)

ìpou K eÐnai o arijmìc twn antikeimenik¸n kai p′, q′ eÐnai h mègisth kai h
el�qisth tim  thc axÐac k�je antikeimenik c sun�rthshc, antÐstoiqa.

7.3. Diaspor� kai Katanom  Met¸pou Pareto (Spread and Distribution of
the Pareto front)

To mètro apotelesmatikìthtac ∆ perilamb�nei plhroforÐec tìso gia thn
katanom  ìso kai gia thn diaspor� twn lÔsewn enìc met¸pou Pareto. Gia to
upologismì tou mètrou apìdoshc ∆ qrhsimopoieÐtai h parak�tw exÐswsh:
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∆ =
df + dl +

∑|S|−1
i=1 |disti − dist|

df + dl + (|S| − 1)dist
, (76)

ìpou ta df kai dl eÐnai oi EukleÐdeiec apost�seic metaxÔ twn akraÐwn kai
twn endiamèswn lÔsewn tou mh kuriarqoÔmenou sunìlou lÔsewn, to S eÐnai
o arijmìc twn endi�meswn lÔsewn (ektìc twn dÔo akraÐwn), ta disti eÐnai oi
apost�seic twn endi�meswn lÔsewn me i = 1, 2, ..., (S − 1) kai to dist eÐnai h
mèsh tim  ìlwn twn apost�sewn disti.

7.4. Mètro K�luyhc metaxÔ dÔo Met¸pwn Pareto (Mètro K�luyhc)(Coverage
of Two Sets measure)

To mètro K�luyhc (C measure) bohj�ei ston upologismì tou kat� pìso
kuriarqoÔn oi lÔseic tou enìc met¸pou Pareto, pou dhmiourgeÐtai apì ton ènan
algìrijmo, stic lÔseic tou �llou mètwpou Pareto, pou dhmiourgeÐtai apì ton
�llo algìrijmo. Pio sugkekrimèna, èstw ìti sugkrÐnoume dÔo algìrijmouc
ton A1 kai ton A2. Epiplèon, èstw ìti A′ eÐnai to sÔnolo twn lÔsewn Pareto
tou A1 kai B′ tou A2, antÐstoiqa. To mètro C(A′, B′) upologÐzei to posostì
twn lÔsewn B′ tou algorÐjmou A2 pou kuriarqoÔntai apì tic lÔseic A′ tou
A2 kai o tÔpoc eÐnai:

C(A′, B′) =
|{b ∈ B′;∃ a ∈ A′ : a � b}|

|B′|
. (77)
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8. Dedomèna, Apotelèsmata kai Sumper�smata (Instances and
Computational Results)

8.1. Eisagwg 

Sto kef�laio autì ja gÐnei an�lush twn apotelesm�twn pou proèkuyan
apì thn ulopoÐhsh twn algorÐjmwn pou qrhsimopoi jhkan gia thn epÐlush
twn proteinìmenwn poluantikeimenik¸n problhm�twn. Arqik�, ja gÐnei ana-
for� sth dhmiourgÐa twn dedomènwn pou qrhsimopoi jhkan kai stic timèc twn
paramètrwn pou epilèqjhkan na apodojoÔn se k�je ènan algìrijmo, en¸ sth
sunèqeia ja gÐnei h an�lush twn apotelesm�twn me trìpo pou perigr�fetai
se epìmeno upokef�laio.

H epÐlush poluantikeimenik¸n energeiak¸n problhm�twn dromolìghshc eÐ-
nai èna pedÐo èreunac sqetik� nèo kai oi algìrijmoi pou èqoun qrhsimopoihjeÐ
eÐnai kurÐwc eÐte euretikoÐ algìrijmoi eÐte o algìrijmoc NSGA II. Epo-
mènwc, oi stìqoi aut c thc diatrib c den eÐnai mìno h parousÐash tess�rwn
nèwn poluantikeimenik¸n problhm�twn, all� kai h prosj kh nèwn kai exÐsou
apotelesmatik¸n poluantikeimenik¸n algorÐjmwn gia thn epÐlush twn pro-
teinìmenwn poluantikeimenik¸n problhm�twn, pou basÐzontai sthn kathgorÐa
twn algorÐjmwn oi opoÐoi eÐnai empneusmènoi apì th fÔsh.

Skopìc twn sugkrÐsewn, pou parateÐjontai se parak�tw upokef�laio, eÐ-
nai h diereÔnhsh thc epÐdoshc twn proteinìmenwn algorÐjmwn. Epiplèon, h
an�lush twn apotelesm�twn gÐnetai, arqik�, me arijmhtik  katamètrhsh twn
paradeigm�twn sta opoÐa upertereÐ o k�je algìrijmoc kai èpeita me mia pio
poiotik  an�lush twn epidìsewn twn algorÐjmwn. Tèloc, gÐnetai h parou-
sÐash twn sumperasm�twn me b�sh ta problhm�ta pou montelopoi jhkan kai
epilÔjhkan sth paroÔsa diatrib .

8.2. Dedomèna

AxÐzei na shmeiwjeÐ ìti h ulopoÐhsh ìlwn twn algorÐjmwn gia thn epÐlush
twn poluantikeimenik¸n problhm�twn pou analÔjhkan se prohgoÔmeno ke-
f�laio ègine sth gl¸ssa programmatismoÔ V isual C++. Ta dedomèna èqoun
dhmiourghjeÐ sÔmfwna me thn diatrib  tou Dr. YÔqa [342], dhlad  dhmiour-
g jhke mÐa nèa om�da dedomènwn apì to sunduasmì dÔo diaforetik¸n om�dwn
paradeigm�twn thc bibliografÐac. Pio sugkekrimèna, ta dedomèna, ìson afor�
tic suntetagmènec twn kìmbwn, antl jhkan apì ta paradeÐgmata 100 kìmbwn
apì th b�sh dedomènwn TSPLIB (kroA100, kroB100, kroC100, kroD100
kai kroE100), ta opoÐa qrhsimopoioÔntai gia thn epÐlush tou Probl matoc
tou Planìdiou Pwlht  [343]. EpÐshc, ta dedomèna, ìson afor� thn qwrhti-
kìthta twn oqhm�twn, ta qronik� perij¸ria (di�rkeia dromologÐou oq matoc
kai qrìnoc exuphrèthshc) kai th z thsh twn pelat¸n, antl jhkan apì to
trÐto par�deigma (par3) apì ta klassik� paradeÐgmata twn Christofides et
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al. pou dÐnontai sto [56] gia thn epÐlush tou Periorismènhc Qwrhtikìthtac
Probl matoc Dromolìghshc Oqhm�twn. Ed¸ prèpei na anaferjeÐ ìti to pa-
r�deigma par3 apoteleÐtai apì 101 kìmbouc, en¸ sthn paroÔsa èreuna qrh-
simopoi jhkan ta dedomèna apì touc pr¸touc 100 kìmbouc, ìson afor� th
z thsh twn pelat¸n, stouc opoÐouc o pr¸toc kìmboc apoteleÐ thn apoj kh
pou èqei mhdenik  z thsh. Epomènwc, gia th dhmiourgÐa twn nèwn dedomènwn,
ègine sunduasmìc twn paradeigm�twn kro#100 (ìpou to # antistoiqeÐ sto A  
B   C   D   E) me to par�deigma par3, opìte dhmiourg jhkan ta paradeÐgma-
ta kroA100par3, kroB100par3, kroC100par3, kroD100par3 kai kroE100par3.
H dhmiourgÐa twn tri¸n apojhk¸n ègine wc ex c: H pr¸th apoj kh eÐnai o
pr¸toc pel�thc, h deÔterh apoj kh èqei suntetagmènec Ðsec me x2 = y1 kai
y2 = x1, ìpou (x1, y1) eÐnai oi suntetagmènec thc pr¸thc apoj khc, kai h trÐth
apoj kh èqei suntetagmènec metaxÔ (100,100) kai (500,500) an�loga me thn
perÐptwsh. Tèloc, 33 pel�tec topojetoÔntai se k�je apoj kh.

Gia thn epÐlush twn dÔo summetrik¸n problhm�twn, ìpou h par�metroc
rij = 1 gia k�je tìxo pou an kei sthn diadrom , sundu�sthkan ta paradeÐgma-
ta kro#100par3 an� dÔo. Pio sugkekrimèna, oi EukleÐdeiec apost�seic me-
taxÔ twn suntetagmènwn twn kìmbwn tou pr¸tou se seir� paradeÐgmatoc a-
ntistoiqoÔn stouc qrìnouc met�bashc metaxÔ twn kìmbwn, en¸ oi EukleÐdeiec
apost�seic metaxÔ twn suntetagmènwn twn kìmbwn tou deÔterou se seir�
paradeÐgmatoc antistoiqoÔn stic apost�seic metaxÔ twn kìmbwn. Ta dèka
paradeÐgmata pou dhmiourg jhkan eÐnai: kroAB100par3, kroAC100par3, kro-
AD100par3, kroAE100par3, kroBC100par3, kroBD100par3, kroBE100par3,
kroCD100par3, kroCE100par3 kai kroDE100par3. Ed¸ prèpei na shmeiwjeÐ
ìti gia na exoikonomhjeÐ q¸roc stouc pÐnakec twn apotelesm�twn, ta paradeÐg-
mata ja anafèrontai me thn morf  {A−B} antÐ gia kroAB100par3 k.o.k.

AntÐstoiqa, gia thn epÐlush twn dÔo mh-summetrik¸n problhm�twn, ìpou
h par�metroc rij 6= 1 kai rij 6= rji gia k�je tìxo pou an kei sth diadrom ,
sundu�sthkan ta paradeÐgmata kro#100par3 an� tèssera. Pio analutik�, oi
EukleÐdeiec apost�seic metaxÔ twn suntetagmènwn twn kìmbwn tou pr¸tou
se seir� paradeÐgmatoc antistoiqoÔn stouc qrìnouc met�bashc metaxÔ twn
kìmbwn, oi EukleÐdeiec apost�seic metaxÔ twn suntetagmènwn twn kìmbwn
tou deÔterou se seir� paradeÐgmatoc antistoiqoÔn stic apost�seic metaxÔ
twn kìmbwn kai oi EukleÐdeiec apost�seic twn kìmbwn apì ta dÔo teleutaÐa
paradeÐgmata qrhsimeÔoun gia thn dhmiourgÐa tou pÐnaka thc paramètrou rij.
Pio sugkekrimèna, gia ton pÐnaka twn paramètrwn diadrom c rij, o opoÐoc eÐnai
ènac mh summetrikìc pÐnakac me jetikoÔc arijmoÔc, ta stoiqeÐa k�tw thc kurÐac
diagwnÐou tou pÐnaka apoteloÔntai apì tic EukleÐdeiec apost�seic twn kìm-
bwn tou trÐtou paradeÐgmatoc, en¸ ta stoiqeÐa �nw thc kurÐac diagwnÐou tou
pÐnaka apoteloÔntai apì tic EukleÐdeiec apost�seic twn kìmbwn tou tètartou
paradeÐgmatoc. Tèloc, gia th dhmiourgÐa tou pÐnaka autoÔ, gÐnetai h diaÐresh
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k�je stoiqeÐou tou pÐnaka me to antÐstoiqo stoiqeÐo tou pÐnaka pou perièqei
tic EukleÐdeiec apost�seic twn kìmbwn tou deÔterou paradeÐgmatoc. AxÐzei na
tonisteÐ ìti me thn qr sh twn tri¸n diaforetik¸n arqeÐwn dedomènwn gÐnetai
prosomoÐwsh twn pragmatik¸n sunjhk¸n, k�ti pou eÐnai aparaÐthto sta mh-
summetrik� probl mata. Ta paradeÐgmata twn mh-summetrik¸n problhm�twn
pou qrhsimopoi jhkan eÐnai: kroABCD100par3, kroACBD100par3, kroAD-
BE100par3, kroAEBD100par3, kroBCAD100par3, kroBDAC100par3, kro-
BEAD100par3, kroCDAE100par3, kroCEAB100par3 kai kroDEBC100par3.
Gia suntomÐa, sthn paroÔsa diatrib  ta paradeÐgmata ja anafèrontai me thn
morf  {A−B − CD} antÐ gia to par�deigma kroABCD100par3 k.o.k.

8.3. Par�metroi Poluantikeimenik¸n AlgorÐjmwn

Parak�tw anafèrontai oi timèc ìlwn twn paramètrwn twn algorÐjmwn pou
qrhsimopoi jhkan, oi opoÐoi parousi�sthkan sto prohgoÔmeno kef�laio. Oi
timèc autèc dìjhkan met� apì dokimèc kai lamb�nontac upìyhn ìti oi algìrij-
moi den xepernoÔn èna sugkekrimèno ìrio upologistikoÔ qrìnou, o opoÐoc eÐnai
perÐpou 2.5 ¸rec, ìmwc, gia autìn ton qrìno ektèleshc, dÐnoun ìso kalÔtera
apotelèsmata mporoÔn. Epiplèon, ìloi oi algìrijmoi èqoun ton Ðdio arijmì
epanal yewn, plhjusm¸n kai arqik¸n lÔsewn. EpÐshc, prèpei na shmeiwjeÐ
ìti ston algìrijmo PMS − NSGA II, isqÔei ìti vnsmax = 20, en¸ stouc
�llouc algorÐjmouc isqÔei ìti vnsmax = 10. Autì sumbaÐnei giatÐ ston al-
gìrijmo PMS−NSGA II h V NS kaleÐtai mìno mÐa for�, en¸ stouc �llouc
algorÐjmouc kaleÐtai dÔo forèc. Tèloc, axÐzei na anaferjeÐ ìti o arijmìc
twn epanal yewn thc mejìdou V NS, pou qrhsimopoieÐtai gia th beltÐwsh
thc ”mhtrik c” lÔshc tou arqikoÔ plhjusmoÔ lÔsewn gia k�je antikeimenik 
sun�rthsh, anèrqetai stic 1.5× 106 epanal yeic.

1. Par�llhloc Poluenarkt rioc Genetikìc Algìrijmoc Mh KuriarqoÔme-
nhc Taxinìmhshc II (Parallel Multi-Start NSGA II - PMS-NSGA II)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc atìmwn k�je arqikoÔ plhjusmoÔ: 100

− Arijmìc geni¸n: 500

− vnsmax = 20, localmax = 10

2. Par�llhloc Poluenarkt rioc Algìrijmoc Diaforik c Exèlixhc Mh
KuriarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non-dominated Sorting
Di�erential Evolution Algorithm - PMS-NSDE)

− Arijmìc arqik¸n plhjusm¸n: 10
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− Arijmìc atìmwn k�je arqikoÔ plhjusmoÔ: 100

− Arijmìc geni¸n: 500

− β = 0.5

− vnsmax = 10, localmax = 10

3. Par�llhloc Poluenarkt rioc Algìrijmoc BeltistopoÐhshc Sm nouc
SwmatidÐwn Mh KuriarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Nondo-
minated Sorting Particle Swarm Optimization Algorithm - PMS-NSPSO)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc swmatidÐwn k�je arqikoÔ plhjusmoÔ (sm nouc): 100

− Arijmìc geni¸n: 500

− c1 = 2.1, c2 = 2

− vnsmax = 10, localmax = 10

4. Par�llhloc Poluenarkt rioc Poluantikeimenikìc Algìrijmoc Epilo-
g c Kl¸nwn (Parallel Multi-Start Multiobjective Clonal Selection Algorithm
- PMS-MOCSA)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc antiswm�twn k�je arqikoÔ plhjusmoÔ: 100

− Arijmìc geni¸n: 500

− Mr = 0.5, β = 1

− vnsmax = 10, localmax = 10

5. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Teqnht c
ApoikÐac Meliss¸n (Parallel Multi-Start Multiobjective Arti�cial Bee Colony
Algorithm -PMS-ABC)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc phg¸n trof c k�je arqikoÔ plhjusmoÔ: 100

− Arijmìc geni¸n: 500
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− Arijmìc nèwn phg¸n trof c: 100

− vnsmax = 10, localmax = 10

6. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Pugola-
mpÐdac (Parallel Multi-Start Multiobjective Fire�y Algorithm -PMS-FIREFLY)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc pugolampÐdwn k�je arqikoÔ plhjusmoÔ: 100

− Arijmìc geni¸n: 500

− vnsmax = 10, localmax = 10

7. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Beltisto-
poÐhshc Sm nouc Fwsforizìntwn Skoulhki¸n (Parallel Multi-Start Multiob-
jective Glowworm Swarm Optimization Algorithm -PMS-GSO)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc fwsforizìntwn skoulhki¸n k�je arqikoÔ plhjusmoÔ: 100

− Arijmìc geni¸n: 500

− vnsmax = 10, localmax = 10

8. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Nuqte-
rÐdac (Parallel Multi-Start Multiobjective Bat Algorithm -PMS-BA)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc nuqterÐdwn k�je arqikoÔ plhjusmoÔ: 100

− Arijmìc geni¸n: 500

− vnsmax = 10, localmax = 10

9. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz th-
shc Trof c twn Kril (Parallel Multi-Start Multiobjective Krill Herd Algori-
thm -PMS-KH)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc atìmwn kril k�je arqikoÔ plhjusmoÔ: 100
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− Arijmìc geni¸n: 500

− ε = 0.0001, Nmax = 0.01, Vf = 0.02

− vnsmax = 10, localmax = 10

10. Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Ana-
z thshc tou KoÔkou (Parallel Multi-Start Multiobjective Cuckoo Search Al-
gorithm -PMS-CS)

− Arijmìc arqik¸n plhjusm¸n: 10

− Arijmìc koÔkwn k�je arqikoÔ plhjusmoÔ: 100

− Arijmìc geni¸n: 500

− β = 3/2

− vnsmax = 10, localmax = 10

8.4. Eust�jeia Poluantikeimenik¸n AlgorÐjmwn

Se aut n thn par�grafo exet�zetai h eust�jeia twn poluantikeimenik¸n
algorÐjmwn. Ed¸ prèpei na shmeiwjeÐ ìti ìloi oi algìrijmoi ektelèsthkan
gia ton Ðdio arijmì epanal yewn, dhlad  500 epanal yeic, sto Ðdio prìblhma
kai gia to Ðdio par�deigma. Sto parak�tw sq ma (Sq ma 12) parousi�zetai to
apotelèsma twn algorÐjmwn PMS − BA kai tou PMS − ABC antÐstoiqa,
gia pènte diadoqikèc ektelèseic me to Ðdio par�deigma kroAB100par3 sto Ðdio
prìblhma, dhlad  sto Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐ-
hshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc
Diadrom c me Pollaplèc Apoj kec. Apì ta sq mata gÐnetai antilhptì ìti ta
diagr�mmata kai twn pènte ektelèsewn sqedìn sumpÐptoun, k�ti pou apodei-
knÔei thn eust�jei� touc, ìson afor� thn beltÐwsh twn lÔsewn. 'Omwc, apì
ta sq mata faÐnetai epÐshc ìti up�rqoun mikrèc metabolèc sta diagr�mmata
twn pènte ektelèsewn tìso ston arijmì ìso kai sth jèsh twn lÔsewn ep�nw
sto di�gramma. Autì ofeÐletai sto par�gonta thc tuqaiìthtac pou mporeÐ na
ephre�sei thn exèlixh twn lÔsewn se k�je ektèlesh tou ek�stote algorÐj-
mou. 'Omoia, apodeiknÔetai h eust�jeia kai gia touc upìloipouc algorÐjmouc
pou qrhsimopoi jhkan sthn paroÔsa diatrib .
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(aþ) (bþ)

Sq ma 12: Mètwpa Pareto pènte diadoqik¸n ektelèsewn gia touc algìrijmouc (a')
PMS−BA kai (b') PMS−ABC gia to par�deigma kroAB100par3 tou PoluantikeimenikoÔ
SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia
Sullog c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric
Pick-up Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem).

8.5. An�lush twn Apotelesm�twn twn AlgorÐjmwn

Se autì to upokef�laio analÔontai ta apotelèsmata pou ex gagan oi pro-
teinìmenoi poluantikeimenikoÐ algìrijmoi gia k�je èna apì ta poluantikeime-
nik� probl mata pou perigr�fhkan se prohgoÔmeno kef�laio. 'Ena polÔ sh-
mantikì stoiqeÐo thc didaktorik c diatrib c  tan p¸c ja parousiastoÔn ta
apotelèsmata twn algorÐjmwn. Jewr¸ntac wc dedomèno ìti den up rqe mètro
sÔgkrishc kai den up rqe èna bèltisto Pareto mètwpo kai skeptìmenoi ìti an
parousi�soume ta apotelèsmata dèka algorÐjmwn me pènte trexÐmata an� pa-
r�deigma mazÐ, oi pÐnakec ja  tan ter�stioi kai polÔ dÔskola ja mporoÔsan na
bgoun k�poia sumper�smata, apofasÐsame na parousi�soume ta apotelèsmata
me sugkrÐseic metaxÔ k�poiwn algorÐjmwn kai sto tèloc, oi algìrijmoi pou
uperÐsquan metaxÔ touc na sugkrijoÔn, gia na odhghjoÔme se telik� sumpe-
r�smata. Pio analutik�, gia k�je proteinìmeno poluantikeimenikì prìblh-
ma, arqik� gÐnetai sÔgkrish twn algorÐjmwn: Par�llhloc Poluenarkt rioc
AlgorÐjmoc Diaforik c Exèlixhc Mh KuriarqoÔmenhc Taxinìmhshc (Parallel
Multi-Start Non-dominated Sorting Di�erential Evolution Algorithm - PMS-
NSDE), Par�llhloc Poluenarkt rioc Genetikìc Algìrijmoc Mh Kuriarqo-
Ômenhc Taxinìmhshc II (Parallel Multi-Start NSGA II - PMS-NSGA II) kai
Par�llhloc Poluenarkt rioc Algìrijmoc BeltistopoÐhshc Sm nouc Swmati-
dÐwn Mh KuriarqoÔmenhc Taxinìmhshc (Parallel Multi-Start Non-dominated
Sorting Particle Swarm Optimization Algorithm- PMS-NSPSO). O lìgoc pou
exet�same autoÔc touc treic algìrijmouc, arqik�, eÐnai giatÐ jèlame na doÔme
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thn apotelesmatikìthta twn tri¸n algorÐjmwn pou qrhsimopoi jhkan kai pro-
sarmìsthkan kat�llhla apì th didaktorik  diatrib  tou Dr. YÔqa [342] sta
probl mata pou epilÔontai sthn sugkekrimènh didaktorik  diatrib . 'Epeita,
epilèxame na sugkrÐnoume ton k�je kainoÔrgio algìrijmo pou ulopoioÔsame
me touc treic prohgoÔmenouc algìrijmouc, gia na doÔme poioi apì autoÔc,
an up rqan, apèdidan kalÔtera, ¸ste na odhghjoÔme se mÐa telik  sÔgkrish
twn dèka apotelesmatik¸n kainoÔrgiwn algorÐjmwn metaxÔ touc. Pio su-
gkekrimèna, gÐnetai sÔgkrish twn algorÐjmwn: Par�llhloc Poluenakt rioc
Poluantikeimenikìc Algìrijmoc Epilog c Kl¸nwn (Parallel Multi-Start Mul-
tiobjective Clonal Selection Algorithm - PMS-MOCSA), PMS − NSGA
II kai PMS − NSDE. Sth sunèqeia, gÐnetai sÔgkrish twn algorÐjmwn:
Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Teqnht c Apoi-
kÐac Meliss¸n (Parallel Multi-Start Multiobjective Arti�cial Bee Colony Al-
gorithm -PMS-ABC), PMS − NSPSO, PMS − NSGA II kai PMS −
NSDE. 'Epeita, gÐnetai sÔgkrish twn algorÐjmwn: Par�llhloc Polue-
nakt rioc Poluantikeimenikìc Algìrijmoc NuqterÐdac (Parallel Multi-Start
Multiobjective Bat Algorithm -PMS-BA), PMS−NSPSO, PMS−NSGA
II kai PMS − NSDE. Sth sunèqeia, gÐnetai sÔgkrish twn algorÐjmwn:
Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc PugolampÐdac
(Parallel Multi-Start Multiobjective Fire�y Algorithm -PMS-FIREFLY), Pa-
r�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc BeltistopoÐhshc
Sm nouc Fwsforizìntwn Skoulhki¸n (Parallel Multi-Start Multiobjective
Glowworm Swarm Optimization Algorithm -PMS-GSO), PMS−NSGA II
kai PMS − NSPSO. 'Epeita, gÐnetai sÔgkrish twn algorÐjmwn: Par�l-
lhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz thshc Trof c
twn Kril (Parallel Multi-Start Multiobjective Krill Herd Algorithm -PMS-
KH), Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz th-
shc tou KoÔkou (Parallel Multi-Start Multiobjective Cuckoo Search Algori-
thm -PMS-CS), PMS − NSPSO, PMS − NSGA II kai PMS − NSDE.
Stic dÔo teleutaÐec peript¸seic, pou sugkrÐname dÔo kainoÔrgiouc algìrij-
mouc me touc palioÔc, ègine giatÐ oi dÔo algìrijmoi (Par�llhloc Poluena-
kt rioc Poluantikeimenikìc Algìrijmoc PugolampÐdac kai Par�llhloc Po-
luenakt rioc Poluantikeimenikìc Algìrijmoc Anaz thshc Trof c twn Kril)
den apèdidan tìso kal� ìso oi �lloi pènte kainoÔrgioi algìrijmoi, krÐname,
loipìn, ìti den eÐqe nìhma na touc parousi�soume qwrist�. 'Epeita, gÐnetai h
sÔgkrish twn algorÐjmwn: PMS −MOCSA, PMS − ABC, PMS − BA,
PMS − GSO kai PMS − CS, en¸ sto tèloc gÐnetai h sÔgkrish ìlwn twn
algorÐjmwn.

Ed¸ axÐzei na shmeiwjeÐ ìti apì tic dÔo teleutaÐec sugkrÐseic mporeÐ na
brejeÐ poioc algìrijmoc eÐnai pio apotelesmatikìc kai gia poio mètro apo-
telesmatikìthtac gia k�je poluantikeimenikì prìblhma. 'Epeita, gÐnetai o
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sqoliasmìc twn sugkentrwtik¸n apotelesm�twn twn algorÐjmwn, apì ìla ta
probl mata, se sÔgkrish metaxÔ touc kai sth sunèqeia gÐnetai o sqoliasmìc
thc sunolik c epÐdoshc ìlwn twn algorÐjmwn, Ôstera apì sÔgkrish metaxÔ
touc, me b�sh ta sugkentrwtik� apotelèsmata pou proèkuyan. 'Oson afo-
r� thn an�lush twn sugkentrwtik¸n apotelesm�twn twn algorÐjmwn, gÐnetai
diagrammatik  apeikìnish twn epidìsewn touc apì thn sÔgkrish metaxÔ touc,
an�loga me thn ek�stote sÔgkrish, all� kai mÐa sunolik  diagrammatik  a-
peikìnish twn epidìsewn ìlwn twn algorÐjmwn.

AxÐzei na epishmanjeÐ ìti, gia k�je prìblhma kai gia k�je om�da algo-
rÐjmwn pou sugkrÐnontai metaxÔ touc, parousi�zontai dÔo om�dec pin�kwn.
H pr¸th om�da pin�kwn perièqei ta apotelèsmata twn tri¸n pr¸twn mètrwn
apotelesmatikìthtac, ta opoÐa eÐnai: o arijmìc mh-kuriarqoÔmenwn lÔsewn
(L), to mègisto m koc èktashc wc proc touc �xonec (Mk) kai h diaspor� kai
katanom  twn lÔsewn tou met¸pou Pareto (D) gia k�je mÐa apì tic pènte
epanal yeic, kaj¸c kai ton mèso ìro kai to kalÔtero trèximo gia k�je al-
gìrijmo. Tèloc, up�rqei ènac sugkentrwtikìc pÐnakac me touc mèsouc ìrouc
kai ta kalÔtera trexÐmata k�je algorÐjmou pou sugkrÐnetai.

H �llh om�da pin�kwn perièqei ta apotelèsmata pou deÐqnoun to poso-
stì twn mh-kuriarqoÔmenwn lÔsewn tou k�je algorÐjmou, o opoÐoc lamb�nei
mèroc sth sÔgkrish, pou kuriarqoÔntai apì tic mh-kuriarqoÔmenec lÔseic tou
algorÐjmou pou exet�zetai (mètro apotelesmatikìthtac C). Ed¸ prèpei na
tonisteÐ ìti o stìqoc tou k�je algorÐjmou eÐnai na apodÐdei ìso to duna-
tìn megalÔterec timèc gia ta mètra apotelesmatikìthtac L, Mk kai C, en¸
ìso to dunatìn mikrìterec timèc gia to mètro apotelesmatikìthtac D. Tèloc,
gia k�je om�da algorÐjmwn pou sugkrÐnetai parousi�zetai to mètwpo Pareto
touc gia tèssera antiproswpeutik� paradeÐgmata kai gÐnetai diagrammatik  a-
peikìnish thc sÔgkrishc tìso twn apotelesm�twn twn algorÐjmwn b�sei twn
apotelesm�twn gia k�je prìblhma, ìso kai twn apotelesm�twn b�sei twn
sugkentrwtik¸n apotelesm�twn.

8.5.1. SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS − NSPSO,
PMS −NSGA II kai PMS −NSDE

Sth sunèqeia paratÐjentai ta apotelèsmata twn poluantikeimenik¸n algo-
rÐjmwn, pou exet�zontai se aut n thn sÔgkrish, gia ìla ta probl mata pou
epilÔontai sthn paroÔsa diatrib . Arqik�, parousi�zetai to mètwpo Pareto
twn algorÐjmwn PMS − NSPSO, PMS − NSGA II kai PMS − NSDE
gia tèssera antiproswpeutik� paradeÐgmata (Sq ma 13). 'Epeita, dÐnontai oi
pÐnakec twn apotelesm�twn gia ta pr¸ta trÐa mètra apotelesmatikìthtac gia
touc parap�nw algìrijmouc (PÐnakec 2 - 4). En suneqeÐa, ston PÐnaka 5 pa-
rousi�zontai oi mèsoi ìroi kai ta kalÔtera trexÐmata, ta opoÐa brÐskontai se
parènjesh, gia touc treic algìrijmouc pou qrhsimopoioÔntai stic sugkrÐseic.
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Katìpin, stouc PÐnakec 6 - 9 parousi�zontai ta apotelèsmata gia to mètro
apotelesmatikìthtac C twn tri¸n algorÐjmwn gia ta tèssera probl mata
pou epilÔontai. Ed¸ axÐzei na shmeiwjeÐ ìti oi algìrijmoi PMS −NSPSO,
PMS − NSGA II kai PMS − NSDE stouc parap�nw pÐnakec (PÐnakec
6 - 9) anafèrontai en suntomÐa NSPSO, NSGA II kai NSDE, antÐstoi-
qa. Epiplèon, prèpei na epishmanjeÐ ìti stouc PÐnakec 2-4 ta apotelèsma-
ta me èntonouc qarakt rec eÐnai aut� pou èqoun apod¸sei kalÔtera apì thn
sÔgkrish tou k�je algorÐjmou gia tic pènte epanal yeic, en¸ stouc PÐnakec
5 - 9 ta apotelèsmata me èntonouc qarakt rec eÐnai aut� pou èqoun apod¸sei
kalÔtera apì thn sÔgkrish twn tri¸n algorÐjmwn. Tèloc, gÐnetai diagram-
matik  apeikìnish thc sÔgkrishc tìso twn apotelesm�twn twn algorÐjmwn
b�sei twn apotelesm�twn gia k�je prìblhma, ìso kai twn apotelesm�twn
b�sei twn sugkentrwtik¸n apotelesm�twn twn problhm�twn (Sq ma 14). E-
d¸ axÐzei na shmeiwjeÐ ìti, sthn diagrammatik  apeikìnish, to 1o Prìblhma
eÐnai to Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐhshc thc
Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c
me Pollaplèc Apoj kec (Multiobjective Asymmetric Delivery Route-based
Fuel Consumption Multi-Depot Vehicle Routing Problem), to 2o Prìblhma
eÐnai to Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐhshc thc Kata-
n�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Symmetric Delivery Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem), to 3o Prìblhma eÐnai
to Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐhshc thc Kata-
n�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Asymmetric Pick-up Route-based Fu-
el Consumption Multi-Depot Vehicle Routing Problem) kai to 4o Prìblhma
eÐnai to Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐhshc thc Kata-
n�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Symmetric Pick-up Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem).
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(aþ) (bþ)

(gþ) (dþ)

Sq ma 13: (a'), (g') Mètwpa Pareto gia touc algìrijmouc PMS−NSPSO, PMS−NSGA
II kai PMS −NSDE gia to par�deigma kroADBE100par3 tou PoluantikeimenikoÔ Mh-
SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia
Dianom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Asymme-
tric Delivery Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem) kai
tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc
KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc Apoj kec
(Multiobjective Asymmetric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle
Routing Problem), antÐstoiqa. (b'), (d') Mètwpa Pareto gia touc parap�nw algìrijmouc
gia to par�deigma kroAB100par3 tou PoluantikeimenikoÔ SummetrikoÔ Probl matoc E-
laqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc
Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Delivery Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem) kai tou PoluantikeimenikoÔ Summe-
trikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Pick-
up Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem), antÐstoiqa.
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PÐnakac 5: Mèsoi 'Oroi kai KalÔtera TrexÐmata gia ìlouc touc algorÐjmouc pou qrhsimo-
poioÔntai stic sugkrÐseic

Multiobjective Asymmetric Delivery Multiobjective Asymmetric Pick-up

Algìrijmoi Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

L Mk ∆ L Mk ∆

A− B − CD

PMS −NSPSO 46.40(53) 598.41(592.84) 0.70(0.68) 47.00(56) 597.42(609.09) 0.66(0.62)
PMS −NSGA II 56.40(62) 592.33(598.84) 0.61(0.54) 59.80(63) 598.92(608.39) 0.61(0.65)
PMS −NSDE 50.00(59) 598.17(604.03) 0.61(0.53) 46.00(49) 598.81(605.87) 0.61(0.62)

A− C − BD

PMS −NSPSO 47.60(51) 600.33(611.96) 0.68(0.68) 47.80(53) 601.70(595.13) 0.64(0.59)
PMS −NSGA II 61.80(72) 594.92(602.67) 0.61(0.68) 58.80(56) 604.25(613.08) 0.59(0.64)
PMS −NSDE 49.40(56) 594.19(603.86) 0.63(0.64) 44.40(50) 597.25(612.67) 0.63(0.62)

A−D − BE

PMS −NSPSO 48.80(52) 592.57(606.60) 0.64(0.62) 46.00(48) 608.80(620.73) 0.66(0.65)
PMS −NSGA II 54.20(54) 601.74(597.52) 0.61(0.55) 54.60(63) 602.82(610.88) 0.61(0.60)
PMS −NSDE 46.80(51) 591.33(585.05) 0.68(0.58) 46.20(53) 594.36(608.66) 0.64(0.58)

A− E − BD

PMS −NSPSO 48.00(58) 586.44(595.07) 0.65(0.63) 49.00(60) 597.10(610.34) 0.67(0.69)
PMS −NSGA II 57.20(56) 595.30(604.81) 0.58(0.56) 56.40(60) 591.73(615.11) 0.58(0.53)
PMS −NSDE 53.80(58) 589.49(595.89) 0.66(0.66) 45.40(49) 598.88(578.64) 0.64(0.52)

B − C − AD

PMS −NSPSO 42.00(45) 587.45(587.39) 0.66(0.69) 43.20(38) 601.86(616.66) 0.67(0.57)
PMS −NSGA II 51.20(64) 596.11(602.55) 0.61(0.60) 53.60(60) 602.63(609.71) 0.63(0.65)
PMS −NSDE 42.20(47) 593.19(586.51) 0.63(0.56) 44.00(47) 596.09(594.45) 0.69(0.61)

B −D − AC

PMS −NSPSO 42.00(53) 589.78(591.38) 0.62(0.66) 42.20(50) 581.03(589.53) 0.68(0.75)
PMS −NSGA II 54.60(63) 593.43(618.00) 0.61(0.53) 51.40(46) 587.73(606.69) 0.60(0.51)
PMS −NSDE 43.20(48) 591.59(611.63) 0.71(0.72) 44.80(50) 592.20(586.71) 0.66(0.58)

B − E − AD

PMS −NSPSO 42.00(45) 584.42(543.81) 0.59(0.52) 48.00(47) 601.43(611.90) 0.65(0.62)
PMS −NSGA II 50.80(57) 597.52(599.73) 0.56(0.56) 50.20(55) 594.89(600.52) 0.60(0.58)
PMS −NSDE 41.80(47) 596.38(611.30) 0.66(0.61) 41.00(46) 598.64(622.57) 0.66(0.66)

C −D − AE

PMS −NSPSO 45.00(57) 593.92(593.63) 0.67(0.66) 44.00(36) 592.59(602.11) 0.67(0.55)
PMS −NSGA II 53.60(49) 597.24(589.81) 0.58(0.53) 51.80(59) 597.78(610.64) 0.63(0.59)
PMS −NSDE 42.40(42) 594.55(610.84) 0.63(0.60) 44.40(51) 594.87(591.47) 0.70(0.71)

C − E − AB

PMS −NSPSO 45.00(48) 586.58(577.86) 0.66(0.54) 46.80(41) 588.78(601.76) 0.63(0.53)
PMS −NSGA II 55.00(47) 592.95(602.86) 0.61(0.57) 51.00(65) 595.58(608.99) 0.65(0.74)
PMS −NSDE 39.40(47) 592.59(569.13) 0.67(0.63) 47.20(47) 593.76(612.40) 0.63(0.57)

D − E − BC

PMS −NSPSO 42.60(50) 571.71(568.50) 0.67(0.69) 39.60(44) 578.42(573.72) 0.60(0.68)
PMS −NSGA II 43.60(48) 526.74(503.05) 0.62(0.53) 50.80(56) 581.08(602.31) 0.66(0.69)
PMS −NSDE 42.00(44) 582.50(589.22) 0.68(0.64) 43.60(52) 581.38(588.35) 0.60(0.64)

Multiobjective Symmetric Delivery Multiobjective Symmetric Pick-up

Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

A− B

PMS −NSPSO 47.80(52) 613.92(610.29) 0.68(0.62) 51.60(54) 607.75(602.86) 0.69(0.62)
PMS −NSGA II 56.40(61) 602.89(603.41) 0.66(0.62) 58.60(79) 596.88(605.27) 0.66(0.60)
PMS −NSDE 44.60(45) 605.73(596.04) 0.67(0.55) 44.60(46) 602.96(622.10) 0.68(0.62)

A− C

PMS −NSPSO 50.20(53) 604.15(615.43) 0.66(0.67) 47.40(53) 604.96(608.06) 0.68(0.72)
PMS −NSGA II 62.60(66) 609.36(611.80) 0.63(0.54) 56.60(63) 606.55(615.56) 0.64(0.61)
PMS −NSDE 51.40(57) 596.73(602.61) 0.65(0.69) 49.20(44) 603.51(607.51) 0.65(0.61)

A−D

PMS −NSPSO 48.40(54) 577.25(575.63) 0.62(0.61) 49.00(58) 586.10(594.99) 0.63(0.64)
PMS −NSGA II 54.40(57) 592.85(587.50) 0.67(0.63) 58.60(66) 580.64(582.86) 0.66(0.60)
PMS −NSDE 46.20(40) 581.70(591.46) 0.66(0.67) 47.00(47) 579.02(577.96) 0.66(0.58)

A− E

PMS −NSPSO 48.00(47) 595.33(602.24) 0.68(0.69) 41.60(46) 592.88(612.23) 0.68(0.81)
PMS −NSGA II 51.20(51) 598.85(608.34) 0.62(0.60) 61.00(74) 598.56(598.90) 0.65(0.59)
PMS −NSDE 44.60(49) 604.13(608.11) 0.68(0.63) 43.80(43) 602.41(605.73) 0.62(0.58)

B − C

PMS −NSPSO 41.00(51) 589.04(587.03) 0.68(0.62) 47.40(49) 595.11(605.91) 0.67(0.64)
PMS −NSGA II 58.80(55) 591.49(602.55) 0.65(0.55) 56.20(61) 597.28(590.74) 0.65(0.61)
PMS −NSDE 49.80(60) 589.78(610.81) 0.66(0.56) 42.00(49) 589.82(613.07) 0.72(0.64)

B −D

PMS −NSPSO 43.40(55) 594.80(598.42) 0.65(0.54) 43.20(49) 591.07(600.78) 0.64(0.54)
PMS −NSGA II 58.60(56) 595.91(609.20) 0.64(0.63) 55.80(54) 592.55(608.67) 0.65(0.66)
PMS −NSDE 43.20(45) 595.65(595.43) 0.69(0.60) 41.20(54) 582.58(600.87) 0.70(0.68)

B − E

PMS −NSPSO 49.40(52) 606.42(590.66) 0.60(0.53) 41.40(40) 604.84(618.80) 0.68(0.63)
PMS −NSGA II 57.60(59) 603.48(607.87) 0.61(0.60) 58.60(63) 603.78(618.11) 0.63(0.55)
PMS −NSDE 47.80(45) 603.11(609.40) 0.67(0.60) 44.40(46) 580.23(573.63) 0.66(0.58)

C −D

PMS −NSPSO 48.80(46) 584.51(602.85) 0.64(0.59) 46.60(56) 586.85(594.19) 0.67(0.73)
PMS −NSGA II 56.60(59) 587.97(604.68) 0.63(0.64) 51.20(57) 586.43(587.41) 0.59(0.60)
PMS −NSDE 42.80(51) 577.40(594.58) 0.65(0.61) 46.80(51) 586.32(573.07) 0.66(0.57)

C − E

PMS −NSPSO 48.00(51) 598.45(604.81) 0.64(0.65) 43.20(33) 599.71(609.57) 0.67(0.59)
PMS −NSGA II 60.40(63) 599.00(592.77) 0.64(0.58) 60.40(61) 607.48(613.53) 0.65(0.60)
PMS −NSDE 49.40(53) 594.95(611.88) 0.73(0.75) 52.20(60) 601.83(615.53) 0.67(0.72)

D − E

PMS −NSPSO 49.20(57) 606.90(620.98) 0.71(0.80) 48.00(55) 609.46(617.27) 0.69(0.70)
PMS −NSGA II 60.20(52) 601.63(610.06) 0.67(0.66) 59.00(53) 606.62(617.50) 0.63(0.57)
PMS −NSDE 49.80(46) 604.82(619.96) 0.66(0.55) 49.00(54) 615.41(622.74) 0.70(0.64)
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PÐnakac 6: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc treic algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Diano-
m c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Asymmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B − CD NSPSO NSDE NSGA II B − D − AC NSPSO NSDE NSGA II
NSPSO - 0.25 0.82 NSPSO - 0.63 0.89
NSDE 0.55 - 0.90 NSDE 0.30 - 0.63
NSGA II 0.04 0.08 - NSGA II 0.02 0.17 -

A − C − BD NSPSO NSDE NSGA II B − E − AD NSPSO NSDE NSGA II
NSPSO - 0.59 0.78 NSPSO - 0.15 0.75
NSDE 0.39 - 0.83 NSDE 0.73 - 0.93
NSGA II 0.02 0.04 - NSGA II 0.07 0 -

A − D − BE NSPSO NSDE NSGA II C − D − AE NSPSO NSDE NSGA II
NSPSO - 0.16 0.74 NSPSO - 0.38 0.82
NSDE 0.79 - 0.93 NSDE 0.65 - 0.82
NSGA II 0.15 0.02 - NSGA II 0.07 0.07 -

A − E − BD NSPSO NSDE NSGA II C − E − AB NSPSO NSDE NSGA II
NSPSO - 0.21 0.89 NSPSO - 0.45 0.79
NSDE 0.55 - 0.91 NSDE 0.48 - 0.81
NSGA II 0.03 0 - NSGA II 0.13 0.13 -

B − C − AD NSPSO NSDE NSGA II D − E − BC NSPSO NSDE NSGA II
NSPSO - 0.28 0.86 NSPSO - 0.16 0.38
NSDE 0.38 - 0.94 NSDE 0.50 - 0.40
NSGA II 0.04 0 - NSGA II 0.56 0.64 -

PÐnakac 7: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc treic algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Dianom c
me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Symmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B NSPSO NSDE NSGA II B − D NSPSO NSDE NSGA II
NSPSO - 0.33 0.97 NSPSO - 0.67 0.96
NSDE 0.42 - 0.97 NSDE 0.22 - 0.84
NSGA II 0.02 0 - NSGA II 0 0.07 -

A − C NSPSO NSDE NSGA II B − E NSPSO NSDE NSGA II
NSPSO - 0.54 0.97 NSPSO - 0.38 0.78
NSDE 0.34 - 0.98 NSDE 0.54 - 0.90
NSGA II 0 0 - NSGA II 0.10 0.07 -

A − D NSPSO NSDE NSGA II C − D NSPSO NSDE NSGA II
NSPSO - 0.35 0.96 NSPSO - 0.35 0.81
NSDE 0.59 - 0.82 NSDE 0.35 - 0.90
NSGA II 0 0.10 - NSGA II 0.07 0.06 -

A − E NSPSO NSDE NSGA II C − E NSPSO NSDE NSGA II
NSPSO - 0.39 0.92 NSPSO - 0.42 0.81
NSDE 0.60 - 0.86 NSDE 0.53 - 0.86
NSGA II 0.06 0.06 - NSGA II 0.20 0.15 -

B − C NSPSO NSDE NSGA II D − E NSPSO NSDE NSGA II
NSPSO - 0.38 0.78 NSPSO - 0.35 0.92
NSDE 0.63 - 0.91 NSDE 0.51 - 0.98
NSGA II 0.12 0.10 - NSGA II 0.02 0 -
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PÐnakac 8: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc treic algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Asymmetric Pick - Up Route - based Fuel Consumption Multi - Depot VRP

A − B − CD NSPSO NSDE NSGA II B − D − AC NSPSO NSDE NSGA II
NSPSO - 0.41 0.67 NSPSO - 0.48 0.96
NSDE 0.43 - 0.76 NSDE 0.38 - 0.98
NSGA II 0.09 0.14 - NSGA II 0 0 -

A − C − BD NSPSO NSDE NSGA II B − E − AD NSPSO NSDE NSGA II
NSPSO - 0.40 0.91 NSPSO - 0.50 0.75
NSDE 0.49 - 0.82 NSDE 0.49 - 0.84
NSGA II 0.02 0.06 - NSGA II 0.11 0.11 -

A − D − BE NSPSO NSDE NSGA II C − D − AE NSPSO NSDE NSGA II
NSPSO - 0.25 0.87 NSPSO - 0.55 0.90
NSDE 0.63 - 0.87 NSDE 0.19 - 0.83
NSGA II 0.08 0.02 - NSGA II 0.03 0.02 -

A − E − BD NSPSO NSDE NSGA II C − E − AB NSPSO NSDE NSGA II
NSPSO - 0.22 0.80 NSPSO - 0.40 0.85
NSDE 0.65 - 0.82 NSDE 0.32 - 0.86
NSGA II 0.08 0.10 - NSGA II 0.10 0.04 -

B − C − AD NSPSO NSDE NSGA II D − E − BC NSPSO NSDE NSGA II
NSPSO - 0.74 0.90 NSPSO - 0.50 0.77
NSDE 0.18 - 0.68 NSDE 0.36 - 0.73
NSGA II 0 0.17 - NSGA II 0.09 0.17 -

PÐnakac 9: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc treic algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullog c
me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Symmetric Pick - Up Route - based Fuel Consumption Multi - Depot VRP

A − B NSPSO NSDE NSGA II B − D NSPSO NSDE NSGA II
NSPSO - 0.48 1.00 NSPSO - 0.35 0.94
NSDE 0.31 - 1.00 NSDE 0.51 - 0.89
NSGA II 0 0 - NSGA II 0.02 0.02 -

A − C NSPSO NSDE NSGA II B − E NSPSO NSDE NSGA II
NSPSO - 0.30 0.84 NSPSO - 0.50 0.68
NSDE 0.75 - 0.90 NSDE 0.43 - 0.71
NSGA II 0.08 0 - NSGA II 0.15 0.11 -

A − D NSPSO NSDE NSGA II C − D NSPSO NSDE NSGA II
NSPSO - 0.23 0.86 NSPSO - 0.65 0.88
NSDE 0.62 - 0.94 NSDE 0.13 - 0.81
NSGA II 0.07 0.04 - NSGA II 0.07 0.14 -

A − E NSPSO NSDE NSGA II C − E NSPSO NSDE NSGA II
NSPSO - 0.49 0.85 NSPSO - 0.58 0.85
NSDE 0.30 - 0.85 NSDE 0.36 - 0.92
NSGA II 0.09 0.12 - NSGA II 0.03 0.03 -

B − C NSPSO NSDE NSGA II D − E NSPSO NSDE NSGA II
NSPSO - 0.31 0.95 NSPSO - 0.33 0.89
NSDE 0.57 - 1.00 NSDE 0.49 - 0.94
NSGA II 0 0 - NSGA II 0.02 0 -

Apì touc PÐnakec 2 - 5, kaj¸c kai apì to Sq ma 14, bgaÐnei to sumpèrasma
ìti, lamb�nontac upìyhn to mètro apìdoshc L, o algìrijmoc PMS−NSGA
II èqei kalÔterh apìdosh apì touc �llouc dÔo algìrijmouc sto 75% twn
peript¸sewn, en¸ oi algìrijmoi PMS − NSPSO kai PMS − NSDE sto
12,5% kai 2,5% twn peript¸sewn, antÐstoiqa. Epiplèon, oi algìrijmoi PMS−
NSPSO kai PMS−NSDE èqoun thn Ðdia apìdosh sto 5% twn peript¸sewn,
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Sq ma 14: (a') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn algorÐj-
mwn PMS −NSPSO, PMS −NSDE kai PMS −NSGA II b�sei twn apotelesm�twn
gia k�je prìblhma. (b') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn
parap�nw algorÐjmwn b�sei twn sugkentrwtik¸n apotelesm�twn.
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en¸ oi algìrijmoi PMS −NSPSO kai PMS −NSGA II kai oi algìrijmoi
PMS − NSDE kai PMS − NSGA II èqoun Ðdia apìdosh se 2,5% twn
peript¸sewn. Lamb�nontac upìyhn to mètro apìdoshc Mk, oi algìrijmoi
PMS − NSGA II kai PMS − NSDE èqoun Ðdio posostì se 35% twn
peript¸sewn, en¸ o algìrijmoc PMS−NSPSO sto 30% twn peript¸sewn.
Lamb�nontac upìyhn to mètro apìdoshc ∆, o algìrijmoc PMS − NSGA
II èqei kalÔterh apìdosh apì touc �llouc dÔo algìrijmouc sto 37,5% twn
peript¸sewn, en¸ oi algìrijmoi PMS − NSPSO kai PMS − NSDE sto
30% kai 27,5% twn peript¸sewn, antÐstoiqa. EpÐshc, oi algìrijmoi PMS −
NSPSO kai PMS −NSDE kai oi algìrijmoi PMS −NSDE kai PMS −
NSGA II èqoun Ðdia apìdosh se 2,5% twn peript¸sewn. Tèloc, apì touc
PÐnakec 6 - 9 sumperaÐnoume ìti, lamb�nontac upìyhn to mètro apìdoshc C,
o algìrijmoc PMS − NSDE èqei kalÔterh apìdosh apì touc �llouc dÔo
algìrijmouc sto 57,5% twn peript¸sewn, en¸ oi algìrijmoi PMS−NSPSO
kai PMS −NSGA II sto 40% kai 2,5% twn peript¸sewn, antÐstoiqa.

EÐnai shmantikì na tonisteÐ ìti gia to Sq ma 14 h prìsjesh twn para-
deigm�twn pou eÐnai pio apotelesmatikoÐ oi algìrijmoi, gia ta mètra apotele-
smatikìthtac L kai ∆, xepern�ei to sunolikì �jroisma twn paradeigm�twn,
to opoÐo eÐnai sar�nta. K�ti tètoio eÐnai logikì, miac kai pollèc forèc dÔo
  kai perissìteroi algìrijmoi mporoÔn na èqoun is�xia kalÔterh epÐdosh a-
pì touc upìloipouc gia k�poio par�deigma, ìpwc anafèrjhke analutik� sthn
prohgoÔmenh par�grafo. Tèloc, apì to Sq ma 13 katal goume sto sumpèra-
sma ìti o algìrijmoc PMS −NSDE kuriarqeÐ sta mètwpa tou Pareto pou
par�gontai apì touc �llouc dÔo algìrijmouc.

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
sta dÔo probl mata dianom c o algìrijmoc PMS−NSGA II par�gei mètwpa
Pareto me perissìterec lÔseic kai me kalÔterh diaspor� mh-kuriarqoÔmenwn
lÔsewn (mètra apìdoshc L kai ∆) se sqèsh me thn diaspor� pou parath-
reÐtai sta mètwpa twn �llwn algorÐjmwn (70% kai 45% twn paradeigm�twn
antÐstoiqa). EpÐshc, o algìrijmoc PMS−NSDE par�gei mètwpa Pareto me
megalÔterh èktash (mètro apìdoshcMk) se sqèsh me thn èktash pou parath-
reÐtai sta mètwpa twn �llwn algorÐjmwn (40% twn paradeigm�twn). Tèloc,
ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS−NSDE kuriar-
qoÔn sta mètwpa Pareto pou par�gontai apì touc �llouc dÔo algìrijmouc
(mètro apìdoshc C) (70% twn paradeigm�twn).

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti kai
sta dÔo probl mata sullog c o algìrijmoc PMS−NSGA II par�gei mètwpa
Pareto me perissìterec lÔseic (mètro apìdoshc L) se sqèsh me tic lÔseic pou
parathreÐtai sta mètwpa twn �llwn algorÐjmwn (80% twn paradeigm�twn). E-
piprìsjeta, oi algìrijmoi PMS−NSGA II kai PMS−NSPSO par�goun
mètwpa Pareto me megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn
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èktash pou parathreÐtai sta mètwpa tou �llou algorÐjmou (35% twn para-
deigm�twn o kajènac). Epiplèon, ìloi oi algìrijmoi par�goun mètwpa Pareto
me Ðsh diaspor� mh-kuriarqoÔmenwn lÔsewn (mètro apìdoshc ∆) se sqèsh me
th diaspor� pou parathreÐtai sta mètwpa tou �llou algorÐjmou (30% twn
paradeigm�twn o kajènac). Tèloc, ta mètwpa Pareto pou par�gontai apì ton
algìrijmo PMS − NSPSO kuriarqoÔn sta mètwpa Pareto pou par�gontai
apì touc �llouc dÔo algìrijmouc (mètro apìdoshc C) (55% twn paradeig-
m�twn). H teleutaÐa, ìmwc, parat rhsh eÐnai polÔ shmantik , dhlad  sthn
ousÐa, en¸ se ìla ta mètra apìdoshc o algìrijmoc PMS − NSGA II dÐnei
shmantik� kalÔterec timèc, sto teleutaÐo mètro apìdoshc kai sta diagr�m-
mata twn met¸pwn Pareto parathreÐtai ìti, nai men oi lÔseic èqoun k�poia
qarakthristik�, all� eÐnai saf¸c upodeèsterec apì tic lÔseic pou dÐnei o al-
gìrijmoc PMS − NSDE. K�ti pou sthn ousÐa mac deÐqnei ìti sunolik� o
algìrijmoc PMS − NSGA II eÐnai o ligìtero apotelesmatikìc apì touc
treic algìrijmouc.

Apì tic epidìseic twn tri¸n algorÐjmwn gia ta dÔo poluantikeimenik� sum-
metrik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −NSGA
II èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson afor�
ta mètra apotelesmatikìthtac L kai ∆, se posostì 85% kai 40% twn para-
deigm�twn, antÐstoiqa. 'Oson afor� ta mètra apotelesmatikìthtac Mk kai C,
o algìrijmoc PMS − NSDE èqei kalÔterh apìdosh se posostì 40% kai
60% twn paradeigm�twn, antÐstoiqa. Apì tic epidìseic twn tri¸n algorÐjmwn
gia ta dÔo poluantikeimenik� mh - summetrik� probl mata bgaÐnei to sumpèra-
sma ìti o algìrijmoc PMS −NSGA II èqei kalÔterh apìdosh se sqèsh me
touc �llouc algìrijmouc, ìson afor� ta mètra apotelesmatikìthtac L, Mk

kai ∆, se posostì 70%, 45% kai 35% twn paradeigm�twn, antÐstoiqa. 'Oson
afor� to mètro apotelesmatikìthtac C, o algìrijmoc PMS − NSDE èqei
kalÔterh apìdosh se posostì 55% twn paradeigm�twn.

Lamb�nontac upìyhn ìla ta apotelèsmata pou ex gagan oi algìrijmoi apì
ìla ta poluantikeimenik� probl mata pou epilÔjhkan, o algìrijmoc PMS −
NSGA II par�gei mètwpa Pareto me perissìterec lÔseic kai me kalÔterh
diaspor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me thn diaspor� pou parath-
reÐtai sta mètwpa twn �llwn algorÐjmwn. Oi algìrijmoi PMS −NSGA II
kai PMS−NSDE par�goun mètwpa Pareto me megalÔterh èktash se sqèsh
me thn èktash pou parathreÐtai sta mètwpa tou �llou algorÐjmou. Tèloc, ta
mètwpa Pareto pou par�gontai apì ton algìrijmo PMS−NSDE kuriarqoÔn
sta mètwpa Pareto pou par�gontai apì touc �llouc dÔo algìrijmouc.
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8.5.2. SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS − MOCSA,
PMS −NSGA II kai PMS −NSDE

Sth sunèqeia paratÐjentai ta apotelèsmata twn poluantikeimenik¸n algo-
rÐjmwn, pou exet�zontai se aut n thn sÔgkrish, gia ìla ta probl mata pou epi-
lÔontai sthn paroÔsa diatrib . H diadikasÐa pou akolouj jhke eÐnai Ðdia ìpwc
kai sthn prohgoÔmenh sÔgkrish sthn upopar�grafo 8.5.1. Arqik�, parousi-
�zetai to mètwpo Pareto twn algorÐjmwn PMS−MOCSA, PMS−NSGA
II kai PMS − NSDE gia tèssera antiproswpeutik� paradeÐgmata (Sq ma
15). 'Epeita, ston PÐnaka 10 parousi�zontai ta apotelèsmata gia ta pr¸ta
trÐa mètra apotelesmatikìthtac gia ton algìrijmo PMS − MOCSA, en¸
ston PÐnaka 11 parousi�zontai oi mèsoi ìroi kai ta kalÔtera trexÐmata, ta
opoÐa brÐskontai se parènjesh, gia touc treic algìrijmouc. Katìpin, stouc
PÐnakec 12 - 15 parousi�zontai ta apotelèsmata gia to mètro apotelesmati-
kìthtac C twn tri¸n algorÐjmwn gia ta tèssera probl mata pou epilÔontai.
Ed¸ axÐzei na shmeiwjeÐ ìti oi algìrijmoi PMS−MOCSA, PMS−NSGA
II kai PMS − NSDE stouc parap�nw pÐnakec (PÐnakec 6-9) anafèrontai
en suntomÐa MOCSA, NSGA II kai NSDE, antÐstoiqa. Epiplèon, prèpei
na epishmanjeÐ ìti ston PÐnaka 10 ta apotelèsmata me èntonouc qarakt rec
eÐnai aut� pou èqoun apod¸sei kalÔtera apì thn sÔgkrish tou algorÐjmou
PMS −MOCSA gia tic pènte epanal yeic, en¸ stouc PÐnakec 11-15 ta a-
potelèsmata me èntonouc qarakt rec eÐnai aut� pou èqoun apod¸sei kalÔtera
apì thn sÔgkrish twn tri¸n algorÐjmwn. Tèloc, gÐnetai diagrammatik  apei-
kìnish thc sÔgkrishc tìso twn apotelesm�twn twn algorÐjmwn b�sei twn
apotelesm�twn gia k�je prìblhma, ìso kai twn apotelesm�twn b�sei twn su-
gkentrwtik¸n apotelesm�twn twn problhm�twn (Sq ma 16). Ed¸ axÐzei na
shmeiwjeÐ ìti ta probl mata 1-4 eÐnai ta Ðdia probl mata me th diagrammatik 
apeikìnish (Sq ma 14) sthn upopar�grafo 8.5.1.
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(aþ) (bþ)

(gþ) (dþ)

Sq ma 15: (a'), (g') Mètwpa Pareto gia touc algìrijmouc PMS−MOCSA, PMS−NSGA
II kai PMS −NSDE gia to par�deigma kroACBD100par3 tou tou PoluantikeimenikoÔ
Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromo-
lìgia Dianom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Asym-
metric Delivery Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem) kai
tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc
KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc Apoj kec
(Multiobjective Asymmetric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle
Routing Problem), antÐstoiqa. (b'), (d') Mètwpa Pareto gia touc parap�nw algìrijmouc
gia to par�deigma kroAE100par3 tou PoluantikeimenikoÔ SummetrikoÔ Probl matoc E-
laqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc
Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Delivery Route-based Fuel
Consumption Multi-Depot Vehicle Routing Problem) kai tou PoluantikeimenikoÔ Summe-
trikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Pick-
up Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem), antÐstoiqa.
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PÐnakac 11: Mèsoi 'Oroi kai KalÔtera TrexÐmata gia ìlouc touc algorÐjmouc pou qrhsi-
mopoioÔntai stic sugkrÐseic

Multiobjective Asymmetric Delivery Multiobjective Asymmetric Pick-up

Algìrijmoi Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

L Mk ∆ L Mk ∆

A− B − CD

PMS −MOCSA 61.40(64) 591.44(580.71) 0.60(0.53) 58.00(48) 593.50(614.71) 0.61(0.55)
PMS −NSGA II 56.40(62) 592.33(598.84) 0.61(0.54) 59.80(63) 598.92(608.39) 0.61(0.65)
PMS −NSDE 50.00(59) 598.17(604.03) 0.61(0.53) 46.00(49) 598.81(605.87) 0.61(0.62)

A− C − BD

PMS −MOCSA 57.60(68) 595.69(597.10) 0.66(0.62) 64.80(72) 600.54(614.65) 0.63(0.64)
PMS −NSGA II 61.80(72) 594.92(602.67) 0.61(0.68) 58.80(56) 604.25(613.08) 0.59(0.64)
PMS −NSDE 49.40(56) 594.19(603.86) 0.63(0.64) 44.40(50) 597.25(612.67) 0.63(0.62)

A−D − BE

PMS −MOCSA 55.60(64) 607.53(604.52) 0.63(0.60) 54.40(54) 607.14(610.68) 0.60(0.54)
PMS −NSGA II 54.20(54) 601.74(597.52) 0.61(0.55) 54.60(63) 602.82(610.88) 0.61(0.60)
PMS −NSDE 46.80(51) 591.33(585.05) 0.68(0.58) 46.20(53) 594.36(608.66) 0.64(0.58)

A− E − BD

PMS −MOCSA 61.20(64) 594.50(596.31) 0.59(0.52) 61.20(62) 589.35(611.69) 0.58(0.57)
PMS −NSGA II 57.20(56) 595.30(604.81) 0.58(0.56) 56.40(60) 591.73(615.11) 0.58(0.53)
PMS −NSDE 53.80(58) 589.49(595.89) 0.66(0.66) 45.40(49) 598.88(578.64) 0.64(0.52)

B − C − AD

PMS −MOCSA 51.80(58) 599.06(609.17) 0.70(0.64) 57.40(66) 569.33(600.06) 0.61(0.62)
PMS −NSGA II 51.20(64) 596.11(602.55) 0.61(0.60) 53.60(60) 602.63(609.71) 0.63(0.65)
PMS −NSDE 42.20(47) 593.19(586.51) 0.63(0.56) 44.00(47) 596.09(594.45) 0.69(0.61)

B −D − AC

PMS −MOCSA 56.60(61) 567.17(607.76) 0.58(0.56) 52.00(72) 554.96(569.85) 0.62(0.61)
PMS −NSGA II 54.60(63) 593.43(618.00) 0.61(0.53) 51.40(46) 587.73(606.69) 0.60(0.51)
PMS −NSDE 43.20(48) 591.59(611.63) 0.71(0.72) 44.80(50) 592.20(586.71) 0.66(0.58)

B − E − AD

PMS −MOCSA 55.00(61) 586.79(606.11) 0.61(0.56) 58.40(65) 597.88(587.64) 0.64(0.57)
PMS −NSGA II 50.80(57) 597.52(599.73) 0.56(0.56) 50.20(55) 594.89(600.52) 0.60(0.58)
PMS −NSDE 41.80(47) 596.38(611.30) 0.66(0.61) 41.00(46) 598.64(622.57) 0.66(0.66)

C −D − AE

PMS −MOCSA 58.60(71) 591.35(599.24) 0.60(0.68) 60.00(60) 587.42(594.94) 0.61(0.55)
PMS −NSGA II 53.60(49) 597.24(589.81) 0.58(0.53) 51.80(59) 597.78(610.64) 0.63(0.59)
PMS −NSDE 42.40(42) 594.55(610.84) 0.63(0.60) 44.40(51) 594.87(591.47) 0.70(0.71)

C − E − AB

PMS −MOCSA 56.20(59) 577.19(594.15) 0.59(0.55) 57.60(62) 593.44(604.50) 0.57(0.54)
PMS −NSGA II 55.00(47) 592.95(602.86) 0.61(0.57) 51.00(65) 595.58(608.99) 0.65(0.74)
PMS −NSDE 39.40(47) 592.59(569.13) 0.67(0.63) 47.20(47) 593.76(612.40) 0.63(0.57)

D − E − BC

PMS −MOCSA 53.60(58) 584.76(598.44) 0.64(0.53) 62.80(75) 563.84(573.38) 0.61(0.56)
PMS −NSGA II 43.60(48) 526.74(503.05) 0.62(0.53) 50.80(56) 581.08(602.31) 0.66(0.69)
PMS −NSDE 42.00(44) 582.50(589.22) 0.68(0.64) 43.60(52) 581.38(588.35) 0.60(0.64)

Multiobjective Symmetric Delivery Multiobjective Symmetric Pick-up

Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

A− B

PMS −MOCSA 65.20(71) 604.74(611.70) 0.65(0.59) 62.00(75) 605.59(620.04) 0.65(0.65)
PMS −NSGA II 56.40(61) 602.89(603.41) 0.66(0.62) 58.60(79) 596.88(605.27) 0.66(0.60)
PMS −NSDE 44.60(45) 605.73(596.04) 0.67(0.55) 44.60(46) 602.96(622.10) 0.68(0.62)

A− C

PMS −MOCSA 69.20(72) 607.78(600.56) 0.63(0.61) 64.00(65) 605.52(612.67) 0.61(0.59)
PMS −NSGA II 62.60(66) 609.36(611.80) 0.63(0.54) 56.60(63) 606.55(615.56) 0.64(0.61)
PMS −NSDE 51.40(57) 596.73(602.61) 0.65(0.69) 49.20(44) 603.51(607.51) 0.65(0.61)

A−D

PMS −MOCSA 75.20(78) 581.14(589.98) 0.65(0.72) 68.80(74) 588.89(600.68) 0.60(0.69)
PMS −NSGA II 54.40(57) 592.85(587.50) 0.67(0.63) 58.60(66) 580.64(582.86) 0.66(0.60)
PMS −NSDE 46.20(40) 581.70(591.46) 0.66(0.67) 47.00(47) 579.02(577.96) 0.66(0.58)

A− E

PMS −MOCSA 65.00(65) 593.11(601.41) 0.65(0.64) 68.40(76) 594.99(582.02) 0.63(0.62)
PMS −NSGA II 51.20(51) 598.85(608.34) 0.62(0.60) 61.00(74) 598.56(598.90) 0.65(0.59)
PMS −NSDE 44.60(49) 604.13(608.11) 0.68(0.63) 43.80(43) 602.41(605.73) 0.62(0.58)

B − C

PMS −MOCSA 63.20(73) 575.51(621.22) 0.60(0.70) 61.40(64) 579.14(602.47) 0.63(0.56)
PMS −NSGA II 58.80(55) 591.49(602.55) 0.65(0.55) 56.20(61) 597.28(590.74) 0.65(0.61)
PMS −NSDE 49.80(60) 589.78(610.81) 0.66(0.56) 42.00(49) 589.82(613.07) 0.72(0.64)

B −D

PMS −MOCSA 66.00(72) 597.77(593.97) 0.66(0.61) 69.60(89) 600.06(593.98) 0.67(0.64)
PMS −NSGA II 58.60(56) 595.91(609.20) 0.64(0.63) 55.80(54) 592.55(608.67) 0.65(0.66)
PMS −NSDE 43.20(45) 595.65(595.43) 0.69(0.60) 41.20(54) 582.58(600.87) 0.70(0.68)

B − E

PMS −MOCSA 58.20(64) 593.79(616.37) 0.61(0.60) 59.20(63) 591.89(614.74) 0.66(0.63)
PMS −NSGA II 57.60(59) 603.48(607.87) 0.61(0.60) 58.60(63) 603.78(618.11) 0.63(0.55)
PMS −NSDE 47.80(45) 603.11(609.40) 0.67(0.60) 44.40(46) 580.23(573.63) 0.66(0.58)

C −D

PMS −MOCSA 67.40(73) 593.81(609.02) 0.61(0.69) 68.60(71) 589.35(591.01) 0.68(0.65)
PMS −NSGA II 56.60(59) 587.97(604.68) 0.63(0.64) 51.20(57) 586.43(587.41) 0.59(0.60)
PMS −NSDE 42.80(51) 577.40(594.58) 0.65(0.61) 46.80(51) 586.32(573.07) 0.66(0.57)

C − E

PMS −MOCSA 65.40(78) 594.28(600.56) 0.66(0.50) 64.80(68) 600.74(602.78) 0.61(0.56)
PMS −NSGA II 60.40(63) 599.00(592.77) 0.64(0.58) 60.40(61) 607.48(613.53) 0.65(0.60)
PMS −NSDE 49.40(53) 594.95(611.88) 0.73(0.75) 52.20(60) 601.83(615.53) 0.67(0.72)

D − E

PMS −MOCSA 71.60(82) 605.98(612.39) 0.60(0.58) 71.40(70) 608.85(597.40) 0.59(0.52)
PMS −NSGA II 60.20(52) 601.63(610.06) 0.67(0.66) 59.00(53) 606.62(617.50) 0.63(0.57)
PMS −NSDE 49.80(46) 604.82(619.96) 0.66(0.55) 49.00(54) 615.41(622.74) 0.70(0.64)
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PÐnakac 12: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc treic algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Diano-
m c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Asymmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B − CD MOCSA NSDE NSGA II B − D − AC MOCSA NSDE NSGA II
MOCSA - 0.81 0.90 MOCSA - 0.94 0.87
NSDE 0.05 - 0.90 NSDE 0 - 0.63
NSGA II 0.03 0.08 - NSGA II 0.05 0.17 -

A − C − BD MOCSA NSDE NSGA II B − E − AD MOCSA NSDE NSGA II
MOCSA - 0.95 0.90 MOCSA - 0.74 0.95
NSDE 0 - 0.83 NSDE 0.13 - 0.93
NSGA II 0 0.04 - NSGA II 0.03 0 -

A − D − BE MOCSA NSDE NSGA II C − D − AE MOCSA NSDE NSGA II
MOCSA - 0.82 1 MOCSA - 0.74 0.94
NSDE 0.14 - 0.93 NSDE 0.20 - 0.82
NSGA II 0 0.02 - NSGA II 0.04 0.07 -

A − E − BD MOCSA NSDE NSGA II C − E − AB MOCSA NSDE NSGA II
MOCSA - 0.93 0.93 MOCSA - 0.59 0.87
NSDE 0.08 - 0.91 NSDE 0.25 - 0.83
NSGA II 0.02 0 - NSGA II 0.14 0.13 -

B − C − AD MOCSA NSDE NSGA II D − E − BC MOCSA NSDE NSGA II
MOCSA - 0.79 0.89 MOCSA - 0.68 0.60
NSDE 0.19 - 0.94 NSDE 0.09 - 0.40
NSGA II 0.14 0 - NSGA II 0.36 0.64 -

PÐnakac 13: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc treic algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Dianom c
me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Symmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B MOCSA NSDE NSGA II B − D MOCSA NSDE NSGA II
MOCSA - 0.67 0.97 MOCSA - 0.93 0.96
NSDE 0.20 - 0.97 NSDE 0.01 - 0.84
NSGA II 0.03 0 - NSGA II 0 0.07 -

A − C MOCSA NSDE NSGA II B − E MOCSA NSDE NSGA II
MOCSA - 0.86 1 MOCSA - 0.76 0.83
NSDE 0.03 - 0.98 NSDE 0.11 - 0.90
NSGA II 0 0 - NSGA II 0.06 0.07 -

A − D MOCSA NSDE NSGA II C − D MOCSA NSDE NSGA II
MOCSA - 0.65 0.91 MOCSA - 0.90 0.98
NSDE 0.33 - 0.82 NSDE 0.01 - 0.90
NSGA II 0.04 0.10 - NSGA II 0 0.06 -

A − E MOCSA NSDE NSGA II C − E MOCSA NSDE NSGA II
MOCSA - 1 1 MOCSA - 0.75 0.94
NSDE 0 - 0.86 NSDE 0.18 - 0.86
NSGA II 0 0.06 - NSGA II 0.03 0.15 -

B − C MOCSA NSDE NSGA II D − E MOCSA NSDE NSGA II
MOCSA - 0.77 0.91 MOCSA - 0.65 0.96
NSDE 0.18 - 0.91 NSDE 0.26 - 0.98
NSGA II 0.05 0.10 - NSGA II 0.07 0 -
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PÐnakac 14: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc treic algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Asymmetric Pick - Up Route - based Fuel Consumption Multi - Depot VRP

A − B − CD MOCSA NSDE NSGA II B − D − AC MOCSA NSDE NSGA II
MOCSA - 0.78 0.76 MOCSA - 0.80 0.98
NSDE 0.15 - 0.76 NSDE 0.10 - 0.98
NSGA II 0.13 0.14 - NSGA II 0 0 -

A − C − BD MOCSA NSDE NSGA II B − E − AD MOCSA NSDE NSGA II
MOCSA - 0.86 0.93 MOCSA - 0.89 0.85
NSDE 0.13 - 0.82 NSDE 0.17 - 0.84
NSGA II 0 0.06 - NSGA II 0.05 0.11 -

A − D − BE MOCSA NSDE NSGA II C − D − AE MOCSA NSDE NSGA II
MOCSA - 0.83 0.90 MOCSA - 0.94 0.90
NSDE 0.15 - 0.87 NSDE 0.02 - 0.83
NSGA II 0 0.02 - NSGA II 0.03 0.02 -

A − E − BD MOCSA NSDE NSGA II C − E − AB MOCSA NSDE NSGA II
MOCSA - 0.59 0.83 MOCSA - 0.89 1
NSDE 0.34 - 0.82 NSDE 0.15 - 0.86
NSGA II 0.03 0.10 - NSGA II 0 0.04 -

B − C − AD MOCSA NSDE NSGA II D − E − BC MOCSA NSDE NSGA II
MOCSA - 0.91 0.90 MOCSA - 0.62 0.89
NSDE 0.02 - 0.68 NSDE 0.39 - 0.73
NSGA II 0.06 0.17 - NSGA II 0.01 0.17 -

PÐnakac 15: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc treic algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullog c
me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Symmetric Pick - Up Route - based Fuel Consumption Multi - Depot VRP

A − B MOCSA NSDE NSGA II B − D MOCSA NSDE NSGA II
MOCSA - 0.76 0.96 MOCSA - 1 0.98
NSDE 0.12 - 1 NSDE 0 - 0.89
NSGA II 0 0 - NSGA II 0 0.02 -

A − C MOCSA NSDE NSGA II B − E MOCSA NSDE NSGA II
MOCSA - 0.75 0.97 MOCSA - 0.91 0.81
NSDE 0.18 - 0.90 NSDE 0.11 - 0.71
NSGA II 0.05 0 - NSGA II 0.02 0.11 -

A − D MOCSA NSDE NSGA II C − D MOCSA NSDE NSGA II
MOCSA - 0.62 0.94 MOCSA - 0.94 0.96
NSDE 0.24 - 0.94 NSDE 0.03 - 0.81
NSGA II 0.08 0.04 - NSGA II 0.01 0.14 -

A − E MOCSA NSDE NSGA II C − E MOCSA NSDE NSGA II
MOCSA - 0.98 0.97 MOCSA - 0.87 0.90
NSDE 0.01 - 0.85 NSDE 0.10 - 0.92
NSGA II 0 0.12 - NSGA II 0.04 0.03 -

B − C MOCSA NSDE NSGA II D − E MOCSA NSDE NSGA II
MOCSA - 0.88 1 MOCSA - 0.89 0.98
NSDE 0.03 - 1 NSDE 0.04 - 0.94
NSGA II 0 0 - NSGA II 0 0 -

Apì touc PÐnakec 10 kai 11, kaj¸c kai apì to Sq ma 16, bgaÐnei to
sumpèrasma ìti, lamb�nontac upìyhn to mètro apìdoshc L, o algìrijmoc
PMS − MOCSA èqei kalÔterh apìdosh apì touc �llouc dÔo algìrij-
mouc sto 80% twn peript¸sewn, en¸ o algìrijmoc PMS − NSGA II sto
17,5% twn peript¸sewn. Epiplèon, oi algìrijmoi PMS − MOCSA kai
PMS −NSGA II èqoun thn Ðdia apìdosh sto 2,5% twn peript¸sewn. Lam-
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Sq ma 16: (a') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn algorÐj-
mwn PMS −MOCSA, PMS −NSDE kai PMS −NSGA II b�sei twn apotelesm�twn
gia k�je prìblhma. (b') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn
parap�nw algorÐjmwn b�sei twn sugkentrwtik¸n apotelesm�twn.
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b�nontac upìyhn to mètro apìdoshc Mk, o algìrijmoc PMS − NSGA II
èqei kalÔterh apìdosh apì touc �llouc dÔo algìrijmouc sto 37,5% twn pe-
ript¸sewn, en¸ oi algìrijmoi PMS − NSDE kai PMS − MOCSA sto
35% kai 27,5% twn peript¸sewn, antÐstoiqa. Lamb�nontac upìyhn to mètro
apìdoshc ∆, o algìrijmoc PMS − MOCSA èqei kalÔterh apìdosh apì
touc �llouc dÔo algìrijmouc sto 37,5% twn peript¸sewn, en¸ oi algìrijmoi
PMS−NSDE kai PMS−NSGA II sto 27,5% kai 25% twn peript¸sewn,
antÐstoiqa. EpÐshc, oi algìrijmoi PMS −MOCSA kai PMS − NSGA II
kai oi algìrijmoi PMS −MOCSA kai PMS −NSDE èqoun Ðdia apìdosh
se 5% kai 2,5% twn peript¸sewn, antÐstoiqa. Epiplèon, ìloi oi algìrijmoi
èqoun to Ðdio posostì sto 2,5% twn peript¸sewn. Tèloc, apì touc PÐna-
kec 12 - 15 sumperaÐnoume ìti, lamb�nontac upìyhn to mètro apìdoshc C, o
algìrijmoc PMS −MOCSA èqei kalÔterh apìdosh apì touc �llouc dÔo
algìrijmouc sto 100% twn peript¸sewn.

EÐnai shmantikì na tonisteÐ ìti gia to Sq ma 16 akoloujeÐtai h Ðdia dia-
dikasÐa ìpwc sto Sq ma 14. SÔmfwna me aut n th diadikasÐa, h prìsjesh
twn paradeigm�twn pou eÐnai pio apotelesmatikoÐ oi algìrijmoi, gia ta mètra
apotelesmatikìthtac L kai ∆, xepern�ei to sunolikì �jroisma twn paradeig-
m�twn, to opoÐo eÐnai sar�nta, k�ti pou eÐnai logikì, miac kai pollèc forèc
dÔo   kai perissìteroi algìrijmoi mporoÔn na èqoun is�xia kalÔterh epÐdosh
apì touc upìloipouc gia k�poio par�deigma, ìpwc anafèrjhke analutik� sthn
prohgoÔmenh par�grafo. Tèloc, apì to Sq ma 15 katal goume sto sumpèra-
sma ìti o algìrijmoc PMS−MOCSA kuriarqeÐ sta mètwpa tou Pareto pou
par�gontai apì touc �llouc dÔo algìrijmouc.

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
sta dÔo probl mata dianom c o algìrijmoc PMS−MOCSA par�gei mètwpa
Pareto me perissìterec lÔseic (mètro apìdoshc L) se sqèsh me tic lÔseic pou
parathroÔntai sta mètwpa twn �llwn algorÐjmwn (85% twn paradeigm�twn).
EpÐshc, oi algìrijmoi PMS−NSDE kai PMS−MOCSA par�goun mètwpa
Pareto me megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn èktash
pou parathreÐtai sta mètwpa tou �llou algorÐjmou (35% twn paradeigm�twn o
kajènac). Epiplèon, o algìrijmoc PMS−NSGA II par�gei mètwpa Pareto
me megalÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn (mètro apìdoshc ∆) se
sqèsh me th diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn
(35% twn paradeigm�twn). Tèloc, ta mètwpa Pareto pou par�gontai apì ton
algìrijmo PMS −MOCSA kuriarqoÔn sta mètwpa Pareto pou par�gontai
apì touc �llouc dÔo algìrijmouc (mètro apìdoshc C) (100% twn paradeig-
m�twn).

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti kai
sta dÔo probl mata sullog c o algìrijmoc PMS−MOCSA par�gei mètwpa
Pareto me perissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn
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lÔsewn (mètra apìdoshc L kai ∆) se sqèsh me thn diaspor� pou parathreÐ-
tai sta mètwpa twn �llwn algorÐjmwn (75% kai 55% twn paradeigm�twn,
antÐstoiqa). Epiprìsjeta, o algìrijmoc PMS − NSGA II par�gei mètw-
pa Pareto me megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn
èktash pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn (45% twn pa-
radeigm�twn). Tèloc, ta mètwpa Pareto pou par�gontai apì ton algìrijmo
PMS −MOCSA kuriarqoÔn sta mètwpa Pareto pou par�gontai apì touc
�llouc dÔo algìrijmouc (mètro apìdoshc C) (100% twn paradeigm�twn).

Apì tic epidìseic twn tri¸n algorÐjmwn gia ta dÔo poluantikeimenik� sum-
metrik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS−MOCSA
èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson afor� ta
mètra apotelesmatikìthtac L kai C, se posostì 90% kai 100% twn paradeig-
m�twn, antÐstoiqa. 'Oson afor� ta mètra apotelesmatikìthtac Mk kai ∆, o
algìrijmoc PMS−NSDE èqei kalÔterh apìdosh se posostì 40% kai 35%
twn paradeigm�twn, antÐstoiqa. Apì tic epidìseic twn tri¸n algorÐjmwn gia
ta dÔo poluantikeimenik� mh - summetrik� probl mata bgaÐnei to sumpèrasma
ìti o algìrijmoc PMS −MOCSA èqei kalÔterh apìdosh se sqèsh me touc
�llouc algìrijmouc, ìson afor� ta mètra apotelesmatikìthtac L, ∆ kai C,
se posostì 70%, 45% kai 100% twn paradeigm�twn, antÐstoiqa. 'Oson afo-
r� to mètro apotelesmatikìthtac Mk, o algìrijmoc PMS − NSGA II èqei
kalÔterh apìdosh se posostì 45% twn paradeigm�twn.

Lamb�nontac upìyhn ìla ta apotelèsmata pou ex gagan oi algìrijmoi apì
ìla ta poluantikeimenik� probl mata pou epilÔjhkan, o algìrijmoc PMS −
MOCSA par�gei mètwpa Pareto me perissìterec lÔseic kai me kalÔterh dia-
spor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me thn diaspor� pou parathreÐtai
sta mètwpa twn �llwn algorÐjmwn. O algìrijmoc PMS−NSGA II par�gei
mètwpa Pareto me megalÔterh èktash se sqèsh me thn èktash pou parathreÐtai
sta mètwpa twn �llwn algorÐjmwn. Tèloc, ta mètwpa Pareto pou par�go-
ntai apì ton algìrijmo PMS−MOCSA kuriarqoÔn sta mètwpa Pareto pou
par�gontai apì touc �llouc dÔo algìrijmouc.

8.5.3. SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−ABC, PMS−
NSPSO, PMS −NSGA II kai PMS −NSDE

Se autì to upokef�laio paratÐjentai ta apotelèsmata twn poluantikeime-
nik¸n algorÐjmwn, pou exet�zontai se aut n thn sÔgkrish, gia ìla ta pro-
bl mata pou epilÔontai sthn paroÔsa diatrib . H diadikasÐa pou akolouj jh-
ke eÐnai Ðdia ìpwc kai sthn sÔgkrish sthn upopar�grafo 8.5.1. Pr¸ta, parou-
si�zetai to mètwpo Pareto twn algorÐjmwn PMS−ABC, PMS−NSPSO,
PMS −NSGA II kai PMS −NSDE gia tèssera antiproswpeutik� para-
deÐgmata (Sq ma 17) kai èpeita, ston PÐnaka 16, parousi�zontai ta apote-
lèsmata gia ta pr¸ta trÐa mètra apotelesmatikìthtac gia ton algìrijmo
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PMS−ABC, en¸ ston PÐnaka 17 parousi�zontai oi mèsoi ìroi kai ta kalÔte-
ra trexÐmata, ta opoÐa brÐskontai se parènjesh, gia touc tèsseric algìrij-
mouc. Sth sunèqeia, stouc PÐnakec 18 - 21 parousi�zontai ta apotelèsmata
gia to mètro apotelesmatikìthtac C twn tess�rwn algorÐjmwn gia ta tès-
sera probl mata pou epilÔontai. Ed¸ axÐzei na shmeiwjeÐ ìti oi algìrijmoi
PMS−ABC, PMS−NSPSO, PMS−NSGA II kai PMS−NSDE stouc
parap�nw pÐnakec (PÐnakec 18-21) anafèrontai en suntomÐa ABC, NSPSO,
NSGA II kai NSDE, antÐstoiqa. Epiplèon, prèpei na epishmanjeÐ ìti ston
PÐnaka 16 ta apotelèsmata me èntonouc qarakt rec eÐnai aut� pou èqoun a-
pod¸sei kalÔtera apì thn sÔgkrish tou algorÐjmou PMS − ABC gia tic
pènte epanal yeic, en¸ stouc PÐnakec 17-21 ta apotelèsmata me èntonouc qa-
rakt rec eÐnai aut� pou èqoun apod¸sei kalÔtera apì thn sÔgkrish twn tes-
s�rwn algorÐjmwn. Tèloc, gÐnetai diagrammatik  apeikìnish thc sÔgkrishc
tìso twn apotelesm�twn twn algorÐjmwn b�sei twn apotelesm�twn gia k�je
prìblhma, ìso kai twn apotelesm�twn b�sei twn sugkentrwtik¸n apotele-
sm�twn twn problhm�twn (Sq ma 18). Prèpei na shmeiwjeÐ ìti ta probl mata
1-4 eÐnai ta Ðdia probl mata me th diagrammatik  apeikìnish (Sq ma 14) sthn
upopar�grafo 8.5.1.

167



(aþ) (bþ)

(gþ) (dþ)

Sq ma 17: (a'), (g') Mètwpa Pareto gia touc algìrijmouc PMS−ABC, PMS−NSPSO,
PMS−NSGA II kai PMS−NSDE gia to par�deigma kroCDAE100par3 tou Poluanti-
keimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia
Dromolìgia Dianom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective
Asymmetric Delivery Route-based Fuel Consumption Multi-Depot Vehicle Routing Pro-
blem) kai tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Ka-
tan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc
Apoj kec (Multiobjective Asymmetric Pick-up Route-based Fuel Consumption Multi-
Depot Vehicle Routing Problem), antÐstoiqa. (b'), (d') Mètwpa Pareto gia touc parap�nw
algìrijmouc gia to par�deigma kroAE100par3 tou PoluantikeimenikoÔ SummetrikoÔ Pro-
bl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Pa-
ramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Delivery Route-
based Fuel Consumption Multi-Depot Vehicle Routing Problem) kai tou Poluantikeimeni-
koÔ SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromo-
lìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Sym-
metric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem),
antÐstoiqa.
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PÐnakac 17: Mèsoi 'Oroi kai KalÔtera TrexÐmata gia ìlouc touc algorÐjmouc pou qrhsi-
mopoioÔntai stic sugkrÐseic

Multiobjective Asymmetric Delivery Multiobjective Asymmetric Pick-up

Algìrijmoi Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

L Mk ∆ L Mk ∆

A− B − CD

PMS − ABC 25.20(26) 519.39(537.22) 0.68(0.69) 30.20(31) 594.50(615.83) 0.72(0.70)
PMS −NSPSO 46.40(53) 598.41(592.84) 0.70(0.68) 47.00(56) 597.42(609.09) 0.66(0.62)
PMS −NSGA II 56.40(62) 592.33(598.84) 0.61(0.54) 59.80(63) 598.92(608.39) 0.61(0.65)
PMS −NSDE 50.00(59) 598.17(604.03) 0.61(0.53) 46.00(49) 598.81(605.87) 0.61(0.62)

A− C − BD

PMS − ABC 26.40(30) 514.57(523.10) 0.80(0.94) 29.60(33) 599.64(609.91) 0.72(0.73)
PMS −NSPSO 47.60(51) 600.33(611.96) 0.68(0.68) 47.80(53) 601.70(595.13) 0.64(0.59)
PMS −NSGA II 61.80(72) 594.92(602.67) 0.61(0.68) 58.80(56) 604.25(613.08) 0.59(0.64)
PMS −NSDE 49.40(56) 594.19(603.86) 0.63(0.64) 44.40(50) 597.25(612.67) 0.63(0.62)

A−D − BE

PMS − ABC 21.20(25) 513.52(533.70) 0.79(0.84) 30.40(33) 604.45(614.92) 0.80(0.85)
PMS −NSPSO 48.80(52) 592.57(606.60) 0.64(0.62) 46.00(48) 608.80(620.73) 0.66(0.65)
PMS −NSGA II 54.20(54) 601.74(597.52) 0.61(0.55) 54.60(63) 602.82(610.88) 0.61(0.60)
PMS −NSDE 46.80(51) 591.33(585.05) 0.68(0.58) 46.20(53) 594.36(608.66) 0.64(0.58)

A− E − BD

PMS − ABC 24.40(30) 515.43(519.05) 0.71(0.64) 30.80(28) 597.77(603.00) 0.80(0.72)
PMS −NSPSO 48.00(58) 586.44(595.07) 0.65(0.63) 49.00(60) 597.10(610.34) 0.67(0.69)
PMS −NSGA II 57.20(56) 595.30(604.81) 0.58(0.56) 56.40(60) 591.73(615.11) 0.58(0.53)
PMS −NSDE 53.80(58) 589.49(595.89) 0.66(0.66) 45.40(49) 598.88(578.64) 0.64(0.52)

B − C − AD

PMS − ABC 19.60(23) 479.34(507.12) 0.87(0.78) 25.60(31) 590.78(585.40) 0.79(0.76)
PMS −NSPSO 42.00(45) 587.45(587.39) 0.66(0.69) 43.20(38) 601.86(616.66) 0.67(0.57)
PMS −NSGA II 51.20(64) 596.11(602.55) 0.61(0.60) 53.60(60) 602.63(609.71) 0.63(0.65)
PMS −NSDE 42.20(47) 593.19(586.51) 0.63(0.56) 44.00(47) 596.09(594.45) 0.69(0.61)

B −D − AC

PMS − ABC 21.00(26) 508.53(514.14) 0.72(0.69) 24.40(25) 590.85(602.09) 0.72(0.67)
PMS −NSPSO 42.00(53) 589.78(591.38) 0.62(0.66) 42.20(50) 581.03(589.53) 0.68(0.75)
PMS −NSGA II 54.60(63) 593.43(618.00) 0.61(0.53) 51.40(46) 587.73(606.69) 0.60(0.51)
PMS −NSDE 43.20(48) 591.59(611.63) 0.71(0.72) 44.80(50) 592.20( 586.71) 0.66(0.58)

B − E − AD

PMS − ABC 23.20(26) 489.52(510.33) 0.76(0.86) 29.40(34) 598.01(599.91) 0.77(0.73)
PMS −NSPSO 42.00(45) 584.42(543.81) 0.59(0.52) 48.00(47) 601.43(611.90) 0.65(0.62)
PMS −NSGA II 50.80(57) 597.52(599.73) 0.56(0.56) 50.20(55) 594.89(600.52) 0.60(0.58)
PMS −NSDE 41.80(47) 596.38(611.30) 0.66(0.61) 41.00(46) 598.64(622.57) 0.66(0.66)

C −D − AE

PMS − ABC 25.40(30) 524.53(520.80) 0.82(0.76) 28.60(27) 598.07(614.45) 0.72(0.63)
PMS −NSPSO 45.00(57) 593.92(593.63) 0.67(0.66) 44.00(36) 592.59(602.11) 0.67(0.55)
PMS −NSGA II 53.60(49) 597.24(589.81) 0.58(0.53) 51.80(59) 597.78(610.64) 0.63(0.59)
PMS −NSDE 42.40(42) 594.55(610.84) 0.63(0.60) 44.40(51) 594.87(591.47) 0.70(0.71)

C − E − AB

PMS − ABC 25.80(33) 520.43(520.96) 0.81(0.85) 26.00(27) 594.23(597.77) 0.84(0.76)
PMS −NSPSO 45.00(48) 586.58(577.86) 0.66(0.54) 46.80(41) 588.78(601.76) 0.63(0.53)
PMS −NSGA II 55.00(47) 592.95(602.86) 0.61(0.57) 51.00(65) 595.58(608.99) 0.65(0.74)
PMS −NSDE 39.40(47) 592.59(569.13) 0.67(0.63) 47.20(47) 593.76(612.40) 0.63(0.57)

D − E − BC

PMS − ABC 23.20(23) 510.71(514.93) 0.70(0.60) 28.00(30) 581.88(577.52) 0.77(0.63)
PMS −NSPSO 42.60(50) 571.71(568.50) 0.67(0.69) 39.60(44) 578.42(573.72) 0.60(0.68)
PMS −NSGA II 43.60(48) 526.74(503.05) 0.62(0.53) 50.80(56) 581.08(602.31) 0.66(0.69)
PMS −NSDE 42.00(44) 582.50(589.22) 0.68(0.64) 43.60(52) 581.38(588.35) 0.60(0.64)

Multiobjective Symmetric Delivery Multiobjective Symmetric Pick-up

Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

A− B

PMS − ABC 29.00(31) 603.23(610.84) 0.76(0.69) 21.40(25) 600.76(611.89) 0.75(0.69)
PMS −NSPSO 47.80(52) 613.92(610.29) 0.68(0.62) 51.60(54) 607.75(602.86) 0.69(0.62)
PMS −NSGA II 56.40(61) 602.89(603.41) 0.66(0.62) 58.60(79) 596.88(605.27) 0.66(0.60)
PMS −NSDE 44.60(45) 605.73(596.04) 0.67(0.55) 44.60(46) 602.96(622.10) 0.68(0.62)

A− C

PMS − ABC 32.20(36) 602.04(602.18) 0.83(0.70) 22.20(25) 599.57(601.56) 0.79(0.76)
PMS −NSPSO 50.20(53) 604.15(615.43) 0.66(0.67) 47.40(53) 604.96(608.06) 0.68(0.72)
PMS −NSGA II 62.60(66) 609.36(611.80) 0.63(0.54) 56.60(63) 606.55(615.56) 0.64(0.61)
PMS −NSDE 51.40(57) 596.73(602.61) 0.65(0.69) 49.20(44) 603.51(607.51) 0.65(0.61)

A−D

PMS − ABC 29.20(35) 584.48(610.10) 0.84(0.88) 25.20(26) 583.36(582.98) 0.69(0.59)
PMS −NSPSO 48.40(54) 577.25(575.63) 0.62(0.61) 49.00(58) 586.10(594.99) 0.63(0.64)
PMS −NSGA II 54.40(57) 592.85(587.50) 0.67(0.63) 58.60(66) 580.64(582.86) 0.66(0.60)
PMS −NSDE 46.20(40) 581.70(591.46) 0.66(0.67) 47.00(47) 579.02(577.96) 0.66(0.58)

A− E

PMS − ABC 35.00(36) 598.62(596.71) 0.83(0.74) 20.80(27) 596.34(603.89) 0.72(0.72)
PMS −NSPSO 48.00(47) 595.33(602.24) 0.68(0.69) 41.60(46) 592.88(612.23) 0.68(0.81)
PMS −NSGA II 51.20(51) 598.85(608.34) 0.62(0.60) 61.00(74) 598.56(598.90) 0.65(0.59)
PMS −NSDE 44.60(49) 604.13(608.11) 0.68(0.63) 43.80(43) 602.41(605.73) 0.62(0.58)

B − C

PMS − ABC 24.00(28) 554.94(590.73) 0.83(0.95) 24.20(26) 595.01(604.70) 0.76(0.69)
PMS −NSPSO 41.00(51) 589.04(587.03) 0.68(0.62) 47.40(49) 595.11(605.91) 0.67(0.64)
PMS −NSGA II 58.80(55) 591.49(602.55) 0.65(0.55) 56.20(61) 597.28(590.74) 0.65(0.61)
PMS −NSDE 49.80(60) 589.78(610.81) 0.66(0.56) 42.00(49) 589.82(613.07) 0.72(0.64)

B −D

PMS − ABC 28.40(30) 589.34(598.79) 0.81(0.93) 20.40(24) 583.20(600.10) 0.69(0.69)
PMS −NSPSO 43.40(55) 594.80(598.42) 0.65(0.54) 43.20(49) 591.07(600.78) 0.64(0.54)
PMS −NSGA II 58.60(56) 595.91(609.20) 0.64(0.63) 55.80(54) 592.55(608.67) 0.65(0.66)
PMS −NSDE 43.20(45) 595.65(595.43) 0.69(0.60) 41.20(54) 582.58(600.87) 0.70(0.68)

B − E

PMS − ABC 28.40(31) 594.76(614.93) 0.85(0.78) 17.60(19) 602.44(606.64) 0.72(0.67)
PMS −NSPSO 49.40(52) 606.42(590.66) 0.60(0.53) 41.40(40) 604.84(618.80) 0.68(0.63)
PMS −NSGA II 57.60(59) 603.48(607.87) 0.61(0.60) 58.60(63) 603.78(618.11) 0.63(0.55)
PMS −NSDE 47.80(45) 603.11(609.40) 0.67(0.60) 44.40(46) 580.23(573.63) 0.66(0.58)

C −D

PMS − ABC 29.00(32) 586.84(585.57) 0.76(0.62) 19.40(22) 583.38(606.27) 0.61(0.57)
PMS −NSPSO 48.80(46) 584.51(602.85) 0.64(0.59) 46.60(56) 586.85(594.19) 0.67(0.73)
PMS −NSGA II 56.60(59) 587.97(604.68) 0.63(0.64) 51.20(57) 586.43(587.41) 0.59(0.60)
PMS −NSDE 42.80(51) 577.40(594.58) 0.65(0.61) 46.80(51) 586.32(573.07) 0.66(0.57)

C − E

PMS − ABC 33.20(29) 603.84(616.56) 0.80(0.68) 22.40(23) 600.35(619.16) 0.71(0.65)
PMS −NSPSO 48.00(51) 598.45(604.81) 0.64(0.65) 43.20(33) 599.71(609.57) 0.67(0.59)
PMS −NSGA II 60.40(63) 599.00(592.77) 0.64(0.58) 60.40(61) 607.48(613.53) 0.65(0.60)
PMS −NSDE 49.40(53) 594.95(611.88) 0.73(0.75) 52.20(60) 601.83(615.53) 0.67(0.72)

D − E

PMS − ABC 31.80(33) 604.43(599.06) 0.77(0.68) 24.00(26) 608.29(620.04) 0.71(0.58)
PMS −NSPSO 49.20(57) 606.90(620.98) 0.71(0.80) 48.00(55) 609.46(617.27) 0.69(0.70)
PMS −NSGA II 60.20(52) 601.63(610.06) 0.67(0.66) 59.00(53) 606.62(617.50) 0.63(0.57)
PMS −NSDE 49.80(46) 604.82(619.96) 0.66(0.55) 49.00(54) 615.41(622.74) 0.70(0.64)

170



PÐnakac 18: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric al-
gìrijmouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì
Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dro-
molìgia Dianom c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunar-
t seic OF1−OF2

OF1 − OF2 Multiobjective Asymmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B − CD ABC NSPSO NSDE NSGA II B − D − AC ABC NSPSO NSDE NSGA II
ABC - 0.87 0.69 0.85 ABC - 0.66 0.96 0.83

NSPSO 0 - 0.25 0.82 NSPSO 0.08 - 0.63 0.89
NSDE 0.12 0.55 - 0.90 NSDE 0 0.30 - 0.63
NSGA II 0 0.04 0.08 - NSGA II 0 0.02 0.17 -

A − C − BD ABC NSPSO NSDE NSGA II B − E − AD ABC NSPSO NSDE NSGA II
ABC - 0.63 0.66 0.69 ABC - 0.82 0.38 0.77

NSPSO 0.37 - 0.59 0.78 NSPSO 0.04 - 0.15 0.75
NSDE 0.17 0.39 - 0.83 NSDE 0.23 0.73 - 0.93
NSGA II 0 0.02 0.04 - NSGA II 0 0.07 0 -

A − D − BE ABC NSPSO NSDE NSGA II C − D − AE ABC NSPSO NSDE NSGA II
ABC - 0.83 0.57 0.93 ABC - 0.88 0.76 0.88

NSPSO 0 - 0.16 0.74 NSPSO 0 - 0.38 0.82
NSDE 0.16 0.79 - 0.93 NSDE 0.10 0.65 - 0.82
NSGA II 0 0.15 0.02 - NSGA II 0 0.07 0.07 -

A − E − BD ABC NSPSO NSDE NSGA II C − E − AB ABC NSPSO NSDE NSGA II
ABC - 0.76 0.67 0.88 ABC - 0.73 0.64 0.79

NSPSO 0.03 - 0.21 0.89 NSPSO 0.21 - 0.45 0.79
NSDE 0.10 0.55 - 0.91 NSDE 0.15 0.48 - 0.81
NSGA II 0 0.03 0 - NSGA II 0.09 0.13 0.13 -

B − C − AD ABC NSPSO NSDE NSGA II D − E − BC ABC NSPSO NSDE NSGA II
ABC - 0.82 0.72 0.78 ABC - 0.82 0.68 0.52

NSPSO 0.13 - 0.28 0.86 NSPSO 0.17 - 0.16 0.38
NSDE 0.04 0.38 - 0.94 NSDE 0.30 0.50 - 0.40
NSGA II 0 0.04 0 - NSGA II 0.52 0.56 0.64 -

PÐnakac 19: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric algìrij-
mouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Diano-
m c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Symmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B ABC NSPSO NSDE NSGA II B − D ABC NSPSO NSDE NSGA II
ABC - 0.81 0.69 0.95 ABC - 0.65 0.87 0.93

NSPSO 0.06 - 0.33 0.97 NSPSO 0.27 - 0.67 0.96
NSDE 0.13 0.42 - 0.97 NSDE 0.07 0.22 - 0.84
NSGA II 0.03 0.02 0 - NSGA II 0 0 0.07 -

A − C ABC NSPSO NSDE NSGA II B − E ABC NSPSO NSDE NSGA II
ABC - 0.83 0.86 1.00 ABC - 0.90 0.69 0.85

NSPSO 0.11 - 0.54 0.97 NSPSO 0.03 - 0.38 0.78
NSDE 0.08 0.34 - 0.98 NSDE 0.19 0.54 - 0.90
NSGA II 0 0 0 - NSGA II 0.03 0.10 0.07 -

A − D ABC NSPSO NSDE NSGA II C − D ABC NSPSO NSDE NSGA II
ABC - 0.70 0.60 0.84 ABC - 0.87 0.90 1.00

NSPSO 0.20 - 0.35 0.96 NSPSO 0.03 - 0.35 0.81
NSDE 0.17 0.59 - 0.82 NSDE 0.03 0.35 - 0.90
NSGA II 0.14 0 0.10 - NSGA II 0 0.07 0.06 -

A − E ABC NSPSO NSDE NSGA II C − E ABC NSPSO NSDE NSGA II
ABC - 0.96 0.88 0.98 ABC - 0.82 0.62 0.87

NSPSO 0 - 0.39 0.92 NSPSO 0.17 - 0.42 0.81
NSDE 0 0.60 - 0.86 NSDE 0.28 0.53 - 0.86
NSGA II 0 0.06 0.06 - NSGA II 0.14 0.20 0.15 -

B − C ABC NSPSO NSDE NSGA II D − E ABC NSPSO NSDE NSGA II
ABC - 0.82 0.82 0.82 ABC - 0.70 0.50 0.96

NSPSO 0.11 - 0.38 0.78 NSPSO 0.15 - 0.35 0.92
NSDE 0.11 0.63 - 0.91 NSDE 0.33 0.51 - 0.98
NSGA II 0.14 0.12 0.10 - NSGA II 0.03 0.02 0 -
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PÐnakac 20: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric al-
gìrijmouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì
Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dro-
molìgia Sullog c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunar-
t seic OF1−OF3

OF1 − OF3 Multiobjective Asymmetric Pick-up Route based Fuel Consumption Multi - Depot VRP

A − B − CD ABC NSPSO NSDE NSGA II B − D − AC ABC NSPSO NSDE NSGA II
ABC - 0.70 0.63 0.75 ABC - 0.92 0.94 1.00

NSPSO 0.13 - 0.41 0.67 NSPSO 0.12 - 0.48 0.96
NSDE 0.26 0.43 - 0.76 NSDE 0.08 0.38 - 0.98
NSGA II 0.16 0.09 0.14 - NSGA II 0 0 0 -

A − C − BD ABC NSPSO NSDE NSGA II B − E − AD ABC NSPSO NSDE NSGA II
ABC - 0.70 0.50 0.88 ABC - 0.70 0.78 0.84

NSPSO 0.09 - 0.40 0.91 NSPSO 0.12 - 0.50 0.75
NSDE 0.27 0.49 - 0.82 NSDE 0.18 0.49 - 0.84
NSGA II 0.03 0.02 0.06 - NSGA II 0.09 0.11 0.11 -

A − D − BE ABC NSPSO NSDE NSGA II C − D − AE ABC NSPSO NSDE NSGA II
ABC - 0.73 0.64 0.89 ABC - 0.83 0.92 0.88

NSPSO 0.09 - 0.25 0.87 NSPSO 0.07 - 0.55 0.90
NSDE 0.36 0.63 - 0.87 NSDE 0.04 0.19 - 0.83
NSGA II 0.15 0.08 0.02 - NSGA II 0.07 0.03 0.02 -

A − E − BD ABC NSPSO NSDE NSGA II C − E − AB ABC NSPSO NSDE NSGA II
ABC - 0.70 0.47 0.77 ABC - 0.61 0.74 0.98

NSPSO 0.21 - 0.22 0.80 NSPSO 0.26 - 0.40 0.85
NSDE 0.29 0.65 - 0.82 NSDE 0.19 0.32 - 0.86
NSGA II 0.11 0.08 0.10 - NSGA II 0 0.10 0.04 -

B − C − AD ABC NSPSO NSDE NSGA II D − E − BC ABC NSPSO NSDE NSGA II
ABC - 0.58 0.87 0.93 ABC - 0.64 0.69 0.82

NSPSO 0.16 - 0.74 0.90 NSPSO 0.30 - 0.50 0.77
NSDE 0.06 0.18 - 0.68 NSDE 0.17 0.36 - 0.73
NSGA II 0.03 0 0.17 - NSGA II 0.13 0.09 0.17 -

PÐnakac 21: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric algìrij-
mouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Symmetric Pick-up Route based Fuel Consumption Multi - Depot VRP

A − B ABC NSPSO NSDE NSGA II B − D ABC NSPSO NSDE NSGA II
ABC - 0.54 0.43 0.95 ABC - 0.71 0.59 0.87

NSPSO 0.32 - 0.48 1.00 NSPSO 0.13 - 0.35 0.94
NSDE 0.28 0.31 - 1.00 NSDE 0.21 0.51 - 0.89
NSGA II 0 0 0 - NSGA II 0.08 0.02 0.02 -

A − C ABC NSPSO NSDE NSGA II B − E ABC NSPSO NSDE NSGA II
ABC - 0.89 0.59 0.95 ABC - 0.95 0.89 0.92

NSPSO 0.12 - 0.30 0.84 NSPSO 0 - 0.50 0.68
NSDE 0.32 0.75 - 0.90 NSDE 0 0.43 - 0.71
NSGA II 0 0.08 0 - NSGA II 0 0.15 0.11 -

A − D ABC NSPSO NSDE NSGA II C − D ABC NSPSO NSDE NSGA II
ABC - 0.78 0.49 0.94 ABC - 0.52 0.73 0.84

NSPSO 0.19 - 0.23 0.86 NSPSO 0.23 - 0.65 0.88
NSDE 0.35 0.62 - 0.94 NSDE 0.05 0.13 - 0.81
NSGA II 0.15 0.07 0.04 - NSGA II 0.14 0.07 0.14 -

A − E ABC NSPSO NSDE NSGA II C − E ABC NSPSO NSDE NSGA II
ABC - 0.54 0.60 0.86 ABC - 0.58 0.58 0.93

NSPSO 0.19 - 0.49 0.85 NSPSO 0.26 - 0.58 0.85
NSDE 0.19 0.30 - 0.85 NSDE 0.43 0.36 - 0.92
NSGA II 0.19 0.09 0.12 - NSGA II 0 0.03 0.03 -

B − C ABC NSPSO NSDE NSGA II D − E ABC NSPSO NSDE NSGA II
ABC - 0.67 0.41 0.98 ABC - 0.67 0.43 0.92

NSPSO 0.27 - 0.31 0.95 NSPSO 0.19 - 0.33 0.89
NSDE 0.42 0.57 - 1.00 NSDE 0.54 0.49 - 0.94
NSGA II 0 0 0 - NSGA II 0.04 0.02 0 -

Apì touc PÐnakec 16 kai 17, kaj¸c kai apì to Sq ma 18, bgaÐnei to
sumpèrasma ìti, lamb�nontac upìyhn to mètro apìdoshc L, o algìrijmoc
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Sq ma 18: (a') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn algo-
rÐjmwn PMS − ABC, PMS − NSPSO, PMS − NSDE kai PMS − NSGA II b�sei
twn apotelesm�twn gia k�je prìblhma. (b') Diagrammatik  apeikìnish thc sÔgkrishc twn
apotelesm�twn twn parap�nw algorÐjmwn b�sei twn sugkentrwtik¸n apotelesm�twn.
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PMS − NSGA II èqei kalÔterh apìdosh apì touc �llouc treic algìrij-
mouc sto 75% twn peript¸sewn, en¸ oi algìrijmoi PMS − NSPSO kai
PMS − NSDE sto 12,5% kai sto 2,5% twn peript¸sewn, antÐstoiqa. E-
piplèon, oi algìrijmoi PMS − NSPSO kai PMS − NSDE, kaj¸c kai
oi algìrijmoi PMS − NSPSO kai PMS − NSGA II kai oi algìrijmoi
PMS − NSDE kai PMS − NSGA II èqoun thn Ðdia apìdosh sto 5%,
2,5% kai 2,5% twn peript¸sewn, antÐstoiqa. Lamb�nontac upìyhn to mètro
apìdoshc Mk, o algìrijmoc PMS − NSDE èqei kalÔterh apìdosh apì
touc �llouc treic algìrijmouc sto 30% twn peript¸sewn, en¸ oi algìrij-
moi PMS−NSGA II, PMS−NSPSO kai PMS−ABC sto 27,5%, 22,5%
kai 20% twn peript¸sewn, antÐstoiqa. Lamb�nontac upìyhn to mètro apìdo-
shc ∆, o algìrijmoc PMS − NSGA II èqei kalÔterh apìdosh apì touc
�llouc treic algìrijmouc sto 37,5% twn peript¸sewn, en¸ oi algìrijmoi
PMS−NSPSO, PMS−NSDE kai PMS−ABC sto 30%, 22,5% kai 2,5%
twn peript¸sewn, antÐstoiqa. Epiplèon, oi algìrijmoi PMS − NSPSO kai
PMS−NSDE, kaj¸c kai oi algìrijmoi PMS−NSDE kai PMS−NSGA
II kai oi algìrijmoi PMS−NSDE kai PMS−ABC èqoun thn Ðdia apìdo-
sh sto 2,5% twn peript¸sewn to k�je zeÔgoc, antÐstoiqa. Tèloc, apì touc
PÐnakec 18 - 21 sumperaÐnoume ìti, lamb�nontac upìyhn to mètro apìdoshc
C, o algìrijmoc PMS −ABC èqei kalÔterh apìdosh apì touc �llouc treic
algìrijmouc sto 92,5% twn peript¸sewn, en¸ oi algìrijmoi PMS −NSDE
kai PMS −NSGA II sto 5% kai 2,5% twn peript¸sewn, antÐstoiqa.

EÐnai shmantikì na tonisteÐ ìti gia to Sq ma 18 akoloujeÐtai h Ðdia dia-
dikasÐa ìpwc sto Sq ma 14. SÔmfwna me aut n th diadikasÐa, h prìsjesh
twn paradeigm�twn pou eÐnai pio apotelesmatikoÐ oi algìrijmoi, gia ta mètra
apotelesmatikìthtac L kai ∆, xepern�ei to sunolikì �jroisma twn paradeig-
m�twn, to opoÐo eÐnai sar�nta, miac kai pollèc forèc dÔo   kai perissìteroi
algìrijmoi mporoÔn na èqoun is�xia kalÔterh epÐdosh apì touc upìloipouc gia
k�poio par�deigma, ìpwc anafèrjhke analutik� sthn prohgoÔmenh par�gra-
fo. Tèloc, apì to Sq ma 17 katal goume sto sumpèrasma ìti o algìrijmoc
PMS − ABC kuriarqeÐ sta mètwpa tou Pareto pou par�gontai apì touc
�llouc treic algìrijmouc.

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
sta dÔo probl mata dianom c o algìrijmoc PMS−NSGA II par�gei mètwpa
Pareto me perissìterec lÔseic, megalÔterh èktash kai me megalÔterh diaspo-
r� mh-kuriarqoÔmenwn lÔsewn (mètra apìdoshc L, Mk kai ∆) se sqèsh me
tic lÔseic pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn (70%, 35% kai
45% twn paradeigm�twn, antÐstoiqa). Tèloc, ta mètwpa Pareto pou par�go-
ntai apì ton algìrijmo PMS − ABC kuriarqoÔn sta mètwpa Pareto pou
par�gontai apì touc �llouc treic algìrijmouc (mètro apìdoshc C) (95% twn
paradeigm�twn).
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Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
kai sta dÔo probl mata sullog c o algìrijmoc PMS − NSGA II par�gei
mètwpa Pareto me perissìterec lÔseic (mètro apìdoshc L) se sqèsh me tic
lÔseic pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn (80% twn pa-
radeigm�twn). Epiprìsjeta, o algìrijmoc PMS − NSDE par�gei mètwpa
Pareto me megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn èkta-
sh pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn (35% twn paradeig-
m�twn). Epiplèon, oi algìrijmoi PMS − NSPSO kai PMS − NSGA II
par�goun mètwpa Pareto me megalÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn
(mètro apìdoshc ∆) se sqèsh me th diaspor� pou parathreÐtai sta mètw-
pa twn �llwn algorÐjmwn (30% twn paradeigm�twn o kajènac). Tèloc, ta
mètwpa Pareto pou par�gontai apì ton algìrijmo PMS −ABC kuriarqoÔn
sta mètwpa Pareto pou par�gontai apì touc �llouc treic algìrijmouc (mètro
apìdoshc C) (90% twn paradeigm�twn).

Apì tic epidìseic twn tess�rwn algorÐjmwn gia ta dÔo poluantikeimeni-
k� summetrik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −
NSGA II èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson
afor� ta mètra apotelesmatikìthtac L kai ∆, se posostì 80% kai 40% twn
paradeigm�twn, antÐstoiqa. 'Oson afor� ta mètra apotelesmatikìthtac Mk

kai C, o algìrijmoc PMS − ABC èqei kalÔterh apìdosh se posostì 30%
kai 90% twn paradeigm�twn, antÐstoiqa. Apì tic epidìseic twn tess�rwn al-
gorÐjmwn gia ta dÔo poluantikeimenik� mh - summetrik� probl mata bgaÐnei to
sumpèrasma ìti o algìrijmoc PMS − NSGA II èqei kalÔterh apìdosh se
sqèsh me touc �llouc algìrijmouc, ìson afor� ta mètra apotelesmatikìth-
tac L kai ∆, se posostì 70% kai 35% twn paradeigm�twn, antÐstoiqa. 'Oson
afor� to mètro apotelesmatikìthtac Mk, o algìrijmoc PMS −NSDE èqei
kalÔterh apìdosh se posostì 40% twn paradeigm�twn. Tèloc, ìson afor�
to mètro apotelesmatikìthtac C, o algìrijmoc PMS − ABC èqei kalÔterh
apìdosh se posostì 95% twn paradeigm�twn.

Lamb�nontac upìyhn ìla ta apotelèsmata pou ex gagan oi algìrijmoi apì
ìla ta poluantikeimenik� probl mata pou epilÔjhkan, o algìrijmoc PMS −
NSGA II par�gei mètwpa Pareto me perissìterec lÔseic kai me kalÔterh dia-
spor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me thn diaspor� pou parathreÐtai
sta mètwpa twn �llwn algorÐjmwn. O algìrijmoc PMS − NSDE par�gei
mètwpa Pareto me megalÔterh èktash se sqèsh me thn èktash pou parath-
reÐtai sta mètwpa twn �llwn algorÐjmwn. Tèloc, ta mètwpa Pareto pou
par�gontai apì ton algìrijmo PMS −ABC kuriarqoÔn sta mètwpa Pareto
pou par�gontai apì touc �llouc treic algìrijmouc.

Genik�, autì pou parathreÐtai se ìlec tic epimèrouc sugkrÐseic me touc
treic arqikoÔc algìrijmouc, eÐnai ìti o proteinìmenoc algìrijmoc kuriarqeÐ
sto tètarto mètro kai sta Pareto mètwpa kai upoleÐpetai sta �lla trÐa mètra.
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'Omwc, h apìluth kuriarqÐa tou sto tètarto mètro, pou sthn ousÐa deÐqnei
pìso kalÔterec eÐnai oi lÔseic, afoÔ mac deÐqnei ìti to Pareto mètwpo pou
pro lje apì ton algìrijmo eÐnai polÔ kalÔtero apì ta �lla Pareto mètwpa,
deÐqnei th shmantikìthta tou tètartou mètrou.

8.5.4. SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS −BA, PMS −
NSPSO, PMS −NSGA II kai PMS −NSDE

Sth sunèqeia paratÐjentai ta apotelèsmata twn poluantikeimenik¸n algo-
rÐjmwn, pou exet�zontai se aut n thn sÔgkrish, gia ìla ta probl mata pou
epilÔontai sthn paroÔsa diatrib . H diadikasÐa pou akolouj jhke eÐnai Ðdia
ìpwc kai sthn sÔgkrish sthn upopar�grafo 8.5.1. Pio analutik�, arqik�, pa-
rousi�zetai to mètwpo Pareto twn algorÐjmwn PMS−BA, PMS−NSPSO,
PMS −NSGA II kai PMS −NSDE gia tèssera antiproswpeutik� para-
deÐgmata (Sq ma 19). 'Epeita, parousi�zontai ta apotelèsmata gia ta pr¸ta
trÐa mètra apotelesmatikìthtac gia ton algìrijmo PMS − BA ston PÐnaka
22, en¸ ston PÐnaka 23 parousi�zontai oi mèsoi ìroi kai ta kalÔtera trexÐma-
ta, ta opoÐa brÐskontai se parènjesh, gia touc tèsseric algìrijmouc. Sth
sunèqeia, parousi�zontai ta apotelèsmata gia to mètro apotelesmatikìth-
tac C twn tess�rwn algorÐjmwn gia ta tèssera probl mata pou epilÔontai
stouc PÐnakec 24 - 27. Ed¸ axÐzei na shmeiwjeÐ ìti oi algìrijmoi PMS−BA,
PMS − NSPSO, PMS − NSGA II kai PMS − NSDE stouc parap�nw
pÐnakec (PÐnakec 24-27) anafèrontai en suntomÐa BA, NSPSO, NSGA II
kai NSDE, antÐstoiqa. Epiplèon, prèpei na epishmanjeÐ ìti ston PÐnaka
22 ta apotelèsmata me èntonouc qarakt rec eÐnai aut� pou èqoun apod¸sei
kalÔtera apì thn sÔgkrish tou algorÐjmou PMS − BA gia tic pènte epa-
nal yeic, en¸ stouc PÐnakec 23-27 ta apotelèsmata me èntonouc qarakt rec
eÐnai aut� pou èqoun apod¸sei kalÔtera apì thn sÔgkrish twn tess�rwn al-
gorÐjmwn. Tèloc, gÐnetai diagrammatik  apeikìnish thc sÔgkrishc tìso twn
apotelesm�twn twn algorÐjmwn b�sei twn apotelesm�twn gia k�je prìblh-
ma, ìso kai twn apotelesm�twn b�sei twn sugkentrwtik¸n apotelesm�twn
twn problhm�twn (Sq ma 20). Ed¸, prèpei na anaferjeÐ ìti ta probl mata
1-4 eÐnai ta Ðdia probl mata me th diagrammatik  apeikìnish (Sq ma 14) sthn
upopar�grafo 8.5.1.
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(aþ) (bþ)

(gþ) (dþ)

Sq ma 19: (a'), (g') Mètwpa Pareto gia touc algìrijmouc PMS −BA, PMS −NSPSO,
PMS−NSGA II kai PMS−NSDE gia to par�deigma kroABCD100par3 tou Poluanti-
keimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia
Dromolìgia Dianom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective
Asymmetric Delivery Route-based Fuel Consumption Multi-Depot Vehicle Routing Pro-
blem) kai tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Ka-
tan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc
Apoj kec (Multiobjective Asymmetric Pick-up Route-based Fuel Consumption Multi-
Depot Vehicle Routing Problem), antÐstoiqa. (b'), (d') Mètwpa Pareto gia touc parap�nw
algìrijmouc gia to par�deigma kroBE100par3 tou PoluantikeimenikoÔ SummetrikoÔ Pro-
bl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Pa-
ramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Delivery Route-
based Fuel Consumption Multi-Depot Vehicle Routing Problem) kai tou Poluantikeimeni-
koÔ SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromo-
lìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Sym-
metric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem),
antÐstoiqa.
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PÐnakac 23: Mèsoi 'Oroi kai KalÔtera TrexÐmata gia ìlouc touc algorÐjmouc pou qrhsi-
mopoioÔntai stic sugkrÐseic

Multiobjective Asymmetric Delivery Multiobjective Asymmetric Pick-up

Algìrijmoi Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

L Mk ∆ L Mk ∆

A− B − CD

PMS − BA 34.00(31) 598.03(599.15) 0.75(0.64) 40.80(37) 594.71(616.98) 0.73(0.67)
PMS −NSPSO 46.40(53) 598.41(592.84) 0.70(0.68) 47.00(56) 597.42(609.09) 0.66(0.62)
PMS −NSGA II 56.40(62) 592.33(598.84) 0.61(0.54) 59.80(63) 598.92(608.39) 0.61(0.65)
PMS −NSDE 50.00(59) 598.17(604.03) 0.61(0.53) 46.00(49) 598.81(605.87) 0.61(0.62)

A− C − BD

PMS − BA 39.00(38) 589.92(613.72) 0.76(0.80) 39.40(44) 591.71(577.95) 0.77(0.70)
PMS −NSPSO 47.60(51) 600.33(611.96) 0.68(0.68) 47.80(53) 601.70(595.13) 0.64(0.59)
PMS −NSGA II 61.80(72) 594.92(602.67) 0.61(0.68) 58.80(56) 604.25(613.08) 0.59(0.64)
PMS −NSDE 49.40(56) 594.19(603.86) 0.63(0.64) 44.40(50) 597.25(612.67) 0.63(0.62)

A−D − BE

PMS − BA 36.40(39) 601.75(605.68) 0.72(0.64) 38.40(48) 594.57(610.10) 0.74(0.71)
PMS −NSPSO 48.80(52) 592.57(606.60) 0.64(0.62) 46.00(48) 608.80(620.73) 0.66(0.65)
PMS −NSGA II 54.20(54) 601.74(597.52) 0.61(0.55) 54.60(63) 602.82(610.88) 0.61(0.60)
PMS −NSDE 46.80(51) 591.33(585.05) 0.68(0.58) 46.20(53) 594.36(608.66) 0.64(0.58)

A− E − BD

PMS − BA 35.60(35) 596.95(609.07) 0.68(0.62) 41.60(41) 593.47(599.95) 0.77(0.66)
PMS −NSPSO 48.00(58) 586.44(595.07) 0.65(0.63) 49.00(60) 597.10(610.34) 0.67(0.69)
PMS −NSGA II 57.20(56) 595.30(604.81) 0.58(0.56) 56.40(60) 591.73(615.11) 0.58(0.53)
PMS −NSDE 53.80(58) 589.49(595.89) 0.66(0.66) 45.40(49) 598.88(578.64) 0.64(0.52)

B − C − AD

PMS − BA 41.40(49) 587.53(602.33) 0.81(0.83) 34.60(45) 596.66(600.50) 0.71(0.72)
PMS −NSPSO 42.00(45) 587.45(587.39) 0.66(0.69) 43.20(38) 601.86(616.66) 0.67(0.57)
PMS −NSGA II 51.20(64) 596.11(602.55) 0.61(0.60) 53.60(60) 602.63(609.71) 0.63(0.65)
PMS −NSDE 42.20(47) 593.19(586.51) 0.63(0.56) 44.00(47) 596.09(594.45) 0.69(0.61)

B −D − AC

PMS − BA 37.80(30) 596.09(615.40) 0.78(0.73) 34.40(27) 580.63(614.54) 0.71(0.61)
PMS −NSPSO 42.00(53) 589.78(591.38) 0.62(0.66) 42.20(50) 581.03(589.53) 0.68(0.75)
PMS −NSGA II 54.60(63) 593.43(618.00) 0.61(0.53) 51.40(46) 587.73(606.69) 0.60(0.51)
PMS −NSDE 43.20(48) 591.59(611.63) 0.71(0.72) 44.80(50) 592.20(586.71) 0.66(0.58)

B − E − AD

PMS − BA 38.40(39) 589.92(599.89) 0.75(0.73) 32.20(40) 590.86(610.38) 0.76(0.73)
PMS −NSPSO 42.00(45) 584.42(543.81) 0.59(0.52) 48.00(47) 601.43(611.90) 0.65(0.62)
PMS −NSGA II 50.80(57) 597.52(599.73) 0.56(0.56) 50.20(55) 594.89(600.52) 0.60(0.58)
PMS −NSDE 41.80(47) 596.38(611.30) 0.66(0.61) 41.00(46) 598.64(622.57) 0.66(0.66)

C −D − AE

PMS − BA 42.00(47) 598.14(614.79) 0.77(0.75) 37.00(36) 600.71(610.45) 0.73(0.67)
PMS −NSPSO 45.00(57) 593.92(593.63) 0.67(0.66) 44.00(36) 592.59(602.11) 0.67(0.55)
PMS −NSGA II 53.60(49) 597.24(589.81) 0.58(0.53) 51.80(59) 597.78(610.64) 0.63(0.59)
PMS −NSDE 42.40(42) 594.55(610.84) 0.63(0.60) 44.40(51) 594.87(591.47) 0.70(0.71)

C − E − AB

PMS − BA 39.80(47) 586.61(596.46) 0.76(0.77) 32.00(35) 590.85(608.46) 0.75(0.79)
PMS −NSPSO 45.00(48) 586.58(577.86) 0.66(0.54) 46.80(41) 588.78(601.76) 0.63(0.53)
PMS −NSGA II 55.00(47) 592.95(602.86) 0.61(0.57) 51.00(65) 595.58(608.99) 0.65(0.74)
PMS −NSDE 39.40(47) 592.59(569.13) 0.67(0.63) 47.20(47) 593.76(612.40) 0.63(0.57)

D − E − BC

PMS − BA 33.20(37) 577.37(599.34) 0.74(0.83) 35.80(39) 578.73(581.31) 0.73(0.59)
PMS −NSPSO 42.60(50) 571.71(568.50) 0.67(0.69) 39.60(44) 578.42(573.72) 0.60(0.68)
PMS −NSGA II 43.60(48) 526.74(503.05) 0.62(0.53) 50.80(56) 581.08(602.31) 0.66(0.69)
PMS −NSDE 42.00(44) 582.50(589.22) 0.68(0.64) 43.60(52) 581.38(588.35) 0.60(0.64)

Multiobjective Symmetric Delivery Multiobjective Symmetric Pick-up

Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

A− B

PMS − BA 39.80(49) 607.31(608.58) 0.77(0.73) 37.20(51) 587.94(616.14) 0.74(0.78)
PMS −NSPSO 47.80(52) 613.92(610.29) 0.68(0.62) 51.60(54) 607.75(602.86) 0.69(0.62)
PMS −NSGA II 56.40(61) 602.89(603.41) 0.66(0.62) 58.60(79) 596.88(605.27) 0.66(0.60)
PMS −NSDE 44.60(45) 605.73(596.04) 0.67(0.55) 44.60(46) 602.96(622.10) 0.68(0.62)

A− C

PMS − BA 39.60(42) 610.42(625.86) 0.75(0.66) 41.60(45) 606.82(602.03) 0.75(0.72)
PMS −NSPSO 50.20(53) 604.15(615.43) 0.66(0.67) 47.40(53) 604.96(608.06) 0.68(0.72)
PMS −NSGA II 62.60(66) 609.36(611.80) 0.63(0.54) 56.60(63) 606.55(615.56) 0.64(0.61)
PMS −NSDE 51.40(57) 596.73(602.61) 0.65(0.69) 49.20(44) 603.51(607.51) 0.65(0.61)

A−D

PMS − BA 42.40(48) 585.25(592.69) 0.73(0.76) 38.00(40) 585.63(579.68) 0.73(0.60)
PMS −NSPSO 48.40(54) 577.25(575.63) 0.62(0.61) 49.00(58) 586.10(594.99) 0.63(0.64)
PMS −NSGA II 54.40(57) 592.85(587.50) 0.67(0.63) 58.60(66) 580.64(582.86) 0.66(0.60)
PMS −NSDE 46.20(40) 581.70(591.46) 0.66(0.67) 47.00(47) 579.02(577.96) 0.66(0.58)

A− E

PMS − BA 39.80(48) 595.01(601.59) 0.87(0.78) 36.00(37) 597.58(606.00) 0.76(0.74)
PMS −NSPSO 48.00(47) 595.33(602.24) 0.68(0.69) 41.60(46) 592.88(612.23) 0.68(0.81)
PMS −NSGA II 51.20(51) 598.85(608.34) 0.62(0.60) 61.00(74) 598.56(598.90) 0.65(0.59)
PMS −NSDE 44.60(49) 604.13(608.11) 0.68(0.63) 43.80(43) 602.41(605.73) 0.62(0.58)

B − C

PMS − BA 32.80(39) 559.03(602.84) 0.72(0.78) 38.80(37) 572.31(609.52) 0.77(0.73)
PMS −NSPSO 41.00(51) 589.04(587.03) 0.68(0.62) 47.40(49) 595.11(605.91) 0.67(0.64)
PMS −NSGA II 58.80(55) 591.49(602.55) 0.65(0.55) 56.20(61) 597.28(590.74) 0.65(0.61)
PMS −NSDE 49.80(60) 589.78(610.81) 0.66(0.56) 42.00(49) 589.82(613.07) 0.72(0.64)

B −D

PMS − BA 36.60(47) 591.29(598.83) 0.89(0.88) 31.60(31) 577.36(606.37) 0.80(0.83)
PMS −NSPSO 43.40(55) 594.80(598.42) 0.65(0.54) 43.20(49) 591.07(600.78) 0.64(0.54)
PMS −NSGA II 58.60(56) 595.91(609.20) 0.64(0.63) 55.80(54) 592.55(608.67) 0.65(0.66)
PMS −NSDE 43.20(45) 595.65(595.43) 0.69(0.60) 41.20(54) 582.58(600.87) 0.70(0.68)

B − E

PMS − BA 37.40(39) 596.77(611.05) 0.79(0.79) 32.80(28) 592.92(611.97) 0.80(0.72)
PMS −NSPSO 49.40(52) 606.42(590.66) 0.60(0.53) 41.40(40) 604.84(618.80) 0.68(0.63)
PMS −NSGA II 57.60(59) 603.48(607.87) 0.61(0.60) 58.60(63) 603.78(618.11) 0.63(0.55)
PMS −NSDE 47.80(45) 603.11(609.40) 0.67(0.60) 44.40(46) 580.23(573.63) 0.66(0.58)

C −D

PMS − BA 33.60(42) 585.68(600.83) 0.80(0.87) 35.60(51) 586.38(586.70) 0.84(0.76)
PMS −NSPSO 48.80(46) 584.51(602.85) 0.64(0.59) 46.60(56) 586.85(594.19) 0.67(0.73)
PMS −NSGA II 56.60(59) 587.97(604.68) 0.63(0.64) 51.20(57) 586.43(587.41) 0.59(0.60)
PMS −NSDE 42.80(51) 577.40(594.58) 0.65(0.61) 46.80(51) 586.32(573.07) 0.66(0.57)

C − E

PMS − BA 42.60(45) 601.37(597.06) 0.74(0.71) 39.00(43) 602.70(612.80) 0.82(0.78)
PMS −NSPSO 48.00(51) 598.45(604.81) 0.64(0.65) 43.20(33) 599.71(609.57) 0.67(0.59)
PMS −NSGA II 60.40(63) 599.00(592.77) 0.64(0.58) 60.40(61) 607.48(613.53) 0.65(0.60)
PMS −NSDE 49.40(53) 594.95(611.88) 0.73(0.75) 52.20(60) 601.83(615.53) 0.67(0.72)

D − E

PMS − BA 43.00(38) 606.82(618.93) 0.76(0.77) 41.60(48) 608.36(604.85) 0.77(0.83)
PMS −NSPSO 49.20(57) 606.90(620.98) 0.71(0.80) 48.00(55) 609.46(617.27) 0.69(0.70)
PMS −NSGA II 60.20(52) 601.63(610.06) 0.67(0.66) 59.00(53) 606.62(617.50) 0.63(0.57)
PMS −NSDE 49.80(46) 604.82(619.96) 0.66(0.55) 49.00(54) 615.41(622.74) 0.70(0.64)
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PÐnakac 24: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric al-
gìrijmouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì
Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dro-
molìgia Dianom c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunar-
t seic OF1−OF2

OF1 − OF2 Multiobjective Asymmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B − CD NSPSO NSDE NSGA II BA B − D − AC NSPSO NSDE NSGA II BA
NSPSO - 0.25 0.82 0.03 NSPSO - 0.63 0.89 0.07
NSDE 0.55 - 0.90 0.10 NSDE 0.30 - 0.63 0.03
NSGA II 0.04 0.08 - 0.03 NSGA II 0.02 0.17 - 0

BA 0.96 0.78 0.92 - BA 0.77 0.96 0.92 -

A − C − BD NSPSO NSDE NSGA II BA B − E − AD NSPSO NSDE NSGA II BA
NSPSO - 0.59 0.78 0.24 NSPSO - 0.15 0.75 0.21
NSDE 0.39 - 0.83 0.05 NSDE 0.73 - 0.93 0.33
NSGA II 0.02 0.04 - 0.05 NSGA II 0.07 0 - 0.05

BA 0.75 0.88 0.76 - BA 0.87 0.49 0.77 -

A − D − BE NSPSO NSDE NSGA II BA C − D − AE NSPSO NSDE NSGA II BA
NSPSO - 0.16 0.74 0.10 NSPSO - 0.38 0.82 0.06
NSDE 0.79 - 0.93 0.28 NSDE 0.65 - 0.82 0.06
NSGA II 0.15 0.02 - 0 NSGA II 0.07 0.07 - 0.02

BA 0.83 0.71 1.00 - BA 0.89 0.83 0.88 -

A − E − BD NSPSO NSDE NSGA II BA C − E − AB NSPSO NSDE NSGA II BA
NSPSO - 0.21 0.89 0.06 NSPSO - 0.45 0.79 0.06
NSDE 0.55 - 0.91 0.20 NSDE 0.48 - 0.81 0.06
NSGA II 0.03 0 - 0.03 NSGA II 0.13 0.13 - 0.02

BA 0.88 0.81 0.89 - BA 0.81 0.79 0.94 -

B − C − AD NSPSO NSDE NSGA II BA D − E − BC NSPSO NSDE NSGA II BA
NSPSO - 0.28 0.86 0.02 NSPSO - 0.16 0.38 0.03
NSDE 0.38 - 0.94 0.08 NSDE 0.50 - 0.40 0.03
NSGA II 0.04 0 - 0.04 NSGA II 0.56 0.64 - 0.27

BA 0.93 0.83 0.95 - BA 0.94 0.82 0.79 -

PÐnakac 25: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric algìrij-
mouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Diano-
m c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Symmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B NSPSO NSDE NSGA II BA B − D NSPSO NSDE NSGA II BA
NSPSO - 0.33 0.97 0 NSPSO - 0.67 0.96 0.11
NSDE 0.42 - 0.97 0 NSDE 0.22 - 0.84 0
NSGA II 0.02 0 - 0 NSGA II 0 0.07 - 0

BA 0.98 0.91 1.00 - BA 0.85 1.00 0.96 -

A − C NSPSO NSDE NSGA II BA B − E NSPSO NSDE NSGA II BA
NSPSO - 0.54 0.97 0.24 NSPSO - 0.38 0.78 0.10
NSDE 0.34 - 0.98 0.29 NSDE 0.54 - 0.90 0.03
NSGA II 0 0 - 0.02 NSGA II 0.10 0.07 - 0.03

BA 0.74 0.67 0.95 - BA 0.94 0.76 0.85 -

A − D NSPSO NSDE NSGA II BA C − D NSPSO NSDE NSGA II BA
NSPSO - 0.35 0.96 0.15 NSPSO - 0.35 0.81 0.02
NSDE 0.59 - 0.82 0.19 NSDE 0.35 - 0.90 0
NSGA II 0 0.10 - 0.04 NSGA II 0.07 0.06 - 0

BA 0.80 0.75 0.88 - BA 0.96 0.94 0.98 -

A − E NSPSO NSDE NSGA II BA C − E NSPSO NSDE NSGA II BA
NSPSO - 0.39 0.92 0.10 NSPSO - 0.42 0.81 0
NSDE 0.60 - 0.86 0.02 NSDE 0.53 - 0.86 0.02
NSGA II 0.06 0.06 - 0 NSGA II 0.20 0.15 - 0.02

BA 0.85 0.94 0.98 - BA 0.88 0.81 0.87 -

B − C NSPSO NSDE NSGA II BA D − E NSPSO NSDE NSGA II BA
NSPSO - 0.38 0.78 0 NSPSO - 0.35 0.92 0
NSDE 0.63 - 0.91 0.08 NSDE 0.51 - 0.98 0.08
NSGA II 0.12 0.10 - 0.08 NSGA II 0.02 0 - 0

BA 0.92 0.78 0.85 - BA 0.95 0.83 0.96 -
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PÐnakac 26: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric al-
gìrijmouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì
Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dro-
molìgia Sullog c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunar-
t seic OF1−OF3

OF1 − OF3 Multiobjective Asymmetric Pick-up Route based Fuel Consumption Multi - Depot VRP

A − B − CD NSPSO NSDE NSGA II BA B − D − AC NSPSO NSDE NSGA II BA
NSPSO - 0.41 0.67 0.05 NSPSO - 0.48 0.96 0.04
NSDE 0.43 - 0.76 0.03 NSDE 0.38 - 0.98 0.04
NSGA II 0.09 0.14 - 0.08 NSGA II 0 0 - 0

BA 0.91 0.82 0.87 - BA 0.94 0.92 0.98 -

A − C − BD NSPSO NSDE NSGA II BA B − E − AD NSPSO NSDE NSGA II BA
NSPSO - 0.40 0.91 0.05 NSPSO - 0.50 0.75 0
NSDE 0.49 - 0.82 0 NSDE 0.49 - 0.84 0
NSGA II 0.02 0.06 - 0 NSGA II 0.11 0.11 - 0

BA 0.96 0.96 0.98 - BA 0.96 0.89 0.95 -

A − D − BE NSPSO NSDE NSGA II BA C − D − AE NSPSO NSDE NSGA II BA
NSPSO - 0.25 0.87 0.02 NSPSO - 0.55 0.90 0
NSDE 0.63 - 0.87 0 NSDE 0.19 - 0.83 0.03
NSGA II 0.08 0.02 - 0.02 NSGA II 0.03 0.02 - 0.06

BA 0.94 0.91 0.95 - BA 0.81 0.86 0.81 -

A − E − BD NSPSO NSDE NSGA II BA C − E − AB NSPSO NSDE NSGA II BA
NSPSO - 0.22 0.80 0.07 NSPSO - 0.40 0.85 0.03
NSDE 0.65 - 0.82 0.17 NSDE 0.32 - 0.86 0
NSGA II 0.08 0.10 - 0.02 NSGA II 0.10 0.04 - 0.03

BA 0.87 0.76 0.88 - BA 0.83 0.91 0.98 -

B − C − AD NSPSO NSDE NSGA II BA D − E − BC NSPSO NSDE NSGA II BA
NSPSO - 0.74 0.90 0.24 NSPSO - 0.50 0.77 0.05
NSDE 0.18 - 0.68 0 NSDE 0.36 - 0.73 0.15
NSGA II 0 0.17 - 0.04 NSGA II 0.09 0.17 - 0.03

BA 0.61 0.96 0.83 - BA 0.84 0.85 0.88 -

PÐnakac 27: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric algìrij-
mouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Symmetric Pick-up Route based Fuel Consumption Multi - Depot VRP

A − B NSPSO NSDE NSGA II BA B − D NSPSO NSDE NSGA II BA
NSPSO - 0.48 1.00 0.22 NSPSO - 0.35 0.94 0.03
NSDE 0.31 - 1.00 0.20 NSDE 0.51 - 0.89 0.06
NSGA II 0 0 - 0.02 NSGA II 0.02 0.02 - 0.03

BA 0.80 0.72 0.96 - BA 0.86 0.80 0.87 -

A − C NSPSO NSDE NSGA II BA B − E NSPSO NSDE NSGA II BA
NSPSO - 0.30 0.84 0 NSPSO - 0.50 0.68 0
NSDE 0.75 - 0.90 0 NSDE 0.43 - 0.71 0.04
NSGA II 0.08 0 - 0 NSGA II 0.15 0.11 - 0.07

BA 1.00 0.95 0.98 - BA 0.93 0.91 0.92 -

A − D NSPSO NSDE NSGA II BA C − D NSPSO NSDE NSGA II BA
NSPSO - 0.23 0.86 0 NSPSO - 0.65 0.88 0.02
NSDE 0.62 - 0.94 0.18 NSDE 0.13 - 0.81 0
NSGA II 0.07 0.04 - 0.03 NSGA II 0.07 0.14 - 0

BA 0.93 0.66 0.94 - BA 0.91 1.00 1.00 -

A − E NSPSO NSDE NSGA II BA C − E NSPSO NSDE NSGA II BA
NSPSO - 0.49 0.85 0.05 NSPSO - 0.58 0.85 0.16
NSDE 0.30 - 0.85 0 NSDE 0.36 - 0.92 0.07
NSGA II 0.09 0.12 - 0 NSGA II 0.03 0.03 - 0.05

BA 0.93 0.95 0.93 - BA 0.73 0.82 0.89 -

B − C NSPSO NSDE NSGA II BA D − E NSPSO NSDE NSGA II BA
NSPSO - 0.31 0.95 0.19 NSPSO - 0.33 0.89 0
NSDE 0.57 - 1.00 0.16 NSDE 0.49 - 0.94 0.08
NSGA II 0 0 - 0 NSGA II 0.02 0 - 0

BA 0.73 0.71 1.00 - BA 1.00 0.78 1.00 -

Apì touc PÐnakec 22 kai 23, kaj¸c kai apì to Sq ma 20, bgaÐnei to

181



 

(α’) 

 

(β’) 

0

1

2

3

4

5

6

7

8

9

10

L Mk Δ C L Mk Δ C L Mk Δ C L Mk Δ C

 Πρόβλημα 1 Πρόβλημα 2 Πρόβλημα 3  Πρόβλημα 4 

Προβλήματα 

Α
ρ

ιθ
μ

ό
ς 

π
α

ρ
α

δ
ει

γμ
ά

τω
ν 

Μέτρα απόδοσης  

PMS-ΒΑ 

PMS-NSPSO

PMS-NSDE

PMS-NSGA II

0

5

10

15

20

25

30

35

40

L Mk Δ C

Α
ρ

ιθ
μ

ό
ς 

π
α

ρ
α

δ
ει

γμ
ά

τω
ν 

Μέτρα απόδοσης 

PMS-ΒΑ 

PMS-NSPSO

PMS-NSDE

PMS-NSGA II

Sq ma 20: (a') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn algorÐj-
mwn PMS − BA, PMS − NSPSO, PMS − NSDE kai PMS − NSGA II b�sei twn
apotelesm�twn gia k�je prìblhma. (b') Diagrammatik  apeikìnish thc sÔgkrishc twn apo-
telesm�twn twn parap�nw algorÐjmwn b�sei twn sugkentrwtik¸n apotelesm�twn.
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sumpèrasma ìti, lamb�nontac upìyhn to mètro apìdoshc L, o algìrijmoc
PMS − NSGA II èqei kalÔterh apìdosh apì touc �llouc treic algìrij-
mouc sto 75% twn peript¸sewn, en¸ oi algìrijmoi PMS − NSPSO kai
PMS − NSDE sto 12,5% kai sto 2,5% twn peript¸sewn, antÐstoiqa. E-
piplèon, oi algìrijmoi PMS − NSPSO kai PMS − NSDE, kaj¸c kai
oi algìrijmoi PMS − NSPSO kai PMS − NSGA II kai oi algìrijmoi
PMS − NSDE kai PMS − NSGA II èqoun thn Ðdia apìdosh sto 5%,
2,5% kai 2,5% twn peript¸sewn, antÐstoiqa. Lamb�nontac upìyhn to mètro
apìdoshc Mk, o algìrijmoc PMS − NSGA II èqei kalÔterh apìdosh apì
touc �llouc treic algìrijmouc sto 30% twn peript¸sewn, en¸ oi algìrijmoi
PMS−NSDE, PMS−NSPSO kai PMS−BA sto 25%, 22,5% kai 22,5%
twn peript¸sewn, antÐstoiqa. Lamb�nontac upìyhn to mètro apìdoshc ∆, o
algìrijmoc PMS −NSGA II èqei kalÔterh apìdosh apì touc �llouc treic
algìrijmouc sto 37,5% twn peript¸sewn, en¸ oi algìrijmoi PMS−NSPSO,
PMS − NSDE kai PMS − BA sto 30%, 25% kai 2,5% twn peript¸sewn,
antÐstoiqa. Epiplèon, oi algìrijmoi PMS − NSPSO kai PMS − NSDE,
kaj¸c kai oi algìrijmoi PMS−NSDE kai PMS−NSGA II èqoun thn Ðdia
apìdosh sto 2,5% twn peript¸sewn to k�je zeÔgoc, antÐstoiqa. Tèloc, apì
touc PÐnakec 24 - 27 sumperaÐnoume ìti, lamb�nontac upìyhn to mètro apìdo-
shc C, o algìrijmoc PMS − BA èqei kalÔterh apìdosh apì touc �llouc
treic algìrijmouc sto 100% twn peript¸sewn.

EÐnai shmantikì na tonisteÐ ìti gia to Sq ma 20 akoloujeÐtai h Ðdia dia-
dikasÐa ìpwc sto Sq ma 14. SÔmfwna me aut n th diadikasÐa, h prìsjesh
twn paradeigm�twn pou eÐnai pio apotelesmatikoÐ oi algìrijmoi, gia ta mètra
apotelesmatikìthtac L kai ∆, xepern�ei to sunolikì �jroisma twn paradeig-
m�twn, to opoÐo eÐnai sar�nta, miac kai pollèc forèc dÔo   kai perissìteroi
algìrijmoi mporoÔn na èqoun is�xia kalÔterh epÐdosh apì touc upìloipouc gia
k�poio par�deigma, ìpwc anafèrjhke analutik� sthn prohgoÔmenh par�gra-
fo. Tèloc, apì to Sq ma 19 katal goume sto sumpèrasma ìti o algìrijmoc
PMS−BA kuriarqeÐ sta mètwpa tou Pareto pou par�gontai apì touc �llouc
treic algìrijmouc.

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
sta dÔo probl mata dianom c o algìrijmoc PMS−NSGA II par�gei mètwpa
Pareto me perissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn
lÔsewn (mètra apìdoshc L kai ∆) se sqèsh me th diaspor� pou parathreÐ-
tai sta mètwpa twn �llwn algorÐjmwn (70% kai 45% twn paradeigm�twn,
antÐstoiqa). EpÐshc, o algìrijmoc PMS − BA par�gei mètwpa Pareto me
megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn èktash pou para-
threÐtai sta mètwpa twn �llwn algorÐjmwn (35% twn paradeigm�twn). Tèloc,
ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS−BA kuriarqoÔn
sta mètwpa Pareto pou par�gontai apì touc �llouc treic algìrijmouc (mètro
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apìdoshc C) (100% twn paradeigm�twn).
Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti

kai sta dÔo probl mata sullog c o algìrijmoc PMS − NSGA II par�gei
mètwpa Pareto me perissìterec lÔseic (mètro apìdoshc L) se sqèsh me tic
lÔseic pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn (80% twn para-
deigm�twn). Epiprìsjeta, oi algìrijmoi PMS −NSDE, PMS −NSGA II
kai PMS −NSPSO par�goun mètwpa Pareto me megalÔterh èktash (mètro
apìdoshc Mk) se sqèsh me thn èktash pou parathreÐtai sta mètwpa tou �l-
lou algorÐjmou (30% twn paradeigm�twn o kajènac). Epiplèon, oi algìrijmoi
PMS − NSPSO kai PMS − NSGA II par�goun mètwpa Pareto me mega-
lÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn (mètro apìdoshc ∆) se sqèsh me
th diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn (30% twn
paradeigm�twn o kajènac). Tèloc, ta mètwpa Pareto pou par�gontai apì
ton algìrijmo PMS − BA kuriarqoÔn sta mètwpa Pareto pou par�gontai
apì touc �llouc treic algìrijmouc (mètro apìdoshc C) (100% twn paradeig-
m�twn).

Apì tic epidìseic twn tess�rwn algorÐjmwn gia ta dÔo poluantikeimeni-
k� summetrik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −
NSGA II èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson
afor� ta mètra apotelesmatikìthtac L kai ∆, se posostì 80% kai 40% twn
paradeigm�twn, antÐstoiqa. 'Oson afor� to mètro apotelesmatikìthtac Mk,
oi algìrijmoi PMS−NSDE kai PMS−NSPSO èqoun kalÔterh apìdosh
se sqèsh me touc �llouc algìrijmouc se posostì 30% twn paradeigm�twn
o kajènac, antÐstoiqa. Tèloc, ìson afor� to mètro apotelesmatikìthtac
C, o algìrijmoc PMS − BA èqei kalÔterh apìdosh se sqèsh me touc �l-
louc algìrijmouc se posostì 100% twn paradeigm�twn. Apì tic epidìseic
twn tess�rwn algorÐjmwn gia ta dÔo poluantikeimenik� mh - summetrik� pro-
bl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −NSGA II èqei ka-
lÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson afor� ta mètra
apotelesmatikìthtac L, Mk kai ∆, se posostì 70%, 35% kai 35% twn para-
deigm�twn, antÐstoiqa. Tèloc, ìson afor� to mètro apotelesmatikìthtac C,
o algìrijmoc PMS − BA èqei kalÔterh apìdosh se sqèsh me touc �llouc
algìrijmouc se posostì 100% twn paradeigm�twn.

Lamb�nontac upìyhn ìla ta apotelèsmata pou ex gagan oi algìrijmoi apì
ìla ta poluantikeimenik� probl mata pou epilÔjhkan, o algìrijmoc PMS −
NSGA II par�gei mètwpa Pareto me perissìterec lÔseic, me megalÔterh
èktash kai me kalÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me
thn diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn. Tèloc, ta
mètwpa Pareto pou par�gontai apì ton algìrijmo PMS−BA kuriarqoÔn sta
mètwpa Pareto pou par�gontai apì touc �llouc treic algìrijmouc. Genik�
parathroÔme akrib¸c ìti kai sthn perÐptwsh tou algìrijmou PMS − ABC,
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ìti dhlad  o algìrijmoc PMS−BA kuriarqeÐ sto teleutaÐo mètro sÔgkrishc,
all� me apìluto trìpo, pou deÐqnei xek�jara ìti oi lÔseic pou brèjhkan eÐnai
kalÔterec apì tic lÔseic twn �llwn algorÐjmwn kai ìti eÐnai kalÔteroc apì
touc �llouc algìrijmouc pou qrhsimopoi jhkan sth sÔgkrish.

8.5.5. SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS−GSO, PMS−
FIREFLY , PMS −NSPSO kai PMS −NSGA II

Parak�tw parousi�zontai ta apotelèsmata twn poluantikeimenik¸n al-
gorÐjmwn, pou exet�zontai se aut n thn sÔgkrish, gia ìla ta probl mata
pou epilÔontai sthn paroÔsa diatrib . H diadikasÐa pou akolouj jhke eÐ-
nai Ðdia ìpwc kai sthn sÔgkrish sthn upopar�grafo 8.5.1. Pio sugkekri-
mèna, pr¸ta parousi�zetai to mètwpo Pareto twn algorÐjmwn PMS −GSO,
PMS − FIREFLY , PMS − NSPSO kai PMS − NSGA II gia tèssera
antiproswpeutik� paradeÐgmata (Sq ma 21) kai sth sunèqeia, stouc PÐnakec
28 kai 29, parousi�zontai ta apotelèsmata gia ta pr¸ta trÐa mètra apotele-
smatikìthtac gia touc algìrijmouc PMS − FIREFLY kai PMS − GSO
antÐstoiqa, en¸ ston PÐnaka 30 parousi�zontai oi mèsoi ìroi kai ta kalÔtera
trexÐmata, ta opoÐa brÐskontai se parènjesh, gia touc tèsseric algìrijmouc.
'Epeita, stouc PÐnakec 31 - 34 parousi�zontai ta apotelèsmata gia to mètro
apotelesmatikìthtac C twn tess�rwn algorÐjmwn gia ta tèssera probl ma-
ta pou epilÔontai. Ed¸ axÐzei na anaferjeÐ ìti oi algìrijmoi PMS − GSO,
PMS−FIREFLY , PMS−NSPSO kai PMS−NSGA II stouc parap�nw
pÐnakec (PÐnakec 31-34) anafèrontai en suntomÐa GSO, FIREFLY , NSPSO
kai NSGA II, antÐstoiqa. Epiplèon, prèpei na tonisteÐ ìti stouc PÐnakec 28
kai 29 ta apotelèsmata me èntonouc qarakt rec eÐnai aut� pou èqoun apod¸sei
kalÔtera apì thn sÔgkrish twn algorÐjmwn PMS−FIREFLY (PÐnakac 28)
kai PMS −GSO (PÐnakac 29) gia tic pènte epanal yeic, en¸ stouc PÐnakec
30-34 ta apotelèsmata me èntonouc qarakt rec eÐnai aut� pou èqoun apo-
d¸sei kalÔtera apì thn sÔgkrish twn tess�rwn algorÐjmwn. Tèloc, gÐnetai
diagrammatik  apeikìnish thc sÔgkrishc tìso twn apotelesm�twn twn algo-
rÐjmwn b�sei twn apotelesm�twn gia k�je prìblhma, ìso kai twn apotele-
sm�twn b�sei twn sugkentrwtik¸n apotelesm�twn twn problhm�twn (Sq ma
22). Epiplèon, sth diagrammatik  apeikìnish, ta probl mata 1-4 eÐnai ta Ðdia
probl mata me th diagrammatik  apeikìnish (Sq ma 14) sthn upopar�grafo
8.5.1.
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(aþ) (bþ)

(gþ) (dþ)

Sq ma 21: (a'), (g') Mètwpa Pareto gia touc algìrijmouc PMS − GSO, PMS −
FIREFLY , PMS−NSPSO kai PMS−NSGA II gia to par�deigma kroBDAC100par3
tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc
KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec
(Multiobjective Asymmetric Delivery Route-based Fuel Consumption Multi-Depot Vehicle
Routing Problem) kai tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐ-
hshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Asymmetric Pick-up Route-based Fuel Consumption
Multi-Depot Vehicle Routing Problem), antÐstoiqa. (b'), (d') Mètwpa Pareto gia touc pa-
rap�nw algìrijmouc gia to par�deigma kroAE100par3 tou PoluantikeimenikoÔ Summetri-
koÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c
me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Delivery
Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem) kai tou Polua-
ntikeimenikoÔ SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia
Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective
Symmetric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle Routing Pro-
blem), antÐstoiqa.
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PÐnakac 30: Mèsoi 'Oroi kai KalÔtera TrexÐmata gia ìlouc touc algorÐjmouc pou qrhsi-
mopoioÔntai stic sugkrÐseic

Multiobjective Asymmetric Delivery Multiobjective Asymmetric Pick-up

Algìrijmoi Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

L Mk ∆ L Mk ∆

A− B − CD

PMS − FIREFLY 46.20(50) 593.13(585.26) 0.63(0.54) 43.60(37) 588.91(599.68) 0.64(0.59)
PMS −GSO 46.80(49) 595.89(597.87) 0.67(0.66) 51.40(59) 599.05(612.19) 0.61(0.56)

PMS −NSPSO 46.40(53) 598.41(592.84) 0.70(0.68) 47.00(56) 597.42(609.09) 0.66(0.62)
PMS −NSGA II 56.40(62) 592.33(598.84) 0.61(0.54) 59.80(63) 598.92(608.39) 0.61(0.65)

A− C − BD

PMS − FIREFLY 46.00(44) 589.25(606.89) 0.62(0.56) 46.20(52) 590.27(592.41) 0.68(0.60)
PMS −GSO 45.60(46) 595.83(606.59) 0.60(0.64) 50.00(52) 587.95(598.22) 0.61(0.57)

PMS −NSPSO 47.60(51) 600.33(611.96) 0.68(0.68) 47.80(53) 601.70(595.13) 0.64(0.59)
PMS −NSGA II 61.80(72) 594.92(602.67) 0.61(0.68) 58.80(56) 604.25(613.08) 0.59(0.64)

A−D − BE

PMS − FIREFLY 40.60(36) 595.66(598.85) 0.63(0.61) 43.80(45) 604.21(607.02) 0.64(0.55)
PMS −GSO 48.60(48) 596.39(572.45) 0.62(0.58) 48.60(50) 599.18(595.48) 0.61(0.56)

PMS −NSPSO 48.80(52) 592.57(606.60) 0.64(0.62) 46.00(48) 608.80(620.73) 0.66(0.65)
PMS −NSGA II 54.20(54) 601.74(597.52) 0.61(0.55) 54.60(63) 602.82(610.88) 0.61(0.60)

A− E − BD

PMS − FIREFLY 49.60(54) 599.17(617.97) 0.64(0.65) 44.20(47) 590.38(607.59) 0.65(0.60)
PMS −GSO 49.80(54) 587.63(606.88) 0.59(0.58) 45.80(50) 593.89(602.87) 0.60(0.62)

PMS −NSPSO 48.00(58) 586.44(595.07) 0.65(0.63) 49.00(60) 597.10(610.34) 0.67(0.69)
PMS −NSGA II 57.20(56) 595.30(604.81) 0.58(0.56) 56.40(60) 591.73(615.11) 0.58(0.53)

B − C − AD

PMS − FIREFLY 40.00(45) 595.48(590.77) 0.66(0.67) 43.80(45) 594.72(616.06) 0.66(0.55)
PMS −GSO 45.60(49) 595.02(606.15) 0.66(0.60) 48.40(48) 597.26(607.03) 0.65(0.58)

PMS −NSPSO 42.00(45) 587.45(587.39) 0.66(0.69) 43.20(38) 601.86(616.66) 0.67(0.57)
PMS −NSGA II 51.20(64) 596.11(602.55) 0.61(0.60) 53.60(60) 602.63(609.71) 0.63(0.65)

B −D − AC

PMS − FIREFLY 46.20(43) 583.95(589.69) 0.66(0.59) 44.40(53) 599.17(607.27) 0.65(0.69)
PMS −GSO 45.60(42) 587.22(596.52) 0.61(0.60) 41.20(49) 580.77(585.08) 0.62(0.57)

PMS −NSPSO 42.00(53) 589.78(591.38) 0.62(0.66) 42.20(50) 581.03(589.53) 0.68(0.75)
PMS −NSGA II 54.60(63) 593.43(618.00) 0.61(0.53) 51.40(46) 587.73(606.69) 0.60(0.51)

B − E − AD

PMS − FIREFLY 49.80(55) 600.91(598.56) 0.67(0.62) 42.20(51) 595.20(604.80) 0.68(0.73)
PMS −GSO 46.60(53) 603.09(629.19) 0.64(0.59) 44.00(54) 592.92(597.52) 0.65(0.63)

PMS −NSPSO 42.00(45) 584.42(543.81) 0.59(0.52) 48.00(47) 601.43(611.90) 0.65(0.62)
PMS −NSGA II 50.80(57) 597.52(599.73) 0.56(0.56) 50.20(55) 594.89(600.52) 0.60(0.58)

C −D − AE

PMS − FIREFLY 44.60(55) 598.24(609.38) 0.65(0.56) 44.00(52) 597.34(610.77) 0.65(0.71)
PMS −GSO 52.00(62) 590.97(600.66) 0.63(0.73) 45.20(45) 582.15(603.63) 0.64(0.76)

PMS −NSPSO 45.00(57) 593.92(593.63) 0.67(0.66) 44.00(36) 592.59(602.11) 0.67(0.55)
PMS −NSGA II 53.60(49) 597.24(589.81) 0.58(0.53) 51.80(59) 597.78(610.64) 0.63(0.59)

C − E − AB

PMS − FIREFLY 41.60(44) 585.19(601.73) 0.63(0.59) 39.60(43) 582.00(590.97) 0.62(0.62)
PMS −GSO 48.60(47) 590.71(601.40) 0.58(0.67) 45.20(50) 587.80(561.14) 0.61(0.56)

PMS −NSPSO 45.00(48) 586.58(577.86) 0.66(0.54) 46.80(41) 588.78(601.76) 0.63(0.53)
PMS −NSGA II 55.00(47) 592.95(602.86) 0.61(0.57) 51.00(65) 595.58(608.99) 0.65(0.74)

D − E − BC

PMS − FIREFLY 41.20(45) 575.61(569.15) 0.68(0.65) 46.60(56) 581.36(593.49) 0.68(0.62)
PMS −GSO 45.40(46) 577.86(591.59) 0.62(0.58) 48.60(49) 577.98(575.35) 0.60(0.56)

PMS −NSPSO 42.60(50) 571.71(568.50) 0.67(0.69) 39.60(44) 578.42(573.72) 0.60(0.68)
PMS −NSGA II 43.60(48) 526.74(503.05) 0.62(0.53) 50.80(56) 581.08(602.31) 0.66(0.69)

Multiobjective Symmetric Delivery Multiobjective Symmetric Pick-up

Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

A− B

PMS − FIREFLY 45.00(48) 601.70(611.40) 0.71(0.64) 47.60(52) 606.74(615.63) 0.71(0.66)
PMS −GSO 50.80(57) 604.14(614.83) 0.63(0.59) 40.20(43) 607.69(626.79) 0.63(0.60)

PMS −NSPSO 47.80(52) 613.92(610.29) 0.68(0.62) 51.60(54) 607.75(602.86) 0.69(0.62)
PMS −NSGA II 56.40(61) 602.89(603.41) 0.66(0.62) 58.60(79) 596.88(605.27) 0.66(0.60)

A− C

PMS − FIREFLY 51.80(62) 608.06(602.37) 0.65(0.65) 49.00(56) 606.67(586.58) 0.66(0.61)
PMS −GSO 51.60(60) 597.22(607.93) 0.62(0.58) 48.20(49) 597.89(589.51) 0.66(0.62)

PMS −NSPSO 50.20(53) 604.15(615.43) 0.66(0.67) 47.40(53) 604.96(608.06) 0.68(0.72)
PMS −NSGA II 62.60(66) 609.36(611.80) 0.63(0.54) 56.60(63) 606.55(615.56) 0.64(0.61)

A−D

PMS − FIREFLY 44.40(52) 577.81(578.33) 0.67(0.62) 49.20(55) 581.42(574.20) 0.67(0.59)
PMS −GSO 43.80(50) 591.80(600.08) 0.62(0.68) 53.20(60) 591.85(608.42) 0.64(0.70)

PMS −NSPSO 48.40(54) 577.25(575.63) 0.62(0.61) 49.00(58) 586.10(594.99) 0.63(0.64)
PMS −NSGA II 54.40(57) 592.85(587.50) 0.67(0.63) 58.60(66) 580.64(582.86) 0.66(0.60)

A− E

PMS − FIREFLY 50.80(54) 597.18(589.47) 0.66(0.58) 42.60(46) 594.91(602.84) 0.65(0.66)
PMS −GSO 48.60(45) 595.97(600.62) 0.65(0.61) 48.60(56) 603.36(599.57) 0.68(0.64)

PMS −NSPSO 48.00(47) 595.33(602.24) 0.68(0.69) 41.60(46) 592.88(612.23) 0.68(0.81)
PMS −NSGA II 51.20(51) 598.85(608.34) 0.62(0.60) 61.00(74) 598.56(598.90) 0.65(0.59)

B − C

PMS − FIREFLY 46.20(47) 586.89(614.90) 0.64(0.60) 45.00(50) 600.21(596.60) 0.75(0.81)
PMS −GSO 48.80(53) 588.56(595.46) 0.69(0.58) 43.60(52) 579.68(603.36) 0.70(0.67)

PMS −NSPSO 41.00(51) 589.04(587.03) 0.68(0.62) 47.40(49) 595.11(605.91) 0.67(0.64)
PMS −NSGA II 58.80(55) 591.49(602.55) 0.65(0.55) 56.20(61) 597.28(590.74) 0.65(0.61)

B −D

PMS − FIREFLY 53.80(65) 600.97(605.45) 0.66(0.60) 43.80(48) 574.57(599.79) 0.67(0.60)
PMS −GSO 41.40(46) 601.46(616.22) 0.66(0.70) 46.00(47) 590.67(600.51) 0.63(0.61)

PMS −NSPSO 43.40(55) 594.80(598.42) 0.65(0.54) 43.20(49) 591.07(600.78) 0.64(0.54)
PMS −NSGA II 58.60(56) 595.91(609.20) 0.64(0.63) 55.80(54) 592.55(608.67) 0.65(0.66)

B − E

PMS − FIREFLY 43.40(50) 604.38(617.95) 0.65(0.73) 45.00(41) 598.04(609.86) 0.67(0.69)
PMS −GSO 41.40(45) 596.53(613.85) 0.63(0.66) 43.80(45) 594.93(614.05) 0.62(0.58)

PMS −NSPSO 49.40(52) 606.42(590.66) 0.60(0.53) 41.40(40) 604.84(618.80) 0.68(0.63)
PMS −NSGA II 57.60(59) 603.48(607.87) 0.61(0.60) 58.60(63) 603.78(618.11) 0.63(0.55)

C −D

PMS − FIREFLY 44.00(40) 578.14(609.98) 0.70(0.69) 47.80(50) 588.27(603.99) 0.74(0.72)
PMS −GSO 48.00(51) 597.31(604.20) 0.66(0.63) 46.60(51) 590.46(595.81) 0.65(0.65)

PMS −NSPSO 48.80(46) 584.51(602.85) 0.64(0.59) 46.60(56) 586.85(594.19) 0.67(0.73)
PMS −NSGA II 56.60(59) 587.97(604.68) 0.63(0.64) 51.20(57) 586.43(587.41) 0.59(0.60)

C − E

PMS − FIREFLY 49.20(51) 599.70(599.48) 0.71(0.65) 48.00(55) 598.85(606.21) 0.66(0.62)
PMS −GSO 41.40(47) 592.94(597.71) 0.68(0.61) 50.40(53) 596.60(617.12) 0.64(0.59)

PMS −NSPSO 48.00(51) 598.45(604.81) 0.64(0.65) 43.20(33) 599.71(609.57) 0.67(0.59)
PMS −NSGA II 60.40(63) 599.00(592.77) 0.64(0.58) 60.40(61) 607.48(613.53) 0.65(0.60)

D − E

PMS − FIREFLY 50.00(56) 599.83(616.32) 0.66(0.63) 49.00(53) 606.20(616.22) 0.65(0.66)
PMS −GSO 53.00(60) 603.67(617.21) 0.63(0.64) 48.20(48) 595.50(602.80) 0.64(0.66)

PMS −NSPSO 49.20(57) 606.90(620.98) 0.71(0.80) 48.00(55) 609.46(617.27) 0.69(0.70)
PMS −NSGA II 60.20(52) 601.63(610.06) 0.67(0.66) 59.00(53) 606.62(617.50) 0.63(0.57)
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PÐnakac 31: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric al-
gìrijmouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì
Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dro-
molìgia Dianom c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunar-
t seic OF1−OF2

OF1 − OF2 Multiobjective Asymmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B − CD NSPSO NSGA II GSO FIREFLY B − D − AC NSPSO NSGA II GSO FIREFLY
NSPSO - 0.82 0.27 0.24 NSPSO - 0.89 0.45 0.72
NSGA II 0.04 - 0.08 0.06 NSGA II 0.02 - 0.21 0.07
GSO 0.58 0.89 - 0.42 GSO 0.43 0.67 - 0.58

FIREFLY 0.57 0.94 0.37 - FIREFLY 0.23 0.65 0.29 -

A − C − BD NSPSO NSGA II GSO FIREFLY B − E − AD NSPSO NSGA II GSO FIREFLY
NSPSO - 0.78 0.63 0.59 NSPSO - 0.75 0.30 0.35
NSGA II 0.02 - 0.07 0.07 NSGA II 0.07 - 0.08 0.05
GSO 0.45 0.68 - 0.36 GSO 0.33 0.75 - 0.31

FIREFLY 0.43 0.68 0.39 - FIREFLY 0.40 0.84 0.47 -

A − D − BE NSPSO NSGA II GSO FIREFLY C − D − AE NSPSO NSGA II GSO FIREFLY
NSPSO - 0.74 0.33 0.28 NSPSO - 0.82 0.50 0.47
NSGA II 0.15 - 0 0 NSGA II 0.07 - 0.03 0.13
GSO 0.71 0.91 - 0.53 GSO 0.47 0.82 - 0.45

FIREFLY 0.54 0.91 0.33 - FIREFLY 0.39 0.82 0.39 -

A − E − BD NSPSO NSGA II GSO FIREFLY C − E − AB NSPSO NSGA II GSO FIREFLY
NSPSO - 0.89 0.37 0.26 NSPSO - 0.79 0.49 0.48
NSGA II 0.03 - 0.06 0.07 NSGA II 0.13 - 0.17 0.23
GSO 0.40 0.84 - 0.48 GSO 0.46 0.66 - 0.45

FIREFLY 0.38 0.88 0.41 - FIREFLY 0.42 0.68 0.34 -

B − C − AD NSPSO NSGA II GSO FIREFLY D − E − BC NSPSO NSGA II GSO FIREFLY
NSPSO - 0.86 0.47 0.42 NSPSO - 0.38 0.26 0.24
NSGA II 0.04 - 0.14 0.07 NSGA II 0.56 - 0.59 0.47
GSO 0.42 0.83 - 0.44 GSO 0.44 0.40 - 0.27

FIREFLY 0.38 0.86 0.43 - FIREFLY 0.62 0.44 0.59 -

PÐnakac 32: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric algìrij-
mouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Diano-
m c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Symmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

A − B NSPSO NSGA II GSO FIREFLY B − D NSPSO NSGA II GSO FIREFLY
NSPSO - 0.97 0.61 0.56 NSPSO - 0.96 0.28 0.42
NSGA II 0.02 - 0.04 0.02 NSGA II 0 - 0.07 0.03
GSO 0.35 0.95 - 0.56 GSO 0.45 0.82 - 0.46

FIREFLY 0.35 0.92 0.44 - FIREFLY 0.45 0.93 0.35 -

A − C NSPSO NSGA II GSO FIREFLY B − E NSPSO NSGA II GSO FIREFLY
NSPSO - 0.97 0.42 0.42 NSPSO - 0.78 0.18 0.32
NSGA II 0 - 0 0.03 NSGA II 0.10 - 0.02 0.04
GSO 0.53 1.00 - 0.47 GSO 0.52 0.85 - 0.50

FIREFLY 0.43 0.95 0.40 - FIREFLY 0.50 0.88 0.38 -

A − D NSPSO NSGA II GSO FIREFLY C − D NSPSO NSGA II GSO FIREFLY
NSPSO - 0.96 0.50 0.40 NSPSO - 0.81 0.41 0.30
NSGA II 0 - 0.04 0.06 NSGA II 0.07 - 0.02 0.15
GSO 0.39 0.84 - 0.27 GSO 0.41 0.95 - 0.48

FIREFLY 0.41 0.88 0.42 - FIREFLY 0.48 0.73 0.31 -

A − E NSPSO NSGA II GSO FIREFLY C − E NSPSO NSGA II GSO FIREFLY
NSPSO - 0.92 0.18 0.31 NSPSO - 0.81 0.34 0.45
NSGA II 0.06 - 0 0 NSGA II 0.20 - 0.06 0.12
GSO 0.66 0.96 - 0.59 GSO 0.59 0.86 - 0.57

FIREFLY 0.60 1.00 0.36 - FIREFLY 0.49 0.78 0.21 -

B − C NSPSO NSGA II GSO FIREFLY D − E NSPSO NSGA II GSO FIREFLY
NSPSO - 0.78 0.34 0.15 NSPSO - 0.92 0.40 0.38
NSGA II 0.12 - 0.09 0.11 NSGA II 0.02 - 0.05 0.02
GSO 0.51 0.78 - 0.36 GSO 0.63 0.96 - 0.46

FIREFLY 0.69 0.82 0.42 - FIREFLY 0.54 0.92 0.40 -
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PÐnakac 33: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric al-
gìrijmouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì
Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dro-
molìgia Sullog c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunar-
t seic OF1−OF3

OF1 − OF3 Multiobjective Asymmetric Pick-up Route based Fuel Consumption Multi - Depot VRP

A − B − CD NSPSO NSGA II GSO FIREFLY B − D − AC NSPSO NSGA II GSO FIREFLY
NSPSO - 0.67 0.51 0.30 NSPSO - 0.96 0.18 0.75
NSGA II 0.09 - 0.17 0.05 NSGA II 0 - 0 0.06
GSO 0.34 0.75 - 0.14 GSO 0.66 1.00 - 0.79

FIREFLY 0.68 0.83 0.68 - FIREFLY 0.32 0.83 0.10 -

A − C − BD NSPSO NSGA II GSO FIREFLY B − E − AD NSPSO NSGA II GSO FIREFLY
NSPSO - 0.91 0.44 0.54 NSPSO - 0.75 0.59 0.51
NSGA II 0.02 - 0 0.08 NSGA II 0.11 - 0.24 0.18
GSO 0.49 0.88 - 0.67 GSO 0.28 0.65 - 0.35

FIREFLY 0.38 0.71 0.17 - FIREFLY 0.38 0.64 0.44 -

A − D − BE NSPSO NSGA II GSO FIREFLY C − D − AE NSPSO NSGA II GSO FIREFLY
NSPSO - 0.87 0.40 0.31 NSPSO - 0.90 0.51 0.29
NSGA II 0.08 - 0.10 0.07 NSGA II 0.03 - 0.09 0.02
GSO 0.48 0.89 - 0.36 GSO 0.14 0.78 - 0.31

FIREFLY 0.56 0.87 0.40 - FIREFLY 0.36 0.83 0.44 -

A − E − BD NSPSO NSGA II GSO FIREFLY C − E − AB NSPSO NSGA II GSO FIREFLY
NSPSO - 0.80 0.48 0.47 NSPSO - 0.85 0.36 0.33
NSGA II 0.08 - 0.02 0.04 NSGA II 0.10 - 0 0.02
GSO 0.48 0.80 - 0.53 GSO 0.59 0.91 - 0.56

FIREFLY 0.38 0.75 0.40 - FIREFLY 0.46 0.91 0.42 -

B − C − AD NSPSO NSGA II GSO FIREFLY D − E − BC NSPSO NSGA II GSO FIREFLY
NSPSO � 0.90 0.63 0.69 NSPSO - 0.77 0.29 0.63
NSGA II 0 - 0.06 0.13 NSGA II 0.09 - 0.08 0.16
GSO 0.24 0.82 - 0.64 GSO 0.52 0.79 - 0.71

FIREFLY 0.13 0.75 0.21 - FIREFLY 0.20 0.71 0.16 -

PÐnakac 34: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc tèsseric algìrij-
mouc se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Symmetric Pick-up Route based Fuel Consumption Multi - Depot VRP

A − B NSPSO NSGA II GSO FIREFLY B − D NSPSO NSGA II GSO FIREFLY
NSPSO - 1.00 0.35 0.48 NSPSO - 0.94 0.40 0.42
NSGA II 0 - 0 0 NSGA II 0.02 - 0.02 0
GSO 0.43 0.99 - 0.42 GSO 0.37 0.89 - 0.29

FIREFLY 0.28 1.00 0.33 - FIREFLY 0.45 0.96 0.30 -

A − C NSPSO NSGA II GSO FIREFLY B − E NSPSO NSGA II GSO FIREFLY
NSPSO - 0.84 0.29 0.43 NSPSO - 0.68 0.42 0.34
NSGA II 0.08 - 0 0.02 NSGA II 0.15 - 0.04 0.12
GSO 0.70 0.95 - 0.64 GSO 0.33 0.89 - 0.39

FIREFLY 0.64 0.92 0.33 - FIREFLY 0.58 0.83 0.62 -

A − D NSPSO NSGA II GSO FIREFLY C − D NSPSO NSGA II GSO FIREFLY
NSPSO - 0.86 0.53 0.29 NSPSO - 0.88 0.25 0.52
NSGA II 0.07 - 0.07 0.02 NSGA II 0.07 - 0.02 0.10
GSO 0.40 0.89 - 0.24 GSO 0.43 0.88 - 0.58

FIREFLY 0.57 0.94 0.58 - FIREFLY 0.29 0.79 0.22 -

A − E NSPSO NSGA II GSO FIREFLY C − E NSPSO NSGA II GSO FIREFLY
NSPSO - 0.85 0.36 0.43 NSPSO - 0.85 0.42 0.44
NSGA II 0.09 - 0.05 0.04 NSGA II 0.03 - 0.02 0
GSO 0.37 0.88 - 0.59 GSO 0.52 0.95 - 0.33

FIREFLY 0.30 0.85 0.30 - FIREFLY 0.36 0.97 0.49 -

B − C NSPSO NSGA II GSO FIREFLY D − E NSPSO NSGA II GSO FIREFLY
NSPSO - 0.95 0.38 0.50 NSPSO - 0.89 0.29 0.30
NSGA II 0 - 0 0 NSGA II 0.02 - 0 0.02
GSO 0.51 0.97 - 0.50 GSO 0.55 0.89 - 0.38

FIREFLY 0.57 0.97 0.50 - FIREFLY 0.55 0.94 0.52 -

Apì touc PÐnakec 28 - 30, kaj¸c kai apì to Sq ma 22, bgaÐnei to sumpèra-
sma ìti, lamb�nontac upìyhn to mètro apìdoshc L, o algìrijmoc PMS −
NSGA II èqei kalÔterh apìdosh apì touc �llouc treic algìrijmouc sto
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Sq ma 22: (a') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn algorÐj-
mwn PMS − BA, PMS − NSPSO, PMS − NSDE kai PMS − NSGA II b�sei twn
apotelesm�twn gia k�je prìblhma. (b') Diagrammatik  apeikìnish thc sÔgkrishc twn apo-
telesm�twn twn parap�nw algorÐjmwn b�sei twn sugkentrwtik¸n apotelesm�twn.
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72,5% twn peript¸sewn, en¸ oi algìrijmoi PMS−NSPSO, PMS−FIREFLY
kai PMS − GSO sto 10%, 7,5% kai 5% twn peript¸sewn, antÐstoiqa. E-
piplèon, oi algìrijmoi PMS − FIREFLY kai PMS − NSGA II, kaj¸c
kai oi algìrijmoi PMS −NSPSO kai PMS −NSGA II èqoun thn Ðdia a-
pìdosh sto 2,5% twn peript¸sewn to k�je zeÔgoc, antÐstoiqa. Lamb�nontac
upìyhn to mètro apìdoshc Mk, o algìrijmoc PMS−NSGA II èqei kalÔte-
rh apìdosh apì touc �llouc treic algìrijmouc sto 30% twn peript¸sewn,
en¸ oi algìrijmoi PMS −NSPSO, PMS −GSO kai PMS − FIREFLY
sto 27,5%, 25% kai 17,5% twn peript¸sewn, antÐstoiqa. Lamb�nontac u-
pìyhn to mètro apìdoshc ∆, o algìrijmoc PMS −NSGA II èqei kalÔterh
apìdosh apì touc �llouc treic algìrijmouc sto 40% twn peript¸sewn, e-
n¸ oi algìrijmoi PMS − NSPSO, PMS − FIREFLY kai PMS − GSO
sto 22,5%, 15% kai 10% twn peript¸sewn, antÐstoiqa. Epiplèon, oi algìrij-
moi PMS − FIREFLY kai PMS − NSGA II, kaj¸c kai oi algìrijmoi
PMS − GSO kai PMS − NSGA II èqoun thn Ðdia apìdosh sto 5% twn
peript¸sewn to k�je zeÔgoc, antÐstoiqa, en¸ oi algìrijmoi PMS − GSO
kai PMS − NSPSO èqoun thn Ðdia apìdosh sto 2,5% twn peript¸sewn, a-
ntÐstoiqa. Tèloc, apì touc PÐnakec 31 - 34 sumperaÐnoume ìti, lamb�nontac
upìyhn to mètro apìdoshc C, o algìrijmoc PMS − GSO èqei kalÔterh a-
pìdosh apì touc �llouc treic algìrijmouc sto 47,5% twn peript¸sewn, en¸
oi algìrijmoi PMS − FIREFLY , PMS −NSPSO kai PMS −NSGA II
èqoun sto 25%, 20% kai 2,5% twn peript¸sewn, antÐstoiqa. EpÐshc, oi al-
gìrijmoi PMS−FIREFLY kai PMS−GSO, kaj¸c kai ìloi oi algìrijmoi
èqoun thn Ðdia apìdosh sto 2,5% twn peript¸sewn, antÐstoiqa.

EÐnai shmantikì na tonisteÐ ìti gia to Sq ma 22 akoloujeÐtai h Ðdia dia-
dikasÐa ìpwc sto Sq ma 14. SÔmfwna me aut n th diadikasÐa, h prìsjesh
twn paradeigm�twn pou eÐnai pio apotelesmatikoÐ oi algìrijmoi, gia ta mètra
apotelesmatikìthtac L, ∆ kai C, xepern�ei to sunolikì �jroisma twn para-
deigm�twn, to opoÐo eÐnai sar�nta, miac kai pollèc forèc dÔo   kai perissìteroi
algìrijmoi mporoÔn na èqoun is�xia kalÔterh epÐdosh apì touc upìloipouc gia
k�poio par�deigma, ìpwc anafèrjhke analutik� sthn prohgoÔmenh par�gra-
fo. Tèloc, apì to Sq ma 21 katal goume sto sumpèrasma ìti o algìrijmoc
PMS − GSO kuriarqeÐ sta mètwpa tou Pareto pou par�gontai apì touc
�llouc treic algìrijmouc.

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
sta dÔo probl mata dianom c o algìrijmoc PMS−NSGA II par�gei mètwpa
Pareto me perissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn
lÔsewn (mètra apìdoshc L kai ∆) se sqèsh me th diaspor� pou parathreÐ-
tai sta mètwpa twn �llwn algorÐjmwn (65% kai 40% twn paradeigm�twn,
antÐstoiqa). EpÐshc, o algìrijmoc PMS − GSO par�gei mètwpa Pareto me
megalÔterh èktash (mètro apìdoshcMk) se sqèsh me thn èktash pou parath-
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reÐtai sta mètwpa twn �llwn algorÐjmwn (30% twn paradeigm�twn). Tèloc,
ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS − GSO kuriar-
qoÔn sta mètwpa Pareto pou par�gontai apì touc �llouc treic algìrijmouc
(mètro apìdoshc C) (50% twn paradeigm�twn).

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti kai
sta dÔo probl mata sullog c o algìrijmoc PMS−NSGA II par�gei mètw-
pa Pareto me perissìterec lÔseic, me megalÔterh èktash kai me megalÔterh
diaspor� mh-kuriarqoÔmenwn lÔsewn (mètra apìdoshc L,Mk kai ∆) se sqèsh
me th diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn (80%, 35%
kai 40% twn paradeigm�twn, antÐstoiqa). Tèloc, ta mètwpa Pareto pou pa-
r�gontai apì ton algìrijmo PMS−GSO kuriarqoÔn sta mètwpa Pareto pou
par�gontai apì touc �llouc treic algìrijmouc (mètro apìdoshc C) (45% twn
paradeigm�twn).

Apì tic epidìseic twn tess�rwn algorÐjmwn gia ta dÔo poluantikeimeni-
k� summetrik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −
NSGA II èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson
afor� ta mètra apotelesmatikìthtac L kai ∆, se posostì 80% kai 40% twn
paradeigm�twn, antÐstoiqa. 'Oson afor� to mètro apotelesmatikìthtac Mk,
oi algìrijmoi PMS − GSO kai PMS − NSPSO èqoun kalÔterh apìdosh
se sqèsh me touc �llouc algìrijmouc se posostì 30% twn paradeigm�twn o
kajènac, antÐstoiqa. Tèloc, ìson afor� to mètro apotelesmatikìthtac C, o
algìrijmoc PMS − GSO èqei kalÔterh apìdosh se sqèsh me touc �llouc
algìrijmouc se posostì 55% twn paradeigm�twn. Apì tic epidìseic twn tes-
s�rwn algorÐjmwn gia ta dÔo poluantikeimenik� mh - summetrik� probl mata
bgaÐnei to sumpèrasma ìti o algìrijmoc PMS − NSGA II èqei kalÔterh
apìdosh se sqèsh me touc �llouc algìrijmouc, ìson afor� ta mètra apote-
lesmatikìthtac L, Mk kai ∆, se posostì 65%, 35% kai 40% twn paradeig-
m�twn, antÐstoiqa. Tèloc, ìson afor� to mètro apotelesmatikìthtac C, o
algìrijmoc PMS − GSO èqei kalÔterh apìdosh se sqèsh me touc �llouc
algìrijmouc se posostì 40% twn paradeigm�twn.

Lamb�nontac upìyhn ìla ta apotelèsmata pou ex gagan oi algìrijmoi apì
ìla ta poluantikeimenik� probl mata pou epilÔjhkan, o algìrijmoc PMS −
NSGA II par�gei mètwpa Pareto me perissìterec lÔseic, me megalÔterh
èktash kai me kalÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me thn
diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn. Tèloc, ta
mètwpa Pareto pou par�gontai apì ton algìrijmo PMS −GSO kuriarqoÔn
sta mètwpa Pareto pou par�gontai apì touc �llouc treic algìrijmouc.

Genik�, to megalÔtero endiafèron se sqèsh me tic prohgoÔmenec sugkrÐseic
eÐnai ìti, ed¸, qrhsimopoi same dÔo apì touc kainoÔrgiouc algìrijmouc, ton
PMS − GSO kai ton PMS − FIREFLY . ApodeÐqjhke ìti kalÔteroc
apì touc dÔo algìrijmouc eÐnai o PMS − GSO, giatÐ sqedìn se ìla ta
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mètra apìdoshc  tan arket� pio apotelesmatikìc apì ton algìrijmo PMS−
FIREFLY .

8.5.6. SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS −CS, PMS −
KH, PMS −NSPSO, PMS −NSDE kai PMS −NSGA II

Se autì to upokef�laio parousi�zoume ta apotelèsmata twn poluanti-
keimenik¸n algorÐjmwn, pou exet�zontai se aut n thn sÔgkrish, gia ìla ta
probl mata pou epilÔontai sthn paroÔsa diatrib . H diadikasÐa pou akolou-
j jhke eÐnai Ðdia ìpwc kai sthn prohgoÔmenh sÔgkrish sthn upopar�grafo
8.5.1. Dhlad , arqik�, parousi�zoume to mètwpo Pareto twn algorÐjmwn
PMS − CS, PMS −KH, PMS − NSPSO, PMS − NSDE kai PMS −
NSGA II gia tèssera antiproswpeutik� paradeÐgmata (Sq ma 23). 'Epeita,
stouc PÐnakec 35 kai 36 parousi�zoume ta apotelèsmata gia ta pr¸ta trÐa
mètra apotelesmatikìthtac gia touc algìrijmouc PMS−CS kai PMS−KH
antÐstoiqa, en¸ ston PÐnaka 37 parousi�zoume touc mèsouc ìrouc kai ta ka-
lÔtera trexÐmata, ta opoÐa brÐskontai se parènjesh, gia touc pènte algìrij-
mouc. Katìpin, stouc PÐnakec 38 - 41 parousi�zoume ta apotelèsmata gia
to mètro apotelesmatikìthtac C twn pènte algorÐjmwn gia ta tèssera pro-
bl mata pou epilÔontai. AxÐzei na shmeiwjeÐ ìti oi algìrijmoi PMS − CS,
PMS − KH, PMS − NSPSO, PMS − NSDE kai PMS − NSGA II
stouc parap�nw pÐnakec (PÐnakec 38-41) anafèrontai en suntomÐa CS, KH,
NSPSO, NSDE kai NSGA II, antÐstoiqa. EpÐshc, prèpei na tonisteÐ ìti
stouc PÐnakec 35 kai 36 ta apotelèsmata me èntonouc qarakt rec eÐnai aut�
pou èqoun apod¸sei kalÔtera apì thn sÔgkrish twn algorÐjmwn PMS−CS
(PÐnakac 35) kai PMS − KH (PÐnakac 36) gia tic pènte epanal yeic, en¸
stouc PÐnakec 37-41 ta apotelèsmata me èntonouc qarakt rec eÐnai aut� pou
èqoun apod¸sei kalÔtera apì thn sÔgkrish twn pènte algorÐjmwn. Tèloc,
k�noume diagrammatik  apeikìnish thc sÔgkrishc tìso twn apotelesm�twn
twn algorÐjmwn b�sei twn apotelesm�twn gia k�je prìblhma, ìso kai twn
apotelesm�twn b�sei twn sugkentrwtik¸n apotelesm�twn twn problhm�twn
(Sq ma 24). Na tonisteÐ ìti, sth diagrammatik  apeikìnish, ta probl mata
1-4 eÐnai ta Ðdia probl mata me th diagrammatik  apeikìnish (Sq ma 14) sthn
upopar�grafo 8.5.1.
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(aþ) (bþ)

(gþ) (dþ)

Sq ma 23: (a'), (g') Mètwpa Pareto gia touc algìrijmouc PMS−CS, PMS−KH, PMS−
NSPSO, PMS − NSDE kai PMS − NSGA II gia to par�deigma kroACBD100par3
tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc
KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec
(Multiobjective Asymmetric Delivery Route-based Fuel Consumption Multi-Depot Vehicle
Routing Problem) kai tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐ-
hshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Asymmetric Pick-up Route-based Fuel Consumption
Multi-Depot Vehicle Routing Problem), antÐstoiqa. (b'), (d') Mètwpa Pareto gia touc pa-
rap�nw algìrijmouc gia to par�deigma kroBC100par3 tou PoluantikeimenikoÔ Summetri-
koÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c
me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Delivery
Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem) kai tou Polua-
ntikeimenikoÔ SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia
Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective
Symmetric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle Routing Pro-
blem), antÐstoiqa.
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PÐnakac 37: Mèsoi 'Oroi kai KalÔtera TrexÐmata gia ìlouc touc algorÐjmouc pou qrhsi-
mopoioÔntai stic sugkrÐseic

Multiobjective Asymmetric Delivery Multiobjective Asymmetric Pick-up
Algìrijmoi Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP
L Mk ∆ L Mk ∆

A− B − CD

PMS −KH 46.00(57) 603.32(594.16) 0.63(0.60) 46.60(53) 591.77(593.94) 0.64(0.59)
PMS − CS 47.80(49) 594.65(606.84) 0.63(0.60) 43.40(42) 596.03(618.42) 0.68(0.69)

PMS −NSPSO 46.40(53) 598.41(592.84) 0.70(0.68) 47.00(56) 597.42(609.09) 0.66(0.62)
PMS −NSGA II 56.40(62) 592.33(598.84) 0.61(0.54) 59.80(63) 598.92(608.39) 0.61(0.65)
PMS −NSDE 50.00(59) 598.17(604.03) 0.61(0.53) 46.00(49) 598.81(605.87) 0.61(0.62)

A− C − BD

PMS −KH 48.20(51) 595.72(613.14) 0.65(0.62) 44.60(39) 592.00(603.58) 0.61(0.62)
PMS − CS 46.80(41) 597.65(616.06) 0.61(0.55) 46.60(53) 591.47(611.03) 0.61(0.59)

PMS −NSPSO 47.60(51) 600.33(611.96) 0.68(0.68) 47.80(53) 601.70(595.13) 0.64(0.59)
PMS −NSGA II 61.80(72) 594.92(602.67) 0.61(0.68) 58.80(56) 604.25(613.08) 0.59(0.64)
PMS −NSDE 49.40(56) 594.19(603.86) 0.63(0.64) 44.40(50) 597.25(612.67) 0.63(0.62)

A−D − BE

PMS −KH 47.40(47) 602.83(612.39) 0.65(0.55) 42.40(45) 600.29(615.68) 0.64(0.71)
PMS − CS 45.00(53) 599.07(600.12) 0.65(0.68) 42.40(43) 612.16(627.35) 0.68(0.58)

PMS −NSPSO 48.80(52) 592.57(606.60) 0.64(0.62) 46.00(48) 608.80(620.73) 0.66(0.65)
PMS −NSGA II 54.20(54) 601.74(597.52) 0.61(0.55) 54.60(63) 602.82(610.88) 0.61(0.60)
PMS −NSDE 46.80(51) 591.33(585.05) 0.68(0.58) 46.20(53) 594.36(608.66) 0.64(0.58)

A− E − BD

PMS −KH 46.00(51) 597.29(607.78) 0.65(0.65) 43.80(50) 586.47(594.49) 0.61(0.54)
PMS − CS 45.80(46) 586.48(598.70) 0.60(0.59) 47.40(49) 597.56(594.77) 0.59(0.61)

PMS −NSPSO 48.00(58) 586.44(595.07) 0.65(0.63) 49.00(60) 597.10(610.34) 0.67(0.69)
PMS −NSGA II 57.20(56) 595.30(604.81) 0.58(0.56) 56.40(60) 591.73(615.11) 0.58(0.53)
PMS −NSDE 53.80(58) 589.49(595.89) 0.66(0.66) 45.40(49) 598.88(578.64) 0.64(0.52)

B − C − AD

PMS −KH 42.40(49) 580.80(604.86) 0.69(0.70) 41.80(45) 596.24(605.06) 0.68(0.58)
PMS − CS 41.80(54) 589.59(606.78) 0.61(0.66) 45.40(47) 596.56(607.58) 0.70(0.70)

PMS −NSPSO 42.00(45) 587.45(587.39) 0.66(0.69) 43.20(38) 601.86(616.66) 0.67(0.57)
PMS −NSGA II 51.20(64) 596.11(602.55) 0.61(0.60) 53.60(60) 602.63(609.71) 0.63(0.65)
PMS −NSDE 42.20(47) 593.19(586.51) 0.63(0.56) 44.00(47) 596.09(594.45) 0.69(0.61)

B −D − AC

PMS −KH 43.60(30) 595.59(601.52) 0.65(0.53) 43.40(46) 581.21(602.56) 0.65(0.74)
PMS − CS 42.20(39) 586.26(583.62) 0.66(0.64) 43.60(50) 576.98(592.04) 0.67(0.61)

PMS −NSPSO 42.00(53) 589.78(591.38) 0.62(0.66) 42.20(50) 581.03(589.53) 0.68(0.75)
PMS −NSGA II 54.60(63) 593.43(618.00) 0.61(0.53) 51.40(46) 587.73(606.69) 0.60(0.51)
PMS −NSDE 43.20(48) 591.59(611.63) 0.71(0.72) 44.80(50) 592.20(586.71) 0.66(0.58)

B − E − AD

PMS −KH 47.60(58) 592.51(614.57) 0.66(0.73) 42.40(48) 588.98(575.90) 0.60(0.55)
PMS − CS 41.40(49) 598.62(608.83) 0.69(0.66) 45.40(53) 590.65(607.04) 0.65(0.65)

PMS −NSPSO 42.00(45) 584.42(543.81) 0.59(0.52) 48.00(47) 601.43(611.90) 0.65(0.62)
PMS −NSGA II 50.80(57) 597.52(599.73) 0.56(0.56) 50.20(55) 594.89(600.52) 0.60(0.58)
PMS −NSDE 41.80(47) 596.38(611.30) 0.66(0.61) 41.00(46) 598.64(622.57) 0.66(0.66)

C −D − AE

PMS −KH 48.80(49) 587.41(593.82) 0.64(0.60) 44.40(42) 591.21(600.51) 0.63(0.53)
PMS − CS 43.40(40) 595.14(617.96) 0.66(0.59) 45.60(45) 596.08(605.43) 0.71(0.69)

PMS −NSPSO 45.00(57) 593.92(593.63) 0.67(0.66) 44.00(36) 592.59(602.11) 0.67(0.55)
PMS −NSGA II 53.60(49) 597.24(589.81) 0.58(0.53) 51.80(59) 597.78(610.64) 0.63(0.59)
PMS −NSDE 42.40(42) 594.55(610.84) 0.63(0.60) 44.40(51) 594.87(591.47) 0.70(0.71)

C − E − AB

PMS −KH 46.40(51) 588.58(608.94) 0.63(0.62) 46.00(48) 591.57(583.06) 0.65(0.65)
PMS − CS 44.60(55) 583.80(627.06) 0.67(0.75) 48.00(54) 606.46(609.35) 0.68(0.76)

PMS −NSPSO 45.00(48) 586.58(577.86) 0.66(0.54) 46.80(41) 588.78(601.76) 0.63(0.53)
PMS −NSGA II 55.00(47) 592.95(602.86) 0.61(0.57) 51.00(65) 595.58(608.99) 0.65(0.74)
PMS −NSDE 39.40(47) 592.59(569.13) 0.67(0.63) 47.20(47) 593.76(612.40) 0.63(0.57)

D − E − BC

PMS −KH 51.80(56) 580.24(595.11) 0.68(0.63) 43.00(44) 574.96(580.66) 0.68(0.71)
PMS − CS 38.60(36) 581.59(608.16) 0.65(0.56) 47.20(51) 567.75(575.09) 0.63(0.67)

PMS −NSPSO 42.60(50) 571.71(568.50) 0.67(0.69) 39.60(44) 578.42(573.72) 0.60(0.68)
PMS −NSGA II 43.60(48) 526.74(503.05) 0.62(0.53) 50.80(56) 581.08(602.31) 0.66(0.69)
PMS −NSDE 42.00(44) 582.50(589.22) 0.68(0.64) 43.60(52) 581.38(588.35) 0.60(0.64)

Multiobjective Symmetric Delivery Multiobjective Symmetric Pick-up
Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

A− B

PMS −KH 49.40(51) 606.19(621.97) 0.72(0.68) 49.80(59) 603.44(618.82) 0.65(0.73)
PMS − CS 47.40(56) 596.66(605.48) 0.69(0.73) 43.60(46) 601.18(611.31) 0.69(0.68)

PMS −NSPSO 47.80(52) 613.92(610.29) 0.68(0.62) 51.60(54) 607.75(602.86) 0.69(0.62)
PMS −NSGA II 56.40(61) 602.89(603.41) 0.66(0.62) 58.60(79) 596.88(605.27) 0.66(0.60)
PMS −NSDE 44.60(45) 605.73(596.04) 0.67(0.55) 44.60(46) 602.96(622.10) 0.68(0.62)

A− C

PMS −KH 50.20(53) 608.63(617.01) 0.67(0.59) 49.80(58) 613.38(617.90) 0.67(0.58)
PMS − CS 50.40(43) 602.43(613.18) 0.67(0.61) 50.80(52) 600.69(610.16) 0.61(0.57)

PMS −NSPSO 50.20(53) 604.15(615.43) 0.66(0.67) 47.40(53) 604.96(608.06) 0.68(0.72)
PMS −NSGA II 62.60(66) 609.36(611.80) 0.63(0.54) 56.60(63) 606.55(615.56) 0.64(0.61)
PMS −NSDE 51.40(57) 596.73(602.61) 0.65(0.69) 49.20(44) 603.51(607.51) 0.65(0.61)

A−D

PMS −KH 47.80(49) 585.82(598.02) 0.68(0.62) 44.40(46) 585.13(596.17) 0.69(0.68)
PMS − CS 49.60(60) 579.64(587.50) 0.66(0.72) 52.20(56) 588.85(595.08) 0.66(0.59)

PMS −NSPSO 48.40(54) 577.25(575.63) 0.62(0.61) 49.00(58) 586.10(594.99) 0.63(0.64)
PMS −NSGA II 54.40(57) 592.85(587.50) 0.67(0.63) 58.60(66) 580.64(582.86) 0.66(0.60)
PMS −NSDE 46.20(40) 581.70(591.46) 0.66(0.67) 47.00(47) 579.02(577.96) 0.66(0.58)

A− E

PMS −KH 48.60(53) 604.35(616.24) 0.66(0.66) 43.80(52) 603.55(619.68) 0.71(0.64)
PMS − CS 48.60(49) 598.74(605.28) 0.71(0.75) 50.60(64) 599.55(599.19) 0.71(0.70)

PMS −NSPSO 48.00(47) 595.33(602.24) 0.68(0.69) 41.60(46) 592.88(612.23) 0.68(0.81)
PMS −NSGA II 51.20(51) 598.85(608.34) 0.62(0.60) 61.00(74) 598.56(598.90) 0.65(0.59)
PMS −NSDE 44.60(49) 604.13(608.11) 0.68(0.63) 43.80(43) 602.41(605.73) 0.62(0.58)

B − C

PMS −KH 41.80(48) 580.63(591.97) 0.70(0.67) 43.60(49) 592.56(603.54) 0.69(0.73)
PMS − CS 45.40(53) 584.46(592.27) 0.71(0.72) 44.20(56) 581.24(608.53) 0.74(0.74)

PMS −NSPSO 41.00(51) 589.04(587.03) 0.68(0.62) 47.40(49) 595.11(605.91) 0.67(0.64)
PMS −NSGA II 58.80(55) 591.49(602.55) 0.65(0.55) 56.20(61) 597.28(590.74) 0.65(0.61)
PMS −NSDE 49.80(60) 589.78(610.81) 0.66(0.56) 42.00(49) 589.82(613.07) 0.72(0.64)

B −D

PMS −KH 48.20(54) 592.58(608.00) 0.64(0.65) 44.40(52) 575.50(589.47) 0.65(0.69)
PMS − CS 46.60(53) 586.76(598.77) 0.69(0.72) 43.60(52) 587.03(573.11) 0.71(0.65)

PMS −NSPSO 43.40(55) 594.80(598.42) 0.65(0.54) 43.20(49) 591.07(600.78) 0.64(0.54)
PMS −NSGA II 58.60(56) 595.91(609.20) 0.64(0.63) 55.80(54) 592.55(608.67) 0.65(0.66)
PMS −NSDE 43.20(45) 595.65(595.43) 0.69(0.60) 41.20(54) 582.58(600.87) 0.70(0.68)

B − E

PMS −KH 39.80(57) 592.71(598.83) 0.65(0.71) 44.60(56) 594.89(609.97) 0.69(0.62)
PMS − CS 48.40(50) 590.62(618.69) 0.66(0.64) 42.80(50) 606.30(626.72) 0.76(0.72)

PMS −NSPSO 49.40(52) 606.42(590.66) 0.60(0.53) 41.40(40) 604.84(618.80) 0.68(0.63)
PMS −NSGA II 57.60(59) 603.48(607.87) 0.61(0.60) 58.60(63) 603.78(618.11) 0.63(0.55)
PMS −NSDE 47.80(45) 603.11(609.40) 0.67(0.60) 44.40(46) 580.23(573.63) 0.66(0.58)

C −D

PMS −KH 49.20(62) 592.77(603.59) 0.67(0.69) 43.40(45) 583.62(587.21) 0.69(0.55)
PMS − CS 46.40(48) 585.56(594.14) 0.74(0.63) 49.40(53) 587.19(588.81) 0.79(0.80)

PMS −NSPSO 48.80(46) 584.51(602.85) 0.64(0.59) 46.60(56) 586.85(594.19) 0.67(0.73)
PMS −NSGA II 56.60(59) 587.97(604.68) 0.63(0.64) 51.20(57) 586.43(587.41) 0.59(0.60)
PMS −NSDE 42.80(51) 577.40(594.58) 0.65(0.61) 46.80(51) 586.32(573.07) 0.66(0.57)

C − E

PMS −KH 44.80(55) 602.00(596.86) 0.69(0.64) 53.00(54) 602.97(618.94) 0.69(0.67)
PMS − CS 48.00(52) 599.34(613.48) 0.65(0.62) 40.40(50) 588.54(613.51) 0.72(0.77)

PMS −NSPSO 48.00(51) 598.45(604.81) 0.64(0.65) 43.20(33) 599.71(609.57) 0.67(0.59)
PMS −NSGA II 60.40(63) 599.00(592.77) 0.64(0.58) 60.40(61) 607.48(613.53) 0.65(0.60)
PMS −NSDE 49.40(53) 594.95(611.88) 0.73(0.75) 52.20(60) 601.83(615.53) 0.67(0.72)

D − E

PMS −KH 51.00(53) 604.44(612.04) 0.67(0.63) 52.00(60) 605.05(611.73) 0.69(0.70)
PMS − CS 49.00(50) 601.97(605.88) 0.64(0.56) 46.40(49) 604.63(608.43) 0.68(0.66)

PMS −NSPSO 49.20(57) 606.90(620.98) 0.71(0.80) 48.00(55) 609.46(617.27) 0.69(0.70)
PMS −NSGA II 60.20(52) 601.63(610.06) 0.67(0.66) 59.00(53) 606.62(617.50) 0.63(0.57)
PMS −NSDE 49.80(46) 604.82(619.96) 0.66(0.55) 49.00(54) 615.41(622.74) 0.70(0.64)
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PÐnakac 38: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc pènte algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Diano-
m c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Asymmetric Delivery Route - based Fuel Consumption Multi - Depot VRP
A − B − CD NSPSO NSDE NSGA II KH CS B − D − AC NSPSO NSDE NSGA II KH CS
NSPSO - 0.25 0.82 0.49 0.29 NSPSO - 0.63 0.89 0.43 0.36
NSDE 0.55 - 0.90 0.72 0.49 NSDE 0.30 - 0.63 0.23 0.18
NSGA II 0.04 0.08 - 0.09 0.04 NSGA II 0.02 0.17 - 0.10 0
KH 0.25 0.15 0.82 - 0.24 KH 0.43 0.60 0.70 - 0.44
CS 0.51 0.39 0.92 0.65 - CS 0.49 0.81 0.89 0.50 -

A − C − BD NSPSO NSDE NSGA II KH CS B − E − AD NSPSO NSDE NSGA II KH CS
NSPSO - 0.59 0.78 0.47 0.44 NSPSO - 0.15 0.75 0.45 0.22
NSDE 0.39 - 0.83 0.31 0.39 NSDE 0.73 - 0.93 0.69 0.55
NSGA II 0.02 0.04 - 0.10 0.05 NSGA II 0.07 0 - 0.03 0.04
KH 0.45 0.55 0.78 - 0.39 KH 0.49 0.30 0.86 - 0.45
CS 0.55 0.54 0.78 0.41 - CS 0.64 0.30 0.84 0.59 -

A − D − BE NSPSO NSDE NSGA II KH CS C − D − AE NSPSO NSDE NSGA II KH CS
NSPSO - 0.16 0.74 0.32 0.32 NSPSO - 0.38 0.82 0.37 0.20
NSDE 0.79 - 0.93 0.66 0.47 NSDE 0.65 - 0.82 0.53 0,35
NSGA II 0.15 0.02 - 0 0 NSGA II 0.07 0.07 - 0.16 0.08
KH 0.65 0.29 0.91 - 0.40 KH 0.54 0.36 0.76 - 0.53
CS 0.52 0.35 1.00 0.45 - CS 0.60 0.40 0.82 0.25 -

A − E − BD NSPSO NSDE NSGA II KH CS C − E − AB NSPSO NSDE NSGA II KH CS
NSPSO - 0.21 0.89 0.12 0 NSPSO - 0.45 0.79 0.61 0.55
NSDE 0.55 - 0.91 0.29 0.09 NSDE 0.48 - 0.81 0.67 0.55
NSGA II 0.03 0 - 0 0 NSGA II 0.13 0.13 - 0.20 0.16
KH 0.71 0.69 0.84 - 0.26 KH 0.25 0.26 0.68 - 0.38
CS 0.79 0.69 0.93 0.53 - CS 0.35 0.17 0.68 0.41 -

B − C − AD NSPSO NSDE NSGA II KH CS D − E − BC NSPSO NSDE NSGA II KH CS
NSPSO - 0.28 0.86 0.27 0.30 NSPSO - 0.16 0.38 0.32 0.28
NSDE 0.38 - 0.94 0.43 0.43 NSDE 0.50 - 0.40 0.57 0.56
NSGA II 0.04 0 - 0.04 0 NSGA II 0.56 0.64 - 0.68 0.69
KH 0.64 0.53 0.94 - 0.63 KH 0.44 0.27 0.38 - 0.44
CS 0.60 0.45 0.95 0.47 - CS 0.56 0.45 0.46 0.50 -

PÐnakac 39: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc pènte algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Dianom c
me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Symmetric Delivery Route - based Fuel Consumption Multi - Depot VRP
A − B NSPSO NSDE NSGA II KH CS B − D NSPSO NSDE NSGA II KH CS
NSPSO - 0.33 0.97 0.57 0.46 NSPSO - 0.67 0.96 0.30 0.43
NSDE 0.42 - 0.97 0.53 0.57 NSDE 0.22 - 0.84 0.19 0.32
NSGA II 0.02 0 - 0.12 0 NSGA II 0 0.07 - 0 0.04
KH 0.33 0.27 0.90 - 0.48 KH 0.55 0.76 0.98 - 0.30
CS 0.33 0.27 0.95 0.43 - CS 0.55 0.71 0.91 0.50 -

A − C NSPSO NSDE NSGA II KH CS B − E NSPSO NSDE NSGA II KH CS
NSPSO - 0.54 0.97 0.43 0.60 NSPSO - 0.38 0.78 0.35 0.44
NSDE 0.34 - 0.98 0.21 0.47 NSDE 0.54 - 0.90 0.39 0.46
NSGA II 0 0 - 0 0.09 NSGA II 0.10 0.07 - 0.02 0.10
KH 0.49 0.63 1.00 - 0.56 KH 0.50 0.64 0.92 - 0.64
CS 0.19 0.54 0.86 0.21 - CS 0.42 0.49 0.86 0.40 -

A − D NSPSO NSDE NSGA II KH CS C − D NSPSO NSDE NSGA II KH CS
NSPSO - 0.35 0.96 0.43 0.27 NSPSO - 0.35 0.81 0.40 0.25
NSDE 0.59 - 0.82 0.43 0.27 NSDE 0.35 - 0.90 0.34 0.29
NSGA II 0 0.10 - 0.06 0.02 NSGA II 0.07 0.06 - 0 0.02
KH 0.43 0.33 0.86 - 0.37 KH 0.43 0.51 0.98 - 0.40
CS 0.50 0.45 0.91 0.53 - CS 0.54 0.61 0.92 0.47 -

A − E NSPSO NSDE NSGA II KH CS C − E NSPSO NSDE NSGA II KH CS
NSPSO - 0.39 0.92 0.15 0.10 NSPSO - 0.42 0.81 0.47 0.31
NSDE 0.60 - 0.86 0.28 0.33 NSDE 0.53 - 0.86 0.47 0.50
NSGA II 0.06 0.06 - 0 0 NSGA II 0.20 0.15 - 0.07 0.13
KH 0.72 0.65 0.98 - 0.63 KH 0.49 0.26 0.86 - 0.44
CS 0.72 0.55 0.94 0.30 - CS 0.45 0.51 0.86 0.53 -

B − C NSPSO NSDE NSGA II KH CS D − E NSPSO NSDE NSGA II KH CS
NSPSO - 0.38 0.78 0.25 0.15 NSPSO - 0.35 0.92 0.42 0.30
NSDE 0.63 - 0.91 0.17 0.26 NSDE 0.51 - 0.98 0.53 0.40
NSGA II 0.12 0.10 - 0.02 0.06 NSGA II 0.02 0 - 0.02 0.04
KH 0.57 0.57 0.84 - 0.15 KH 0.58 0.26 0.94 - 0.48
CS 0.75 0.58 0.87 0.52 - CS 0.53 0.43 0.96 0.40 -
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PÐnakac 40: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc pènte algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Asymmetric Pick-up Route based Fuel Consumption Multi - Depot VRP
A − B − CD NSPSO NSDE NSGA II KH CS B − D − AC NSPSO NSDE NSGA II KH CS
NSPSO - 0.41 0.67 0.47 0.31 NSPSO - 0.48 0.96 0.52 0.54
NSDE 0.43 - 0.76 0.53 0.48 NSDE 0.38 - 0.98 0.57 0.48
NSGA II 0.09 0.14 - 0.13 0.05 NSGA II 0 0 - 0.02 0
KH 0.39 0.20 0.73 - 0.38 KH 0.44 0.42 0.93 - 0.38
CS 0.55 0.49 0.71 0.57 - CS 0.28 0.52 0.98 0.50 -

A − C − BD NSPSO NSDE NSGA II KH CS B − E − AD NSPSO NSDE NSGA II KH CS
NSPSO - 0.40 0.91 0.38 0.32 NSPSO - 0.50 0.75 0.54 0.74
NSDE 0.49 - 0.82 0.38 0.38 NSDE 0.49 - 0.84 0.48 0.62
NSGA II 0.02 0.06 - 0.08 0 NSGA II 0.11 0.11 - 0.10 0.17
KH 0.57 0.38 0.82 - 0.43 KH 0.45 0.37 0.87 - 0.66
CS 0.66 0.44 0.96 0.51 - CS 0.19 0.20 0.62 0.31 -

A − D − BE NSPSO NSDE NSGA II KH CS C − D − AE NSPSO NSDE NSGA II KH CS
NSPSO - 0.25 0.87 0.33 0.14 NSPSO - 0.55 0.90 0.40 0.18
NSDE 0.63 - 0.87 0.33 0.28 NSDE 0.19 - 0.83 0.40 0.27
NSGA II 0.08 0.02 - 0.04 0.05 NSGA II 0.03 0.02 - 0.05 0.04
KH 0.58 0.62 0.92 - 0.51 KH 0.42 0.61 0.81 - 0.49
CS 0.48 0.47 0.86 0.27 - CS 0.44 0.61 0.76 0.45 -

A − E − BD NSPSO NSDE NSGA II KH CS C − E − AB NSPSO NSDE NSGA II KH CS
NSPSO - 0.22 0.80 0.30 0.35 NSPSO - 0.40 0.85 0.40 0.28
NSDE 0.65 - 0.82 0.58 0.47 NSDE 0.32 - 0.86 0.27 0.37
NSGA II 0.08 0.10 - 0.08 0.08 NSGA II 0.10 0.04 - 0 0
KH 0.57 0.43 0.85 - 0.45 KH 0.63 0.57 0.92 - 0.46
CS 0.42 0.37 0.78 0.44 - CS 0.41 0.49 0.94 0.31 -

B − C − AD NSPSO NSDE NSGA II KH CS D − E − BC NSPSO NSDE NSGA II KH CS
NSPSO - 0.74 0.90 0.51 0.72 NSPSO - 0.50 0.77 0.52 0.35
NSDE 0.18 - 0.68 0.24 0.23 NSDE 0.36 - 0.73 0.36 0.25
NSGA II 0 0.17 - 0.09 0.09 NSGA II 0.09 0.17 - 0.11 0.02
KH 0.32 0.57 0.87 - 0.40 KH 0.20 0.50 0.73 - 0.22
CS 0.21 0.53 0.77 0.40 - CS 0.66 0.58 0.84 0.57 -

PÐnakac 41: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc pènte algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullog c
me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Symmetric Pick-up Route based Fuel Consumption Multi - Depot VRP
A − B NSPSO NSDE NSGA II KH CS B − D NSPSO NSDE NSGA II KH CS
NSPSO - 0.48 1.00 0.61 0.20 NSPSO - 0.35 0.94 0.56 0.35
NSDE 0.31 - 1.00 0.61 0.20 NSDE 0.51 - 0.89 0.48 0.37
NSGA II 0 0 - 0.02 0 NSGA II 0.02 0.02 - 0.04 0
KH 0.24 0.24 0.95 - 0.22 KH 0.37 0.37 0.89 - 0.29
CS 0.50 0.63 1.00 0.76 - CS 0.65 0.52 0.94 0.46 -

A − C NSPSO NSDE NSGA II KH CS B − E NSPSO NSDE NSGA II KH CS
NSPSO - 0.30 0.84 0.21 0.25 NSPSO - 0.50 0.68 0.20 0.32
NSDE 0.75 - 0.90 0.38 0.33 NSDE 0.43 - 0.71 0.29 0.26
NSGA II 0.08 0 - 0 0.06 NSGA II 0.15 0.11 - 0.02 0.12
KH 0.70 0.39 0.95 - 0.40 KH 0.48 0.61 0.95 - 0.54
CS 0.68 0.52 0.92 0.52 - CS 0.58 0.63 0.73 0.39 -

A − D NSPSO NSDE NSGA II KH CS C − D NSPSO NSDE NSGA II KH CS
NSPSO - 0.23 0.86 0.24 0.39 NSPSO - 0.65 0.88 0.29 0.26
NSDE 0.62 - 0.94 0.48 0.61 NSDE 0.13 - 0.81 0.02 0.08
NSGA II 0.07 0.04 - 0.09 0.07 NSGA II 0.07 0.14 - 0.04 0.04
KH 0.52 0.17 0.89 - 0.43 KH 0.46 0.78 0.88 - 0.36
CS 0.52 0.28 0.89 0.26 - CS 0.54 0.76 0.89 0.47 -

A − E NSPSO NSDE NSGA II KH CS C − E NSPSO NSDE NSGA II KH CS
NSPSO - 0.49 0.85 0.44 0.41 NSPSO - 0.58 0.85 0.50 0.50
NSDE 0.30 - 0.85 0.44 0.28 NSDE 0.36 - 0.92 0.28 0.32
NSGA II 0.09 0.12 - 0.06 0.08 NSGA II 0.03 0.03 - 0.02 0.06
KH 0.28 0.47 0.93 - 0.45 KH 0.42 0.50 0.95 - 0.44
CS 0.37 0.44 0.84 0.48 - CS 0.30 0.55 0.89 0.35 -

B − C NSPSO NSDE NSGA II KH CS D − E NSPSO NSDE NSGA II KH CS
NSPSO - 0.31 0.95 0.49 0.30 NSPSO - 0.33 0.89 0.40 0.29
NSDE 0.57 - 1.00 0.53 0.41 NSDE 0.49 - 0.94 0.42 0.39
NSGA II 0 0 - 0.06 0 NSGA II 0.02 0 - 0.02 0
KH 0.37 0.45 0.90 - 0.39 KH 0.44 0.43 0.92 - 0.27
CS 0.59 0.43 1.00 0.51 - CS 0.69 0.54 0.96 0.67 -

Apì touc PÐnakec 35 - 37, kaj¸c kai apì to Sq ma 24, bgaÐnei to sumpèra-
sma ìti, lamb�nontac upìyhn to mètro apìdoshc L, o algìrijmoc PMS −
NSGA II èqei kalÔterh apìdosh apì touc �llouc tèsseric algìrijmouc sto
65% twn peript¸sewn, en¸ oi algìrijmoi PMS − KH, PMS − NSPSO,
PMS−CS kai PMS−NSDE sto 12,5%, 5%, 5% kai 2,5% twn peript¸se-
wn, antÐstoiqa. Epiplèon, oi algìrijmoi PMS−NSDE kai PMS−NSPSO,
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Sq ma 24: (a') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn algorÐj-
mwn PMS −CS, PMS −KH, PMS −NSPSO, PMS −NSDE kai PMS −NSGA II
b�sei twn apotelesm�twn gia k�je prìblhma. (b') Diagrammatik  apeikìnish thc sÔgkrishc
twn apotelesm�twn twn parap�nw algorÐjmwn b�sei twn sugkentrwtik¸n apotelesm�twn.
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kaj¸c kai oi algìrijmoi PMS−NSPSO kai PMS−NSGA II, oi algìrij-
moi PMS−NSDE kai PMS−NSGA II kai oi algìrijmoi PMS−NSDE,
PMS−NSPSO kai PMS−CS èqoun thn Ðdia apìdosh sto 2,5% twn peri-
pt¸sewn to k�je zeÔgoc, antÐstoiqa. Lamb�nontac upìyhn to mètro apìdoshc
Mk, oi algìrijmoi PMS−CS kai PMS−KH èqoun kalÔterh apìdosh apì
touc �llouc treic algìrijmouc sto 27,5% twn peript¸sewn o kajènac, en¸
oi algìrijmoi PMS −NSGA II, PMS −NSDE kai PMS −NSPSO sto
22,5%, 15% kai 7,5% twn peript¸sewn, antÐstoiqa. Lamb�nontac upìyhn to
mètro apìdoshc ∆, o algìrijmoc PMS −NSGA II èqei kalÔterh apìdosh
apì touc �llouc tèsseric algìrijmouc sto 30% twn peript¸sewn, en¸ oi al-
gìrijmoi PMS − NSPSO, PMS − NSDE, PMS − KH kai PMS − CS
sto 25%, 20%, 10% kai 5% twn peript¸sewn, antÐstoiqa. Epiplèon, oi al-
gìrijmoi PMS−KH kai PMS−NSGA II èqoun thn Ðdia apìdosh sto 5%
twn peript¸sewn, kaj¸c kai oi algìrijmoi PMS −CS kai PMS −NSPSO
kai oi algìrijmoi PMS−CS kai PMS−NSDE èqoun thn Ðdia apìdosh sto
2,5% twn peript¸sewn to k�je zeÔgoc, antÐstoiqa. Tèloc, apì touc PÐna-
kec 38 - 41 sumperaÐnoume ìti, lamb�nontac upìyhn to mètro apìdoshc C,
o algìrijmoc PMS − CS èqei kalÔterh apìdosh apì touc �llouc tèsseric
algìrijmouc sto 42,5% twn peript¸sewn, en¸ oi algìrijmoi PMS − KH,
PMS − NSDE, PMS − NSPSO kai PMS − NSGA II èqoun sto 20%,
17,5%, 15% kai 2,5% twn peript¸sewn, antÐstoiqa. EpÐshc, oi algìrijmoi
PMS − KH, PMS − CS kai PMS − NSDE èqoun thn Ðdia apìdosh sto
2,5% twn peript¸sewn.

EÐnai shmantikì na tonisteÐ ìti gia to Sq ma 24 akoloujeÐtai h Ðdia dia-
dikasÐa ìpwc sto Sq ma 14. SÔmfwna me aut n th diadikasÐa, h prìsjesh
twn paradeigm�twn pou eÐnai pio apotelesmatikoÐ oi algìrijmoi, gia ta mètra
apotelesmatikìthtac L, ∆ kai C, xepern�ei to sunolikì �jroisma twn para-
deigm�twn, to opoÐo eÐnai sar�nta, miac kai pollèc forèc dÔo   kai perissìteroi
algìrijmoi mporoÔn na èqoun is�xia kalÔterh epÐdosh apì touc upìloipouc gia
k�poio par�deigma, ìpwc anafèrjhke analutik� sthn prohgoÔmenh par�gra-
fo. Tèloc, apì to Sq ma 23 katal goume sto sumpèrasma ìti o algìrijmoc
PMS−CS kuriarqeÐ sta mètwpa tou Pareto pou par�gontai apì touc �llouc
tèsseric algìrijmouc.

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
sta dÔo probl mata dianom c o algìrijmoc PMS−NSGA II par�gei mètwpa
Pareto me perissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn
lÔsewn (mètra apìdoshc L kai ∆) se sqèsh me th diaspor� pou parathreÐ-
tai sta mètwpa twn �llwn algorÐjmwn (50% kai 35% twn paradeigm�twn,
antÐstoiqa). EpÐshc, o algìrijmoc PMS − CS par�gei mètwpa Pareto me
megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn èktash pou para-
threÐtai sta mètwpa twn �llwn algorÐjmwn (40% twn paradeigm�twn). Tèloc,
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ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS−CS kuriarqoÔn
sta mètwpa Pareto pou par�gontai apì touc �llouc tèsseric algìrijmouc
(mètro apìdoshc C) (40% twn paradeigm�twn).

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
kai sta dÔo probl mata sullog c o algìrijmoc PMS − NSGA II par�gei
mètwpa Pareto me perissìterec lÔseic, me megalÔterh èktash kai me mega-
lÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn (mètra apìdoshc L, Mk kai ∆)
se sqèsh me th diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐj-
mwn (80%, 30% kai 25% twn paradeigm�twn, antÐstoiqa). Tèloc, ta mètwpa
Pareto pou par�gontai apì ton algìrijmo PMS−CS kuriarqoÔn sta mètwpa
Pareto pou par�gontai apì touc �llouc tèsseric algìrijmouc (mètro apìdo-
shc C) (45% twn paradeigm�twn).

Apì tic epidìseic twn tess�rwn algorÐjmwn gia ta dÔo poluantikeimeni-
k� summetrik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −
NSGA II èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson
afor� ta mètra apotelesmatikìthtac L kai ∆, se posostì 65% kai 40% twn
paradeigm�twn, antÐstoiqa. 'Oson afor� to mètro apotelesmatikìthtacMk, o
algìrijmoc PMS−KH èqei kalÔterh apìdosh se sqèsh me touc �llouc al-
gìrijmouc se posostì 40% twn paradeigm�twn. Tèloc, ìson afor� to mètro
apotelesmatikìthtac C, o algìrijmoc PMS−CS èqei kalÔterh apìdosh se
sqèsh me touc �llouc algìrijmouc se posostì 55% twn paradeigm�twn. Apì
tic epidìseic twn tess�rwn algorÐjmwn gia ta dÔo poluantikeimenik� mh - sum-
metrik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −NSGA
II èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson afor�
to mètro apotelesmatikìthtac L, se posostì 65% twn paradeigm�twn. 'Oson
afor� to mètro apotelesmatikìthtac Mk, o algìrijmoc PMS − CS èqei ka-
lÔterh apìdosh se sqèsh me touc �llouc algìrijmouc se posostì 40% twn
paradeigm�twn. 'Oson afor� to mètro apotelesmatikìthtac ∆, oi algìrijmoi
PMS − NSDE, PMS − NSPSO kai PMS − NSGA II èqoun kalÔterh
apìdosh se sqèsh me touc �llouc algìrijmouc se posostì 20% twn para-
deigm�twn o kajènac. Tèloc, ìson afor� to mètro apotelesmatikìthtac C,
o algìrijmoc PMS − CS èqei kalÔterh apìdosh se sqèsh me touc �llouc
algìrijmouc se posostì 30% twn paradeigm�twn.

Lamb�nontac upìyhn ìla ta apotelèsmata pou ex gagan oi algìrijmoi apì
ìla ta poluantikeimenik� probl mata pou epilÔjhkan, o algìrijmoc PMS −
NSGA II par�gei mètwpa Pareto me perissìterec lÔseic kai me megalÔterh
diaspor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me thn diaspor� pou parath-
reÐtai sta mètwpa twn �llwn algorÐjmwn. EpÐshc, oi algìrijmoi PMS −CS
kai PMS − KH par�goun mètwpa Pareto me megalÔterh èktash se sqèsh
me thn èktash pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn. Tèloc,
ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS−CS kuriarqoÔn
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sta mètwpa Pareto pou par�gontai apì touc �llouc tèsseric algìrijmouc.

8.5.7. SÔgkrish twn Apotelesm�twn twn AlgorÐjmwn: PMS − MOCSA,
PMS − ABC, PMS −BA, PMS −GSO kai PMS − CS

Se autì to upokef�laio gÐnetai h sÔgkrish twn algorÐjmwn me ta kalÔtera
apotelèsmata apì ìlec tic prohgoÔmenec sugkrÐseic, gia ìla ta probl mata
pou epilÔontai sthn paroÔsa diatrib . Ta kalÔtera apotelèsmata p�rjhkan
me gn¸mona to mètro apotelesmatikìthtac C, miac kai me autì to mètro faÐne-
tai an ta mètwpa Pareto pou par�gontai apì ènan algìrijmo kuriarqoÔn sta
mètwpa Pareto pou par�gontai apì touc �llouc algìrijmouc. Arqik�, parou-
si�zetai to mètwpo Pareto twn algorÐjmwn PMS−MOCSA, PMS−ABC,
PMS − BA, PMS − GSO kai PMS − CS gia tèssera antiproswpeutik�
paradeÐgmata (Sq ma 25). 'Epeita, ston PÐnaka 42 parousi�zontai oi mèsoi
ìroi kai ta kalÔtera trexÐmata, ta opoÐa brÐskontai se parènjesh, gia touc
pènte algìrijmouc. Katìpin, stouc PÐnakec 43 - 46 parousi�zontai ta apo-
telèsmata gia to mètro apotelesmatikìthtac C twn pènte algorÐjmwn gia ta
tèssera probl mata pou epilÔontai. Ed¸ axÐzei na shmeiwjeÐ ìti oi algìrijmoi
PMS−MOCSA, PMS−ABC, PMS−BA, PMS−GSO kai PMS−CS
stouc parap�nw pÐnakec (PÐnakec 43-46) anafèrontai en suntomÐa MOCSA,
ABC, BA, GSO kai CS, antÐstoiqa. Epiplèon, prèpei na epishmanjeÐ ìti
se ìlouc touc pÐnakec (PÐnakec 42-46) ta apotelèsmata me èntonouc qara-
kt rec eÐnai aut� pou èqoun apod¸sei kalÔtera apì thn sÔgkrish twn pènte
algorÐjmwn. Tèloc, gÐnetai diagrammatik  apeikìnish thc sÔgkrishc tìso twn
apotelesm�twn twn algorÐjmwn b�sei twn apotelesm�twn gia k�je prìblh-
ma, ìso kai twn apotelesm�twn b�sei twn sugkentrwtik¸n apotelesm�twn
twn problhm�twn (Sq ma 26). AxÐzei na shmeiwjeÐ ìti, sth diagrammatik 
apeikìnish, ta probl mata 1-4 eÐnai ta Ðdia probl mata me th diagrammatik 
apeikìnish (Sq ma 14) sthn upopar�grafo 8.5.1.
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(aþ) (bþ)

(gþ) (dþ)

Sq ma 25: (a'), (g') Mètwpa Pareto gia touc algìrijmouc PMS−MOCSA, PMS−ABC,
PMS −BA, PMS −GSO kai PMS −CS gia to par�deigma kroABCD100par3 tou Po-
luantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc Kau-
sÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec
(Multiobjective Asymmetric Delivery Route-based Fuel Consumption Multi-Depot Vehicle
Routing Problem) kai tou PoluantikeimenikoÔ Mh-SummetrikoÔ Probl matoc ElaqistopoÐ-
hshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me
Pollaplèc Apoj kec (Multiobjective Asymmetric Pick-up Route-based Fuel Consumption
Multi-Depot Vehicle Routing Problem), antÐstoiqa. (b'), (d') Mètwpa Pareto gia touc pa-
rap�nw algìrijmouc gia to par�deigma kroDE100par3 tou PoluantikeimenikoÔ Summetri-
koÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c
me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symmetric Delivery
Route-based Fuel Consumption Multi-Depot Vehicle Routing Problem) kai tou Polua-
ntikeimenikoÔ SummetrikoÔ Probl matoc ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia
Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective
Symmetric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle Routing Pro-
blem), antÐstoiqa.
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PÐnakac 42: Mèsoi 'Oroi kai KalÔtera TrexÐmata gia ìlouc touc algorÐjmouc pou qrhsi-
mopoioÔntai stic sugkrÐseic

Multiobjective Asymmetric Delivery Multiobjective Asymmetric Pick-up
Algìrijmoi Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP
L Mk ∆ L Mk ∆

A− B − CD

PMS −MOCSA 61.40(64) 591.44(580.71) 0.60(0.53) 58.00(48) 593.50(614.71) 0.61(0.55)
PMS − ABC 25.20(26) 519.39(537.22) 0.68(0.69) 30.20(31) 594.50(615.83) 0.72(0.70)
PMS − BA 34.00(31) 598.03(599.15) 0.75(0.64) 40.80(37) 594.71(616.98) 0.73(0.67)
PMS −GSO 46.80(49) 595.89(597.87) 0.67(0.66) 51.40(59) 599.05(612.19) 0.61(0.56)
PMS − CS 47.80(49) 594.65(606.84) 0.63(0.60) 43.40(42) 596.03(618.42) 0.68(0.69)

A− C − BD

PMS −MOCSA 57.60(68) 595.69(597.10) 0.66(0.62) 64.80(72) 600.54(614.65) 0.63(0.64)
PMS − ABC 26.40(30) 514.57(523.10) 0.80(0.94) 29.60(33) 599.64(609.91) 0.72(0.73)
PMS − BA 39.00(38) 589.92(613.72) 0.76(0.80) 39.40(44) 591.71(577.95) 0.77(0.70)
PMS −GSO 45.60(46) 595.83(606.59) 0.60(0.64) 50.00(52) 587.95(598.22) 0.61(0.57)
PMS − CS 46.80(41) 597.65(616.06) 0.61(0.55) 46.60(53) 591.47(611.03) 0.61(0.59)

A−D − BE

PMS −MOCSA 55.60(64) 607.53(604.52) 0.63(0.60) 54.40(54) 607.14(610.68) 0.60(0.54)
PMS − ABC 21.20(25) 513.52(533.70) 0.79(0.84) 30.40(33) 604.45(614.92) 0.80(0.85)
PMS − BA 36.40(39) 601.75(605.68) 0.72(0.64) 38.40(48) 594.57(610.10) 0.74(0.71)
PMS −GSO 48.60(48) 596.39(572.45) 0.62(0.58) 48.60(50) 599.18(595.48) 0.61(0.56)
PMS − CS 45.00(53) 599.07(600.12) 0.65(0.68) 42.40(43) 612.16(627.35) 0.68(0.58)

A− E − BD

PMS −MOCSA 61.20(64) 594.50(596.31) 0.59(0.52) 61.20(62) 589.35(611.69) 0.58(0.57)
PMS − ABC 24.40(30) 515.43(519.05) 0.71(0.64) 30.80(28) 597.77(603.00) 0.80(0.72)
PMS − BA 35.60(35) 596.95(609.07) 0.68(0.62) 41.60(41) 593.47(599.95) 0.77(0.66)
PMS −GSO 49.80(54) 587.63(606.88) 0.59(0.58) 45.80(50) 593.89(602.87) 0.60(0.62)
PMS − CS 45.80(46) 586.48(598.70) 0.60(0.59) 47.40(49) 597.56(594.77) 0.59(0.61)

B − C − AD

PMS −MOCSA 51.80(58) 599.06(609.17) 0.70(0.64) 57.40(66) 569.33(600.06) 0.61(0.62)
PMS − ABC 19.60(23) 479.34(507.12) 0.87(0.78) 25.60(31) 590.78(585.40) 0.79(0.76)
PMS − BA 41.40(49) 587.53(602.33) 0.81(0.83) 34.60(45) 596.66(600.50) 0.71(0.72)
PMS −GSO 45.60(49) 595.02(606.15) 0.66(0.60) 48.40(48) 597.26(607.03) 0.65(0.58)
PMS − CS 41.80(54) 589.59(606.78) 0.61(0.66) 45.40(47) 596.56(607.58) 0.70(0.70)

B −D − AC

PMS −MOCSA 56.60(61) 567.17(607.76) 0.58(0.56) 52.00(72) 554.96(569.85) 0.62(0.61)
PMS − ABC 21.00(26) 508.53(514.14) 0.72(0.69) 24.40(25) 590.85(602.09) 0.72(0.67)
PMS − BA 37.80(30) 596.09(615.40) 0.78(0.73) 34.40(27) 580.63(614.54) 0.71(0.61)
PMS −GSO 45.60(42) 587.22(596.52) 0.61(0.60) 41.20(49) 580.77(585.08) 0.62(0.57)
PMS − CS 42.20(39) 586.26(583.62) 0.66(0.64) 43.60(50) 576.98(592.04) 0.67(0.61)

B − E − AD

PMS −MOCSA 55.00(61) 586.79(606.11) 0.61(0.56) 58.40(65) 597.88(587.64) 0.64(0.57)
PMS − ABC 23.20(26) 489.52(510.33) 0.76(0.86) 29.40(34) 598.01(599.91) 0.77(0.73)
PMS − BA 38.40(39) 589.92(599.89) 0.75(0.73) 32.20(40) 590.86(610.38) 0.76(0.73)
PMS −GSO 46.60(53) 603.09(629.19) 0.64(0.59) 44.00(54) 592.92(597.52) 0.65(0.63)
PMS − CS 41.40(49) 598.62(608.83) 0.69(0.66) 45.40(53) 590.65(607.04) 0.65(0.65)

C −D − AE

PMS −MOCSA 58.60(71) 591.35(599.24) 0.60(0.68) 60.00(60) 587.42(594.94) 0.61(0.55)
PMS − ABC 25.40(30) 524.53(520.80) 0.82(0.76) 28.60(27) 598.07(614.45) 0.72(0.63)
PMS − BA 42.00(47) 598.14(614.79) 0.77(0.75) 37.00(36) 600.71(610.45) 0.73(0.67)
PMS −GSO 52.00(62) 590.97(600.66) 0.63(0.73) 45.20(45) 582.15(603.63) 0.64(0.76)
PMS − CS 43.40(40) 595.14(617.96) 0.66(0.59) 45.60(45) 596.08(605.43) 0.71(0.69)

C − E − AB

PMS −MOCSA 56.20(59) 577.19(594.15) 0.59(0.55) 57.60(62) 593.44(604.50) 0.57(0.54)
PMS − ABC 25.80(33) 520.43(520.96) 0.81(0.85) 26.00(27) 594.23(597.77) 0.84(0.76)
PMS − BA 39.80(47) 586.61(596.46) 0.76(0.77) 32.00(35) 590.85(608.46) 0.75(0.79)
PMS −GSO 48.60(47) 590.71(601.40) 0.58(0.67) 45.20(50) 587.80(561.14) 0.61(0.56)
PMS − CS 44.60(55) 583.80(627.06) 0.67(0.75) 48.00(54) 606.46(609.35) 0.68(0.76)

D − E − BC

PMS −MOCSA 53.60(58) 584.76(598.44) 0.64(0.53) 62.80(75) 563.84(573.38) 0.61(0.56)
PMS − ABC 23.20(23) 510.71(514.93) 0.70(0.60) 28.00(30) 581.88(577.52) 0.77(0.63)
PMS − BA 33.20(37) 577.37(599.34) 0.74(0.83) 35.80(39) 578.73(581.31) 0.73(0.59)
PMS −GSO 45.40(46) 577.86(591.59) 0.62(0.58) 48.60(49) 577.98(575.35) 0.60(0.56)
PMS − CS 38.60(36) 581.59(608.16) 0.65(0.56) 47.20(51) 567.75(575.09) 0.63(0.67)

Multiobjective Symmetric Delivery Multiobjective Symmetric Pick-up
Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

A− B

PMS −MOCSA 65.20(71) 604.74(611.70) 0.65(0.59) 62.00(75) 605.59(620.04) 0.65(0.65)
PMS − ABC 29.00(31) 603.23(610.84) 0.76(0.69) 21.40(25) 600.76(611.89) 0.75(0.69)
PMS − BA 39.80(49) 607.31(608.58) 0.77(0.73) 37.20(51) 587.94(616.14) 0.74(0.78)
PMS −GSO 50.80(57) 604.14(614.83) 0.63(0.59) 40.20(43) 607.69(626.79) 0.63(0.60)
PMS − CS 47.40(56) 596.66(605.48) 0.69(0.73) 43.60(46) 601.18(611.31) 0.69(0.68)

A− C

PMS −MOCSA 69.20(72) 607.78(600.56) 0.63(0.61) 64.00(65) 605.52(612.67) 0.61(0.59)
PMS − ABC 32.20(36) 602.04(602.18) 0.83(0.70) 22.20(25) 599.57(601.56) 0.79(0.76)
PMS − BA 39.60(42) 610.42(625.86) 0.75(0.66) 41.60(45) 606.82(602.03) 0.75(0.72)
PMS −GSO 51.60(60) 597.22(607.93) 0.62(0.58) 48.20(49) 597.89(589.51) 0.66(0.62)
PMS − CS 50.40(43) 602.43(613.18) 0.67(0.61) 50.80(52) 600.69(610.16) 0.61(0.57)

A−D

PMS −MOCSA 75.20(78) 581.14(589.98) 0.65(0.72) 68.80(74) 588.89(600.68) 0.60(0.69)
PMS − ABC 29.20(35) 584.48(610.10) 0.84(0.88) 25.20(26) 583.36(582.98) 0.69(0.59)
PMS − BA 42.40(48) 585.25(592.69) 0.73(0.76) 38.00(40) 585.63(579.68) 0.73(0.60)
PMS −GSO 43.80(50) 591.80(600.08) 0.62(0.68) 53.20(60) 591.85(608.42) 0.64(0.70)
PMS − CS 49.60(60) 579.64(587.50) 0.66(0.72) 52.20(56) 588.85(595.08) 0.66(0.59)

A− E

PMS −MOCSA 65.00(65) 593.11(601.41) 0.65(0.64) 68.40(76) 594.99(582.02) 0.63(0.62)
PMS − ABC 35.00(36) 598.62(596.71) 0.83(0.74) 20.80(27) 596.34(603.89) 0.72(0.72)
PMS − BA 39.80(48) 595.01(601.59) 0.87(0.78) 36.00(37) 597.58(606.00) 0.76(0.74)
PMS −GSO 48.60(45) 595.97(600.62) 0.65(0.61) 48.60(56) 603.36(599.57) 0.68(0.64)
PMS − CS 48.60(49) 598.74(605.28) 0.71(0.75) 50.60(64) 599.55(599.19) 0.71(0.70)

B − C

PMS −MOCSA 63.20(73) 575.51(621.22) 0.60(0.70) 61.40(64) 579.14(602.47) 0.63(0.56)
PMS − ABC 24.00(28) 554.94(590.73) 0.83(0.95) 24.20(26) 595.01(604.70) 0.76(0.69)
PMS − BA 32.80(39) 559.03(602.84) 0.72(0.78) 38.80(37) 572.31(609.52) 0.77(0.73)
PMS −GSO 48.80(53) 588.56(595.46) 0.69(0.58) 43.60(52) 579.68(603.36) 0.70(0.67)
PMS − CS 45.40(53) 584.46(592.27) 0.71(0.72) 44.20(56) 581.24(608.53) 0.74(0.74)

B −D

PMS −MOCSA 66.00(72) 597.77(593.97) 0.66(0.61) 69.60(89) 600.06(593.98) 0.67(0.64)
PMS − ABC 28.40(30) 589.34(598.79) 0.81(0.93) 20.40(24) 583.20(600.10) 0.69(0.69)
PMS − BA 36.60(47) 591.29(598.83) 0.89(0.88) 31.60(31) 577.36(606.37) 0.80(0.83)
PMS −GSO 41.40(46) 601.46(616.22) 0.66(0.70) 46.00(47) 590.67(600.51) 0.63(0.61)
PMS − CS 46.60(53) 586.76(598.77) 0.69(0.72) 43.60(52) 587.03(573.11) 0.71(0.65)

B − E

PMS −MOCSA 58.20(64) 593.79(616.37) 0.61(0.60) 59.20(63) 591.89(614.74) 0.66(0.63)
PMS − ABC 28.40(31) 594.76(614.93) 0.85(0.78) 17.60(19) 602.44(606.64) 0.72(0.67)
PMS − BA 37.40(39) 596.77(611.05) 0.79(0.79) 32.80(28) 592.92(611.97) 0.80(0.72)
PMS −GSO 41.40(45) 596.53(613.85) 0.63(0.66) 43.80(45) 594.93(614.05) 0.62(0.58)
PMS − CS 48.40(50) 590.62(618.69) 0.66(0.64) 42.80(50) 606.30(626.72) 0.76(0.72)

C −D

PMS −MOCSA 67.40(73) 593.81(609.02) 0.61(0.69) 68.60(71) 589.35(591.01) 0.68(0.65)
PMS − ABC 29.00(32) 586.84(585.57) 0.76(0.62) 19.40(22) 583.38(606.27) 0.61(0.57)
PMS − BA 33.60(42) 585.68(600.83) 0.80(0.87) 35.60(51) 586.38(586.70) 0.84(0.76)
PMS −GSO 48.00(51) 597.31(604.20) 0.66(0.63) 46.60(51) 590.46(595.81) 0.65(0.65)
PMS − CS 46.40(48) 585.56(594.14) 0.74(0.63) 49.40(53) 587.19(588.81) 0.79(0.80)

C − E

PMS −MOCSA 65.40(78) 594.28(600.56) 0.66(0.50) 64.80(68) 600.74(602.78) 0.61(0.56)
PMS − ABC 33.20(29) 603.84(616.56) 0.80(0.68) 22.40(23) 600.35(619.16) 0.71(0.65)
PMS − BA 42.60(45) 601.37(597.06) 0.74(0.71) 39.00(43) 602.70(612.80) 0.82(0.78)
PMS −GSO 41.40(47) 592.94(597.71) 0.68(0.61) 50.40(53) 596.60(617.12) 0.64(0.59)
PMS − CS 48.00(52) 599.34(613.48) 0.65(0.62) 40.40(50) 588.54(613.51) 0.72(0.77)

D − E

PMS −MOCSA 71.60(82) 605.98(612.39) 0.60(0.58) 71.40(70) 608.85(597.40) 0.59(0.52)
PMS − ABC 31.80(33) 604.43(599.06) 0.77(0.68) 24.00(26) 608.29(620.04) 0.71(0.58)
PMS − BA 43.00(38) 606.82(618.93) 0.76(0.77) 41.60(48) 608.36(604.85) 0.77(0.83)
PMS −GSO 53.00(60) 603.67(617.21) 0.63(0.64) 48.20(48) 595.50(602.80) 0.64(0.66)
PMS − CS 49.00(50) 601.97(605.88) 0.64(0.56) 46.40(49) 604.63(608.43) 0.68(0.66)
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PÐnakac 43: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc pènte algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Diano-
m c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Asymmetric Delivery Route - based Fuel Consumption Multi - Depot VRP
A − B − CD ABC GSO MOCSA BA CS B − D − AC ABC GSO MOCSA BA CS

ABC - 0.67 0.55 0.10 0.76 ABC - 0.90 0.36 0.30 0.77
GSO 0.19 - 0.03 0.19 0.59 GSO 0.04 - 0.03 0 0.26

MOCSA 0.31 0.86 - 0.16 0.92 MOCSA 0.19 0.95 - 0.30 0.77
BA 0.73 0.82 0.56 - 0.88 BA 0.38 0.95 0.41 - 0.90
CS 0.08 0.45 0.05 0.03 - CS 0.19 0.67 0.18 0.23 -

A − C − BD ABC GSO MOCSA BA CS B − E − AD ABC GSO MOCSA BA CS
ABC - 0.67 0.38 0.16 0.61 ABC - 0.68 0.31 0.26 0.49
GSO 0.03 - 0.01 0.05 0.29 GSO 0.08 - 0.02 0.21 0.27

MOCSA 0.33 0.96 - 0.50 0.76 MOCSA 0.31 0.96 - 0.46 0.90
BA 0.47 0.91 0.51 - 0.80 BA 0.35 0.70 0.41 - 0.53
CS 0.20 0.46 0.03 0.16 - CS 0.19 0.51 0.05 0.15 -

A − D − BE ABC GSO MOCSA BA CS C − D − AE ABC GSO MOCSA BA CS
ABC - 0.69 0.41 0.38 0.66 ABC - 0.87 0.46 0.40 0.80
GSO 0.20 - 0.14 0.18 0.43 GSO 0 - 0.18 0.04 0.15

MOCSA 0.40 0.83 - 0.41 0.75 MOCSA 0.27 0.77 - 0.17 0.73
BA 0.40 0.81 0.39 - 0.85 BA 0.27 0.90 0.54 - 0.85
CS 0.16 0.29 0.19 0.10 - CS 0.07 0.63 0.21 0.02 -

A − E − BD ABC GSO MOCSA BA CS C − E − AB ABC GSO MOCSA BA CS
ABC - 0.74 0.47 0.26 0.39 ABC - 0.74 0.39 0.17 0.76
GSO 0.03 - 0.05 0.11 0.17 GSO 0.18 - 0.15 0 0.44

MOCSA 0.53 0.89 - 0.46 0.74 MOCSA 0.24 0.83 - 0.19 0.84
BA 0.57 0.76 0.38 - 0.61 BA 0.64 0.98 0.58 - 0.87
CS 0.37 0.70 0.19 0.26 - CS 0.15 0.45 0.07 0 -

B − C − AD ABC GSO MOCSA BA CS D − E − BC ABC GSO MOCSA BA CS
ABC - 0.78 0.45 0.47 0.74 ABC - 0.59 0.41 0.30 0.67
GSO 0.09 - 0.12 0 0.44 GSO 0.26 - 0 0 0.36

MOCSA 0.22 0.86 - 0.29 0.80 MOCSA 0.48 0.91 - 0.19 0.86
BA 0.30 0.96 0.52 - 0.91 BA 0.61 0.89 0.52 - 0.92
CS 0 0.53 0.19 0.02 - CS 0.22 0.35 0.07 0 -

PÐnakac 44: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc pènte algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Dianom c
me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF2

OF1 − OF2 Multiobjective Symmetric Delivery Route - based Fuel Consumption Multi - Depot VRP
A − B ABC GSO MOCSA BA CS B − D ABC GSO MOCSA BA CS
ABC - 0.86 0.59 0.29 0.88 ABC - 0.70 0.38 0.13 0.68
GSO 0.10 - 0 0 0.43 GSO 0.13 - 0.10 0.17 0.43

MOCSA 0.10 0.91 - 0.12 0.73 MOCSA 0.40 0.70 - 0.32 0.74
BA 0.35 1.00 0.83 - 0.96 BA 0.63 0.89 0.44 - 0.83
CS 0.10 0.49 0.20 0 - CS 0.27 0.30 0.21 0.09 -

A − C ABC GSO MOCSA BA CS B − E ABC GSO MOCSA BA CS
ABC - 0.78 0.60 0.64 0.86 ABC - 0.80 0.52 0.28 0.76
GSO 0.19 - 0.17 0.26 0.58 GSO 0.10 - 0.16 0.10 0.52

MOCSA 0.14 0.78 - 0.48 0.88 MOCSA 0.23 0.76 - 0.15 0.84
BA 0.14 0.70 0.36 - 0.79 BA 0.19 0.80 0.55 - 0.80
CS 0.06 0.27 0.06 0.14 - CS 0.13 0.36 0.09 0.03 -

A − D ABC GSO MOCSA BA CS C − D ABC GSO MOCSA BA CS
ABC - 0.66 0.47 0.31 0.67 ABC - 0.90 0.56 0.55 0.85
GSO 0.14 - 0.04 0.04 0.28 GSO 0 - 0.10 0 0.23

MOCSA 0.37 0.92 - 0.48 0.72 MOCSA 0.25 0.84 - 0.14 0.77
BA 0.29 0.88 0.40 - 0.77 BA 0.25 0.86 0.58 - 0.88
CS 0.17 0.62 0.33 0.17 - CS 0.03 0.65 0.04 0.02 -

A − E ABC GSO MOCSA BA CS C − E ABC GSO MOCSA BA CS
ABC - 0.80 0.35 0.50 0.90 ABC - 0.83 0.46 0.33 0.77
GSO 0.11 - 0.05 0.15 0.59 GSO 0.17 - 0.10 0.02 0.42

MOCSA 0.44 0.93 - 0.38 0.96 MOCSA 0.41 0.81 - 0.20 0.79
BA 0.22 0.71 0.35 - 0.82 BA 0.34 0.89 0.54 - 0.88
CS 0 0.36 0.03 0.13 - CS 0.21 0.45 0.09 0.02 -

B − C ABC GSO MOCSA BA CS D − E ABC GSO MOCSA BA CS
ABC - 0.83 0.45 0.51 0.62 ABC - 0.68 0.52 0.11 0.70
GSO 0.11 - 0.01 0 0.21 GSO 0.24 - 0.07 0.16 0.38

MOCSA 0.32 0.81 - 0.18 0.53 MOCSA 0.33 0.78 - 0.16 0.94
BA 0.18 0.98 0.45 - 0.75 BA 0.58 0.82 0.74 - 0.92
CS 0.25 0.68 0.27 0.15 - CS 0.21 0.32 0.06 0.08 -
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PÐnakac 45: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc pènte algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Mh - Summetrikì Prìblhma Ela-
qistopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullo-
g c me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Asymmetric Pick-up Route based Fuel Consumption Multi - Depot VRP
A − B − CD ABC GSO MOCSA BA CS B − D − AC ABC GSO MOCSA BA CS

ABC - 0.85 0.29 0.32 0.57 ABC - 0.82 0.50 0.26 0.94
GSO 0.10 - 0.08 0 0.26 GSO 0.16 - 0.24 0.07 0.80

MOCSA 0.42 0.86 - 0.19 0.83 MOCSA 0.40 0.69 - 0.19 0.86
BA 0.45 0.92 0.54 - 0.81 BA 0.52 0.88 0.58 - 0.94
CS 0.23 0.63 0.08 0.08 - CS 0.12 0.18 0.03 0 -

A − C − BD ABC GSO MOCSA BA CS B − E − AD ABC GSO MOCSA BA CS
ABC - 0.62 0.36 0.20 0.53 ABC - 1.00 0.54 0.25 0.94
GSO 0.24 - 0.11 0 0.45 GSO 0 - 0.03 0 0.45

MOCSA 0.55 0.71 - 0.11 0.79 MOCSA 0.15 0.96 - 0.10 0.98
BA 0.70 0.90 0.68 - 0.91 BA 0.38 0.98 0.69 - 1.00
CS 0.30 0.38 0.18 0.07 - CS 0.03 0.43 0 0 -

A − D − BE ABC GSO MOCSA BA CS C − D − AE ABC GSO MOCSA BA CS
ABC - 0.74 0.39 0.35 0.63 ABC - 0.98 0.43 0.58 0.93
GSO 0.09 - 0.22 0.04 0.42 GSO 0 - 0.05 0 0.27

MOCSA 0.36 0.82 - 0.44 0.81 MOCSA 0.37 0.89 - 0.36 0.80
BA 0.42 0.92 0.50 - 0.72 BA 0.26 0.93 0.40 - 0.78
CS 0.33 0.50 0.06 0.17 - CS 0 0.56 0.08 0.14 -

A − E − BD ABC GSO MOCSA BA CS C − E − AB ABC GSO MOCSA BA CS
ABC � 0.78 0.39 0.24 0.78 ABC - 0.68 0.26 0.17 0.74
GSO 0.18 - 0.10 0.07 0.33 GSO 0.30 - 0.16 0.17 0.50

MOCSA 0.39 0.80 - 0.22 0.78 MOCSA 0.59 0.76 - 0.29 0.87
BA 0.54 0.92 0.58 - 0.98 BA 0.70 0.82 0.53 - 0.89
CS 0.18 0.44 0.13 0 - CS 0.22 0.30 0.15 0.03 -

B − C − AD ABC GSO MOCSA BA CS D − E − BC ABC GSO MOCSA BA CS
ABC - 0.77 0.32 0.42 0.81 ABC - 0.53 0.43 0.23 0.55
GSO 0.06 - 0.02 0.07 0.49 GSO 0.27 - 0.33 0.15 0.43

MOCSA 0.58 0.94 - 0.42 0.96 MOCSA 0.40 0.65 - 0.23 0.61
BA 0.32 0.83 0.47 - 0.96 BA 0.63 0.80 0.61 - 0.88
CS 0.13 0.17 0.03 0.02 - CS 0.47 0.43 0.39 0.13 -

PÐnakac 46: Apotelèsmata gia to mètro apotelesmatikìthtac C gia touc pènte algìrijmouc
se dèka paradeÐgmata, ìtan epilÔetai to Poluantikeimenikì Summetrikì Prìblhma Elaqi-
stopoÐhshc thc Katan�lwshc KausÐmou me Pollaplèc Apoj kec gia Dromolìgia Sullog c
me Paramètrouc Diadrom c qrhsimopoi¸ntac tic antikeimenikèc sunart seic OF1−OF3

OF1 − OF3 Multiobjective Symmetric Pick-up Route based Fuel Consumption Multi - Depot VRP
A − B ABC GSO MOCSA BA CS B − D ABC GSO MOCSA BA CS
ABC - 0.44 0.09 0.22 0.17 ABC - 0.70 0.10 0.06 0.56
GSO 0.32 - 0.12 0.25 0.33 GSO 0.29 - 0.04 0.03 0.29

MOCSA 0.76 0.81 - 0.55 0.78 MOCSA 0.83 0.94 - 0.26 0.94
BA 0.60 0.70 0.27 - 0.76 BA 0.50 0.91 0.35 - 0.79
CS 0.64 0.56 0.17 0.31 - CS 0.42 0.57 0.06 0.13 -

A − C ABC GSO MOCSA BA CS B − E ABC GSO MOCSA BA CS
ABC - 0.59 0.40 0.20 0.54 ABC - 0.82 0.65 0.54 0.90
GSO 0.32 - 0.25 0.04 0.37 GSO 0 - 0.11 0 0.38

MOCSA 0.36 0.76 - 0.11 0.77 MOCSA 0.11 0.89 - 0.18 0.80
BA 0.64 0.80 0.60 - 0.83 BA 0.32 0.96 0.60 - 0.92
CS 0.32 0.45 0.14 0.07 - CS 0.05 0.49 0.08 0.04 -

A − D ABC GSO MOCSA BA CS C − D ABC GSO MOCSA BA CS
ABC - 0.78 0.28 0.20 0.66 ABC - 0.69 0.11 0.10 0.47
GSO 0.23 - 0.08 0 0.30 GSO 0.32 - 0.07 0 0.49

MOCSA 0.58 0.92 - 0.40 0.80 MOCSA 0.64 0.90 - 0.31 0.70
BA 0.50 0.92 0.49 - 0.86 BA 0.50 0.98 0.58 - 0.92
CS 0.15 0.47 0.15 0.05 - CS 0.23 0.43 0.21 0.02 -

A − E ABC GSO MOCSA BA CS C − E ABC GSO MOCSA BA CS
ABC - 0.55 0.12 0.08 0.59 ABC - 0.43 0.22 0.23 0.58
GSO 0.30 - 0 0.08 0.63 GSO 0.43 - 0.07 0.12 0.60

MOCSA 0.59 0.95 - 0.14 0.98 MOCSA 0.61 0.75 - 0.42 0.82
BA 0.67 0.95 0.58 - 0.94 BA 0.57 0.68 0.50 - 0.84
CS 0.15 0.43 0.01 0.03 - CS 0.30 0.30 0.10 0.07 -

B − C ABC GSO MOCSA BA CS D − E ABC GSO MOCSA BA CS
ABC - 0.58 0.14 0.19 0.55 ABC - 0.54 0.10 0.08 0.49
GSO 0.23 - 0.05 0.08 0.34 GSO 0.27 - 0.04 0 0.22

MOCSA 0.77 0.92 - 0.38 0.86 MOCSA 0.69 0.92 - 0.27 0.90
BA 0.81 0.87 0.45 - 0.75 BA 0.54 0.88 0.39 - 0.80
CS 0.42 0.46 0.13 0.16 - CS 0.46 0.56 0.06 0.02 -

Apì ton PÐnaka 42, kaj¸c kai apì to Sq ma 26, bgaÐnei to sumpèrasma ìti,
lamb�nontac upìyhn to mètro apìdoshc L, o algìrijmoc PMS −MOCSA
èqei kalÔterh apìdosh apì touc �llouc tèsseric algìrijmouc sto 97,5% twn
peript¸sewn, en¸ o algìrijmoc PMS −GSO mìno sto 2,5% twn peript¸se-
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Sq ma 26: (a') Diagrammatik  apeikìnish thc sÔgkrishc twn apotelesm�twn twn algorÐj-
mwn PMS −MOCSA, PMS − ABC, PMS − BA, PMS −GSO kai PMS − CS b�sei
twn apotelesm�twn gia k�je prìblhma. (b') Diagrammatik  apeikìnish thc sÔgkrishc twn
apotelesm�twn twn parap�nw algorÐjmwn b�sei twn sugkentrwtik¸n apotelesm�twn.
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wn. Lamb�nontac upìyhn to mètro apìdoshc Mk, o algìrijmoc PMS − CS
èqei kalÔterh apìdosh apì touc �llouc algìrijmouc sto 30% twn peript¸se-
wn, en¸ oi algìrijmoi PMS − BA, PMS − MOCSA, PMS − ABC kai
PMS −GSO sto 27,5%, 15%, 15% kai 12,5% twn peript¸sewn, antÐstoiqa.
Lamb�nontac upìyhn to mètro apìdoshc ∆, o algìrijmoc PMS −MOCSA
èqei kalÔterh apìdosh apì touc �llouc tèsseric algìrijmouc sto 47,5% twn
peript¸sewn, en¸ oi algìrijmoi PMS−GSO, PMS−CS kai PMS−ABC
sto 30%, 10% kai 5% twn peript¸sewn, antÐstoiqa. Epiplèon, oi algìrij-
moi PMS −MOCSA kai PMS −GSO èqoun thn Ðdia apìdosh sto 5% twn
peript¸sewn, en¸ oi algìrijmoi PMS − CS kai PMS − ABC èqoun thn
Ðdia apìdosh sto 2,5% twn peript¸sewn. Tèloc, apì touc PÐnakec 43-46
sumperaÐnoume ìti, lamb�nontac upìyhn to mètro apìdoshc C, o algìrijmoc
PMS−BA èqei kalÔterh apìdosh apì touc �llouc tèsseric algìrijmouc sto
62,5% twn peript¸sewn, en¸ oi algìrijmoi PMS−ABC kai PMS−MOCSA
èqoun sto 22,5% kai 7,5% twn peript¸sewn, antÐstoiqa. EpÐshc, oi algìrij-
moi PMS−BA, PMS−ABC kai PMS−MOCSA èqoun thn Ðdia apìdosh
sto 7,5% twn peript¸sewn.

EÐnai shmantikì na tonisteÐ ìti gia to Sq ma 26 akoloujeÐtai h Ðdia dia-
dikasÐa ìpwc sto Sq ma 14. SÔmfwna me aut n th diadikasÐa, h prìsjesh
twn paradeigm�twn pou eÐnai pio apotelesmatikoÐ oi algìrijmoi, gia ta mètra
apotelesmatikìthtac ∆ kai C, xepern�ei to sunolikì �jroisma twn paradeig-
m�twn, to opoÐo eÐnai sar�nta, miac kai pollèc forèc dÔo   kai perissìteroi
algìrijmoi mporoÔn na èqoun is�xia kalÔterh epÐdosh apì touc upìloipouc gia
k�poio par�deigma, ìpwc anafèrjhke analutik� sthn prohgoÔmenh par�gra-
fo. Tèloc, apì to Sq ma 25 katal goume sto sumpèrasma ìti o algìrijmoc
PMS−BA kuriarqeÐ sta mètwpa tou Pareto pou par�gontai apì touc �llouc
tèsseric algìrijmouc.

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
sta dÔo probl mata dianom c o algìrijmoc PMS−MOCSA par�gei mètwpa
Pareto me perissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn
lÔsewn (mètra apìdoshc L kai ∆) se sqèsh me th diaspor� pou parathreÐtai
sta mètwpa twn �llwn algorÐjmwn (100% kai 45% twn paradeigm�twn, a-
ntÐstoiqa). EpÐshc, o algìrijmoc PMS − CS par�gei mètwpa Pareto me
megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn èktash pou para-
threÐtai sta mètwpa twn �llwn algorÐjmwn (35% twn paradeigm�twn). Tèloc,
ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS−BA kuriarqoÔn
sta mètwpa Pareto pou par�gontai apì touc �llouc tèsseric algìrijmouc
(mètro apìdoshc C) (45% twn paradeigm�twn).

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti kai
sta dÔo probl mata sullog c o algìrijmoc PMS−MOCSA par�gei mètwpa
Pareto me perissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn
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lÔsewn (mètra apìdoshc L kai ∆) se sqèsh me th diaspor� pou parathreÐ-
tai sta mètwpa twn �llwn algorÐjmwn (95% kai 50% twn paradeigm�twn,
antÐstoiqa). EpÐshc, o algìrijmoc PMS − BA par�gei mètwpa Pareto me
megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn èktash pou para-
threÐtai sta mètwpa twn �llwn algorÐjmwn (30% twn paradeigm�twn). Tèloc,
ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS−BA kuriarqoÔn
sta mètwpa Pareto pou par�gontai apì touc �llouc tèsseric algìrijmouc
(mètro apìdoshc C) (80% twn paradeigm�twn).

Apì tic epidìseic twn tess�rwn algorÐjmwn gia ta dÔo poluantikeimeni-
k� summetrik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −
MOCSA èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson
afor� to mètro apotelesmatikìthtac L, se posostì 100% twn paradeigm�twn.
'Oson afor� to mètro apotelesmatikìthtac Mk, oi algìrijmoi PMS − BA
kai PMS−ABC èqoun kalÔterh apìdosh se sqèsh me touc �llouc algìrij-
mouc se posostì 25% twn paradeigm�twn o kajènac. 'Oson afor� to mètro
apotelesmatikìthtac ∆, oi algìrijmoi PMS −MOCSA kai PMS − GSO
èqoun kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc se posostì
35% twn paradeigm�twn o kajènac. Tèloc, ìson afor� to mètro apotele-
smatikìthtac C, o algìrijmoc PMS −BA èqei kalÔterh apìdosh se sqèsh
me touc �llouc algìrijmouc se posostì 60% twn paradeigm�twn. Apì tic
epidìseic twn tess�rwn algorÐjmwn gia ta dÔo poluantikeimenik� mh - summe-
trik� probl mata bgaÐnei to sumpèrasma ìti o algìrijmoc PMS −MOCSA
èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson afor�
ta mètra apotelesmatikìthtac L kai ∆, se posostì 95% kai 60% twn pa-
radeigm�twn, antÐstoiqa. 'Oson afor� to mètro apotelesmatikìthtac Mk, o
algìrijmoc PMS −CS èqei kalÔterh apìdosh se sqèsh me touc �llouc al-
gìrijmouc se posostì 45% twn paradeigm�twn. Tèloc, ìson afor� to mètro
apotelesmatikìthtac C, o algìrijmoc PMS−BA èqei kalÔterh apìdosh se
sqèsh me touc �llouc algìrijmouc se posostì 65% twn paradeigm�twn.

Lamb�nontac upìyhn ìla ta apotelèsmata pou ex gagan oi algìrijmoi apì
ìla ta poluantikeimenik� probl mata pou epilÔjhkan, o algìrijmoc PMS −
MOCSA par�gei mètwpa Pareto me perissìterec lÔseic kai me megalÔterh
diaspor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me thn diaspor� pou parath-
reÐtai sta mètwpa twn �llwn algorÐjmwn. EpÐshc, o algìrijmoc PMS −CS
par�gei mètwpa Pareto me megalÔterh èktash se sqèsh me thn èktash pou pa-
rathreÐtai sta mètwpa twn �llwn algorÐjmwn. Tèloc, ta mètwpa Pareto pou
par�gontai apì ton algìrijmo PMS − BA kuriarqoÔn sta mètwpa Pareto
pou par�gontai apì touc �llouc tèsseric algìrijmouc.
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8.6. SÔgkrish twn Apotelesm�twn ìlwn twn AlgorÐjmwn

Se autì to upokef�laio ja gÐnei h parousÐash twn apotelesm�twn ìlwn
twn algorÐjmwn. H sÔgkrish twn algorÐjmwn ègine lÐgo diaforetik� se sqèsh
me tic prohgoÔmenec sugkrÐseic, mÐac kai, gia ta trÐa pr¸ta mètra apìdoshc,
qrhsimopoi same to mèso ìro, gia k�je trèximo, twn mèswn ìrwn twn para-
deigm�twn ìlwn twn problhm�twn pou epilÔontai. EpÐshc, sto mètro apìdoshc
C, h sÔgkrish twn algorÐjmwn ègine me b�sh ton arijmì twn paradeigm�twn,
ìpou o k�je algìrijmoc èqei kalÔterh apìdosh se sqèsh me touc upìloipouc
se ìla ta probl mata. O lìgoc thc diaforetik c mac prosèggishc eÐnai gia
na bgoun kalÔtera sumper�smata, gia k�je mètro apìdoshc, upologÐzontac
ìla ta paradeÐgmata se ìla ta probl mata.

Pio sugkekrimèna, ston PÐnaka 47 parousi�zetai o mèsoc ìroc, gia k�je
trèximo, twn mèswn ìrwn ìlwn twn paradeigm�twn k�je probl matoc pou
epilÔontai sthn paroÔsa didaktorik  diatrib , sta trÐa pr¸ta mètra apìdoshc
gia ìlouc tou algìrijmouc. 'Epeita, ston PÐnaka 48 parousi�zetai o mèsoc
ìroc twn mèswn ìrwn ìlwn twn paradeigm�twn ìlwn twn problhm�twn pou
epilÔontai, gia ta trÐa pr¸ta mètra apìdoshc, se ìlouc tou algìrijmouc. Sth
sunèqeia, ston PÐnaka 49, parousi�zetai o arijmìc twn paradeigm�twn, ìpou
o k�je algìrijmoc èqei kalÔterh apìdosh se sqèsh me touc upìloipouc, se
k�je prìblhma pou epilÔetai, gia to mètro apìdoshc C, en¸ ston PÐnaka 50,
parousi�zetai o arijmìc twn paradeigm�twn, ìpou o k�je algìrijmoc èqei
kalÔterh apìdosh se sqèsh me touc upìloipouc se ìla ta probl mata, gia
to Ðdio mètro apìdoshc. Ed¸, axÐzei na shmeiwjeÐ ìti se ìlouc touc pÐnakec
(PÐnakec 48 - 50), ta apotelèsmata me èntonouc qarakt rec eÐnai aut� pou
èqoun apod¸sei kalÔtera apì thn sÔgkrish twn ìlwn twn algorÐjmwn.
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PÐnakac 47: Mèsoc ìroc, gia k�je trèximo, twn mèswn ìrwn ìlwn twn paradeigm�twn k�je
probl matoc, gia ìlouc touc algorÐjmouc pou qrhsimopoioÔntai stic sugkrÐseic

Multiobjective Asymmetric Delivery Multiobjective Asymmetric Pick-up

Algìrijmoi Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

L Mk ∆ L Mk ∆

PMS −MOCSA 56.76 589.55 0.62 58.66 585.74 0.61

PMS −NSGA II 53.84 588.83 0.60 53.84 595.74 0.62

PMS −NSDE 45.10 592.40 0.65 44.70 594.62 0.65

PMS −NSPSO 44.94 589.16 0.65 45.36 594.91 0.65

PMS − ABC 23.54 509.60 0.77 28.30 595.02 0.76

PMS − BA 37.76 592.23 0.75 36.62 591.29 0.74

PMS −GSO 47.46 592.06 0.62 46.84 589.90 0.62

PMS − FIREFLY 44.58 591.66 0.65 43.84 592.36 0.66

PMS −KH 46.82 592.43 0.65 43.84 589.47 0.64

PMS − CS 43.74 591.28 0.64 45.50 593.17 0.66

Multiobjective Symmetric Delivery Multiobjective Symmetric Pick-up

Route - based Fuel Consumption Route - based Fuel Consumption

Multi - Depot VRP Multi - Depot VRP

PMS −MOCSA 66.64 594.79 0.63 65.82 596.50 0.63

PMS −NSGA II 57.68 598.34 0.64 57.60 597.68 0.64

PMS −NSDE 46.96 595.40 0.67 46.02 594.41 0.67

PMS −NSPSO 47.42 597.08 0.66 45.94 597.87 0.67

PMS − ABC 30.02 592.25 0.81 21.76 595.27 0.71

PMS − BA 38.76 593.89 0.78 37.22 591.80 0.78

PMS −GSO 46.88 596.96 0.65 46.88 594.86 0.65

PMS − FIREFLY 47.86 595.47 0.67 46.70 595.59 0.68

PMS −KH 47.08 597.01 0.68 46.88 596.01 0.68

PMS − CS 47.98 592.62 0.68 46.40 594.52 0.71

PÐnakac 48: Mèsoc ìroc twn mèswn ìrwn ìlwn twn problhm�twn gia ìlouc touc algorÐj-
mouc pou qrhsimopoioÔntai stic sugkrÐseic

Algìrijmoi L Mk ∆

PMS −MOCSA 61.97 591.65 0.62

PMS −NSGA II 55.74 595.15 0.63

PMS −NSDE 45.70 594.21 0.66

PMS −NSPSO 45.92 594.76 0.66

PMS − ABC 25.91 573.03 0.76

PMS − BA 37.59 592.30 0.76

PMS −GSO 47.02 593.45 0.63

PMS − FIREFLY 45.75 593.77 0.66

PMS −KH 46.16 593.73 0.66

PMS − CS 45.91 592.90 0.67
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PÐnakac 49: Arijmìc paradeigm�twn pou o k�je algìrijmoc èqei kalÔterh apìdosh apì ton
�llo, se k�je prìblhma pou epilÔetai, gia to mètro apotelesmatikìthtac C

OF1−OF2 Multiobjective Asymmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS−
ABC NSPSO NSDE NSGA II GSO MOCSA FIREFLY BA KH CS

PMS − ABC - 10 10 9 10 8 10 2 10 10

PMS −NSPSO 0 - 2 9 6 0 5 0 3 1

PMS −NSDE 0 8 - 9 9 0 7 0 6 5

PMS −NSGA II 1 1 1 - 1 0 1 0 1 1

PMS −GSO 0 4 1 9 - 0 7 0 3 3

PMS −MOCSA 2 10 10 10 10 - 10 3 10 10

PMS − FIREFLY 0 5 3 9 3 0 - 0 4 3

PMS −BA 8 10 10 10 10 7 10 - 10 10

PMS −KH 0 7 4 9 7 0 6 0 - 2

PMS − CS 0 9 5 9 7 0 7 0 8 -

OF1−OF2 Multiobjective Symmetric Delivery Route - based Fuel Consumption Multi - Depot VRP

PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS−
ABC NSPSO NSDE NSGA II GSO MOCSA FIREFLY BA KH CS

PMS − ABC - 10 10 10 10 8 10 6 10 10

PMS −NSPSO 0 - 3 10 2 0 1 0 3 3

PMS −NSDE 0 7 - 10 3 0 4 0 4 3

PMS −NSGA II 0 0 0 - 0 0 0 0 0 0

PMS −GSO 0 8 7 10 - 0 8 0 3 5

PMS −MOCSA 2 10 10 10 10 - 10 3 10 10

PMS − FIREFLY 0 9 6 10 2 0 - 0 3 3

PMS −BA 4 10 10 10 10 7 10 - 10 10

PMS −KH 0 7 6 10 7 0 7 0 - 5

PMS − CS 0 7 7 10 5 0 7 0 5 -

OF1−OF3 Multiobjective Asymmetric Pick-up Route based Fuel Consumption Multi - Depot VRP

PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS−
ABC NSPSO NSDE NSGA II GSO MOCSA FIREFLY BA KH CS

PMS − ABC - 10 10 10 10 5 10 2 10 10

PMS −NSPSO 0 - 6 10 4 0 6 0 5 3

PMS −NSDE 0 4 - 10 4 0 6 0 5 2

PMS −NSGA II 0 0 0 - 0 0 0 0 0 0

PMS −GSO 0 6 6 10 - 0 6 0 5 6

PMS −MOCSA 5 10 10 10 10 - 10 0 10 10

PMS − FIREFLY 0 4 4 10 4 0 - 0 2 3

PMS −BA 8 10 10 10 10 10 10 - 10 10

PMS −KH 0 5 5 10 5 0 8 0 - 6

PMS − CS 0 7 8 10 4 0 7 0 4 -

OF1−OF3 Multiobjective Symmetric Pick-up Route based Fuel Consumption Multi - Depot VRP

PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS−
ABC NSPSO NSDE NSGA II GSO MOCSA FIREFLY BA KH CS

PMS − ABC - 10 8 10 9 2 8 1 9 9

PMS −NSPSO 0 - 5 10 3 0 4 0 5 2

PMS −NSDE 2 5 - 10 3 0 5 0 4 1

PMS −NSGA II 0 0 0 - 0 0 0 0 0 0

PMS −GSO 1 7 7 10 - 0 4 0 5 3

PMS −MOCSA 8 10 10 10 10 - 10 1 10 10

PMS − FIREFLY 2 6 5 10 6 0 - 0 6 3

PMS −BA 9 10 10 10 10 9 10 - 10 10

PMS −KH 1 5 6 10 5 0 4 0 - 3

PMS − CS 1 8 9 10 7 0 7 0 7 -
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PÐnakac 50: Arijmìc paradeigm�twn pou o k�je algìrijmoc èqei kalÔterh apìdosh apì ton
�llo, se ìla ta probl mata pou epilÔontai, gia to mètro apotelesmatikìthtac C

PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS− PMS−

ABC NSPSO NSDE NSGA II GSO MOCSA FIREFLY BA KH CS

PMS − ABC - 40 38 39 39 23 38 11 39 39

PMS −NSPSO 0 - 16 39 15 0 16 0 16 9

PMS −NSDE 2 24 - 39 19 0 22 0 19 11

PMS −NSGA II 1 1 1 - 1 0 1 0 1 1

PMS −GSO 1 25 21 39 - 0 25 0 16 17

PMS −MOCSA 17 40 40 40 40 - 40 7 40 40

PMS − FIREFLY 2 24 18 39 15 0 - 0 15 12

PMS −BA 29 40 40 40 40 33 40 - 40 40

PMS −KH 1 24 21 39 24 0 25 0 - 16

PMS − CS 1 31 29 39 23 0 28 0 24 -

Apì ton PÐnaka 47, bgaÐnei to sumpèrasma ìti, sto Poluantikeimenikì
Mh-Summetrikì Prìblhma ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia
Dromolìgia Dianom c me Paramètrouc Diadrom c me Pollaplèc Apoj kec
(Multiobjective Asymmetric Delivery Route-based Fuel Consumption Multi-
Depot Vehicle Routing Problem), lamb�nontac upìyhn ta mètro apìdoshc
L, o algìrijmoc PMS −MOCSA èqei kalÔterh apìdosh apì touc �llouc
algìrijmouc, en¸ sto mètro apìdoshc Mk, o algìrijmoc PMS − KH èqei
kalÔterh apìdosh apì touc �llouc algìrijmouc. 'Oson afor� to mètro a-
pìdoshc ∆, o algìrijmoc PMS−NSGA II èqei kalÔterh apìdosh apì touc
�llouc algìrijmouc. EpÐshc, apì ton PÐnaka 49, bgaÐnei to sumpèrasma ìti,
sto mètro apìdoshc C, o algìrijmoc PMS−BA èqei kalÔterh apìdosh apì
touc �llouc algìrijmouc. Sto Poluantikeimenikì Mh-Summetrikì Prìblhma
ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c me
Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Asymme-
tric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle Routing
Problem) kai to Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐhshc
thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc Dia-
drom c me Pollaplèc Apoj kec (Multiobjective Symmetric Delivery Route-
based Fuel Consumption Multi-Depot Vehicle Routing Problem), lamb�no-
ntac upìyhn ta mètra apìdoshc L kai ∆, p�li o algìrijmoc PMS−MOCSA
èqei kalÔterh apìdosh apì touc �llouc algìrijmouc, en¸ sto mètro apìdoshc
Mk, o algìrijmoc PMS − NSGA II èqei kalÔterh apìdosh apì touc �l-

216



louc algìrijmouc. EpÐshc, apì ton PÐnaka 49, bgaÐnei to sumpèrasma ìti, sto
mètro apìdoshc C, o algìrijmoc PMS−BA èqei kalÔterh apìdosh apì touc
�llouc algìrijmouc, gia to pr¸to prìblhma, en¸ o algìrijmoc PMS−ABC
gia to deÔtero prìblhma. Tèloc, sto Poluantikeimenikì Summetrikì Prìblh-
ma ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c
me Paramètrouc Diadrom c me Pollaplèc Apoj kec (Multiobjective Symme-
tric Pick-up Route-based Fuel Consumption Multi-Depot Vehicle Routing
Problem), sta mètra apìdoshc L kai ∆, p�li o algìrijmoc PMS−MOCSA
èqei kalÔterh apìdosh apì touc �llouc algìrijmouc, en¸ sto mètro apìdo-
shc Mk, o algìrijmoc PMS − NSPSO èqei kalÔterh apìdosh apì touc
�llouc algìrijmouc. EpÐshc, apì ton PÐnaka 49, bgaÐnei to sumpèrasma ìti,
sto mètro apìdoshc C, o algìrijmoc PMS−BA èqei kalÔterh apìdosh apì
touc �llouc algìrijmouc.

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti
sta dÔo probl mata dianom c o algìrijmoc PMS−MOCSA par�gei mètwpa
Pareto me perissìterec lÔseic (mètro apìdoshc L), o algìrijmoc PMS −
NSGA II me megalÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn kai (mètro a-
pìdoshc ∆) se sqèsh me th diaspor� pou parathreÐtai sta mètwpa twn �llwn
algorÐjmwn. EpÐshc, o algìrijmoc PMS − KH par�gei mètwpa Pareto me
megalÔterh èktash (mètro apìdoshc Mk) se sqèsh me thn èktash pou para-
threÐtai sta mètwpa twn �llwn algorÐjmwn. Tèloc, ta mètwpa Pareto pou
par�gontai apì ton algìrijmo PMS − BA kuriarqoÔn sta mètwpa Pareto
pou par�gontai apì touc �llouc tèsseric algìrijmouc (mètro apìdoshc C).

Apì thn sÔgkrish ìlwn twn algorÐjmwn metaxÔ touc, parathr jhke ìti kai
sta dÔo probl mata sullog c o algìrijmoc PMS−MOCSA par�gei mètwpa
Pareto me perissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn
lÔsewn (mètra apìdoshc L kai ∆) se sqèsh me th diaspor� pou parathreÐtai
sta mètwpa twn �llwn algorÐjmwn. EpÐshc, o algìrijmoc PMS − NSGA
II par�gei mètwpa Pareto me megalÔterh èktash (mètro apìdoshc Mk) se
sqèsh me thn èktash pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn.
Tèloc, ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS − BA
kuriarqoÔn sta mètwpa Pareto pou par�gontai apì touc �llouc algìrijmouc
(mètro apìdoshc C).

Apì tic epidìseic ìlwn twn algorÐjmwn gia ta dÔo poluantikeimenik� sum-
metrik� probl mata, bgaÐnei to sumpèrasma ìti o algìrijmoc PMS−MOCSA
èqei kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc, ìson afor� ta
mètra apotelesmatikìthtac L kai ∆. 'Oson afor� to mètro apotelesmati-
kìthtac Mk, o algìrijmoc PMS − NSGA II èqei kalÔterh apìdosh se
sqèsh me touc �llouc algìrijmouc. Tèloc, ìson afor� to mètro apotelesma-
tikìthtac C, o algìrijmoc PMS − BA èqei kalÔterh apìdosh se sqèsh me
touc �llouc algìrijmouc. Apì tic epidìseic ìlwn twn algorÐjmwn gia ta dÔo
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poluantikeimenik� mh - summetrik� probl mata bgaÐnei to sumpèrasma ìti o al-
gìrijmoc PMS −MOCSA èqei kalÔterh apìdosh se sqèsh me touc �llouc
algìrijmouc, ìson afor� to mètro apotelesmatikìthtac L, en¸ sto mètro
apotelesmatikìthtac ∆, oi algìrijmoi PMS−MOCSA kai PMS−NSGA
II èqoun kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc. 'Oson
afor� to mètro apotelesmatikìthtac Mk, o algìrijmoc PMS −NSDE èqei
kalÔterh apìdosh se sqèsh me touc �llouc algìrijmouc. Tèloc, ìson afor�
to mètro apotelesmatikìthtac C, o algìrijmoc PMS − BA èqei kalÔterh
apìdosh se sqèsh me touc �llouc algìrijmouc.

Apì ton PÐnaka 48, bgaÐnei to sumpèrasma ìti, sta mètra apìdoshc L kai
∆, o algìrijmoc PMS −MOCSA èqei kalÔterh apìdosh apì touc �llouc
algìrijmouc gia ìla ta probl mata pou epilÔontai, en¸ sto mètro apìdoshc
Mk, o algìrijmoc PMS−NSGA II èqei kalÔterh apìdosh apì touc �llouc
algìrijmouc. Tèloc, apì ton PÐnaka 50, bgaÐnei to sumpèrasma ìti, sto mètro
apìdoshc C, o algìrijmoc PMS − BA èqei kalÔterh apìdosh apì touc �l-
louc algìrijmouc gia ìla ta probl mata pou epilÔontai. Apì ta parap�nw
faÐnetai ìti, o algìrijmoc PMS −MOCSA par�gei mètwpa Pareto me pe-
rissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn se
sqèsh me thn diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn.
EpÐshc, o algìrijmoc PMS−NSGA II par�gei mètwpa Pareto me megalÔte-
rh èktash se sqèsh me thn èktash pou parathreÐtai sta mètwpa twn �llwn
algorÐjmwn. Tèloc, ta mètwpa Pareto pou par�gontai apì ton algìrijmo
PMS −BA kuriarqoÔn sta mètwpa Pareto pou par�gontai apì touc �llouc
algìrijmouc.

8.7. Sumper�smata apì thn an�lush twn apotelesm�twn twn algorÐjmwn

Se autì to upokef�laio ja gÐnei h parousÐash twn genik¸n sumperasm�twn
pou proèkuyan apì thn an�lush twn apotelesm�twn. To pr¸to sumpèrasma
eÐnai ìti h mèjodoc V NS, pou ulopoi jhke stouc proteinìmenouc algìrijmouc,
odhgeÐ sthn beltÐwsh twn lÔsewn pou autoÐ par�goun. 'Allo sumpèrasma eÐnai
ìti h mèjodoc pou qrhsimopoieÐtai gia thn dhmiourgÐa tou arqikoÔ plhjusmoÔ
lÔsewn parousi�zei polÔ pio dieurumèna mètwpa Pareto se sqèsh me thn pa-
ragwg  enìc plhjusmoÔ tuqaÐwn lÔsewn. Epiplèon, h qr sh thc Par�llh-
lhc Poluenarkt riac Mejìdou, ìpou h {mhtrik } lÔsh k�je upoplhjusmoÔ
par�getai k�je for� me diaforetik  mèjodo, odhgeÐ sthn aÔxhsh thc poikilo-
morfÐac twn arqik¸n lÔsewn pou par�gontai kai sthn beltÐwsh thc diaspor�c
touc p�nw sto mètwpo Pareto. 'Oson afor� ìlouc touc proteinìmenouc al-
gìrijmouc (PMS −ABC, PMS −BA, PMS −GSO, PMS −FIREFLY ,
PMS − KH kai PMS − CS), kaj¸c kai ton PMS − NSPSO, h qr sh
thc mejìdou thc taxinìmhshc twn lÔsewn, pou qrhsimopoi jhke san epiplèon
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b ma, suntèlese sto na paraqjoÔn pio dieurumèna mètwpa Pareto twn opoÐ-
wn oi mh-kuriarqoÔmenec lÔseic kuriarqoÔn sto megalÔtero posostì twn mh-
kuriarqoÔmenwn lÔsewn twn antÐstoiqwn met¸pwn Pareto pou par�gontai apì
touc Ðdiouc algìrijmouc qwrÐc thn qr sh thc mejìdou aut c.

Ed¸ prèpei na tonisteÐ ìti o algìrijmoc PMS −NSGA II èqei wc ple-
onèkthma th qr sh thc diadikasÐac taxinìmhshc twn lÔsewn tou k�je plhju-
smoÔ kai twn apogìnwn tou se k�je epan�lhyh se mètwpa Pareto, ìpwc kai
thn kat�taxh twn mh-kuriarqoÔmenwn lÔsewn entìc tou k�je met¸pou me thn
qr sh tou telest  crowding distance, suntel¸ntac sth dhmiourgÐa met¸pwn
Pareto me ènan arket� meg�lo arijmì mh-kuriarqoÔmenwn lÔsewn. To meio-
nèkthm� tou eÐnai ìti oi lÔseic pou par�gei den kuriarqoÔn twn lÔsewn pou
par�gontai apì touc �llouc algìrijmouc, miac kai o trìpoc sqediasmoÔ
twn �llwn algorÐjmwn dÐnei thn dunatìthta gia perissìterh exèlixh stic mh-
kuriarqoÔmenec lÔseic touc.

'Allo pou prèpei na shmeiwjeÐ ìti ìloi oi proteinìmenoi algìrijmoi (PMS−
ABC, PMS − BA, PMS − GSO, PMS − FIREFLY , PMS − KH kai
PMS − CS), ìpwc kai o PMS −NSPSO kai o PMS −NSDE, èqoun wc
pleonèkthma, ektìc th qr sh thc diadikasÐac taxinìmhshc pou efarmìzetai kai
ston PMS−NSGA II, th qr sh twn pin�kwn Individual Best kai Personal
Best, oi opoÐoi sugkratoÔn kai exelÐssoun se k�je epan�lhyh tic kalÔterec
lÔseic pou èqoun prokÔyei èwc aut  thn epan�lhyh. To meionèkthm� touc eÐnai
ìti, sthn perÐptwsh pou exelÐssoun lÔseic pou ta dianÔsmat� touc perièqoun
akèraiec timèc, prèpei na dhmiourgoÔn nèec lÔseic me thn metatrop  twn tim¸n
twn dianusm�twn twn lÔsewn apì diakritèc timèc se suneqeÐc kai antÐstrofa.
K�ti tètoio ìmwc mporeÐ na odhg sei se merik    pl rh ap¸leia arket¸n ka-
l¸n qarakthristik¸n twn lÔsewn thc prohgoÔmenhc geni�c. To meionèkthm�
touc epilÔetai me th qr sh tou b matoc thc taxinìmhshc twn lÔsewn, miac kai
odhgeÐ sth diat rhsh twn lÔsewn thc prohgoÔmenhc geni�c pou kuriarqoÔn se
autèc thc trèqousac geni�c. Epomènwc, h nèa geni� twn lÔsewn apoteleÐtai
mìno apì tic kurÐarqec lÔseic dÔo suneqìmenwn gene¸n.

Tèloc, �llo pou prèpei na anaferjeÐ eÐnai ìti o algìrijmoc PMS −
MOCSA leitourgeÐ teleÐwc diaforetik� se sqèsh me touc upìloipouc al-
gìrijmouc. Autìc o algìrijmoc èqei wc pleonèkthma thn ikanìthta na exe-
lÐssei suneq¸c tic lÔseic tou apì geni� se geni� qwrÐc aparaÐthta th qr sh
thc taxinìmhshc twn lÔsewn metaxÔ twn gene¸n tou, miac kai oi lÔseic tou
den metatrèpontai apì suneqeÐc se diakritèc kai antÐstrofa, ¸ste na up�rqei
kÐndunoc ap¸leiac plhroforÐac. Epomènwc, mporeÐ na qrhsimopoihjeÐ gia e-
pÐlush problhm�twn tìso me lÔseic pou ta dianÔsmat� touc apoteloÔntai apì
suneqeÐc timèc ìso kai me lÔseic pou ta dianÔsmat� touc apoteloÔntai apì
akèraiec timèc.

'Opwc anafèrjhke sto upokef�laio 8.5.7, ìtan sugkrÐjhkan oi algìrijmoi
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me ta kalÔtera apotelèsmata sto mètro apìdoshc C, bg ke to sumpèrasma
ìti o algìrijmoc PMS −MOCSA par�gei mètwpa Pareto me perissìterec
lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me
thn diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn. EpÐshc,
o algìrijmoc PMS − CS par�gei mètwpa Pareto me megalÔterh èktash se
sqèsh me thn èktash pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn.
Epiplèon, ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS − BA
kuriarqoÔn sta mètwpa Pareto pou par�gontai apì touc �llouc tèsseric al-
gìrijmouc.

AxÐzei na shmeiwjeÐ ìti ta sumper�smata apì thn sÔgkrish ìlwn twn al-
gorÐjmwn, sto upokef�laio 8.6, parèmeinan ta Ðdia sta perissìtera mètra a-
pìdoshc. Pio sugkekrimèna, o algìrijmoc PMS −MOCSA par�gei mètwpa
Pareto me perissìterec lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn
lÔsewn se sqèsh me thn diaspor� pou parathreÐtai sta mètwpa twn �llwn al-
gorÐjmwn, en¸ o algìrijmoc PMS − NSGA II par�gei mètwpa Pareto me
megalÔterh èktash se sqèsh me thn èktash pou parathreÐtai sta mètwpa twn
�llwn algorÐjmwn. Tèloc, ta mètwpa Pareto pou par�gontai apì ton al-
gìrijmo PMS−BA kuriarqoÔn sta mètwpa Pareto pou par�gontai apì touc
�llouc algìrijmouc.

Apì thn prohgoÔmenh par�grafo faÐnetai ìti kanènac apì touc algìrij-
mouc den upertereÐ perissìtero se ìla ta mètra apotelesmatikìthtac se sqèsh
me touc upìloipouc algìrijmouc. Miac kai k�je algìrijmoc èqei diaforeti-
kì trìpo dom c, an kai mporeÐ na èqoun kai poll� koin� stoiqeÐa sth dom 
touc, odhgeÐ sto sumpèrasma ìti k�je algìrijmoc apodÐdei kalÔtera, ìson
afor� k�poia mètra apotelesmatikìthtac, kai qeirìtera apì k�poiouc �llouc
algorÐjmouc, ìson afor� k�poia �lla mètra apotelesmatikìthtac. Sthn pa-
roÔsa èreuna apodeÐqjhke ìti ìloi oi algìrijmoi ikanopoioÔn touc stìqouc
pou èqoun tejeÐ, opìte eÐnai sthn euqèreia tou apofasÐzonta h epilog  tou
algìrijmou an�loga me th spoudaiìthta pou dÐnei se k�je èna mètro apotele-
smatikìthtac.
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9. EpÐlogoc kai Mellontik  'Ereuna

Sthn paroÔsa didaktorik  diatrib  parousi�sthkan kai epilÔjhkan tès-
sera nèa poluantikeimenik� energeiak� probl mata dromolìghshc oqhm�twn.
Oi antikeimenikèc sunart seic pou qrhsimopoi jhkan se aut� ta probl mata
eÐnai dÔo. H pr¸th antikeimenik  sun�rthsh kai twn tess�rwn problhm�twn
èqei wc stìqo thn elaqistopoÐhsh thc qronik c di�rkeiac tou dromologÐou,
en¸ h deÔterh afor� ton upologismì thc katan�lwshc kausÐmou, lamb�no-
ntac upìyhn thn dianuìmenh apìstash, to b�roc tou fortÐou pou metafèretai
kai tic par�metrouc thc diadrom c (klÐsh tou odostr¸matoc, kateÔjunsh kai
dÔnamh tou anèmou, strofèc an� leptì tou kinht ra tou oq matoc).

Ed¸ axÐzei na shmeiwjeÐ ìti gia k�je èna apì ta probl mata h deÔterh
antikeimenik  sun�rthsh eÐnai diaforetik . 'Oson afor� to pr¸to prìblh-
ma pou parousi�sthke, dhlad  to Poluantikeimenikì Summetrikì Prìblhma
ElaqistopoÐhshc thc Katan�lwshc KausÐmou gia Dromolìgia Dianom c me
Paramètrouc Diadrom c me Pollaplèc Apoj kec, h deÔterh antikeimenik  su-
n�rthsh èqei skopì thn elaqistopoÐhsh thc katan�lwshc kausÐmou ìtan ìloi
oi pel�tec èqoun z thsh kai den up�rqoun   eÐnai idanikèc oi par�metroi thc
diadrom c, opìte to prìblhma metatrèpetai se summetrikì. Ed¸ prèpei na sh-
meiwjeÐ ìti me ton ìro idanikèc par�metroi diadrom c ennooÔme ìti den up�rqei
klÐsh sto èdafoc, up�rqei �pnoia kai ìti o odhgìc odhgeÐ to ìqhma se qamhlèc
strofèc an� leptì. 'Oson afor� to deÔtero prìblhma pou parousi�sthke,
dhlad  to Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐhshc thc
Katan�lwshc KausÐmou gia Dromolìgia Dianom c me Paramètrouc Diadrom c
me Pollaplèc Apoj kec, h deÔterh antikeimenik  sun�rthsh èqei skopì thn
elaqistopoÐhsh thc katan�lwshc kausÐmou ìtan ìloi oi pel�tec èqoun z thsh
kai up�rqoun oi par�metroi thc diadrom c, k�ti pou metatrèpei to prìblhma se
mh-summetrikì. 'Oson afor� to trÐto prìblhma pou parousi�sthke, dhlad  to
Poluantikeimenikì Summetrikì Prìblhma ElaqistopoÐhshc thc Katan�lwshc
KausÐmou gia Dromolìgia Sullog c me Paramètrouc Diadrom c me Pollaplèc
Apoj kec, h deÔterh antikeimenik  sun�rthsh èqei stìqo thn elaqistopoÐhsh
thc katan�lwshc kausÐmou ìtan ìloi oi pel�tec èqoun posìthta pou prèpei
na sullèxei to ìqhma kai den up�rqoun oi par�metroi thc diadrom c. Tèloc,
ìson afor� to Poluantikeimenikì Mh-Summetrikì Prìblhma ElaqistopoÐh-
shc thc Katan�lwshc KausÐmou gia Dromolìgia Sullog c me Paramètrouc
Diadrom c me Pollaplèc Apoj kec, h deÔterh antikeimenik  sun�rthsh èqei
stìqo thn elaqistopoÐhsh thc katan�lwshc kausÐmou ìtan ìloi oi pel�tec
èqoun posìthta pou prèpei na sullèxei to ìqhma kai up�rqoun oi par�metroi
thc diadrom c.

'Oson afor� ta dedomèna pou qrhsimopoi jhkan gia thn epÐlush twn pro-
blhm�twn, aut� eÐnai ènac sunduasmìc twn dedomènwn twn pènte paradeig-
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m�twn {kro}, pou qrhsimopoioÔntai gia thn epÐlush tou Probl matoc tou Pla-
nìdiou Pwlht  kai dÐnontai apì to TSPLIB (kroA100, kroB100, kroC100,
kroD100, kroE100) [343], kai tou paradeÐgmatoc par3 apì ta klassik� pa-
radeÐgmata twn Christo�des et al. [56], pou qrhsimopoieÐtai gia thn epÐlush
tou probl matoc dromolìghshc oqhm�twn. H dhmiourgÐa twn tri¸n apojhk¸n
ègine wc ex c: H pr¸th apoj kh eÐnai o pr¸toc pel�thc, h deÔterh apoj kh
èqei suntetagmènec Ðsec me x2 = y1 kai y2 = x1, ìpou (x1, y1) eÐnai oi su-
ntetagmènec thc pr¸thc apoj khc kai h trÐth apoj kh èqei suntetagmènec
metaxÔ (100,100) kai (500,500) an�loga me thn perÐptwsh. Tèloc, 33 pel�tec
topojetoÔntai se k�je apoj kh.

H epÐlush twn tess�rwn proteinìmenwn poluantikeimenik¸n energeiak¸n
problhm�twn ègine mh th qr sh dèka Exeliktik¸n algorÐjmwn (ept� protei-
nìmenwn). Oi algìrijmoi autoÐ kalÔptoun tèsseric basikèc kathgorÐec algo-
rÐjmwn. Pio sugkekrimèna, apì thn kathgorÐa twn Exeliktik¸n algorÐjmwn
ulopoi jhke o Par�llhloc Poluenarkt rioc Genetikìc Algìrijmoc Mh Ku-
riarqoÔmenhc Taxinìmhshc II (PMS −NSGA II) kai o Par�llhloc Polue-
narkt rioc Algìrijmoc Diaforik c Exèlixhc Mh KuriarqoÔmenhc Taxinìmh-
shc (PMS − NSDE). Apì thn kathgorÐa twn algorÐjmwn Empneusmènwn
apì th FÔsh ulopoi jhkan o Par�llhloc Poluenarkt rioc Algìrijmoc Belti-
stopoÐhshc Sm nouc SwmatidÐwn Mh KuriarqoÔmenhc Taxinìmhshc (PMS−
NSPSO), o Par�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Te-
qnht c ApoikÐac Meliss¸n (PMS − ABC), o Par�llhloc Poluenakt rioc
Poluantikeimenikìc Algìrijmoc PugolampÐdac (PMS − FIREFLY ), o Pa-
r�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc BeltistopoÐhshc
Sm nouc Fwsforizìntwn Skoulhki¸n (PMS − GSO), o Par�llhloc Polu-
enakt rioc Poluantikeimenikìc Algìrijmoc NuqterÐdac (PMS −BA), o Pa-
r�llhloc Poluenakt rioc Poluantikeimenikìc Algìrijmoc Anaz thshc Tro-
f c twn Kril (PMS − KH) kai o Par�llhloc Poluenakt rioc Poluanti-
keimenikìc Algìrijmoc Anaz thshc tou KoÔkou (PMS − CS). Tèloc, apì
thn kathgorÐa twn algorÐjmwn twn Teqnht¸n Anosopoihtik¸n Susthm�twn
ulopoi jhke o Par�llhloc Poluenarkt rioc Poluantikeimenikìc Algìrijmoc
Epilog c Kl¸nwn (PMS −MOCSA).

Gia thn epÐlush twn problhm�twn qrhsimopoi jhkan k�poia koin� qara-
kthristik� ìson afor� touc algìrijmouc. Arqik�, to pr¸to koinì qarakthri-
stikì eÐnai o trìpoc dhmiourgÐac tou arqikoÔ plhjusmoÔ lÔsewn [342], ston
opoÐo k�je plhjusmìc qwrÐzetai se tìsouc upoplhjusmoÔc ìsec eÐnai kai
oi antikeimenikèc sunart seic tou probl matoc. Epiplèon, h paragwg  twn
lÔsewn k�je upoplhjusmoÔ basÐzetai sto sunduasmì tri¸n sugkekrimènwn
mejìdwn. Autìc o trìpoc dhmiourgÐac tou arqikoÔ plhjusmoÔ lÔsewn dhmi-
oÔrghse mètwpa Pareto me polÔ ikanopoihtik  èktash. MÐa apì tic mejodo-
logÐec pou qrhsimopoi jhkan sthn paroÔsa diatrib  eÐnai h qr sh thc Par�l-
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lhlhc Poluenarkt riac Mejìdou [342] se ìlouc touc algìrijmouc (protei-
nìmenouc kai mh), ìpou sthn opoÐa par�gontai kai exelÐssontai perissìteroi
apì ènac plhjusmoÐ arqik¸n lÔsewn stouc algìrijmouc. 'Allh mejodologÐa
pou qrhsimopoi jhke eÐnai h prosj kh enìc algìrijmouMetablht c Geitoni�c
Anaz thshc [342] stouc proteinìmenouc algìrijmouc, o opoÐoc qrhsimopoieÐ
beltiwmènec parallagèc gnwst¸n mejìdwn topik c anaz thshc, sumb�llo-
ntac shmantik� sth beltÐwsh twn paragìmenwn lÔsewn. Epiplèon kainotomÐa
eÐnai h prosj kh, stouc proteinìmenouc poluantikeimenikoÔc algìrijmouc, e-
nìc epiplèon b matoc taxinìmhshc twn lÔsewn kai h tropopoÐhsh twn basik¸n
sunart sewn pou anagr�fontai sthn bibliografÐa twn algorÐjmwn, miac kai oi
sunart seic autèc aforoÔn thn epÐlush problhm�twn beltistopoÐhshc mÐac a-
ntikeimenik c sun�rthshc, ¸ste na beltiwjeÐ h epÐdosh twn proteinìmenwn al-
gorÐjmwn sthn epÐlush twn proteinìmenwn poluantikeimenik¸n problhm�twn.

Parìlo, ìmwc, pou ta koin� qarakthristik� bo jhsan sthn beltÐwsh twn
paragìmenwn lÔsewn kai sthn paragwg  arket� ikanopoihtik¸n met¸pwn Pa-
reto, den eÐqan ìloi oi algìrijmoi thn Ðdia epÐdosh. Ed¸ axÐzei na shmeiwjeÐ ìti
ta apotelèsmata pou èdwsan oi proteinìmenoi poluantikeimenikoÐ algìrijmoi
ikanopoÐhsan touc stìqouc pou eÐqan tejeÐ. Gia thn sÔgkrish thc apotele-
smatikìthtac twn algorÐjmwn pou qrhsimopoi jhkan sthn paroÔsa melèth,
gia kajèna apì ta proteinìmena poluantikeimenik� probl mata, ègine qr sh
tess�rwn diaforetik¸n mètrwn apotelesmatikìthtac. Aut� eÐnai: o arijmìc
twn mh kuriarqoÔmenwn lÔsewn, to eÔroc tou diagr�mmatoc, h diaspor� twn
lÔsewn tou k�je diagr�mmatoc kai to mètro {k�luyhc} (Coverage measure).

Apì tic sugkrÐseic pou pragmatopoi jhkan sthn paroÔsa melèth, bgaÐnoun
poll� sumper�smata, ìson afor� to mètro (  ta mètra) apìdoshc sta opoÐ-
a upertereÐ o k�je algìrijmoc an�loga me to prìblhma to opoÐo epilÔetai.
Apì thn teleutaÐa sÔgkrish twn apotelesm�twn (Par�grafoc 8.5.7) ìlwn
twn algorÐjmwn pou èqoun kalÔterh epÐdosh sto mètro {k�luyhc}, bgaÐnei to
sumpèrasma ìti o PMS −MOCSA par�gei mètwpa Pareto me perissìterec
lÔseic kai me megalÔterh diaspor� mh-kuriarqoÔmenwn lÔsewn se sqèsh me
thn diaspor� pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn. EpÐshc,
o algìrijmoc PMS − CS par�gei mètwpa Pareto me megalÔterh èktash se
sqèsh me thn èktash pou parathreÐtai sta mètwpa twn �llwn algorÐjmwn.
Tèloc, ta mètwpa Pareto pou par�gontai apì ton algìrijmo PMS − BA
kuriarqoÔn sta mètwpa Pareto pou par�gontai apì touc �llouc tèsseric al-
gìrijmouc. Ed¸ axÐzei na shmeiwjeÐ ìti o lìgoc pou sthn teleutaÐa sÔgkrish
(Par�grafoc 8.5.7) p rame touc algìrijmouc me thn kalÔterh epÐdosh sto
mètro apìdoshc C eÐnai ìti me autì to mètro faÐnetai an ta mètwpa Pareto pou
par�gontai apì ènan algìrijmo kuriarqoÔn sta mètwpa Pareto pou par�go-
ntai apì touc �llouc algìrijmouc. AxÐzei na shmeiwjeÐ ìti ta sumper�smata
apì thn sÔgkrish ìlwn twn algorÐjmwn (Kef�laio 8.6) parèmeinan ta Ðdia sta
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perissìtera mètra apìdoshc. Sto mìno mètro ìpou �llaxe o algìrijmoc pou
èqei kalÔterh apìdosh se sqèsh me touc upìloipouc eÐnai sto mètro apìdoshc
Mk, k�ti pou shmaÐnei ìti o algìrijmoc PMS − NSGA II par�gei mètwpa
Pareto me megalÔterh èktash se sqèsh me thn èktash pou parathreÐtai sta
mètwpa twn �llwn algorÐjmwn.

H olokl rwsh thc paroÔsac didaktorik c diatrib c ja d¸sei ènausma gia
mia nèa seir� ereun¸n pou ja èqoun wc stìqo thn peraitèrw beltÐwsh twn
proteinìmenwn poluantikeimenik¸n algorÐjmwn kai thn ulopoÐhsh nèwn, kaj¸c
kai ton sqediasmì nèwn poluantikeimenik¸n energeiak¸n problhm�twn. Tèloc,
�lloc stìqoc eÐnai h qr sh twn proteinìmenwn algorÐjmwn gia thn epÐlush
�llwn poluantikeimenik¸n problhm�twn.
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