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Euqarist�e
Jèlw na euqarist sw idia�tera ton epiblèponta kajhght  mou k. Margar�th Kwnstant�no giathn polÔtimh suneisfor� tou sthn ekpìnhsh th diatrib . H arqik  jewrhtik  kat�rtishpou mou èdwse, ìpw kai oi suneqe� parathr sei tou, apede�qjhkan aparaithtoi sÔmbouloigia thn episthmonik  orjìthta th ergas�a. Id�w de gia thn amèristh arwg  tou, mèsw pro-trop¸n kai epishm�nsewn sto jèma th ulopo�hsh twn problhm�twn ma, oi opo�e kajìrisanousiastik� thn pore�a per�twsh ìso kai thn suntaktik  morf  tou telikoÔ keimènou.Sto shme�o autì na euqarist sw idia�tera ta mèlh th sumbouleutik  epitrop  pou st rixansta qrìnia pou pèrasan aut  thn prosp�jeia.Oloklhr¸nonta na ton�sw ìti shmantik   tan kai h bo jeia pou mou prosèfere o ereunht tou panepisthm�ou tou Newcastle th Austral�a Dr. Pablo Alberto Moscato parèqontamou ploÔsio bibliografikì ulikì kai d�nonta mou qr sime plhrofor�e, kur�w p�nw se jè-mata mimhtik¸n algor�jmwn.
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xviii KAT�ALOGOS SQHM�ATWN



Per�lhyh
Ti tre� teleuta�e dekaet�e up�rqei mia èntonh drasthriìthta stwn q¸ro twn algor�jmwnpou bas�zontai sth montelopo�hsh diafìrwn fusik¸n, biologik¸n   koinwnik¸n fainomènwnme skopì th dhmiourg�a euretik¸n algor�jmwn dia thn eÔresh tou akrot�tou suneq¸n su-nart sewn   problhm�twn all� kai gia thn ep�lush dÔskolwn problhm�twn sunduastik beltistopo�hsh.Apì tou pio prìsfatou algor�jmou pou anaptÔqjhkan sta pla�sia th parap�nw èreunae�nai oi Mimhtiko� Algìrijmoi oi opo�oi e�nai sÔnjesh diafìrwn tÔpwn euretik¸n algor�j-mwn pou perièqoun kai stoiqe�a m�mhsh biologik¸n kai koinwnik¸n diadikasi¸n. O qrìnoektèlesh tou e�nai en gènei megalÔtero apì autìn k�poiou ant�stoiqou euretikoÔ all� seantist�jmisma anamènoume lÔsei kalÔterh poiìthta apì autè pou par�gei o ant�stoiqoeuretikì   exeliktikì.Ta apotelèsmata apì th qr sh twn mimhtik¸n algor�jmwn se dÔskola probl mata beltisto-po�hsh e�nai enjarruntik� kai sugkr�sima me mejìdou pou èqoun ereunhje� gia polÔ megalÔ-tero qronikì di�sthma ìpw twn Exeliktik¸n Algor�jmwn, th ProsomoioÔmenh Anìpthshkai th Apotreptik  Anaz thsh.H diereÔnhsh meg�lwn q¸rwn anaz thsh me polÔploke sunart sei poiìthta kai h qr sh1



2 KAT�ALOGOS SQHM�ATWNpolu�rijmwn metablht¸n epib�lloun thn an�gkh gr gorwn upologistik� isqur¸n ulopoi -sewn. H diajesimìthta gr gorwn kai fjhn¸n par�llhlwn H/U, k�nei dunat  thn efarmog mimhtik¸n kai �llwn metaeuretik¸n mejìdwn se dÔskola kai sÔnjeta probl mata sta opo�agenik¸ apaite�tai h qr sh meg�lwn plhjusm¸n.Sta pla�sia th paroÔsh didaktorik  diatrib  arqik� g�netai mia eisagwg  sti basikèènnoie th jewr�a beltistopo�hsh, twn exeliktik¸n algor�jmwn kai �llwn sunaf¸n teqni-k¸n. Katìpin d�nontai oi basikè ènnoie tou par�llhlou programmatismoÔ kai th biblioj kh
MPI.AkoloÔjw parousi�zetai h basik  di�taxh mimhtik¸n algor�jmwn kai merik� parade�gmataqr sh. Oi algìrijmoi auto� enswmat¸noun me apotelesmatikì trìpo ti arqè twn exelikti-k¸n teqnik¸n efarmìzonta �lle euretikè strathgikè me stìqo thn apofug  egklwbismoÔse topik� akrìtata.Sth sunèqeia g�netai ekten  melèth th apìdosh mimhtik¸n algor�jmwn kaj¸ kai �llwnexeliktik¸n kai metaeuretik¸n teqnik¸n, prote�netai èna sÔnolo dekatess�rwn problhm�twngia thn axiolìghsh metaeuretik¸n algor�jmwn kai met� parousi�zetai mia par�llhlh ulopoi -sh tri¸n antiproswpeutik¸n Mimhtik¸n Algor�jmwn PMA1, PMA2, PMA3 sthn peiramatik sustoiq�a tou Panepisthm�ou Makedon�a. Prote�netai de san apodotikìterh kai apotelesma-tikìterh mèjodo mia ubridik  twn tri¸n parall lwn ulopoi sewn PMA4.To prìblhma tou periodeÔonto pwlht  TSP qrhsimopoi jhke gia na epibebaiwje� h upero-q  th PMA4 ènanti twn upolo�pwn, all� kai gia na dokimaste� h apìdosh th PMA4 sesunduastik� probl mata. Gia thn axiolìghsh twn mejodologi¸n ma, qrhsimopoi jhkan kaipragmatik� probl mata. Ta probl mata el fjhsan apì th bibliograf�a kai anafèrontai se



KAT�ALOGOS SQHM�ATWN 3efarmogè apì to ped�o tou qronoprogrammatismoÔ susthm�twn paragwg  kai tou automa-topoihmènou wrolog�ou progr�mmato. Apì thn an�lush pou pragmatopoi jhke proèkuye ìtithn kalÔterh ep�dosh, tìso apì pleur� akr�beia entopismoÔ tou olikoÔ bèltistou ìso kaiapì pleur� taqÔthta, parousi�se h qr sh sti di�fore nhs�de epexergast¸n eterogen¸nmimhtik¸n algor�jmwn.



4 KAT�ALOGOS SQHM�ATWN



Kef�laio 0
Eisagwg 
0.1 Antike�meno th ergas�aAntike�meno aut  th ergas�a e�nai h melèth th apìdosh exeliktik¸n kai �llwn teqnik¸nkat� thn diereÔnhsh meg�lwn q¸rwn anaz thsh me polÔploke sunart sei poiìthta kaiqr sh polu�rijmwn plhjusm¸n, esti�zonta sthn melèth ubridik¸n algor�jmwn me pio po-lÔplokh dom  apì èna exeliktikì   èna aplì euretikì algìrijmo. O qrìno ektèlesh toue�nai en genei megalÔtero apì autìn k�poiou ant�stoiqou exeliktikoÔ kai pollè forè apa-goreutikì se èna sumbatikì upologist . Se antist�jmisma anamènoume lÔsei kalÔterhpoiìthta apì autè pou par�gei èna aplì euretikì   èna aplì exeliktikì algìrijmo.H ergas�a aut  mpore� na qwriste� se tr�a skèlh. To pr¸to skèlo perilamb�nei mia me-lèth th apìdosh twn mimhtik¸n kaj¸ kai allwn exeliktik¸n kai euretik¸n algor�jmwn,h an�ptuxh twn opo�wn e�nai ragda�a ta teleuta�a qrìnia kai sumbad�zei me thn entupwsiak 5



6 Kef�laio 0 : Eisagwg belt�wsh twn dunatot twn twn hlektronik¸n upologist¸n.To deÔtero skèlo anafèretai sthn par�llhlh ulopo�hsh se mia par�llhlh arqitektonik genikoÔ skopoÔ, ìpw h sustoiq�a apì stajmoÔ ergas�a. Sta pla�sia aut  th prosp�-jeia oi algìrijmoi auto� na g�noun pio gr goroi, apotelesmatiko� kai euèliktoi ent�ssetai kaih ulopo�hsh eterogen¸n kai omogen¸n algor�jmwn sti di�fore nhs�de epexergast¸n thpeiramatik  sustoiq�a tou Panepisthm�ou Makedon�a. Oi ulopoi sei twn algor�jmwn seaut n thn arqitektonik  g�netai me thn bo jeia th biblioj kh par�llhlou programmatismoÔ
MPI (Message Passing Interface). H par�llhlh ulopo�hsh pou anaptuqjhke sta pla�siaauth th diatrib  sundu�zei me apotelesmatikì trìpo ti ufist�mene mejodolog�e se ènaprwtìtupo montèlo.To tr�to kai teleuta�o skèlo th ergas�a aut  èqei stìqo thn empeirik  axiolìghsh twnkuriìterwn mejìdwn pou diereun jhkan, b�sei pragmatik¸n problhm�twn. H èreuna pou èginekat�deixe oti oi mejodolog�e pou anaptÔqjhkan mpore� na jewrhjoÔn polÔ kalÔtere mèjodoitwn kajierwmènwn mejìdwn beltistopo�hsh, kaj¸ antimetwp�zoun me megalÔterh epituq�ato sÔnolo twn problhm�twn pou exet�sthkan. Sthn par�llhlh ekdoq  parousi�zoume polÔkalÔterou qrìnou apì ti ant�stoiqe par�llhle ekdoqè �llwn mejìdwn.
0.2 Sumbol  th diatrib H susthmatik  melèth th apìdosh twn mimhtik¸n algor�jmwn enì gnwstikoÔ ped�ou memikrì qrìno zw , meg�lo eÔro efarmog  kai taqèw exelissìmenou apotele� mia pr¸thsumbol  th paroÔsa ergas�a. Sugkekrimèna:



0.2 : Sumbol  th diatrib  7a) kalÔfjhke ìlo to f�sma th sqetik  me to antike�meno twn Mimhtik¸n Algor�jmwn bi-bliograf�ab) susthmatopoi jhkan kai analÔjhkan ta qarakthristik� twn Mimhtik¸n Algor�jmwn.H par�llhlh ulopo�hsh enì prwtìtupou sq mato, dhlad  twn Mimhtik¸n Algor�jmwn suni-st� th deÔterh kai basikìterh sumbol  th ergas�a. E�nai al jeia ìti h idèa gia thn an�ptuxhtou ubridikoÔ montèlou eterogen¸n mimhtik¸n algor�jmwn se eterogene� stajmoÔ ergas�a rje mallon tuqa�a, kat� th di�rkeia peiramatism¸n me di�fora sq mata prosomoioÔmenhanìpthsh, exeliktik¸n algor�jmwn kai apotreptik  anazhthsh me qr sh th biblioj khdiepaf  per�smato mhnum�twn (MRI) kai th biblioj kh PARAMENOAS. Bèbaia gia naft�sei to montèlo ma se èna epijumhtì ep�pedo poiìthta, qrei�sthke na afierwje� arketìupologistikì qrìno, wstìso ta idia�tera enjarruntik� sumper�smata katadeiknÔoun ìti tope�rama pètuqe.H mejodolog�a axiolìghsh twn diafìrwn algor�jmwn apotele� thn tr�th sumbol  th dia-trib . Epilèqjhkan arqik� dekatèssera jewrhtik� probl mata beltistopo�hsh me b�shto pl jo twn metablht¸n elègqou, to pl jo twn akrot�twn, th gn¸sh th jèsh touolikoÔ akrot�tou, th gewmetr�a th epif�neia apìkrish kai thn Ôparxh jorÔbou   asune-qei¸n sthn antikeimenik  sun�rthsh. Ta pragmatik� probl mata pou epilusame se ant�jeshme ta jewrhtik� mporoÔn na qarakthristoÔn antiproswpeutik� probl mata beltistopo�hshme periorismoÔ. Ta probl mata aut� aforoÔsan ton qronoprogrammatismì paragwg  apìmon�de hlektrikoÔ reÔmato kai to examhnia�o panepisthmiakì wrolìgio prìgramma.Tèlo sta pla�sia th ergas�a aut  katabl jhke prosp�jeia apìdosh poll¸n xènwn ìrwn,dedomènou m�lista ìti h ellhnik  bibliograf�a p�nw sto antike�meno e�nai periorismènh . Oi



8 Kef�laio 0 : Eisagwg ìroi auto� apant¸ntai sto ke�meno ento parenjèsew dia dieukìlunsh tou anagn¸sth kaieqoun kataqwrhje� sto euret rio th diatrib .
0.3 Di�rjrwsh th ergas�aH ergas�a aut  perilamb�nei, ektì apì thn paroÔsa eisagwg  (Kef�laio 0), ept� Kef�laia,ta sumper�smata - prot�sei (Kef�laio 8), dÔo parart mata, thn bibliograf�a kai èna eure-t rio ellhnoagglik¸n ìrwn.Sto Kef�laio 1 parousi�zetai mia eisagwg  sti basikè ènnoie th jewr�a beltistopo�h-sh, twn exeliktik¸n algor�jmwn kai �llwn sunaf¸n ubridik¸n teqnik¸n.Sto Kef�laio 2 skopì e�nai na ferei ton anagn¸sth se epaf  me ti basikè ènnoie toupar�llhlou programmatismoÔ kai th biblioj kh diepaf  per�smato mhnum�twn.Sto Kef�laio 3 anafèrontai ta kÔria stoiqe�a pou qarakthr�zoun tou mimhtikoÔ algor�j-mou kai parousi�zetai h basik  di�taxh enì MA.Sto Kef�laio 4 epiqeire�tai sugkritik  axiologhsh pènte antiproswpeutik¸n algor�jmwn seprobl mata analutik¸n antikeimenik¸n sunart sewn kai prote�netai ena sÔnolo dekatess�rwnjewrhtik¸n majhmatik¸n problhm�twn gia melèth th apìdosh twn exeliktikwn algor�jmwn.Sto Kef�laio 5 parousi�zontai tèsseri ulopoi sei mimhtik¸n algor�jmwn se mia sustoiq�aeterogen¸n stajm¸n ergasi¸n me skopì na kerd�soume qrìno se qamhlì kìsto kai parou-si�zontai ta apotelèsmata pou eiqame gia ta probl mata pou perigr�fontai sto kef�laio 4.Sto Kef�laio 6 parousi�zetai èna aitiokratikì prìblhma qronoprogrammatismou autì touqronoprogrammatismoÔ paragwg  stajm¸n hlektrikoÔ reÔmato kai ta apotelèsmata pou



0.4 : DhmosieÔsei 9e�qame apo ti proteinìmene mejodolog�e tou kefala�ou 5.Sto Kef�laio 7 parousi�zetai to prìblhma tou panepisthmiakoÔ wrologiou progr�mmato kaita apotelèsmata pou e�qame apì ti proteinìmene mejodolog�e tou kefala�ou 5.Sto Par�rthma A èqoume èna egqeir�dio egkat�stash kai qr sh th biblioj kh PARA-

MENOAS. To Par�rthma B perièqei tou k¸dike gia ta probl mata tou kefala�ou 6 kai 7kaj¸ kai ton k¸dika gia to prìblhma tou periodeÔonto pwlht  TSP pou qrhsimopoie�taisto kef�laio 5.
0.4 DhmosieÔseiOi dhmosieÔsei pou èginan sta pla�sia aut  th diatrib   san oi parak�tw:Arjra se diejn  periodik�
• Digalakis Jason, Margaritis Konstantinos, Parallel Evolutionary Algorithms on Mes-

sage Passing Cluster, Parallel Processing Letters, accepted for publication 2005-2006.

• Digalakis Jason, Margaritis Konstantinos, Performance Comparison of Memetic Algo-

rithms, Journal of Applied Mathematics and Computation, Elsevier Science Volume

158, 25 October 2004, Pages 237-252.

• Digalakis Jason, Margaritis Kostantinos, A parallel memetic algorithm for optimiza-

tion problem, vol. I, pages 121-130, MIC Book, Kluwer. 2003.

• Digalakis Jason, Margaritis Konstantinos, An Experimental study of Benchmarking
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Functions for Evolutionary Algorithms, International Journal of Computer Mathe-

mathics, Vol. 79, pages 403-416, April 2002.

• Digalakis Jason, Margaritis Konstantinos, A parallel cultural algorithm for the elec-

trical generator scheduling problem, IMACS Journal : ”Mathematics and Computers

in Simulation” Elsevier Sience , Vol 60, Issues 3-5, 30 September 2002, Pages 293-301

• Digalakis Jason, Margaritis Konstantinos, Benchmarking Functions for Genetic Algo-

rithms, International Journal of Computer Mathemathics, Vol. 77, Number 4, pages

481-506, 2001.Diejn  sunèdria
• Digalakis Jason, Margaritis Konstantinos, Parallel Evolutionary Algorithms on Mes-

sage Passing Clusters, Parallel Computing Conference PARCO, Germany, 2003.

• Digalakis Jason, A parallel memetic Library for non-linear Optimization Problems,3th

meeting of PAREO Euro working group on Parallel Processing in Operations Resea-

rch, France, 2002.

• Digalakis Jason, Adriazola Valenzuela Cecilia Alejandra, Margaritis Konstantinos, A

parallel memetic environment for non-linear and other unconstrained optimisation

problems, XI Congreso Latino-Iberoamericano de Investigation de Operaciones, Vol

1, pages 60-65, Concepcion-Chile, 2002.

• Digalakis Jason, Margaritis Konstantinos, A parallel memetic algorithm for solving
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optimization problems, In Proceedings of 4th Meta-heuristics International Confere-

nce,vol. I, pages 121-125, July 16-20, Portugal, 2001.

• Digalakis Jason, Margaritis Konstantinos, A Parallel Memetic Algorithm for the

maintenance scheduling problem, In Proceedings of 5th World Multiconference on

Systemics, Cybernetics and Informatics (SCI 2001) and the 7th International Con-

ference on Information Systems Analysis and Synthesis (ISAS 2001),vol VII, pages

343-347, Orlando-Florida, USA, 2001.

• Digalakis Jason, Margaritis Konstantinos, A Parallel Hybrid Evolutionary Algorithm

for electrical generator scheduling problem, In Proceedings of 5th World Multiconfe-

rence on Systemics, Cybernetics and Informatics (SCI 2001) and the 7th International

Conference on Information Systems Analysis and Synthesis (ISAS 2001), vol. XVI,

pages 397-402, Orlando-Florida, USA, 2001.

• Digalakis Jason, Margaritis Konstantinos, A parallel environment for Optimization

Problems, First Cracow Grid Workshop, November 5-7, Cracow, Poland, 2001.

• Digalakis Jason, Margaritis Konstantinos, An Experimental study of benchmarking

functions for Genetic Algorithms, In Proceedings of IEEE Conference on Transac-

tions, Systems, Man and Cybernetics, vol. V, pages 3810-3815, Nashville-Tennessee,

USA, 2000.Ejnik� sunèdria
• Digalakis Jason, Margaritis Konstantinos, A parallel memetic library for optimization
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problems, 4th GRACM Congress on Computational Mechanincs , Patra, 2002.

• Digalakis Jason, Margaritis Konstantinos, A multipopulation memetic model for the

maintenance scheduling problem, 5th Hellenic European Conference on Computer

Mathematics and its Applications(HERCMA 2001), pages 241-242, Athens, 2001.

• Digalakis Jason, Margaritis Konstantinos, A Multipopulation Cultural Algorithm for

the Electrical Generator Scheduling problem, In Proceeding of Panhellenic Sympo-

sium on Automation, Robotics and Industrial Production. pages 85-90,June 28-30,

Santorini, 2001.

• Digalakis Jason, Margaritis Konstantinos, An Experimental Study of Genetic Algori-

thms using PGAPack,In Proceedings of 7th Hellenic Conference on Informatics, pages

v34-v40, University of Ioannina, 1999.

0.5 Epilegmène bibliografikè anaforè �llwnereunht¸nOrismène ergas�e �llwn ereunht¸n sti opo�e anafèroun tm mata th ergas�a aut  e�naioi akìlouje:
• Jonathan Gomez, Self Adaptation of Operator Rates in Evolutionary Algorithms,

K. Deb et al. (Eds.): GECCO 2004, LNCS 3102, pages 1162-1173, Springer-Verlag,

Berlin Heidelberg 2004.
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• Krishnaiyer Krishnan and Hossein Cherarghi, Minimizing Total Completion on a

Single Machine with Tool changes: An Ant Approach, Proceedings of the Industrial

Engineering Research Conference (IERC), May 2004.

• R. Weber, Knowledge Management for Computational Intelligence Systems,College

of Information Science Technology Drexel University, Eight IEEE International Sym-

posium on High Assurance Systems Engineering, 25-26 March 2004.

• Gunduz-Oguducu S., Etaner-Uyar Sima, A Graph Based Clustering Method using a

Hybrid Evolutionary Algorithm, WSEAS Transactions on Mathematics, Vol. 3, Issue

3, pages 731-736, WSEAS, 2004.

• H. Mayer, M. Spitzlinger, Multi-Chromosomal Representations and Chromosome

Shuffling in Evolutionary Algorithms, 2003 Congress on Evolutionary Computation,

Australia, 2003.

• Salem Andra,Optimisation Techniques for GAs Turbine Engine Control System, MS

Thesis in Advanced Software Engineering, University of Sheffield, Department of

Computer Science, August 2003,UK.

• Stephen Shervais and Martin Zwick, Ordering Genetic Algorithm Genomes with

reconstrability analysis, International Journal of General Systems, Taylor Francis,

Volume 32, Number 5, pages 491 - 502, September 2003.

• Krishnaiyer, Krishnan, S. Hossein Cheraghi, Ant Algorithms: Review and Future

Applications, Proceedings of the Industrial Engineering Research Conference (IERC),
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May, 2002.

• Luiz Antonio Nogueira, Alexandre C. M. de Oliveira, Real-Coded Evolutionary Ap-

proaches to Unconstrained Numerical Optimization, 3rd Congress of Logic Applied

to Technology LAPTEC 2002, Book Series Frontiers in Artificial Intelligence and its

Applications, Editors J.M. Abe and J.I. da Silva Filho , IOS Press, 2002.

• Alexandre C. M. de Oliveira, Treinamento Populacional em Heuristicas: Aplicacoes

em Otimizacao, (PhD Thesis in Computer Science) Proposta de Tese apresentada co-

mo parte dos requisitos para a obtencao do titulo de Doutor em Computacao Aplicada

no Instituto Nacional de Pesquisas Espaciais Orientador: Prof. Dr. Luiz Antonio de

Nogueira Lorena Sao Jose dos Campos/SP Maio/2002.

• Jonatan Gomez, Dipankar Dasgupta, Fabio Gonzalez, Using Adaptive Operators in

Genetic Search, In Proceedings of the Genetic and Evolutionary Computation Con-

ference (GECCO), Lecture Notes in Computer Science, Vol. 2724, pages 1577-1578,

Springer-Verlag, July 2003.

• Sergio Luciano Avila, Algoritmos Geneticos Aplicados na Otimizacao de Antenas Re-

fletoras, (MS Thesis in Electrical Engineering) Dissertacao submetida a Universidade

Federal de Santa Catarina como parte dos requisitos para a obtencao do grau de

Mestre em Engenharia Eletrica Florianopolis, Novembro de 2002.



Kef�laio 1
Exeliktikè kai �lle EuretikèProsegg�sei
Autì to kef�laio parousi�zei mia eisagwg  sti basikè ènnoie th beltistopo�hsh, twnexeliktik¸n algor�jmwn kai �llwn sunaf¸n teqnik¸n. Arqik� parousi�zontai exeliktikèprosegg�sei beltistopo�hsh, sthn sunèqeia �lle euretikè mèjodoi kai sto tèlo ubridikèprosegg�sei beltistopo�hsh.
1.1 Probl mata Beltistopo�hsh1.1.1 Orismo�'Estw to mètro ep�dosh enì fusikoÔ   majhmatikoÔ sust mato:15
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P = f(x1, x2, ...., xn)ìpou f(x1, x2, ...., xn) mia pragmatik  sun�rthsh orismènh sto D ⊆ Rn kai x = [x1, x2, ..., xn]Tdi�nusma paramètrwn. H f kale�tai antikeimenik  sun�rthsh (objective function), en¸ oipar�metroi xi onom�zontai metablhtè elègqou (control variables)   metablhtè apìfash

(decision variables)   apl� par�metroi tou sust mato. H gewmetrik  apeikìnish th an-tikeimenik  sun�rthsh f onom�zetai epif�neia apìkrish (response surface), en¸ to ped�oorismoÔ th D kale�tai efikt  perioq  (feasible region)   efiktì q¸ro (feasible space)  q¸ro politik  (policy domain) . Sthn genik  per�ptwsh o q¸ro D or�zetai apì èna sÔnolo
m majhmatik¸n sqèsewn th morf :

gi(x1, x2, ...., xn) 6,=,> 0Eidikìtera, an h antikeimenik  sun�rthsh f e�nai th morf :
f(x1, x2, ...., xn) = c1x1 + c2x2,+... + cnxnkai ìloi oi periorismo� gi(i = 1, 2, ...,m) e�nai th morf :

αi1x1 + αi2x2 + ... + αinxn 6,=,> 0tìte or�zetai èna prìblhma grammikoÔ programmatismoÔ (linear programming).Mia polÔ shmantik  idiìthta twn sunìlwn e�nai h kurtìthta (convexity). 'Ena sÔnolo D e�naikurtì ìtan ìla ta shme�a pou br�skontai p�nw sto eujÔgrammo tm ma pou en¸nei dÔo shme�atou x, y an koun ep�sh sto D, dhlad  gia k�je λ ∈ [0, 1] isqÔei :
λf(x) + (1− λ)f(y) > f [λx + (1− λ)y]Mia sun�rthsh f parousi�zei topikì el�qisto (local minimum) sto shme�o x∗ ∈ D ìtanup�rqei perioq  U ⊂ D tou x∗ tètoia ¸ste gia k�je x ∈ U na isqÔei:

f(x∗) 6 f(x)



1.2 : Exeliktiko� Algìrijmoi 17Ant�stoiqo e�nai oi orismì gia to topikì mègisto (local maximum). Ta shme�a topikoÔelaq�stou kai topikoÔ meg�stou kaloÔntai topik� akrìtata (local extremum) . An U ≡ D,to akrìtato onom�zetai olikì (global). H diadikas�a anaz thsh tou olikoÔ akrìtatou (meg�-stou   elaq�stou) mia sun�rthsh f orismènh sto D e�nai gnwst  w olik  beltistopo�hsh
(global optimization). An D = Rn, to prìblhma beltistopo�hsh e�nai qwr� periorismoÔ
(unconstrained optimization), en¸ an D ⊆ Rn, prìkeitai gia prìblhma beltistopo�hsh meperiorismoÔ (constrained optimization).Oi mèjodoi beltistopo�hsh axiologountai w pro duo basik� tou qarakthristik�, thn apo-telesmatikìthta (effectiveness), h opo�a sqet�zetai me thn akr�beia tou olikoÔ bèltistou, kaithn apodotikìthta (efficiency), h opo�a sqet�zetai me ton upologistikì fìrto. Sthn paroÔsaergas�a jewre�tai sumbatik� ìti h beltistopo�hsh mia sun�rthsh ègkeitai sthn eÔresh touolikoÔ elaq�stou aut  en¸ ìtan qrhsimopoie�tai o ìro bèltisth lÔsh anaferìmaste sthtrèqousa bèltisth lÔsh.
1.2 Exeliktiko� Algìrijmoi'Ena exeliktikì algìrijmo (evolutionary algorithm) EA or�zetai san mia algorijmik  diadi-kas�a pou diathre� èna plhjusmì atìmwn (population of individuals), ton opo�o exel�ssei sÔm-fwna me k�poiou kanìne epilog  (selection rules) kai k�poiou telestè (operators)ìpwo anasunduasmì (recombination) kai h met�llaxh (mutation). Autì shma�nei ìti se k�jeektèlesh èqoume èna sÔnolo lÔsewn se ant�jesh me �llou euretikoÔ algor�jmou ìpou su-n jw se k�je ektèlesh èqoume mia enia�a lÔsh   èna mèro th telik  lÔsh pou epidi¸ketai.
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Sq ma 1.1: Exeliktikì kÔklo
To megalÔtero mèro twn EA empnèetai apì th biolog�a kai tou fusikoÔ   koinwnikoÔ mhqa-nismoÔ exèlixh (pq. exèlixh twn eid¸n, koinwnik  exèlixh , politismik  klp.). Gia par�deigmamia upoy fia lÔsh kale�tai �tomo, h kwdikopo�hsh th kale�tai genìtupo, h anapar�stash(ta di�fora qarakthristik� ) kaloÔntai fainìtupo.Oi apìgonoi dhmiourgoÔntai mèsw tou anasunduasmoÔ twn gonèwn dhlad  me thn antallag plhrofor�a metaxÔ twn gonèwn kai mèsw th met�llaxh h opo�a diatar�ssei peraitèrw touapogìnou. Akolouje� h qr sh th sun�nthsh poiìthta (fitness function) gia thn axio-lìghsh (evaluation) twn apogìnwn kai telik� h epilog  twn atìmwn tou plhjusmoÔ pou jaepibi¸soun sthn epìmenh geni�. H diadikas�a aut  onom�zetai exeliktikì kÔklo (evolutio-

nary cycle). Sto sq ma 1.1 parousi�zetai o sunhjèstero exeliktikì kÔklo. To kentrikìshme�o th èreuna stou EA up rxe h eurwst�a, h isorrop�a dhlad  an�mesa sthn ikanì-thta ep�lush sugkekrimènwn problhm�twn apì thn mia meri� kai sthn apotelesmatikìthtapou apaite�tai gia thn epib�wsh se poll� diaforetik� perib�llonta apì thn �llh. Oi EA
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Evolutionary Algorithm Pseudocode
t:=0;

initialize and evaluate [pop(t)];

while not stopcondition do

pop’(t):=variation [pop(t)];

evaluate [pop’(t)];

pop(t+1):=select [pop’(t),pop(t)];

t:=t+1;

end while; Sq ma 1.2: Yeudok¸dika ExeliktikoÔ Algor�jmou
diathroÔn èna plhjusmì atìmwn to opo�o exel�ssoun sÔmfwna me k�poiou kanìne epilog kai k�poiou telestè, ìpw o anasunduasmì kai h met�llaxh. K�je �tomo tou plhjusmoÔantiproswpeÔei èna shme�o tou sunìlou twn pijan¸n lÔsewn enì sugkekrimènou probl ma-to. Ep�sh perièqei kai k�poia gn¸sh gia tou kanìne tou perib�llonto tou probl mato.Se k�je �tomo tou plhjusmoÔ antistoiqe�tai èna mètro th poiìthta pou diajètei sto sug-kekrimèno perib�llon tou probl mato to opo�o antimetwp�zetai kai to opo�o kwdikopoie�taimèsw k�poia sun�rthsh poiìthta. 'Ena aplì EA parousi�zetai sto sq ma 1.2 Kat� thnepilog  h prosoq  esti�zetai se �toma uyhl  poiìthta axiopoi¸nta thn diajèsimh plhro-for�a mèsw th poiìthta twn atìmwn. O anasudnuasmì kai h met�llaxh diatar�ssoun thndom  twn atìmwn parèqonta dunatìthte diereÔnhsh tou q¸rou.'Ena shmantikì qarakthristikì twn EA e�nai h dunatìthta na exereun soun ti diaforetikèperioqè tou q¸rou anaz thsh tautìqrona. H exereÔnhsh aut  e�nai sun jw sunufasmènhme thn ekmet�lleush twn upoyhf�wn lÔsewn. O stìqo e�nai h bèltisth ekmet�lleush twn



20 Kef�laio 1 : Exeliktikè kai �lle Euretikè Prosegg�seiplhrofori¸n pou br�skontai stou upoyhf�ou. O arqikì plhjusmì enì EA sun jw ar-qikopoie�tai se tuqa�e timè kai exel�ssetai pro diadoqik� kalÔtere perioqè tou q¸rouanaz thsh mèsw tuqa�wn diadikasi¸n th epilog , tou anasunduasmoÔ kai th met�llaxh.To perib�llon apod�dei plhrofor�e sqetik� me thn poiìthta twn nèwn shme�wn anaz thshkai h diadikas�a epilog  eunoe� ta �toma me thn kalÔterh poiìthta na anapar�gontai suqnì-tera apì ta �lla �toma tou plhjusmoÔ.Gia thn kalÔterh diereÔnhsh tou q¸rou anaz thsh qrhsimopoioÔntai se pollè peript¸seiEA strathgikè diapo�kilsh (diversification strategies) [135℄ me kÔrio stìqo na apofeuqje� hgr gorh sÔgklish olìklhrou tou plhjusmoÔ se mia perioq  tou q¸rou anaz thsh. H ènnoiath diapo�kilsh e�nai ant�jeth me thn ènnoia tuqaiìthta (randomization) kai epidi¸kei tonqwrismì kai �llo twn sunìlwn lÔsewn pou par qjeisan prohgoumènw se antidiastol  meti strathgikè endun�mwsh (intensification strategies)   tuqaiìthta pou qrhsimopoioÔntaigia na energ soun pro mia belt�wsh twn kalÔtera poiotik� upoyhf�wn.To apotèlesma e�nai h lÔsh pou diamorf¸netai apì to �tomo me thn kalÔterh poiìthta stonplhjusmì kat� thn di�rkeia olìklhrh th exeliktik  diadikas�a. Autì to �tomo den e�naistoiqe�o tou plhjusmoÔ se ìle ti f�sei th exèlixh. Epomènw prèpei na apomnhmoneuje�kat� th di�rkeia th exèlixh. Sti peript¸sei ìmw eke�ne pou to kalÔtero poiotik� �tomoe�nai s�gouro ìti ja summetèqei sthn exèlixh tou plhjusmoÔ tìte lème ìti to �tomo e�naielitistikì.E�nai genik� apodektì ìti opoiosd pote EA prèpei na diajètei pènte basik� stoiqe�a
• k�poia mèjodo anapar�stash twn lÔsewn enì probl mato
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• k�poia mèjodo dhmiourg�a tou arqikoÔ plhjusmoÔ
• k�poia mèjodo (sun�rthsh) upologismoÔ th poiìthta twn lÔsewn.
• orismènou telestè oi opo�oi metab�lloun ton trèqonta plhjusmì dhmiourg¸nta thnnèa geni� kat� thn di�rkeia th anaparagwg  kai
• timè gia ti paramètrou (mègejo plhjusmoÔ, pijanìthta anasunduasmoÔ).Oi gnwstìtere mejodolog�e EA e�nai oi:
• Genetiko� Algìrijmoi (Genetic Algorithms - GA) , oi opo�oi prot�jhkan apì ton Hol-

land [109]. Sun jw qrhsimopoioÔn duadik  anapar�stash h opo�a e�nai sqetik� anex�r-thth apì to prìblhma. H met�llaxh anastrèfei ta duadik� yhf�a me k�poia pijanìthtakai jewre�tai polÔ shmantikì telest .
• Exeliktikè Strathgikè (Evolutionary Strategies - ES), oi opo�e prot�jhkan apì ton

Rechenberg[179], me epilog , met�llaxh kai mègejo plhjusmoÔ èna. O Schwefel[192]eis gage ton anasunduasmì kai plhjusmoÔ me perissìtera tou enì mèlh.Tupik�, oi ES qrhsimopoioÔn kwdikopo�hsh me pragmatikè timè. H met�llaxh e�naipolÔ shmantik . O arijmì twn apogìnwn pou anapar�gontai e�nai megalÔtero touplhjusmoÔ twn gonèwn kai g�netai epilog  twn apogìnwn pou ja epibi¸soun.
• Exeliktikì Programmatismì (Evolutionary Programming - EP), pou anaptÔqjhkeapì ton Fogel. Qrhsimopoie� kwdikopo�hsh prosarmosmènh sto prìblhma. H met�llaxhe�nai o kÔrio genetikì telest . O anasunduasmì qrhsimopoie�tai sp�nia.



22 Kef�laio 1 : Exeliktikè kai �lle Euretikè Prosegg�seiUp�rqoun p�ra pollè ubridikè teqnikè oi opo�e sumperilamb�noun stoiqe�a twn parap�nwmejodologi¸n. An kai to ennoiologikì pla�sio ìlwn twn EA e�nai �dio oi ulopoi sei toudiafèroun se poll� shme�a. Gia par�deigma up�rqei mia meg�lh poikil�a mejìdwn epilog .Ep�sh, h anapar�stash twn atìmwn poik�lei apì duadikè sumboloseirè mèqri dianÔsmatapragmatik¸n arijm¸n. Tèlo h barÔthta twn duo basik¸n telest¸n (tou anasunduasmoÔkai th met�llaxh) ìpw ep�sh kai oi ulopoi sei tou diafèroun kat� polÔ metaxÔ twndiaforetik¸n montèlwn EA.
1.2.1 Genetiko� AlgìrijmoiH an�ptuxh tou xek�nhse thn dekaet�a tou 1960 apì ton Holland kai tou sunerg�te tou. Oigenetiko� algìrijmoi GA qrhsimopoioÔn sun jw mia anapar�stash h opo�a e�nai anex�rththapì to prìblhma, dhlad  sumboloseirè duadik¸n yhf�wn[108℄.Arqik� èna plhjusmì par�getai tuqa�a apì èna sÔnolo duadik¸n sumboloseir¸n. Met� thnarqikopo�hsh epilègontai oi gone� (parents) sÔmfwna me mia sun�rthsh pijanìthta h opo�abas�zetai sthn sqetik  poiìthta twn atìmwn tou plhjusmoÔ. Dhmiourge�tai dhlad  me b�shth sqetik  poiìthta twn atìmwn èna endi�meso plhjusmì (intermediate population). 'OsokalÔterh e�nai h poiìthta enì atìmou, tìso aux�nontai oi pijanìthte na epilege� perissì-tere forè san gonèa gia thn anaparagwg  apogìnwn (offspring).Genik�, apì N gone� anapar�gontai N paidi� mèsw diastaÔrwsh (crossover) ìpw onom�zetaio anasunduasmì sthn per�ptwsh twn GA. Se k�je zeug�ri gonèwn o telest  diastaÔrwshefarmìzetai me mia pijanìthta pc. Gia par�deigma sth diastaÔrwsh enì shme�ou ta �toma kì-
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Genetic Algorithm Pseudocode
t:=0;

initialize and evaluate [pop(t)];

while not stopcondition do

pop’(t):=variation [pop(t)];

evaluate [pop’(t)];

Reproduction[pop’(t),pop(t)];

Crossover[pop’(t),pop(t)];

Mutation[pop(t+1)];

evaluate [pop(t+1)];

t:=t+1;

end while; Sq ma 1.3: Yeudok¸dika GenetikoÔ Algor�jmoubontai se èna shme�o kai dhmiourgoÔntai duo nèe sumboloseirè oi opo�e kai anasundu�zontaime thn antallag  twn �krwn tou. 'Etsi par�gontai duo nèe sumboloseirè pou kaloÔntaiapìgonoi. O yeudok¸dika enì aploÔ GA parousi�zetai sto sq ma 1.3.Oi telestè th epilog  kai th diastaÔrwsh mporoun na jewrhjoÔn san èna b ma pouonom�zetai b ma sunergas�a tou GA (cooperation step). Up�rqoun arket� e�dh diastaur¸-sewn pou qrhsimopoioÔntai. Sth sunèqeia ja perigr�youme se suntom�a qrhsimopoi¸nta tongenikìtero ìro tou anasunduasmoÔ, merik� apì aut�:
• Anasunduasmì deigm�twn: Ston anasunduasmì deigm�twn (segmented recombination)o arijmì twn shme�wn anasunduasmoÔ den e�nai kajorismèno all� mpore� na poik�leigÔrw apì mia anamenìmenh tim . Autì epitugq�netai apì èna posostì allag  toude�gmato to opo�o kajor�zei thn pijanìthta kat�lhxh tou de�gmato se opoiod poteshme�o th sumboloseir�. E�n to pc e�nai to posostì allag  tìte e�nai anamenìmene
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• Anasunduasmì Metatìpish: H teqnik  aut  mpore� na qrhsimopoihje� se sunduasmìme opoiod pote anasunduasmì pollapl¸n shme�wn. SÔmfwna me ton anasunduasmìmetatìpish (shuffle recombination) metatop�zontai tuqa�a oi jèsei twn bits kai twndÔo gonèwn.
• Anasunduasmì St�xh: O anasunduasmì autì parousi�zei idia�tero endiafèron miakai e�nai h mình gnwst  prosp�jeia autoprosarmog  tìso twn arijm¸n ìso kai twnjèsewn twn shme�wn anasunduasmoÔ se èna anasunduasmì pollapl¸n shme�wn. ToÔtoepitugq�netai prosjètonta èna bit sthn upìloiph alfarijmoseir� enì atìmou. Ta bitsanasunduasmoÔ st�xew (punctuated recombination) kai ta upìloipa antall�ssontaian�mesa stou gone�   paramènoun amet�blhta[16℄.Ta �toma pou prokÔptoun ston endi�meso plhjusmì apì to pr¸to b ma antikajistoÔnìla   èna mèro twn atìmwn ston arqikì plhjusmì. Up�rqoun duo montèla antikat�sta-sh to montèlo olik  genealogik  antikat�stash (generational replacement model) kaistajer  antikat�stash (state steady replacement model). Sto montèlo olik  antikat�-stash o endi�meso plhjusmì èqei to �dio mègejo me ton arqikì plhjusmì, pou anane¸neiolìklhro ton plhjusmì se mia gene� en¸ sto montèlo stajer  antikat�stash o endi�mesoplhjusmì èqei polÔ mikrìtero mègejo apì ton arqikì plhjusmì. Sto montèlo stajer antikat�stash o apìgono den antikajist� apara�thta tou gone� tou all� mpore� na p�reith jèsh opoiond pote �llwn atìmwn. H ektèlesh oloklhr¸nei met� apì èna prokajorismè-no arijmì gene¸n. Pio leptomereiak  perigraf  twn GA mpore� na brei o anagn¸sth sta
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[99, 31].
1.2.2 Exeliktikè StrathgikèH an�ptuxh twn Exeliktik¸n Strathgik¸n ES xek�nhse apì ton Rechenberg sta 1960 giathn ep�lush udrodunamik¸n problhm�twn. Oi pr¸te ergas�e ston q¸ro twn ES  tan peris-sìtero teqnikè pou ta�riazan pio polÔ sthn teqnik  th prosomoioÔmenh anìpthsh par�stou exeliktikoÔ algor�jmou me dedomèno ìti e�qan thn dunatìthta na qeiristoÔn mìnodÔo �toma. H pr¸te ES pou bas�zontan se plhjusmoÔ atìmwn emfan�sthkan thn dekaet�atou 70 [179, 192] me epikratèsterh thn (l,m)-strathgik  pou kuri�rqhse apì to 1977. Oapìgono pou dhmiourge�tai met� apì anasunduasmì kai met�llaxh twn gonèwn kai se k�jegeni� ta m kalÔtera paidi� antikajistoÔn ton patrikì plhjusmì. Se mia parallag  aut  thstrathgik  ta m kalÔtera �toma g�nontai kai oi nèoi gone� sthn nèa geni�.Oi ES douleÔoun me p�nake pragmatik¸n dianusm�twn. O apìgono dhmiourge�tai efarmìzon-ta diwnumikè katanomè (me anamenìmenh tim  mhdèn kai diaspor� σ2 ston gonèa kai e�te oapìgono g�netai o gonèa th epìmenh geni� (e�n e�nai kalÔtero tou gonèa) e�te o gonèaepibi¸nei. Sthn per�ptwsh twn dimel¸n ES (qr sh mìno dÔo atìmwn) èna �tomo dhmiourge�taiapì èna mìno gonèa mèsw th prìsjesh kanonik� katanemhmènwn tuqa�wn dianusm�twn meanamenìmenh tim  mhdèn kai tupik  apìklish σ (to �dio σ qrhsimopoie�tai gia ìla ta stoiqe�atou dianÔsmato. O algìrijmo tou sq mato 1.4 e�nai èna aplì par�deigma ES.
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Evolutionary Strategy
Q=popi for a (λ + µ) strategy, Q=0 for a (µ, λ)-strategy with λ > µ ≥ 1
determine an initial set pop(0) of size µ
i := 0
repeat

generate pop
′

(i) of size λ by combining and mutating individuals of pop(i)

select µ individuals in pop
′

(i) ∪Q to put in pop(i+1)

i := i + 1
until termination condition is metSq ma 1.4: Yeudok¸dika Exeliktik  Strathgik 1.2.3 Exeliktikì ProgrammatismìO exeliktikì programmatismì EP e�nai parìmoio me ti ES kai anaptÔqjhke sthn dekaet�atou 60 apì ton Fogel [87]. Oi kuriìtere diaforè an�mesa sti duo mejìdou e�nai sth f�shth epilog  pou sthn per�ptwsh tou EP g�netai stoqastik� mèsw ag¸nwn (tournament)kai oi qeirìtere lÔsei afairoÔntai aitiokratik� (deterministic) . Prèpei na shmeiwje� ìtiden qrhsimopoie�tai kanèna mhqanismì epanasunduasmoÔ ston EP en¸ sti ES mporoÔme naqrhsimopoi soume mhqanismoÔ epanasunduasmoÔ[103].1.2.4 Politismiko� AlgìrijmoiOi politismiko� algìrijmoi (Cultural Algorithms - CA) e�nai mia kathgor�a EA [181, 49]stou opo�ou arqik� èna plhjusmì atìmwn pou antiproswpeÔoun ton q¸ro lÔsewn par�-getai tuqa�a gia na dhmiourg sei thn pr¸th gene�. To arqikì di�sthma pepo�jhsewn (q¸roapodekt¸n lÔsewn) (belief space) e�nai kenì. Se k�je gene� o politismikì algìrijmo exe-l�ssei èna plhjusmì atìmwn me b�sh to pla�sio Vote - Inherit - Promote (VIP) (yhfofor�a



1.3 : 'Alle mèjodoi 27- klhronomi� - proagwg ). Kat� th di�rkeia th diadikas�a yhfofor�a ta �toma twn plh-jusm¸n axiologoÔntai gia th sumbol  tou sto di�sthma pepo�jhsh qrhsimopoi¸nta thleitourg�a th apodoq . Eke�ne oi pepoij sei pou sumb�lloun pio polÔ sth lÔsh pro-bl mato epilègontai   yhf�zontai gia na sumb�lloun sto trèqon di�sthma pepo�jhsh. Todi�sthma   alli¸ q¸ro pepoij sewn tropopoie�tai ìtan sundu�zontai oi klhronomhmènepepoij sei me ti pepoij sei pou èqoun prosteje� kat� thn trèqousa geni�. Sthn sunè-qeia o enhmerwmèno q¸ro pepoij sewn qrhsimopoie�tai gia na ephre�sei thn exèlixh touplhjusmoÔ. Kat� th di�rkeia th teleuta�a f�sh èna nèo plhjusmì anapar�getai qrh-simopoi¸nta èna basikì sÔnolo exeliktik¸n telest¸n. O kÔklo VIP telei¸nei me k�poiesunj ke termatismoÔ. Sun jw h diadikas�a termat�zetai ìtan aniqneÔetai mhdamin    el�qi-sth diafor� an�mesa stou plhjusmoÔ enì peperasmènou pl jou gene¸n   ìtan prokÔyeik�poia gn¸sh sto di�sthma pepoij sewn. O basikì politismikì algìrijmo perigr�fetaiapì ton k¸dika tou sq mato 1.5.
1.3 'Alle mèjodoi1.3.1 ProsomoioÔmenh AnìpthshH prosomoioÔmenh anìpthsh (Simulated Annealling - SA) e�nai mia teqnik  beltistopo�hsh,h opo�a bas�zetai sti arqè th statistik  mhqanik . H prwtotup�a th mejìdou ègkei-tai sthn apofug  twn topik¸n akrìtatwn, mèsw pragmatopo�hsh periorismènou arijmoÔ mhbèltistwn bhm�twn me b�sh pijanotik� krit ria. H prosomoiwmènh anìpthsh br ke efarmog 
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Cultural Algorithm Pseudocode
t:=0;

Initialize pop(t);

Initialize blf(t);

repeat

pop(t);

vote[blf(t), accept(pop(t))];

adjust(blf(t));

evolve[pop(t), influence(blf(t))];

t:=t+1;

select pop(t) from pop(t-1);

until (termination condition achieved)

end Sq ma 1.5: Yeudok¸dika PolitismikoÔ Algor�jmoukur�w se meg�lh kl�maka probl mata sunduastik  beltistopo�hsh (combinatorial opti-

mization). Sthn kathgor�a aut  perilamb�nontai probl mata sta opo�a o q¸ro politik e�nai diakritì, perièqei dhlad  peperasmèno arijmì efikt¸n lÔsewn, o opo�o aux�nei ekjeti-k� me ton arijmì twn metablht¸n elègqou. Ant�jeta, sqetik� periorismèno e�nai w t¸ra toped�o efarmog  th mejìdou se probl mata suneq¸n metablht¸n, sta opo�a epikentr¸netaito endiafèron th paroÔsa ergas�a.'Eqei proselkÔsei to endiafèron arket¸n episthmìnwn apì di�forou kl�dou. San teqni-k  ja lègame ìti e�nai èna statistikì mhqanismì pou prosomoi¸nei thn fusik  diadikas�aanìpthsh pou qrhsimopoie�tai gia thn yÔxh enì stereoÔ s¸mato ètsi ¸ste autì na g�neièna tèleio krÔstallo. O Metropolis kai oi sunerg�te tou [149]  tan oi pr¸toi pouperiègrayan ènan algìrijmo pou prosomo�wne thn diadikas�a th anìpthsh. O Kirkpatrick

[120] kai oi sunerg�te tou prìteinan th qr sh autoÔ tou algor�jmou gia thn ep�lush enìprobl mato beltistopo�hsh. H prosomoioÔmenh anìpthsh e�nai mia tuqa�a mèjodo me thn



1.3 : 'Alle mèjodoi 29opo�a mei¸netai h pijanìthta na pagideutoume se topik� el�qista kai na odhghjoÔme se qei-rìtere lÔsei. Lamb�nonta upìyh thn geitoni� N(s) enì probl mato beltistopo�hsh oiepilogè mèsa se autì to sÔnolo lÔsewn g�nontai tuqa�a. H metak�nhsh apì mia lÔsh s semia lÔsh s’ g�netai apodekt  mìno an:
• s′ e�nai kalÔtero apì to s

• s′ e�nai qeirìtero apì to s all� e−(f(s)−f(s′))r > Rìpou T e�nai mia par�metro elègqou h opo�a kale�tai jermokras�a kai R ∈ [0, 1] e�nai miaomoiìmorfh katanom  tuqa�wn arijm¸n. O algìrijmo apofeÔgei thn proskìllhsh se topik�bèltista mèqri ta teleuta�a st�dia th anaz thsh kat� ta opo�a h jermokras�a e�nai polÔqamhl  kai o algìrijmo èqei  dh mia kal  lÔsh.H efarmog  th prosomoiwmènh anìpthsh se probl mata beltistopo�hsh pro�pojètei thnÔparxh mia genn tria dianusm�twn, h opo�a par�gei nèa shme�a sthn geitoni� th ek�stotelÔsh. W genn tria mpore� na qrhsimopoihje� e�te èna prosdioristikì algìrijmo topik anaz thsh e�te èna algìrijmo paragwg  tuqa�wn dianusm�twn. Sthn pr¸th per�ptwsh hkateÔjunsh th anaz thsh e�nai monos manth, afoÔ epilègontai p�ntote oloèna kai kalÔ-tere lÔsei, katal gonta telik� sthn perioq  k�poiou topikoÔ akrìtatou. Autì den e�naiepijumhtì, afoÔ h strathgik  anìpthsh pro�pojètei th dunatìthta ektèlesh mh bèltistwnbhm�twn. Apì thn �llh pleur�, h efarmog  tuqa�wn bhm�twn epitrèpei th diafug  apì topik�akrìtata all� sunep�getai meg�lo upologistikì fìrto, afoÔ kat� kanìna apaite�tai meg�loarijmì dokim¸n mèqri na epiteuqje� sÔgklish. Meg�lh shmas�a gia thn epituq  leitourg�atou algor�jmou èqei to qronodi�gramma anìpthsh (annealing schedule) tou prosomoiwmènou
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Simulated Annealing Pseudocode
t:=T(0), n:=1;

sbest := s;
repeat

Generate neighboring solution s′ ∈ N(s);
△f := f(s)− f(s′) ;

if △f ≤ 0 or exp(−△f/t) > random[0, 1) then s := s′;
if f(s) > f(sbest) then sbest := s;
t:=T(n);

n:=n+1;

until termination criterion fulfilled;

return sbest

end; Sq ma 1.6: Yeudok¸dika ProsomoioÔmenh Anìpthsh
jermodunamikoÔ sust mato. To qronodi�gramma anìpthsh sun�statai apì tou akìloujoupar�gonte:
• thn arqik  jermokras�a
• th sun�rthsh me�wsh th jermokras�a
• to m ko twn kÔklwn jermik  isorrop�a
• th sunj kh termatismoÔ tou algor�jmouSto sq ma 1.6 èqoume ton yeudok¸dika gia thn prosomoioÔmenh anìpthsh.



1.3 : 'Alle mèjodoi 311.3.2 Apotreptik  Anaz thshH apotreptik  anaz thsh (Tabu Search (TS)) anaptÔqjhke apì ton Glover[97]. H euretik aut  mèjodo sundu�zei mia topik  diadikas�a anaz thsh me di�forou kanìne antianakÔklw-sh ìpw apokaloÔntai (anti-cycling) pou apotrèpoun thn proskìllhsh se topik� el�qistakat� thn di�rkeia th anaz thsh. Apì to 1986 mèqri s mera h mèjodo èqei tropopoihje�arket� kai èqoun enswmatwje� arket� nèa stoiqe�a pou èqoun belti¸sei kat� polÔ thn apì-dosh th.O basikì algìrijmo th apotreptik  anaz thsh perigr�fetai apì ton Glover w ex .'Eqoume mia sun�rthsh f(x) h opo�a beltistopoie�tai se èna sÔnolo X. O algìrijmo xe-kin�ei ìpw èna opoiod pote sunhjismèno algìrijmo topik  anaz thsh kai proqwr�eistadiak� apì èna shme�o (lÔsh) se èna �llo mèqri na ikanopoihjoÔn ta krit ria termatismoÔ.Gia k�je x ∈ X up�rqei geitoni� N(x) ⊂ X.H apotreptik  anaz thsh uperèqei mia apl  mejìdou topik  anaz thsh sto ìti perièqeimia strathgik  kat� thn diereÔnhsh tou q¸rou N(x) sÔmfwna me thn opo�a antikaj�stataiaut  h geitoni� lÔsewn apì mia �llh N∗(x)). Eke�no pou qarakthr�zetai thn sugkekrimènhmejodolog�a e�nai oi apait sei se mn mh proke�menou na kajoriste� h geitoni� N∗(x)) kaio trìpo me ton opo�o ja diereunhje� kalÔtera o q¸ro anaz thsh. O yeudok¸dika thanaz thsh me apagoreÔsei d�netai sto sq ma 1.7. H mèjodo apotreptik  anaz thsh ,prosomoi¸nei ti diergas�e th anjr¸pinh mn mh. H basik  arq  th mejìdou sun�sta-tai sth diat rhsh mia apagoreumènh l�sta (tabu list), sthn opo�a apojhkeÔontai ìle oiprìsfate metakin sei pou pragmatopoioÔntai kat� th diadikas�a beltistopo�hsh. 'Opw
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Tabu Search Pseudocode
t := 0;
sbest := s;
repeat

Find best solution s′ ∈ N(s) with s′ /∈ t ;

s := s′;
t := t ∪ s ;

if f(s) > f(sbest) then sbest := s;
until termination criterion fulfilled;

return sbest;

end; Sq ma 1.7: Yeudok¸dika Apotreptik  Anaz thshprodik�zei h onomas�a th, h l�sta aut  qrhsimopoie�tai gia na empod�zei thn anaz thsh seperioqè pou èqoun  dh exereunhje�. ProtoÔ epilege� mia upoy fia lÔsh, elègqetai an aut e�nai kataqwrhmènh   ìqi sth l�sta kai sthn per�ptwsh pou e�nai, den g�netai apodekt . Meton trìpo autì epitugq�netai h diafug  apì topik� akrìtata, afoÔ jewrhtik� diereun�taiìso to dunatì megalÔtero eÔro tou efiktoÔ q¸rou.
1.3.3 KajodhgoÔmenh Topik  Anaz thshH kajodhgoÔmenh topik  anaz thsh (Guided Local Search - GLS) e�nai mia euretik  teqnik pou kalÔptei èna eurÔ f�sma problhm�twn beltistopo�hsh. H kajodhgoÔmenh topik  ana-z thsh ekmetaleÔetai di�fore plhrofor�e sqetik� me ton q¸ro lÔsewn kai kajodhge� thntopik  anaz thsh sti pio kalè perioqè tou q¸rou anaz thsh. ToÔto g�netai efiktì methn megistopo�hsh th sun�rthsh kìstou tou probl mato pou perièqei arketoÔ ìroupoin (penalty) . H topik  anaz thsh perior�zetai apì tou ìrou poin  kai strèfetai sti
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Guided Local Search Pseudocode
k ← 0;
s(0) := random or heuristically generated solution in S;

for i := 1 until M do /* set all penalties to 0*/

pop(i) := 0 ;

while StoppingCriterion do

begin

h := g + λ ∗
∑

pop(i) ∗ I(i);
s(k + 1) := LocalSearch(s(k), h);
for i := 1 until M do

util(i) := I(i)(s(k + 1)) ∗ c(i)/(1 + pop(i)) ;

for each i such that util(i) is maximum do

pop(i) := pop(i + 1);
k := k + 1;
end

s∗ := best solution found with respect to cost function g;

return s*;

end Sq ma 1.8: Yeudok¸dika Kateujunìmenh Topik  Anaz thshperioqè tou q¸rou anaz thsh pou upìsqontai perissìtera. O k¸dika aut  th teqnik d�netai sto sq ma 1.8 en¸ mia analutik  perigraf  twn qarakthristik¸n aut  th teqnik mpore� o anagn¸sth ma na de� sthn diatrib  tou BoudoÔrh [205].
1.4 Ubridikè prosegg�seiPollè melète èqoun g�nei mèqri s mera gia thn belt�wsh th poiìthta twn apotelesm�-twn pou epitugq�nontai me EA kai kur�w twn GA [202]. Mia tètoia prosèggish e�nai kaih dhmiourg�a enì montèlou sto opo�o di�foroi algìrijmoi kaloÔntai na sunleitourg soun
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Memetic Algorithm Pseudocode
t:=0; Initialise pop(t) randomly;

For i=1 to m (m=pop size)

Perform local search in the neighbourhood of i

(i being the current individual);

Evaluate fitness of i and its neighbourhood explored;

Make i the best individual found;

End for

Repeat

t:=t+1; Select parents from pop(t);

Generate offspring applying recombination

to the parents selected ;

If an individual is selected to undergo mutation,

then apply local search;

Evaluate fitness of current individual and its neighbours;

Adopt best individual ;

Until stopping condition is reached;Sq ma 1.9: Yeudok¸dika MimhtikoÔ Algor�jmou
prokeimènou na epwfelhjoÔme kata th diereÔnhsh tou q¸rou lÔsewn apì ta kalÔtera qara-kthristik� th k�je mejìdou apì autè. To montèlo autì kale�tai ubridikì kai e�nai an�logoenì biologikoÔ ubridikoÔ organismoÔ duo suggen¸n organism¸n. Genik� mporoÔme na isqu-ristoÔme ìti èna EA mpore� na ubridopoihje� me opoiod pote �llo algìrijmo anaz thsh.'Ena tètoio ubridikì algìrijmo pou qrhsimopoie� paradosiakè euretikè mejodou kaiexeliktikè teqnikè e�nai kai o mimhtikì algìrijmo (memetic algorithm) MA . H onomas�aaut  proèrqetai apì ton ellhnik  proèleush ìro meme M�mhsi. O yeudok¸dika enìaploÔ MA parousi�zetai sto sq ma 1.9.



1.4 : Ubridikè prosegg�sei 35'Ena MA ìpw k�je metaeuretikì algìrijmo èqei genik¸ pio polÔplokh dom  apì èna exe-liktikì algìrijmo kaj¸ e�nai sÔnjesh euretik¸n kai exeliktik¸n algor�jmwn pou perièqounstoiqe�a m�mhsh biologik¸n   koinwnik¸n diadikasi¸n. An�loga me thn ulopo�hsh erg�zetaime kwdikopoihmèno sÔnolo lÔsewn   me ti lÔsei autè kajeautè. Sthn pr¸th per�ptw-sh suggeneÔei pio polÔ me tou genetikoÔ algor�jmou sthn deÔterh me tou exeliktikoÔ.Ektele� anazht sei qrhsimopoi¸nta èna plhjusmì lÔsewn kai ìqi mia monadik  lÔsh. Oqrìno ektèlesh tou e�nai en gènei megalÔtero apì autìn k�poiou ant�stoiqou euretikoÔall� se antist�jmisma anamenoume lÔsei kalÔterh poiìthta apì autè pou par�gei o ant�-stoiqo euretikì   exeliktikì.H apìdosh twn MA belti¸netai me thn qr sh th topik  epilog  (Local selection) sÔmfw-na me thn opo�a o deÔtero apì tou dÔo gone� epilègetai apì th geitoni� (neighbourhood)tou pr¸tou kai ìqi apì ton sunolikì plhjusmì. W geitoni� or�zetai to sÔnolo twn atì-mwn pou an koun mèsa sta ìria enì gewmetrikoÔ sq mato me kèntro ton arqikì gonèa. Oplhjusmì twn atìmwn antimetwp�zetai w mia sfairik  epif�neia, ¸ste sthn per�ptwsh pouk�poio sq ma bga�nei èxw apì ta ìria tou p�naka tìte autì jewroÔme ìti suneq�zetai apì thnapènanti pleur� (blepe sq ma 1.10). Me thn efarmog  th topik  epilog  LS epitugq�netaih dhmiourg�a geitoni¸n atìmwn me koin� qarakthristik� mèsa ston plhjusmì. Autì odhge�ton algìrijmo se mia par�llhlh anaz thsh lÔsewn se diaforetikè perioqè tou q¸rou. Miapolu kal  an�lush ubridik¸n metaeuretik¸n teqnik¸n stou opo�ou an koun kai oi MA ègineapì ton Talbi [202]. O ìro metaeuretikì anafèretai e�te se EA e�te se paradosiakoÔ eure-tikou algor�jmou pou mporoÔn na efarmostoÔn se diaforetik� probl mata se ant�jesh metou euretikoÔ algor�jmou pou sqedi�sthkan gia thn epilush sugkekrimènwn problhm�twn.



36 Kef�laio 1 : Exeliktikè kai �lle Euretikè Prosegg�sei

Sq ma 1.10: Geitoni� se sq ma tetrag¸nouSumbolismì Perigraf  - Qarakthrismì
L QamhloÔ epipèdou
H UyhloÔ epipèdou
R Anex�rthth Exèlixh
C Sunexèlixh

hom Omogene�
het Eterogene�
par Diatmhsh Q¸rou Anaz thsh
glo 'Olo o q¸ro anaz thsh
spe EidikoÔ skopoÔ probl mata
gen GenikoÔ skopoÔ probl mataP�naka 1.1: Taxinìmhsh tou Talbi gia metaeuretikoÔ algor�jmouSthn an�lush aut  g�netai mia polÔ kal  anafor� se jèmata sqediasmoÔ kai efarmog  twnmetaeuretik¸n algor�jmwn. Sta jèmata sqediasmoÔ èqoume mia ier�rqhsh-kathgoriopo�hshtou trìpou me ton opo�o g�netai h ubridopoihsh twn algor�jmwn.Ston p�naka 1.4 èqoume se suntom�a thn taxinìmhsh gia jèmata sqediasmoÔ ubridik¸n metaeu-retik¸n algor�jmwn.



1.4 : Ubridikè prosegg�sei 371.4.1 Parade�gmata'Otan di�foroi plhjusmo� exel�ssontai anex�rthta kaloÔntai nhs�de[42, 3]. Oi anex�rthtoimetaxÔ tou EA (èna an� nhs�da) sunerg�zontai mèsw th antallag  atìmwn. H antallag aut  or�zetai w metan�steush.'Ena tètoio paradeigma apotele� kai h prosèggish pou parousi�zetai apì ton Tanese [203] sthnopo�a qrhsimopoie�tai èna 4-D uperkÔbo me 64 epexergastè ¸ topolog�a twn plhjusm¸n.Periodik� gìnoi me kal  poiìthta, tuqa�a dialegmènoi metanasteÔoun metaxÔ twn geitonik¸nepexergast¸n kai antikajistoÔn tou qeirìterou gìnou twn lhpt¸n. H antallag  den g�-netai p�nta me tou idiou epexergastè, alla se diaforetikè diast�sei tou uperkÔbou k�jefor�.Oi algìrijmoi pou qrhsimopoiountai e�nai omogene� (dhl. ìloi GA) kai k�jena apì autoÔlÔnei to �dio prìblhma sto �dio di�sthma anaz thsh. To montèlo pou qrhsimopoieitai qara-kthrizetai w uyhloÔ epipèdou ubridik  sunexèlixh(High Level Co-Evolution Hybrid) kai meb�sei thn taxinìmish tou Talbi or�zetai ¸ HCH(GA)(hom,glo,gen).O Levine [131] qrhsimopoi se tr�a e�dh ubridopo�hsh. Pr¸ton èna GA tou opo�ou o plh-jusmì belti¸netai apì èna algìrijmo topik  anaz thsh (Local Search - LS) se k�jegene�. O algìrijmo (LS) pragmatopoie� ti anex�rthte anazhthsei gia na belti¸sei ta�toma enì plhjusmoÔ. Prìkeitai gia mia qamhloÔ epipèdou ubridik  sunexèlixh (Low Level

Co-evolutionary Hybrid) eterogen¸n algor�jmwn (GA kai LS ) kai or�zetai w
LCH(GA(LS))(het,glo,gen).Sthn sunèqeia sthn ergas�a aut  parousi�zetai èna deutero ep�pedo sto opo�o o arqikìplhjusmì dhmiourge�tai apì èna �plhsto euretikì algìrijmo (Greedy Heuristic - GH) .



38 Kef�laio 1 : Exeliktikè kai �lle Euretikè Prosegg�seiTa apotelèsmata autoÔ qrhsimopoioÔntai apì èna qamhloÔ epipèdou GA. To montèlo pouprokÔptei qarakthr�zetai w uyhloÔ epipèdou ubridik  anexarths�a (High Level Relay Hybrid)kai sumbol�zetai ¸ ex :
HCH(HRH(GH+LCH(GA(LS))(het,glo,gen)(het,glo,gen).Se tr�th f�sh (ep�pedo) oi plhjusmo� omadopoiountai se nhs�de kai h perigraf  toumontèlou me b�sei thn taxinom�a tou Talbi g�netai w ex :

HCH(HRH(GH+LCH(GA(LS)) (het,glo,gen)) (het,glo,gen)) (hom,glo,gen).Oi MA sthn taxinìmhsh tou Talbi taxinomoÔntai ìpw akoloÔjw:
HCH(HRH(EA+LCH(EA(LS))(het,par,gen)(het,glo,gen).



Kef�laio 2
Par�llhlo Programmatismì
Skopì tou kefala�ou autoÔ einai na fèrei se epaf  ton anagn¸sth me ti basikè ènnoieth par�llhlou programmatismoÔ kai th biblioj kh MPI. To kef�laio autì organ¸netaiw ex : sthn epìmenh enìthta parousi�zoume sÔntoma ti arqitektonikè twn par�llhlwnupologist¸n. Sthn enìthta 2.2 anafèroume ta k�nhtra gia thn metak�nhsh pro sthn perioq par�llhlou upologismoÔ qamhloÔ kìstou. Sthn enìthta 2.3 parousi�zoume thn arqitekto-nik  mia sustoiq�a upologist¸n (cluster of computers). Sthn enìthta 2.4 perigr�foume thntaxinìmhsh twn sustoiqi¸n se di�fore kathgor�e. Sthn enìthta 2.5 anafèroume sÔntomata perib�llonta kai ta ergale�a pou qrhsimopoioÔntai gia ton par�llhlo programmatismì.Sthn enìthta 2.6 parousi�zoume ti basikè sunart sei th biblioj kh MRI. Sthn enìthta2.7 parajètoume orismèna montèla par�llhlou programmatismoÔ. Tèlo, sthn enìthta 2.8parousi�zoume mètra apìdosh pou qrhsimopoioÔntai sthn par�llhlh epexergas�a.39



40 Kef�laio 2 : Par�llhlo Programmatismì2.1 Genikè Arqitektonikè Upologist¸nO Flynn [86℄ taxinìmhse tou upologistè me b�sh ton arijmì twn entol¸n kai twn reum�twndedomènwn pou mporoÔn na epexergastoÔn tautìqrona sti akìlouje tèsseri kathgor�e:
• Monadik  Entol  Monadikì Dedomèno (Single Instruction Single Data - SISD): 'Enaupologist  SISD e�nai mia mhqan  enì epexergast  pou ektele� akoloujiak� ti en-tolè m�a pro m�a p�nw se èna reÔma dedomènwn.
• Monadik  Entol  Pollapl� Dedomèna (Single Instruction Multiple Data - SIMD) :'Ena upologist  SIMD e�nai mia mhqan  apì epexergastè pou ekteloÔn mia koin akolouj�a entol¸n p�nw se diaforetik� reÔmata dedomènwn.
• Pollaplè Entolè Monadikì Dedomèno (Multiple Instruction Single Data - MISD):'Ena upologist  MISD e�nai mia mhqan  apì epexergastè pou ekteloÔn diaforetikèentolè p�nw sto �dio reÔma dedomènwn. Oi upologistè pou bas�zontai sto montèlo

MISD den e�nai qr simoi se pollè efarmogè.
• Pollaplè Entolè Pollapl� Dedomèna (Multiple Instruction Multiple Data - MIMD):'Ena upologist  MIMD e�nai mia mhqan  apì epexergastè pou ekteloÔn pollaplèentolè p�nw se pollapl� reÔmata dedomènwn. Oi epexergastè tou sust mato autoÔleitourgoÔn autìnoma afoÔ èqoun thn dik  tou mon�da elègqou kai topik  mn mh. Oiupologistè th kathgor�a aut  e�nai kat�llhloi gia thn ep�lush poll¸n efarmo-g¸n. Oi epexergastè enì sust mato MIMD leitourgoÔn asÔgqrona se ant�jesh metou upologistè SIMD. 'Oso pio asÔgqronh kai qalar  e�nai h sÔndesh enì MIMD



2.1 : Genikè Arqitektonikè Upologist¸n 41sust mato tìso mporoÔme na mil�me gia katanemhmènh epexergas�a.Oi upologistè MIMD mporoÔn ep�sh na taxinomhjoÔn me b�sh thn org�nwsh kai diaqe�rishth mn mh tou se dÔo meg�le kathgor�e:1. Upologistè MIMD Diamoirazìmenh Mn mh (Shared Memory MIMD Machine):Stou upologistè diamoir�zamenh mn mh, pou suqn� onom�zontai kai poluepexerga-stè (multiprocessors) ìloi oi epexergastè èqoun prìsbash se diamoirazìmenh mn mhmèsw th opo�a g�netai kai h epikoinwn�a metaxÔ tou. Ta dedomèna apojhkeÔontai sthndiamoirazìmenh mn mh kai h tropopo�hsh twn dedomènwn aut¸n apì èna epexergast  fa�-nontai kai stou upìloipou epexergastè. Parade�gmata diamoirazìmenh mn mh e�naioi di�foroi tÔpoi upologist¸n Sun, SGI, SMP (Symmetric Multi-Processing), Cray

Y-MP, Cray-4, klp.2. Upologistè MIMD Katanemhmènh Mn mh (Distributed Memory MIMD Machine):Stou upologistè katanemhmènh mn mh, pou suqn� onom�zontai kai poluupologistè(multicomputers) ìloi oi epexergastè èqoun thn dik  tou topik  mn mh kai h epikoi-nwn�a metaxÔ twn epexergast¸n g�netai me thn antallag  mhnum�twn mèsw tou diktÔoudiasÔndesh (interconnection network) . To d�ktuo diasÔndesh twn upologist¸n mpo-re� na organwje� se di�fore topolog�e ìpw dèndro (tree) , daktÔlio (ring) , plègma(grid) kai tìro (torus).Perissìtere leptomèreie gia ta qarakthristik� twn par�llhlwn upologist¸n pou anafè-rame prohgoumènw parousi�zontai sta bibl�a [213, 171℄.



42 Kef�laio 2 : Par�llhlo Programmatismì2.2 Upologismo� QamhloÔ Kìstou kai K�nh-traH qr sh twn par�llhlwn kai katanemhmènwn susthm�twn san mèso gia thn paroq  upologi-sm¸n uyhl  apìdosh gia meg�la megèjh efarmog¸n èqoun ereunhje� ekten¸ sta teleuta�aqrìnia. 'Omw mèqri prìsfata, ta ofèlh apì aut n thn èreuna perior�sthkan sta �toma taopo�a e�qan prìsbash se meg�le kai akribè upologistikè platfìrme. S mera h t�shston par�llhlo kai katanemhmèno upologismì metakine�tai apì ti eidikè uperupologisti-ke platfìrme se fthn� sust mata genikoÔ skopoÔ ìpw h sustoiq�a upologist¸n pouapotele�tai apì epexergastè   stajmoÔ ergas�a   poluepexergastè. Epiplèon, akìmhkai sth per�ptwsh twn poluepexergast¸n   �llwn arqitektonik¸n belti¸sewn th apìdoshtwn upologist¸n, h t�sh br�sketai sto sqediasmì sundedemènwn sunepexergast¸n (attached

co-processor) pou prost�jentai sta paradosiak� sust mata me k�rte epèktash. Aut  hmetak�nhsh ofe�letai kur�w sti prìsfate exel�xei sta d�ktua uyhl  taqÔthta kai thnbeltiwmènh apìdosh twn mikroepexergast¸n kai twn stajm¸n ergas�a. Autè oi exel�xeishma�noun ìti h sustoiq�a upologist¸n g�netai èna apotelesmatikì mèso gia par�llhlo kaikatanemhmèno upologismì. 'Ena akìmh shmantikì par�gonta e�nai h protupopo�hsh pol-l¸n ergale�wn pou qrhsimopoioÔntai apì ti par�llhle efarmogè. Parade�gmata tètoiwnprotÔpwn ergale�wn e�nai h biblioj kh per�smato mhnum�twn MRI (Message Passing Inter-

face) [89, 90℄ kai h gl¸ssa parallhlismoÔ dedomènwn (data-parallel) HPF (High Performa-

nce Fortran) [105℄. H protupopo�hsh kajist� dunat  thn an�ptuxh, dokim  kai ektèlesh twnefarmog¸n se mia sustoiq�a upologist¸n kai sto teleuta�o st�dio th metafor� tou me mikr 



2.2 : Upologismo� QamhloÔ Kìstou kai K�nhtra 43tropopo�hsh p�nw sti apokleistikè par�llhle platfìrme. H akìloujh l�sta upogram-m�zei merikoÔ apì tou lìgou pou h sustoiq�a upologist¸n qrhsimopoie�tai perissìtero sesqèsh me tou eidikoÔ par�llhlou upologistè [187℄:
• Oi stajmo� ergas�a g�nontai oloèna kai taqÔteroi. H apìdosh tou stajmoÔ ergas�aèqei auxhje� dramatik� sta teleuta�a qrìnia kai diplasi�zetai k�je 18 èw 24 m ne.Autì fa�netai apì to gegonì ìti sthn agor� kukloforoÔn taqÔteroi epexergastè kaiapotelesmatiko� poluepexergastè (SMP).
• To eÔro z¸nh twn epikoinwni¸n (communication bandwidth) an�mesa stou staj-moÔ ergas�a aux�netai kai h kajustèrhsh (latency) mei¸netai kaj¸ kainoÔrgie te-qnolog�e diktÔwn kai prwtokìllwn ulopoioÔntai sta topik� d�ktua.
• Oi sustoiq�e stajm¸n ergas�a e�nai pio eÔkolo na oloklhrwjoÔn sta up�rqontad�ktua apì ìti oi eidiko� par�llhloi upologistè.
• Oi proswpiko� stajmo� ergas�a den qrhsimopoioÔntai tìso apodotik� apì tou qr -ste, �ra up�rqei diajèsimh lanj�nousa isqÔ.
• H an�ptuxh ergale�wn gia tou stajmoÔ ergas�a e�nai pio ¸rimh se sqèsh me toueidikoÔ par�llhlou upologistè kai autì ofe�letai kur�w sthn èlleiyh protÔpwnpou up�rqoun sta perissìtera par�llhla sust mata.
• Oi sustoiq�e stajm¸n ergas�a e�nai fthnè kai eÔkola diajèsime se sqèsh me tieidikè par�llhle upologistikè platfìrme.



44 Kef�laio 2 : Par�llhlo Programmatismì
• Oi sustoiq�e mporoÔn eÔkola na epektajoÔn kai h qwrhtikìthta tou k�je kìmbou(node) mpore� eÔkola na auxhje�, egkajist¸nta epiplèon mn mh   epexergastè.Se basikì ep�pedo, mia sustoiq�a e�nai mia sullog  apì stajmoÔ ergas�a   upologistèpou e�nai diasundedemènoi mèsw diktÔou. H sustoiq�a stajm¸n ergas�a e�nai kat�llhlh giaefarmogè pou den èqoun uyhlè apait sei epikoinwn�a afoÔ èna topikì d�ktuo èqei uyhlèkajuster sei kai qamhlì eÔro z¸nh epikoinwn�a. An ìmw oi efarmogè èqoun uyhlèapait sei epikoinwn�a, tìte oi sustoiq�e prèpei na apoteloÔntai apì stajmoÔ ergas�auyhl  apìdosh kai to d�ktuo na e�nai me uyhlì eÔro z¸nh kai na èqei qamhl  kajustèrhsh.Mia tètoia sustoiq�a mpore� na parèqei gr gore kai axiìpiste uphres�e sti upologistik�apaithtikè efarmogè akìma kai se efarmogè me uyhlè apait sei epikoinwn�a.

2.3 Arqitektonik  mia Sustoiq�a Stajm¸n Er-gas�aMia sustoiq�a   èna d�ktuo stajm¸n ergas�a e�nai èna e�do par�llhlou kai katanemhmènousust mato h opo�a apotele�tai apì mia sullog  diasundedemènwn kìmbwn upologist¸n poudouleÔoun maz� san mia oloklhrwmènh phg  upologismoÔ.'Ena kìmbo upologist  (computer node) mpore� na e�nai mia mhqan  (dhlad , proswpikìupologist    stajmì ergas�a)   èna sÔsthma poluepexergas�a (dhlad , SMP) me mn -mh, me leitourg�e Eisìdou/Exìdou (E/E) kai me èna leitourgikì sÔsthma. Genik�, o ìro



2.3 : Arqitektonik  mia Sustoiq�a Stajm¸n Ergas�a 45sustoiq�a shma�nei ìti sundèontai dÔo   perissìteroi upologistè (  kìmboi) maz�. Oi kìm-boi mpore� na br�skontai se èna q¸ro   na e�nai xeqwrist� kai na sundèontai mèsw topikoÔdiktÔou (Local Area Network) . Mia diasundedemènh sustoiq�a upologist¸n emfan�zetai sanèna monadikì kai enia�o sÔsthma stou qr ste kai sti efarmogè. Ta basik� sustatik�mia sustoiq�a upologist¸n e�nai ta ex :1. Pollaplo� upologistè uyhl  apìdosh.2. SÔgqrona leitourgik� sust mata (ìpw pur na (micro-kernel) )3. D�ktua   Diakìpte uyhl  apìdosh (ìpw Fast Ethernet, Gigabit Ethernet)4. K�rte diepaf  diktÔou (Network Interface Cards - NICs)5. Prwtìkolla epikoinwn�a kai uphresi¸n (ìpw Active kai Fast Messages )6. Upodom  logismikoÔ th sustoiq�a (Cluster Middleware)7. Perib�llonta kai ergale�a par�llhlou programmatismoÔ (ìpw metaglwtistè, PVM

(Parallel Virtual Machine) kai MRI (Message Passing Interface) .H k�rta diepaf  diktÔou leitourge� san epexergast  epikoinwn�a kai e�nai upeÔjunh giath met�dosh kai thn l yh pakètwn dedomènwn an�mesa stou kìmbou th sustoiq�a mèswdiktÔou.To logismikì epikoinwn�a prosfèrei mia gr gorh kai axiìpisth epikoinwn�a metaxÔ twn kìm-bwn th sustoiq�a. Sun jw, h sustoiq�a me èna d�ktuo ìpw to d�ktuo Myrinet qrhsimopoie�prwtìkolla epikoinwn�a ìpw ta active messages gia taqÔterh epikoinwn�a metaxÔ twn kìm-bwn th sustoiq�a.



46 Kef�laio 2 : Par�llhlo ProgrammatismìH upodom  logismikoÔ th sustoiq�a prosfèrei thn dunatìthta h �dia sustoiq�a na fa�netaisan èna monadikì kai enia�o par�llhlo sÔsthma. Prìkeitai gia eidikì logismikì pou epitrèpeithn enia�a egkat�stash logismikoÔ, diaqe�rish ulikoÔ kai apojhkeutikoÔ q¸rou, diaqe�rishtwn diafìrwn pìrwn kat� thn ektèlesh, ìpw gia par�deigma NPACI Rocks, Globus, klp.Tèlo, ta perib�llonta par�llhlou programmatismoÔ prosfèroun metafèrsima kai apotele-smatik� ergale�a gia thn an�ptuxh twn efarmog¸n. Tètoia ergale�a e�nai sun jw biblioj keper�smato mhnum�twn (message passing libraries) , aposfalmatwtè (debuggers) kai prof�lapìdosh par�llhlwn programm�twn (profilers) .2.4 Taxinom sei Sustoiqi¸nOi sustoiq�e taxinomoÔntai se pollè kathgor�e sÔmfwna me ta parak�tw krit ria [21℄:
• Idiokths�a tou kìmbou (node ownership) . Me b�sh to krit rio autì oi sustoiq�-e diakr�nontai se dÔo kathgor�e: apokleistik  sustoiq�a (dedicated cluster) kai mhapokleistik  sustoiq�a (nondedicated cluster ). H apokleistik  sustoiq�a anafèretaisto gegonì ìti k�je stajmì ergas�a ektele� apokleistik� ergas�e enì par�llhlouupologismoÔ, en¸ h mh apokleistik  sustoiq�a anafèretai sto ìti k�je stajmì erga-s�a ektele� ti kanonikè tou rout�ne kai qrhsimopoie� mìnou tou adrane� kÔklouth kentrik  mon�da epexergas�a CPU gia na ektelèsei par�llhle ergas�e.
• Ulikì tou kìmbou (node hardware) . Oi sustoiq�e mpore� na apoteloÔntai apì prosw-pikoÔ upologistè   apì stajmoÔ ergas�a   apì mhqanè poluepexergas�a ìpw giapar�deigma SMPs   akìmh kai apì epimèrou topik� d�ktua plègmato (grid network) .



2.5 : Biblioj kh MPI 47
• E�do tou kìmbou (node configuration). To krit rio autì afor� sthn arqitektonik  touk�je kìmbou th sustoiq�a. 'Etsi èqoume ti omoiogene� sustoiq�e (homogeneous

clusters) kai ti eterogene� sustoiq�e (heterogeneous clusters) . Oi omoiogene� su-stoiq�e èqoun kìmbou me parìmoie arqitektonikè (dhlad , ìloi oi kìmboi èqoun ti�die taqÔthte epexergas�a), en¸ oi eterogene� sustoiq�e èqoun kìmbou pou èqoundiaforetikè arqitektonikè (dhlad , ìloi oi kìmboi èqoun diaforetikè taqÔthte epe-xergas�a).
2.5 Biblioj kh MPITo MRI e�nai h pio diadedomènh prìtuph biblioj kh gia pèrasma mhnum�twn pou mpore� naqrhsimopoihje� gia thn an�ptuxh metafèrsimwn programm�twn per�smato mhnum�twn qrhsi-mopoi¸nta ti gl¸sse programmatismoÔ C   Fortran. To prìtupo MRI or�zei suntaktik�kai shmasiologik� èna sÔnolo apì sunart sei biblioj kh pou e�nai qr sime gia thn sÔnta-xh programm�twn per�smato mhnum�twn. To MRI anaptÔqjhke apì mia koinìthta ereunht¸noi opo�oi proèrqontai apì panepist mia kai biomhqan�e kai uposthr�zetai apì ìlou toupromhjeutè ulikoÔ. Ep�sh, to MRI e�nai diajèsimo se perissìtera par�llhla upologistik�sust mata (apì upologistè diamoirazìmenh kai katanemhmènh mn mh mèqri kai sustoiq�eupologist¸n). Sthn epìmenh enìthta parousi�soume sÔntoma thn biblioj kh MRI thn opo�aqrhsimopoioÔme se aut n thn diatrib . Perissìtere plhrofor�e sqetik� me thn biblioj khMRI mporoÔn na brejoÔn sta bibl�a [100, 90℄. H biblioj kh MRI diajètei p�nw apì 125 rou-t�ne all� o arijmì twn basik¸n ennoi¸n e�nai polÔ mikrìtero. MporoÔn na anaptuqjoÔn



48 Kef�laio 2 : Par�llhlo ProgrammatismìSunart sei MRI Shmas�a
MPI_Init Ekk�nhsh tou MRI

MPI_Finalize Termatismì tou MRI
MPI_Comm_size Prosdior�zei ton arijmì twn diergasi¸n
MPI_Comm_rank Prosdior�zei thn seir� th kaloÔsa diergas�a

MPI_Send Stèlnei èna m numa
MPI_Recv Lamb�nei èna m numaP�naka 2.1: 'Ena sÔnolo apì sunart sei MRIpl rh progr�mmata per�smato mhnum�twn qrhsimopoi¸nta mìno èxi rout�ne ìpw fa�netaiston P�naka 2.1.Sti epìmene upoenìthte perigr�foume ti parap�nw sunart sei kai ti basikè ènnoiepou e�nai apara�thte gia thn sÔntaxh swst¸n kai apotelesmatik¸n programm�twn per�sma-to mhnum�twn.

2.5.1 Ekk�nhsh kai Termatismì th biblioj kh MPIK�je prìgramma MRI prèpei na perièqei to arqe�o epikefal�da include”mpi.h”. To arqe�o
mpi.h perièqei orismoÔ kai dhl¸sei pou e�nai apara�thte gia thn metagl¸ttish enì pro-gr�mmato MRI. To MRI qrhsimopoie� stajerì sq ma gia thn onomas�a twn routin¸n touMRI. 'Ole oi rout�ne tou MRI arq�zoun me to prìjema MPI kai ton epìmeno pr¸to qa-rakt ra kefala�o gr�mma. Oi upìloipoi qarakt re twn perissìterwn tÔpwn dedomènwn touMRI gr�fontai me kefala�a gr�mmata. H rout�na MPI Init kale�tai prin opoiad pote kl -sh routin¸n MRI. O skopì th rout�na aut  e�nai na ekkin sei to perib�llon MRI. Hkl sh th rout�na MPI Init perissìtero apì mia for� kat� thn di�rkeia ektèlesh enì



2.5 : Biblioj kh MPI 49progr�mmato katal gei se sf�lma. H rout�na MPI Finalize kale�tai sto tèlo tou upolo-gismoÔ kai ektele� di�fore ergas�e kajarismoÔ gia na termat�sei to perib�llon MRI. DenekteloÔntai kl sei MRI prin thn kl sh th rout�na MPI Init kai met� thn kl sh th rou-t�na MPI Finalize. Oi rout�ne MPI Init kai MPI Finalize prèpei na kaloÔntai apì ìle tidiergas�e diaforetik� h sumperifor� tou MRI ja e�nai aprosdiìristh. H sÔntaxh twn dÔoparap�nw routin¸n gia thn C e�nai w ex :
int MPI Init(int *argc, char ***argv)

int MPI Finalize()Ta or�smata argc kai argv th rout�na MPI Init e�nai or�smata gramm  - diatag  tou pro-gr�mmato C. H epituq  ektèlesh twn routin¸n MPI Init kai MPI Finalize epistrèfei thnstajer� MPI SUCCESS diaforetik� èna prokajorismèno arijmì sf�lmato. Sunep¸, ènaprìgramma MRI èqei thn akìloujh tupik  dom :
include ”mpi.h”

main(int argc, char *argv[])

MPI Init(feargc,argv);

MPI Finalize();



50 Kef�laio 2 : Par�llhlo Programmatismì2.5.2 Kan�lia Epikoinwn�aTa kan�lia epikoinwn�a (communicator) qrhsimopoioÔntai sto MRI gia epikoinwn�e apìshme�o se shme�o (point-to-point) kai sullogikè (collective). 'Ena kan�li epikoinwn�a qrh-simopoie�tai gia na or�zei èna sÔnolo apì diergas�e pou mporoÔn na epikoinwnoÔn metaxÔtou. To sÔnolo twn diergasi¸n sqhmat�zei mia perioq  epikoinwn�a (communication do-

main). Plhrofor�e sqetik� me ti perioqè epikoinwn�a apojhkeÔontai sti metablhtè toutÔpou MPI Comm. Sto MRI up�rqei èna ex orismoÔ kan�li epikoinwn�a pou onom�zetai
MPI COMM WORLD to opo�o perilamb�nei ìle ti diergas�e pou up�rqoun se mia par�l-lhlh efarmog . 'Omw, up�rqoun peript¸sei pou jèloume na pragmatopoi soume epikoinwn�amìno se mia orismènh om�da diergasi¸n, dhlad  na or�soume dik� ma kan�lia epikoinwn�a.Pro to parìn, parak�tw qrhsimopoioÔme to MPI COMM WORLD san ìrisma kan�li epi-koinwn�a se ìle ti sunart sei MRI pou apaitoÔn èna kan�li epikoinwn�a.
2.5.3 Pl jo Diergasi¸n kai Seir� Diergas�aOi sunart sei MPI Comm size kai MPI Comm rank qrhsimopoioÔntai gia na prosdior�zounton arijmì twn diergasi¸n kai thn seir� th kaloÔsa diergas�a ant�stoiqa. H sÔntaxh twndÔo parap�nw sunart sewn e�nai w ex :
int MPI Comm size(MPI Comm comm, int *size)

int MPI Comm rank(MPI Comm comm, int *rank)H sun�rthsh MPI Comm size epistrèfei sthn metablht  size ton arijmì twn diergasi¸n pouan koun sto kan�li epikoinwn�a comm. K�de diergas�a pou an kei se èna kan�li epikoinwn�a



2.5 : Biblioj kh MPI 51TÔpo dedomènwn tou MRI TÔpo dedomènwn th C

MPI_CHAR signed char I
MPI_SHORT signed short int

MPI_INT signed int
MPI_LONG signed long int

MPI_UNSIGNED_CHAR unsigned char
MPI_UNSIGNED unsigned short int

MPI_UNSIGNED_LONG unsigned long int
MPI_FLOAT float

MPI_DOUBLE double
MPI_LONG_DOUBLE long double

MPI_BY TE
MPI_PACKEDP�naka 2.2: Antisto�qish an�mesa stou tìpou dedomènwn pouuposthr�zei to MRI kai tou tìpou dedomènwn pouuposthr�zei h Canagnwr�zetai monadik� apì thn seir� th rank. H seir� mia diergas�a e�nai èna akèraioarijmì pou kuma�netai apì 0 mèqri n, ìtan up�rqoun n diergas�e. Mia diergas�a mpore�na prosdior�zei thn seir� th se èna kan�li epikoinwn�a apì thn kl sh th sun�rthsh

MPI Comm rank ìpou pa�rnei dÔo or�smata: to kan�li epikoinwn�a kai mia akèraia metablht 
rank. Me thn kl sh th sun�rthsh aut  epistrèfetai sth metablht  rank th seir� thdiergas�a.
2.5.4 Epikoinwn�a apì Shme�o se Shme�oH epikoinwn�a apì shme�o se shme�o perilamb�nei p�nta dÔo diergas�e. H mia diergas�astèlnei èna m numa sthn �llh diergas�a. Gnwr�zoume ìti up�rqoun di�fore ekdìsei gia thnapostol  kai l yh mhnum�twn. 'Etsi, parak�tw perigr�foume ti sugqronismène (blocking)



52 Kef�laio 2 : Par�llhlo Programmatismìkai mh sugqronismène (nonblocking) sunart sei gia apostol  kai l yh mhnum�twn.Sugqronismène Sunart seiSto MRI oi sugqronismène sunart sei gia apostol    l yh mhnhm�twn epistrèfoun tonèlegqo tou ìtan h epikoinwn�a oloklhrwje�. Oi sugqronismène sunart sei gia apostol kai l yh mhnum�twn sto MRI e�nai oi MPI Send kai MPI Recv, ant�stoiqa. H sugqronismènhsun�rthsh MPI Send epistrèfei ìtan to m numa èqei stale� ston paral pth. H sÔntaxh thsun�rthsh MPI Send èqei w ex :
int MPI Send(void *buf, int count, MPI Datatype datatype, int dest, int tag, MPI Comm

comm) ìpou
• buf e�nai h dieÔjunsh tou endi�mesou q¸rou apoj keush pou perièqei dedomèna pouprìkeitai na staloÔn.
• count e�nai o arijmì twn stoiqe�wn tou tÔpou dedomènwn pou or�zetai apì thn par�-metro datatype pou perièqontai ston endi�meso q¸ro apoj keush buf.
• datatype e�nai o tÔpo dedomènwn tou MRI gia to k�je stoiqe�o tou buf. Ston P�naka2.2 parousi�zetai h antisto�qhsh an�mesa stou tÔpou dedomènwn pou uposthr�zeito MRI kai tou tÔpou dedomènwn pou uposthr�zei h gl¸ssa programmatismoÔ C.Shmei¸noume ìti sto MRI up�rqoun dÔo tÔpoi dedomènwn pou den uposthr�zei C. OitÔpoi auto� e�nai oi MPI BYTE kai MPI PACKED. O tÔpo MPI BYTE antistoiqe�se èna byte (8 bits). O tÔpo MPI PACKED antistoiqe� se mia sullog  dedomènwnpou èqei dhmiourghje� me sunènwsh.
• dest e�nai h diergas�a paral pth pou ja l�bei to m numa. H par�metro aut  e�nai h



2.5 : Biblioj kh MPI 53seir� th diergas�a paral pth sthn perioq  epikoinwn�a pou or�zetai apì to kan�liepikoinwn�a comm.
• tag e�nai etikèta pou èqei mia akèraia tim  kai qrhsimopoie�tai gia na diakr�nei toudiaforetikoÔ tÔpou mhnum�twn. H etikèta tag pa�rnei timè apì 0 mèqri MPI TAG UBpou e�nai mia prokajorismènh stajer� tou MRI. H tim  th stajer� MPI TAG UBe�nai toul�qiston 32,767.
• comm e�nai to kan�li epikoinwn�a pou diamoir�zetai apì ti diergas�e apostolèa kaiparal pth.H sugqronismènh sun�rthsh MPI Recv epistrèfei ìtan èqei l�bei to m numa kai èqei antigra-fe� to m numa sto endi�meso q¸ro apoj keush tou paral pth. H sÔntaxh th sun�rthsh

MPI Recv èqei w ex : int MPI Recv(void *buf, int count, MPI Datatype datatype, int

source, int tag, MPI Comm comm, MPI Status *status)ìpou
• buf e�nai h dieÔjunsh tou endi�mesou q¸rou apoj keush pou perièqei dedomèna met�thn l yh tou mhnÔmato.
• count e�nai o mègisto arijmì twn stoiqe�wn tou tÔpou dedomènwn pou or�zetai apìthn par�metro datatype pou mpore� na perièqontai ston endi�meso q¸ro apoj keush

buf. O arijmì twn dedomènwn pou pragmatik� lamb�nei prèpei na e�nai ligìtero apìton arijmì count. An ìmw o arijmì twn dedomènwn pou lamb�nei e�nai megalÔteroapì to mègejo tou endi�mesou q¸rou (count) tìte emfan�zetai sf�lma uperqe�lishkai h sun�rthsh epistrèfei to sf�lma MPI ERR TRUNCATE.
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• datatype e�nai o tÔpo dedomènwn tou MRI gia to m numa. O tÔpo autì prèpei nataut�zetai me ton tÔpo dedomènwn pou or�zetai sthn sun�rthsh MPI Send.
• source e�nai h seir� th diergas�a apostolèa tou mhnÔmato sthn perioq  epikoinwn�apou or�zetai apì to kan�li epikoinwn�a comm. Sthn per�ptwsh pou h par�metro
• source èqei oriste� me tim  MPI ANY SOURCE tìte lamb�nei mhnÔmata apì opoiod -pote apostolèa.
• tag e�nai etikèta pou dhl¸nei ti e�dou mhnÔmata mpore� na l�bei h diergas�a. An hetikèta aut  èqei tim  MPI ANY TAG tìte lamb�nei mhnÔmata me opoiad pote tim etikèta.
• comm e�nai to kan�li epikoinwn�a pou diamoir�zetai apì ti diergas�e apostolèa kaiparal pth.
• status perièqei plhrofor�e sqetik� me thn l yh tou mhnÔmato.Mh Sugqronismène Sunart seiMia mh sugqronismènh sun�rthsh epistrèfei amèsw kai suneq�zei na ektele� thn epìmenhentol  tou progr�mmato. Se k�poia metagenèsterh qronik  stigm  h sun�rthsh elègqei giathn olokl rwsh th epikoinwn�a. Oi mh sugqronismène sunart sei gia apostol  kai l yhmhnum�twn sto MRI e�nai oi MPI Isend kai MPI Irecv, ant�stoiqa. H sun�rthsh MPI Isendepistrèfei anex�rthta me thn olokl rwsh th epikoinwn�a. En¸ h sun�rthsh MPI Irecv epi-strèfei akìma kai an den up�rqei m numa na l�bei. H sÔntaxh twn dÔo parap�nw sunart sewne�nai w ex :
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int MPI Isend(void *buf, int count, MPI Datatype datatype, int dest, int tag, MPI Comm

comm, MPI Request *request)

int MPI Irecv(void *buf, int count, MPI Datatype datatype, int source, int tag, MPI Comm

comm, MPI Request request)ParathroÔme apì ti parap�nw sunart sei ìti èqoun parìmoia or�smata me ti sugqronismè-ne sunart sei ektì apì èna ìrisma. To ìrisma autì e�nai to request pou qrhsimopoie�taigia ton èlegqo olokl rwsh th epikoinwn�a. Oi dÔo parap�nw sunart sei mporoÔn naelègxoun gia to an oloklhr¸jhke h epikoinwn�a me thn qr sh twn sunart sewn MPI Waitkai MPI Test. H sun�rthsh MPI Wait perimènei mèqri na oloklhrwje� h epikoinwn�a. H su-n�rthsh MPI Test exet�zei an h epikoinwn�a eke�nh th stigm  pou kale�tai h sun�rthsh èqeioloklhrwje� kai epistrèfei amèsw me mia logik  ap�nthsh TRUE   FALSE. Den parousi�-zoume thn sÔntaxh twn sunart sewn aut¸n diìti den ti qrhsimopoioÔme suqn� se aut  thndiatrib .
2.5.5 Sullogik  Epikoinwn�aH sullogik  epikoinwn�a perilamb�nei èna sÔnolo apì diergas�e se sqèsh me thn epikoinw-n�a apì shme�o se shme�o pou perilamb�nei mìno dÔo diergas�e. To sÔnolo twn diergasi¸npou or�zei to kan�li epikoinwn�a summetèqoun sthn sullogik  epikoinwn�a. H sullogik epikoinwn�a mpore� na ulopoihje� apì ton programmatist  qrhsimopoi¸nta ti sunart sei
MPI Send kai MPI Recv. 'Omw, h biblioj kh MRI parèqei èna sÔnolo apì eidikè sunart -sei sullogik  epikoinwn�a. Oi sunart sei e�nai oi parak�tw:



56 Kef�laio 2 : Par�llhlo ProgrammatismìFr�gma (Barrier)H sun�rthsh gia to fr�gma e�nai h MPI Barrier. H sun�rthsh aut  sugqron�zei thn kaloÔsadiergas�a me ìle ti diergas�e pou prèpei na kalèsoun thn sun�rthsh aut . Me �lla lìgiasugqron�zei ìle ti diergas�e. H sÔntaxh th e�nai w ex :
int MPI Barrier (MPI Comm comm)Ekpomp  (Broadcast)H sun�rthsh gia thn ekpomp  e�nai h MPI Bcast. H sun�rthsh aut  stèlnei dedomèna apìmia diergas�a r�za pro ìle ti diergas�e pou metèqoun sto kan�li epikoinwn�a. H sÔntaxhth parap�nw sun�rthsh èqei w ex :
int MPI Bcast(void *buf, int count, MPI Datatype datatype, int root, MPI Comm comm)ìpou ta or�smata buf , count kai datatype e�nai parìmoia me ta or�smata twn sunart sewn
MPI Send kai MPI Recv. To ìrisma root e�nai h seir� th diergas�a r�za.Sullog  (Gather)H sun�rthsh gia thn sullog  e�nai h MPI Gather. Me th sun�rthsh aut  sugkentr¸nontaidedomèna apì ìle ti diergas�e pou metèqoun sto kan�li epikoinwn�a sthn diergas�a r�za.H sÔntaxh th sun�rthsh aut  e�nai w ex :
int MPI Gather(void *sendbuf, int sendcount, MPI Datatype sendtype, void *recvbuf, int

recvcount, MPI Datatype recvtype, int root, MPI Comm comm)ìpou
• sendbuf e�nai h dieÔjunsh tou endi�mesou q¸rou apoj keush twn dedomènwn th k�jediergas�a.
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• sendcount e�nai o arijmì twn stoiqe�wn tou tÔpou dedomènwn pou or�zetai apì thnpar�metro sendtype pou perièqontai sto sendbuf th k�je diergas�a.
• sendtype e�nai o tÔpo dedomènwn tou MRI gia to k�je stoiqe�o tou sendbuf th k�jediergas�a.
• recvbuf e�nai h dieÔjunsh tou endi�mesou q¸rou apoj keush th diergas�a r�za pouja perièqei ta dedomèna ta opo�a sullègontai apì ìle ti diergas�e.
• recvcount e�nai o ar�jmì twn stoiqe�wn tou tÔpou dedomènwn recvtype ta opo�a sul-lègontai apì k�je diergas�a.
• recvtype e�nai o tÔpo dedomènwn gia to k�je stoiqe�o tou recvbuf pou èlabe apì k�jediergas�a.
• root e�nai h seir� th diergas�a r�za.
• comm e�nai to kan�li epikoinwn�a pou perièqei ìle ti diergas�e pou metèqoun sthnsullogik  epikoinwn�a.Anagwg  (Reduction)H sun�rthsh gia thn anagwg  e�nai h MPI Reduce. H sun�rthsh aut  sundu�zei ta dedomè-na ìlwn twn diergasi¸n qrhsimopoi¸nta ènan telest  pr�xh se mia tim  pou apojhkeÔetaisthn diergas�a r�za. Oi pr�xei mpore� na e�nai prìsdesh, pollaplasiasmì, megalÔterh tim ,mikrìterh tim , to logikì AND, klp. H sÔntaxh th sun�rthsh e�nai w ex :

int MPI Reduce(void *sendbuf, void *recvbuf, int count, MPI Datatype datatype,



58 Kef�laio 2 : Par�llhlo ProgrammatismìTelestè MRI Shmas�a
MPI_MAX MegalÔterh Tim I
MPI_MIN Mikrìterh Tim 
MPI_SUM 'Ajroisma
MPI_PROD Ginìmeno
MPI_LAND Logikì KAI
MPI_LOR Logikì 'HP�naka 2.3: Antisto�qish an�mesa stou tìpou dedomènwn pouuposthr�zei to MRI kai tou tìpou dedomènwn pouuposthr�zei h C

MPI Op op, int root, MPI Comm comm)ìpou ta or�smata sendbuf, recvbuf , count, datatype, root kai comm e�nai parìmoia me taor�smata twn sunart sewn pou èqoume parousi�sei mèqri t¸ra. To ìrisma or e�nai o telest pr�xh pou sundu�zei ta dedomèna pou perièqontai sto sendbuf apì k�je diergas�a se miatim  pou apojhkeÔetai sto recvbuf th diergas�a r�za.
2.6 Montèlo Suntonist  - ErgazìmenoSth diejn  bibliograf�a th par�llhlh epexergas�a up�rqoun poll� montèla ta opo�a qrh-simopoioÔntai ston par�llhlo programmatismì. Perissìtere leptomèreie gia ta montèlaparallhlismoÔ anafèrontai diexodik� sta [46, 197, 130℄. Epomènw, sthn enìthta aut  pa-rousi�zoume to par�llhlo montèlo Suntonist  - Ergazomèno .



2.6 : Montèlo Suntonist  - Ergazìmeno 592.6.1 Montèlo Suntonist  - ErgazìmenoTo montèlo suntonist  - ergazìmeno (Master-Worker Model) apotele�tai apì dÔo ontìth-te: ton suntonist  kai tou pollaploÔ ergazìmenou. O suntonist  e�nai upeÔjuno giathn di�spash tou probl mato se mikrè ergas�e, gia thn dianom  twn ergasi¸n aut¸n stouergazìmenou kai gia thn sullog  apotelesm�twn apì tou ergazìmenou gia na par�gei totelikì apotèlesma tou probl mato. Oi ergazìmenoi ekteloÔn thn akìloujh diadikas�a seèna aplì kÔklo qrìnou: lamb�noun mia ergas�a, epexerg�zontai thn ergas�a kai apostèlounto apotèlesma th epexergas�a sto suntonist . 'Etsi, h epikoinwn�a lamb�nei q¸ra mìnoan�mesa ston suntonist  kai stou ergazìmenou.To montèlo suntonist  - ergazìmeno mpore� na qrhsimopoi sei e�te thn statik  dianom (static load balancing)   thn dunamik  dianom  (dynamic load balancing) . Sthn pr¸th pe-r�ptwsh, h dianom  twn ergasi¸n g�netai sthn arq  tou upologismoÔ. Apo thn �llh meri�,h dunamik  dianom  qrhsimopoie�tai ìtan o arijmì twn ergasi¸n e�nai megalÔtero apì tonarijmì twn epexergast¸n   ìtan den gnwr�zoume apì thn arq  th efarmog  ton arijmì twnergasi¸n.To montèlo suntonist  - ergazìmeno mpore� na genikeute� se èna ierarqikì montèlo suntoni-st  - ergazìmeno (hierarchical master-worker model). Sto an¸tero ep�pedo tou ierarqikoÔmontèlou o suntonist  dianèmei meg�la komm�tia ergasi¸n stou suntonistè tou deutèrouepipèdou oi opo�oi diamer�zoun kai dianèmoun ti ergas�e stou ant�stoiqou ergazomènoutou kai ep�sh k�je suntonist  tou deutèrou epipèdou mpore� na ektelèsei k�poie ergas�e.To ierarqikì montèlo e�nai kat�llhlo se sust mata diamoirazìmenh mn mh   katanemhmènh



60 Kef�laio 2 : Par�llhlo Programmatismìmn mh efìson h allhlep�drash e�nai dÔo epipèdwn (two-way) , dhlad  o suntonist  gnwr�zeiìti prèpei na dianèmei ergas�e kai oi ergazìmenoi gnwr�zoun na lamb�noun ergas�e apì tonsuntonist .'Otan qrhsimopoioÔme to montèlo suntonist  - ergazìmeno prèpei na l�boume upìyh ìtio suntonist  den prèpei na uposte� sumfìrhsh (bottleneck) h opo�a mpore� na emfaniste�ìtan oi ergas�e e�nai polÔ mikrè   ìtan oi ergazìmenoi e�nai sqetik� gr goroi. Se autì tomontèlo, h diaspor� twn ergasi¸n (granularity) prèpei na e�nai tètoia ¸ste to kìsto touupologismoÔ na kuriarqe�tai apì to kìsto th dianom  twn ergasi¸n kai to kìsto tousugqronismoÔ.
2.7 Mètra ApìdoshSe aut  thn enìthta or�zoume orismèna koin� mètra apìdosh pou anafèrontai se sustoiq�eapì omoiogene� stajmoÔ ergas�a.O qrìno T enì par�llhlou algor�jmou or�zetai na e�nai h mègisth qronik  di�rkeia poumpore� na mesolab sei apì thn ekk�nhsh tou algor�jmou ston pr¸to stajmì ergas�a pou jaarq�sei w ton termatismì tou algor�jmou ston teleuta�o epexergast  pou ja oloklhr¸seithn ektèlesh tou.H epit�qunsh (speedup) Sp enì par�llhlou algor�jmou pou ektele�tai se p stajmoÔ er-gas�a or�zetai na e�nai o lìgo tou qrìnou tou akoloujiakoÔ algor�jmou (ìtan ektele�taise ènan apì tou stajmoÔ ergas�a) pro to qrìno tou par�llhlou algor�jmou stou pstajmoÔ ergas�a kai èqei idanik  tim  p. 'Etsi, h epit�qunsh or�zetai apì ton tÔpo:



2.7 : Mètra Apìdosh 61
Sp =

T1

Tpìpou Ti kai Tp e�nai qrìnoi ektèlesh tou �diou algor�jmou (pou ulopoie�tai gia akolou-jiak  kai par�llhlh ektèlesh) se 1 kai p stajmoÔ ergas�a ant�stoiqa. H apodotikìthta(efficiency) Ep enì par�llhlou algor�jmou pou ektele�tai se p stajmoÔ ergas�a or�zetaina e�nai o lìgo th epit�qunsh Sp pro to pl jo twn stajm¸n ergas�a p kai èqei idanik tim  1, dhlad :
Ep =

Sp

pH apodotikìthta Ep or�zetai enallaktik� kai w to mètro tou ginomènou epif�neia ep�ton qrìno,
ATp =

1T1

pTp
= EpEpiplèon to ginìmeno SpEp or�zetai kai w AT 2 dhlad ,

AT 2
p =

1T 2
1

pT 2
p

= SpEpTèlo, h sun�rthsh klim�kwsh (scalability) d�nei to qrìno ektèlesh tou algor�jmougia diaforetik� megèjh probl mato, kaj¸ metab�lletai o arijmì twn stajm¸n ergas�ar an�loga me th metabol  tou megèjou tou probl mato. H sun�rthsh aut  metr� th du-natìthta tou algor�jmou na k�nei qr sh perissìterwn stajm¸n ergas�a se per�ptwsh pouauxhje� to mègejo tou probl mato.



62 Kef�laio 2 : Par�llhlo Programmatismì



Kef�laio 3
Mhqanismo� Mimhtik¸nAlgor�jmwn
'Ena MA ìpw k�je metaeuretikì algìrijmo èqei genik¸ pio polÔplokh dom  apì èna exe-liktikì algìrijmo kaj¸ e�nai sÔnjesh euretik¸n kai exeliktik¸n algor�jmwn pou perièqounstoiqe�a m�mhsh biologik¸n   koinwnik¸n diadikasi¸n. An�loga me thn ulopo�hsh erg�zetaime kwdikopoihmèno sÔnolo lÔsewn   me ti lÔsei autè kajeautè. Sthn pr¸th per�ptw-sh suggeneÔei pio polÔ me tou genetikoÔ algor�jmou sthn deÔterh me tou exeliktikoÔ.Ektele� anazht sei qrhsimopoi¸nta èna plhjusmì lÔsewn kai ìqi mia monadik  lÔsh. Oqrìno ektèlesh tou e�nai en gènei megalÔtero apì autìn k�poiou ant�stoiqou euretikoÔall� se antist�jmisma anamenoume lÔsei kalÔterh poiìthta apì autè pou par�gei o ant�-stoiqo euretikì   exeliktikì. 63



64 Kef�laio 3 : Mhqanismo� Mimhtik¸n Algor�jmwnSto kef�laio autì anafèroume ta kÔria stoiqe�a pou qarakthr�zoun tou mimhtikoÔ algor�j-mou kai sthn sunèqeia parousi�zoume thn basik  di�taxh enì MA (DMA). Th DMA thnèqoume parousi�sei sto XI Congreso LatinoIberoamericano de Investigation de Operacioneston Okt¸brio tou 2002 [79℄ kaj¸ kai sto 4th Metaheuristics International conference tonIoÔlio tou 2001 [71℄. Anafèretai kai apì �llou ereunhtè th perioq  ìpw gia par�deigmasti ergas�e [24, 5, 12℄. Sto tèlo tou kefala�ou parat�jentai orismèna parade�gmata qr shth DMA.
3.1 Taxinìmhsh twn Mimhtik¸n Algor�jmwn3.1.1 KÔria qarakthristik� Mimhtik¸n Algor�jmwnPlhjusmìTo mègejo tou plhjusmoÔ pou apotele� èna apì ta basik� qarakthristik� twn MA [156,

139, 126, 45], mpore� na jewrhje� san èna shmantikì krit rio axiolìghsh th ikanìthtatou MA gia diereÔnhsh tou q¸rou lÔsewn [123, 156, 139]. To mègejo plhjusm¸n mpore�na e�nai stajerì   metaballìmeno kat� th di�rkeia th exèlixh. Ta �toma pou apart�zounton plhjusmì kai antall�ssoun plhrofor�a se èna MA kaloÔntai gone� en¸ ta �toma pouprìsfata dhmiourg jhkan   tropopoi jhkan kaloÔntai paidi�. K�je �tomo tou plhjusmoÔantiproswpeuei èna shme�o tou q¸rou twn pijan¸n lÔsewn enì probl mato.H antallag  twn plhrofori¸n pragmatopoie�tai me telestè. Telestè e�nai o anasundua-smì, h met�llaxh kai oi teqnikè topik  anaz thsh [156]. O arijmì twn gonèwn pou



3.1 : Taxinìmhsh twn Mimhtik¸n Algor�jmwn 65anasundu�zontai metaxÔ tou gia thn dhmiourg�a enì apogìnou e�nai èna shmantikì krit riogia thn axiolìghsh enì opoiod pote EA kai kajor�zei pìse plhrofor�e sugqwneÔontaitautìqrona [3, 156, 49, 83, 195]. Gia par�deigma, se èna MA o arijmì gonèwn e�nai stajerìkai �so me 2, all� up�rqoun kai �lloi MA stou ìpoiou o arijmì gonèwn mpore� na poik�leikat� th di�rkeia th ektèlesh tou algor�jmou.Ektì apì tou gone�, h dhmiourg�a tou apogìnou mpore� ep�sh na apaite� merikè plhro-for�e gia thn mèqri t¸ra exèlixh tou plhjusmoÔ. Autè oi plhrofor�e antiproswpeÔounth gnwsh gia tou kanìne me tou opo�ou o plhjusmì exel�ssetai, kai kaloÔntai istori-kì tou plhjusmoÔ [110, 123, 156]. Autì to istorikì lamb�netai upìyh kat� thn ektèlesh,kai enhmer¸netai. Se k�je �tomo tou plhjusmoÔ antistoiqe�tai èna metro th poiìthta poudiajètei sto q¸ro anaz thsh tou probl mato to opo�o antimetwp�zetai kai to opo�o kwdiko-poie�tai mèsw k�poia sun�rthsh. To istorikì e�nai h diajèsimh plhrofor�a gia thn exèlixhh opo�a axiopoie�tai kat� to st�dio th epilog  b�sh th poiìthta twn atìmwn. H topik anaz thsh sumb�llei sthn eÔresh twn kalÔterwn atìmwn gia anasunduasmì kai met�llaxh
[110, 123, 156]. Met� apo thn ektèlesh th topik  anaz thsh to istorikì enhmer¸netaikai èpetai anasunduasmì kai met�llaxh mèsw twn opo�wn diatar�ssetai h dom  twn atìmwnparèqonta peraitèrw dunatìthte diereÔnhsh tou q¸rou anaz thsh. 'Etsi oi MA den bas�-zontai mìno se tuqa�ou kanìne all� qrhsimopoioÔn kai plhrofor�e pou apoktoÔn kat� thdiereÔnhsh tou efiktoÔ q¸rou opìte ta b mata den e�nai entel¸ tuqa�a all� prosarmìzontaisti ek�stote sunj ke [177℄.H suqnìthta antallag  plhrofori¸n (exchange rate) e�nai ep�sh èna shmantikì par�-gonta kai kajor�zei to pìse plhrofor�e antall�ssontai kat� mèson ìro. Gia par�deigma,



66 Kef�laio 3 : Mhqanismo� Mimhtik¸n Algor�jmwne�n l�ge plhrofor�e antall�ssontai suqn�   e�n pollè plhrofor�e antall�sontai sp�niametaxÔ twn atìmwn tou plhjusmoÔ, tìte kat� mèso ìro h antallag  twn plhrofori¸n e�naimikr .H topolog�a twn atìmwn sto plhjusmì dhlad  o trìpo me ton opoio diat�ssontai ta �tomamèsa ston plhjusmì pa�zei ep�sh kajoristikì rìlo sthn diereÔnhsh tou q¸rou lÔsewn. Oipio sunhjismène topolog�e atìmwn einai plègmato, pl rou diasÔndesh, daktul�ou, stau-roÔ kai tetrag¸nou [124, 157, 52, 47, 42].Oi phgè plhrofor�a enì apogìnou perigr�fontai apì tr�a sustatik�, ton arijmì twn go-nèwn, to istorikì exèlixh (pou shmei¸netai w hpopulation), kai thn suqnìthta antallag 
[110, 123, 156, 3].
Kwdikopo�hshOi lÔsei - �toma tou plhjusmoÔ se ènan mimhtikì algìrijmo MA den diathroÔntai me thnkanonik  tou morf  (p.q. san arijmo�) all� me mi� kwdikopoihmènh morf  ètsi ¸ste na pro-somoi�soun ta qrwmos¸mata, pou krÔboun kwdikopoihmèna ta qarakthristik� tou atìmou,kai na mporèsoun na efarmostoÔn p�nw tou oi genetiko� telestè (pq. anaparagwg ). 'Etsik�je lÔsh e�nai kwdikopoihmènh me mia sumboloseir�.Oi mèjodoi anapar�stash poik�loun metaxÔ twn meqri t¸ra ulopoihjèntwn MA. Tupik�oi MA qrhsimopoioun duadikè sumboloseirè. Aut  h anapar�stash k�nei tou MA pioanex�rthtou apì to prìblhma, afoÔ met� ton orismì th kat�llhlh kwdikopo�hsh mpo-roÔn na qrhsimopoihjoÔn oi klassikè morfè twn telest¸n anasunduasmoÔ kai met�llaxh



3.1 : Taxinìmhsh twn Mimhtik¸n Algor�jmwn 67se ep�pedo duadik  sumboloseir�. Qrhsimopoiountai ìmw kat� peript¸sei kai �lla e�-dh anapar�stash ìpw h kwdikopo�hsh Gray kai h pragmatik  kwdikopo�hsh (real coding)
[129, 177, 39, 45, 168, 59, 153]. Basikì meionèkthma th duadik  anapar�stash e�nai ìtioi sumboloseirè pou antistoiqoÔn se dÔo suneqìmene timè mpore� na diafèroun tìso polÔ,¸ste na e�nai adÔnath h met�bash apì mia tim  sthn �llh mèsw th diadikas�a met�llaxh[182℄.H kwdikopo�hsh Gray sun�statai sth metatrop  twn akèraiwn arijm¸n se duadikè sumbolo-seirè ètsi ¸ste k�je zeÔgo diadoqik¸n arijm¸n na diaforopoie�tai w pro èna yhf�o kaiexomalÔnei th dr�sh tou mhqanismoÔ met�llaxh kaj¸ sti perissìtere peript¸sei meta-b�llei el�qista thn tim  th paramètrou. Up�rqei wstìso èna mikrì arijmì peript¸sewnkat� ti opo�e h met�llaxh metab�llei drastik� thn tim  th paramètrou [212℄. Kat� sunè-peia, o metasqhmatismì Gray apì thn mia perior�zei thn ep�drash th met�llaxh all� apìthn �llh af nei perij¸ria met�bash se entel¸ diaforetikè lÔsei, me allag  enì yhf�oukai mìno [140, 143].H pragmatik  kwdikopo�hsh belti¸nei thn apìdosh twn MA se efarmogè suneq¸n metablh-t¸n, sti opo�e zhte�tai o entopismì th lÔsh me meg�lh akr�beia[134, 102℄. Me ton trìpoautì apofeÔgetai h qr sh uperbolik� meg�lwn sumboloseir¸n kai exoikonome�tai o qrìnopou dapan�tai kat� th diadikas�a kwdikopo�hsh/apokwdikopo�hsh [156, 123, 183].Gia k�je mia apì autè ti anaparast�sei èqoun dhmiourghjei eidiko� telestè anasundua-smoÔ kai met�llaxh.



68 Kef�laio 3 : Mhqanismo� Mimhtik¸n Algor�jmwnAnasunduasmìO anasunduasmì stou MAs e�nai p�nta èna telest  o opo�o me pijanìthta pc epilègeidÔo gone� apì ton plhjusmì, tou anasundu�zei gia na dhmiourg sei dÔo nèa �toma.[141].O mhqanismì tou anasunduasmoÔ den efarmìzetai sun jw se ìla ta zeug�ria twn atìmwnpou èqoun epilege� gia anaparagwg . Oi sun jei proteinìmene jèsei gia thn pijanìthtaanasunduasmoÔ e�nai pc = 0,6 [146, 198, 154, 81, 141], pc = [0.75...0,95] [118, 214, 177, 6,

161, 198, 154, 57]. E�n den efarmoste� h mèjodo aut , oi apìgonoi genniountai me apl antigraf  twn goni¸n. Parade�gmata mejìdwn anasunduasmoÔ pou qrhsimopoiountai e�naianasunduasmì enì shmeiou, duo shme�wn, poll¸n shme�wn, metatìpish, st�xh, deigmatwn,euretikì anasunduasmì [18, 146, 198, 154, 81].Met�llaxhO telest  met�llaxh stou MA all�zei peristasiak� orismèna bit twn atìmwn antistrè-font� ta . H pijanìthta met�llaxh pm ∈ [0, 1] an� bit e�nai sun jw polÔ mikr  stou MA.Proteinomene timè gia to posostì met�llaxh genik� stou EA jewroÔntai pm = 0, 001 ,
pm = 0, 01 kai pm = [0, 005....0, 01], [191, 161, 16]. H tim  th suqnìthta met�llaxh e�naiantistrìfw an�logh tou megèjou plhjusmoÔ. O mhqanismì th met�llaxh bohj� tonmimhtikì algìrijmo na diafèugei apì ta topik� akrìtata, parèqonta mia epiplèon sunist¸satuqaiìthta sth diadikas�a th exèlixh [111, 139, 123]. Mia �llh leitourg�a th met�llaxh,h opo�a èqei shmas�a mìno sthn per�ptwsh pou èqei prosdioriste� arket� h bèltisth lÔsh,e�nai h dhmiourg�a mikr¸n diataraq¸n kont� sthn perioq  tou akrot�tou gia thn epit�qunsh



3.1 : Taxinìmhsh twn Mimhtik¸n Algor�jmwn 69th diadikas�a th sÔgklish. Genik� p�ntw h ep�drash th met�llaxh sthn axiopist�a kaitaquthta twn mimhtik¸n algor�jmwn alla kai genikìtera twn exeliktik¸n algor�jmwn [18, 65]e�nai periorismènh se sqèsh me tou upìloipou mhqanismoÔ [139, 78].
Sun�rthsh Geitoni�'Ena shmantikì telest  stou MA ìpw kai stou upìloipou EA gia thn antallag  twnplhrofori¸n metaxÔ twn atìmwn e�nai to pl jo twn atìmwn pou mporoÔn na antallaqjoÔn.O arijmì autì exart�tai apì thn sun�rthsh geitoni� N : P → (P ) H sun�rthsh geitoni�or�zei gia k�je �tomo e èna uposÔnolo P [153, 119, 98, 140].'Ena telest  pou apeujÔnetai se èna �tomo e ∈ P mpore� èpeita na energ sei se èna �llo�tomo to opo�o lamb�netai apì to N(e). MporoÔme na skeftìmaste th sun�rthsh geitoni�w èna mèso mètrhsh th katallhlìthta pou epijumoÔme na belti¸soume. H epilog  atì-mwn an�loga me ti timè th poiìthta tou shma�nei ìti sumboloseirè me mia uyhlìterh tim èqoun kai megalÔterh pijanìthta suneisfor� enì   perissotèrwn apogìnwn sthn epìmenhgeni�.H geitoni� ìpw èqoume  dh anafèrei or�zei to sÔnolo twn atìmwn pou an koun mèsa staìria enì gewmetrikoÔ sq mato me kèntro ton arqikì gonèa. Me thn efarmog  th topik epilog  epitugq�netai h dhmiourg�a geitoni¸n atìmwn me koin� qarakthristik� mèsa stonplhjusmì. Ta �toma mporoÔn na anasundu�zontai me di�fora �lla �toma tou plhjusmoÔ metopolog�a pl rou diasÔndesh, daktul�ou, stauroÔ   tetrag¸nou. Ektì apì thn klasik per�ptwsh up�rqoun kai pio sÔnjete peript¸sei MA sti opo�e ta �toma enì plhjusmoÔ



70 Kef�laio 3 : Mhqanismo� Mimhtik¸n Algor�jmwnmpore� na einai topojethmèna me mia sugkekrimènh topolog�a mèsa ston plhjusmì. Parade�g-mata topologi¸n mpore� na de� o anagn¸sth sti ergas�e [124, 156, 142].Istorikì exèlixhGia k�je �tomo up�rqoun k�poie plhrofor�e exèlixh pou den aforoÔn to prìblhma pou epi-luetai all� to p¸ to �tomo sumperifèretai. Gia par�deigma poio e�nai to posostì metallax tou se k�poia sugkekrimènh stigm  ektèlesh tou algor�jmou (geni�). Tètoie plhrofor�-e apoteloÔn to istorikì exèlixh tou atìmou kai anafèrontai w hindividual. To istorikìexèlixh perièqei plhrofor�e gia to pw sumperifèrjhke to �tomo sti prohgoÔmene genièkai me b�sh autì to istorikì g�netai me k�poia diadikas�a pq (montèlo olik  genealogik antikat�stash) [25, 146, 98, 128, 164] h diamorf¸sh th sumperifor� sthn trèqousa geni�
[16, 18, 185, 54]. H spoudaiìthta th Ôparxh stoiqe�wn gia thn pore�a pou akolouje� omimhtikì algìrijmo pro thn eÔresh th lÔsh e�nai autonìhth. Bohj�ei sthn exagwg sumperasm�twn kai ston èlgqo twn mejìdwn pou qrhsimopoioÔntai. Se genikè grammè tastoiqe�a eke�na pou ja prèpei na katagraftoÔn sto istorikì e�nai ta :
• H kalÔterh kai h qeirìterh lÔsh.
• To posostì tou plhjusmoÔ pou sugkl�nei pro thn trèqousa kalÔterh lÔsh.
• H mèsh tim  th poiìthta tou plhjusmoÔ.
• To pl jo twn anasunduasm¸n kai twn metall�xewn pou èqoun g�nei sto pèra miageni�.
• To pl jo twn gene¸n kata ti opo�e h kaluterh lÔsh paramènei st�simh.



3.1 : Taxinìmhsh twn Mimhtik¸n Algor�jmwn 71Mèjodo Antikat�stashH exèlixh enì plhjusmoÔ epitugq�netai me mia seir� gene¸n (epanal yewn). 'Ean èqoumeantikat�stash olìklhrou tou plhjusmoÔ apì th mia geni� sthn �llh tìte lème ìti qrhsimo-poie�tai to montèlo olik  antikat�stash [139, 11, 95, 43, 98, 62, 153] en¸ sti periptwseipou ginetai antikat�stash mèrou tou plhjusmoÔ lème ìti g�netai qr sh tou montèlou staje-r  antikat�stash [139, 11, 95, 43, 98, 62, 216]. Kat� thn parallhlopo�hsh twn MAs ìpwkai stou upìloipou EAs, h exèlixh tou plhjusmoÔ mpore� na einai asÔgqronh   sÔgqronh
[148].Sthn per�ptwsh th asÔgqronh exèlixh , k�je �tomo all�zei suneq¸ qwr� na elègqei e�nkai ta upìloipa �toma all�zoun ep�sh. Arqik� par�getai èna pl jo shme�wn mèsa apì tonefiktì q¸ro, to opo�o qwr�zetai an� om�de, oi opo�e anaptÔssontai anex�rthta. Apì k�jeom�da par�getai èna beltiwmèno plhjusmì. Se takt� diast mata o sunolikì plhjusmìqwr�zetai se nèe om�de, exasfal�zonta th di�dosh twn plhrofori¸n pou èqoun sullege�.Stadiak�, ìla ta shme�a te�noun pro to olikì bèltisto tou probl mato, upì thn proupìjeshìti to mègejo tou arqikoÔ plhjusmou e�nai arket� meg�lo [54, 119, 19, 216].ElitismìSun�statai sthn diat rhsh tou kalÔterou atìmou mia geni� kai antigraf  tou sthn epìme-nh geni�. Autì exasfal�zei ìti mia kal  lÔsh pou brèjhke den prìkeitai na qaje� exait�ath ep�drash k�poiou �llou telest    th apeiroel�qisth pijanìthta na mhn epilege� giaanaparagwg [139]. Ep�sh diasfal�zetai ìti h kaluterh lÔsh k�je geni� ja e�nai kalÔterh



72 Kef�laio 3 : Mhqanismo� Mimhtik¸n Algor�jmwn  �sh apì aut  th prohgoÔmenh geni�. H diat rhsh th kalÔterh mèqri t¸ra lÔsh e�naizwtik  shmas�a gia ènan MA [174, 44, 84, 146, 98, 128, 123]. To elit�stiko montèlo apo-skope� sto na mhn q�netai kat� thn pore�a exèlixh k�poia lÔsh h opo�a br�sketai kont� sthbèltisth tou probl mato, exait�a th tuqaiìthta twn mhqanism¸n epib�wsh. 'Etsi stonelitismì an h trèqousa bèltisth lÔsh apokleiste� apì thn epìmenh geni�, tìte upoqrewtik�sumperilamb�netai se aut  w prìsjeto mèlo tou plhjusmoÔ.
Mèjodo Topik  Anaz thshOi MA xeqwr�zoun sto sÔnolo twn EA gia thn ikanìthta tou na entop�soun to olikì bèl-tisto me sqetik� mikrì arijmì dokim¸n [52, 139, 216, 140]. Stou upìloipou EAs h eÔreshlÔsh kontin  sto apìluto bèltisto e�nai arg  me tou upìloipou telestè giat� p�ntaup�rqei o tuqa�o par�gonta. Me thn qr sh mia mejìdou topik  anaz thsh (pq. Proso-moioÔmenh Anìpthsh [215, 204, 92, 219, 114], Apotreptik  Anaz thsh [155, 59, 53, 97, 56]  th kateujunìmenh topik  anaz thsh [206, 208, 205, 111, 163]) prin to st�dio tou anasun-duasmou   th met�llaxh k�jw kai kata thn arqikopo�hsh tou plhjusmoÔ upobohje�tai hsun�rthsh katallhlìthta sthn eÔresh tou topikoÔ bèltistou[153, 146, 147]. Me thn qr shde th kateujunìmenh topik  anaz thsh [110, 111] apofeÔgetai h proskìllhsh se topik�el�qista. H epilog  ìmw th kat�llhlh mejìdou exart�tai sun jw apo th duskol�a twnproblhm�twn pou epilÔontai ètsi ¸ste o plhjusmì na mhn proskoll� se topik� bèltista.



3.2 : Ep�peda Plhjusm¸n - Fainìmeno Nhs�dwn 733.2 Ep�peda Plhjusm¸n - Fainìmeno Nhs�dwnSti prohgoÔmene enìthte anaferj kame sta kÔria qarakthristik� enì plhjusmou atì-mwn. Up�rqoun ìmw kai �lla ep�peda perigraf  ta opo�a anafèrontai se perissìterouplhjusmoÔ   se èna sÔnolo plhjusm¸n. Skopì th paroÔsa enìthta e�nai h katanìhshtou pw qrhsimopoioÔntai se �lla ep�peda perigraf  perissotèrwn tou enì plhjusm¸n tastoiqe�a th basik  DMA kai h dhmiourg�a mia di�taxh pou ja perigr�fei èna MA basismè-no se poll� ep�peda . H anagkaiìthta perissotèrwn epipèdwn gia th diereÔnhsh tou q¸roulÔsewn enì probl mato ma odhge� sthn parallhlopo�hsh twn MA. 'Etsi sti epìmeneparagr�fou èqoume mia sÔntomh perigraf  aut¸n twn qarakthristik¸n.Sun jw, h ènnoia tou anasunduasmoÔ twn gonèwn qrhsimopoie�tai mìno ìtan dhmiourge�taièna nèo �tomo me to sunduasmì twn plhrofori¸n �llwn atìmwn tou �diou plhjusmoÔ. Aut  hènnoia mpore� na genikeute� se opoiad pote antallag  twn plhrofori¸n gia opoiod pote EA
[25, 33, 42, 3, 127, 200, 74, 76]. Gia par�deigma a exet�soume thn per�ptwsh ìpou di�foroiplhjusmo� (  nhsi�) qrhsimopoioÔntai. E�n èna nhs� dhmiourge�tai katìpin sullog  atìmwnapì dÔo nhsi� I1 kai I2 tìte mporoÔme na jewr soume to nhs� w apìgono twn gonèwn (pa-trik¸n) nhs�dwn I1 kai I2.Ta perissìtera apì ta qarakthristik� th DMA mporoÔn na or�soun pl rw tètoie peri-pt¸sei me thn mình diaforopo�hsh oti antikajistoÔme thn ènnoia tou atìmou me thn ènnoiath nhs�da. 'Eqonta autì upìyh, h DMA mpore� na perigr�yei perissìtera tou enì ep�-peda plhjusmwn ìpw sumbainei kai sthn periptwsh twn nhsidwn. Sth nèa di�taxh pou jakajor�zei ena MA me nhs�de (sq. 3.1) ja prèpei na kajor�soume gia k�je ep�pedo epiplèon



74 Kef�laio 3 : Mhqanismo� Mimhtik¸n Algor�jmwn
Island-Based Memetic Algorithm (IMA)
1. determine k initial islands [pop0, ..., popk−1]
2. generation-count:= 0

3. Local-Search(k)

4. repeat

5. generation

6. generationcount := generationcount+1

7. for each island i
8. while popi

intermediate not full do

9. Local-Search(pop), Elitism(pop)

10. select indi1 and indi2 in popi

11. (offsp1,offsp2) crossover(indi1,indi2)

12. put offsp1 and offsp2 in popi
intermediate

13. mutate each individual in popi
intermediate

14. popi := popi
intermediate

15. if generationcount is multiple of m

16. then the best individual of each island popi migrates to pop(i+1)modk

17. until termination condition is metSq ma 3.1: Mimhtikì Algìrijmo basismèno se nhs�deto stoiqe�o e kai èna sÔnolo S apì stoiqe�a kaj¸ kai ton q¸ro (topolog�a) sthn opo�a jag�netai h metan�steush, h metafor� dhlad  olìklhrou tou atìmou e apo èna sÔnolo S se èna�llo.'Ena aplì par�deigma e�nai kai oi MA se nhs�de pou topojetoÔntai se topolog�a daktul�-ou, kai oi metanasteÔsei g�nontai mìno kat� m ko autoÔ tou daqtul�ou. K�je for� pouektele�tai mia nèa gene�, èna ant�grafo tou kalÔterou atìmou (me thn kalÔterh poiìthta)metanasteÔei apì èna nhs� sto epìmeno nhs� [42, 124]. K�je nhs� ètsi lamb�nei èna nèo �tomopou antikajist� èna apì ta �tom� tou pou epilègontai tuqa�a (mia �llh politik  ja  tan naantikatastaje� to �tomo me to qamhlìterh poiìthta)[156]. 'Allh mia topolog�a �sw h piosunhjismènh stou MA e�nai kai aut  th pl rou diastaÔrwsh.



3.3 : Basikè Diat�xei MA 75(1) Mègejo PlhjusmoÔ(2) Kwdikopo�hsh(3) Anasunduasmì(4) Met�llaxh(5) Istorikì Exèlixh hpopulation(6) Mèjodo Antikat�stash PlhjusmoÔ(7) Elitismì(8) Mèjodo Topik  Anaz thsh(9) Dom  PlhjusmoÔP�naka 3.1: H basik  Di�taxh enì MimhtikoÔ Algor�jmou DMA3.3 Basikè Diat�xei MA3.3.1 H basik  di�taxh enì aploÔ MimhtikoÔ Algor�j-mou DMAGia na mporèsei k�poio na sugkr�nei thn apìdosh enì MA me èna �llo MA e�nai shmantikìna èqei katagegrammène ìle ti plhrofor�e pou aforoÔn sta basik� qarakthristik� metètoio trìpo ¸ste na mpore� ana p�sa stigm  na ti qeiriste�. E�nai polÔ shmantikì to nakataskeuaste� ex' arq  èna p�naka ston opo�o ja èqoun kwdikopoihje� ìla ta krit riaaxiolìghsh. Sthn enìthta aut  parajètoume thn di�taxh gia èna aplì mimhtikì algìrijmo.
• Mègejo PlhjusmoÔ (1): Up�rqoun duo peript¸sei. 'Otan to mègejo plhju-smoÔ einai stajerì pa�rnei mia tim  pq [100,0,0℄ gia mègejo plhjusmoÔ 100 en¸ ìtane�nai metaballìmeno se k�poia kl�maka pq. sto diasthma apì 100 meqri 400 me b ma 50tìte pa�rnei timh (100,400,50).
• Kwdikopo�hsh (2): Analoga me to e�do th kwdikopo�hsh pou qrhsimopoie�tai



76 Kef�laio 3 : Mhqanismo� Mimhtik¸n Algor�jmwnpa�rnei timè 0 gia duadik  kwdikopo�hsh, 1 gia pragmatik  anapar�stash.
• Anasunduasmì (3): An�loga me to e�do tou anasunduasmoÔ kajor�zetai h par�-metro aut . Pa�rnei thn tim  [0,0.5,0.7℄ gia anasunduasmì enì shme�ou me pijanìthta

pc = (0.5, 0.7), [1,0.2,0.7℄ gia anasunduasmì dÔo shme�wn me pijanìthta pc = (0.2, 0.7),[2,0.6,0.75℄ gia anasunduasmì poll¸n shmeiwn kai 3 gia euretikì anasunduasmì me pi-janìthta pc = (0.6, 0.75).
• Met�llaxh (4): Pa�rnei tim  [0,0,0℄ e�n den èqoume kajìlou met�llaxh en¸ an èqoumemet�llaxh se k�poia kl�maka pq. apì 0.001 èw 0.002 pa�rnei tim  [1,0.001,0.002℄.
• Istorikì Exèlixh (5): O arijmì gonèwn gia k�je apìgono prèpei na kajoriste�.O telest  istorikì exèlixh hpopulation pa�rnei tim  1 ìtan g�netai qr sh tou istorikoÔth exèlixh enì atìmou. Gia par�deigma, hpopulation=2,1,1 shma�nei ìti ta �toma an-tall�ssoun ìle ti plhrofor�e k�je dÔo geneè, en¸ an èqoume hpopulation=50,0.5,0ìti antall�ssoun mìno ti misè apì ti plhrofor�e tou k�je 50 geneè.
• Mèjodo Antikatastash (6): H par�metro aut  pa�rnei timè 1 gia to montèlogenik  antikat�stash, 2 gia to montèlo stajer  kat�stash.
• Elitismì (7): H par�metro aut  pa�rnei tim  1 otan efarmìzetai h leitourg�a touelitismoÔ kai 0 ìtan den efarmìzetai.
• Mèjodo Topik  Anaz thsh (8): Pa�rnei thn tim  1 gia qr sh prosomoioÔ-menh anìpthsh, 2 gia qr sh apotreptik  anaz thsh, 3 gia qr sh kateujunìmenhtopik  anaz thsh.



3.3 : Basikè Diat�xei MA 77
• Dom  PlhjusmoÔ (9): Pa�rnei tim  gia topolog�a pl rou diasÔndesh thn tim  0,gia topologia plègmato thn tim  1, gia topolog�a daktul�ou thn tim  2.

3.3.2 H basik  di�taxh enì MA basismènou sto mon-tèlo nhs�dwn DMANSthn enìthta aut  basismènoi sth basik  DMA kai èqonta upìyh ta qarakthristik� stoi-qe�a enì MA me nhs�de parajètoume th basik  di�taxh MA me nhs�de DMAN. H DMANe�nai mia epèktash th DMA. Per�eqei mia gramm  gia k�je ep�pedo plhjusmoÔ.H st lh 1 anafèretai sto qamhlìtero ep�pedo enì MA basismènou sto montèlo twn nhs�dwnkai kajor�zei ton arijmì twn atìmwn e pou omadopoioÔntai se èna sÔnolo S pou kale�tai nh-s�da. Sth deÔterh st lh anaferìmaste sto epipedo 2 ìpou eqoume omadopo�hsh twn nhs�dwn(elements e tou epipèdou 1 kai dhmiourg�a megalÔterwn nhs�dwn S(e).Sth seir� 5 anaferìmaste sth topolog�a twn atìmwn se mia nhsida gia to ep�pedo 1 kai twnnhs�dwn se èna sÔnolo nhsidwn gia to epipedo 2. Oi qrhsimopoioÔmene topolog�e e�nai oitopolog�e pl rou diasÔndesh, daktul�ou kai plègmato kai oi timè e�nai ant�stoiqa 1,2 kai3.Sth seir� 10 eqoume tim  1   0 an�loga me to an k�noume katagraf  tou istorikoÔ th mianhs�da gia to ep�pedo 2   enì atìmou gia to ep�pedo 1.



78 Kef�laio 3 : Mhqanismo� Mimhtik¸n Algor�jmwnEp�pedo 1 Ep�pedo 2(1) Mègejo Plhjusm¸n(2) Kwdikopo�hsh(3) Anasunduasmì(4) Met�llaxh(5) Dom  Nhsidwn(6) Mèjodo Antikat�stash Nhs�-dwn(7) Elitismì(8) Mèjodo Topik  Anaz thsh(9) Istorikì exèlixh heP�naka 3.2: H basik  Di�taxh enì MimhtikoÔ Algor�jmoubasismènou se nhs�de DMAN3.4 Parade�gmataSthn enìthta aut  parajètoume apl� parade�gmata efarmog  th DMA kai DMAN.3.4.1 Aplì Mimhtikì AlgìrijmoBasizìmenoi sthn perigraf  pou ègine sthn enìthta 3.3.1 h DMA gia èna algorijmo memègejo plhjusmou kumainìmeno apì 50 mèqri 200 me b ma 20, duadik  anapar�stash, ana-sunduasmì enì shme�ou me pijanìthta 0.6 , met�llaxh me pijanìthta 0.1, mejodo genik antikat�stash, qwr� katagraf  istorikoÔ, me qr sh elitismoÔ, me kateujunìmenh topik anaz thsh kai topolog�a plègmato gia th di�taxh twn atìmwn sto q¸ro anaz thsh or�zetaiston p�naka 3.3. Gia lìgou eukol�a kat� th suggraf  tou upìloipou keimènou eqei uioje-thje� gia mia DMA ìpw aut  tou sq mato 3.3 h ex  fìrma : DMA=(50, 200, 20 | 0 | 0,0.6 | 1, 0.1, 0.1| 1 | 0 | 1 | 3 | 1)



3.4 : Parade�gmata 79(1) Mègejo PlhjusmoÔ 50,200,20(2) Kwdikopo�hsh 0(3) Anasunduasmì 0,0.6(4) Met�llaxh 1,0.1,0.1(5) Istorikì PlhjusmoÔ 1(6) Mèjodo Antikat�stash Plhju-smoÔ 0(7) Elitismì 1(8) Mèjodo Topik  Anaz thsh 3(9) Dom  PlhjusmoÔ 1P�naka 3.3: 'Ena aplì par�deigma DMA3.4.2 Mimhtikì Algìrijmo basismèno se nhs�deTo deÔtero par�deigma pou parajètoume afor� èna mimhtikì algìrijmo basismèno sto montèlonhs�dwn. Sto par�deigma autì èqoume gia mèjodo antikat�stash to montèlo genik  antika-t�stash, qrhsimopoie�tai topolog�a tìso sto pr¸to ep�pedo ìso kai sto deÔtero daktul�ougia thn metan�steush twn atìmwn kai twn nhs�dwn ant�stoiqa me rujmì metanasteush 0.5kai 0.6 ant�stoiqa. Oi timè gia thn met�llaxh kai ton anasunduasmì e�nai �die me autè touprohgoumenou parade�gmato. Me b�sh th taxinìmhsh tou Talbi [202℄ oi MA se nhs�deor�zontai w akoloÔjw:
HCH(HRH(EA+LCH(EA(LS)) (het,par,gen)) (het,par,gen)) (hom,glo,gen).
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(1) Mègejo Plhjusm¸n 100 200(2) Kwdikopo�hsh 0 0(3) Anasunduasmì 3,0.6 3,0.75(4) Met�llaxh 1,0.01,0.02 1,0.01,0.02(5) Dom  Nhsidwn 2,0.5 2,0.6(6) Mèjodo Antikat�stash Nhs�-dwn 1 1(7) Elitismì 1 1(8) Mèjodo Topik  Anaz thsh 3 3(9) Istorikì Exèlixh 1 1P�naka 3.4: 'Ena par�deigma DMAN



Kef�laio 4
'Elegqo apìdosh Mimhtik¸nAlgor�jmwn
Sto kef�laio autì epiqeire�tai sugkritik  axiolìghsh èxi antiproswpeutik¸n algor�jmwn seprobl mata analutik¸n antikeimenik¸n sunart sewn. Oi mèjodoi pou exet�zontai e�nai:
• Aplì Exeliktikì Algìrijmo
• Genetikì Algìrijmo
• Mimhtikì Algìrijmo me Apotreptik  Anaz thsh
• Mimhtikì Algìrijmo me ProsomoioÔmenh Anopthsh
• Mimhtikì Algìrijmo me KajodhgoÔmenh Topik  Anaz thsh
• Politismikì Algìrijmo 81



82 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnShmantikì mèro twn ìswn parousi�zontai se autì to kef�laio èqei dhmosieute� sto èbdomoPanell nio Sunèdrio Plhroforik  [64℄ sto diejnè sunèdrio IEEE Systems Man and Cy-

bernetics [65℄, kai se tr�a �rjra sta periodik� International of Computer Mathematics kai
Journal of Applied Mathematics and Computation [66, 75, 78℄ kai anafèretai apì arketèergas�e �llwn ereunht¸n ìpw oi [113, 162, 163, 12℄.
4.1 Mejodolog�a Axiolìghsh Mimhtik¸n Al-gor�jmwn4.1.1 EpiskìphshH qr sh sunart sewn elègqou (test functions) me stìqo thn axiolìghsh algor�jmwn belti-stopo�hsh e�nai sun jh praktik  (p.q., [8, 184℄). Sth bibliograf�a diat�jetai meg�lo pl jojewrhtik¸n problhm�twn beltistopo�hsh, me diaforetik� qarakthristik� (p.q. [190℄). Taprobl mata aut� katat�ssontai se kathgor�e an�loga me:
• to pl jo twn metablht¸n elègqou
• to pl jo twn akrìtatwn
• th gn¸sh th jèsh tou olikoÔ akrìtatou
• th gewmetr�a th epif�neia apìkrish
• thn Ôparxh jorÔbou   asuneqei¸n sthn antikeimenik  sun�rthsh



4.1 : Mejodolog�a Axiolìghsh Mimhtik¸n Algor�jmwn 83Kat� th beltistopo�hsh mh kurt¸n sunart sewn to pl jo twn dokim¸n, kai kat� sunè-peia o qrìno ep�lush, aux�nei sqedìn ekjetik� me to pl jo twn metablht¸n elègqou,en¸ an h sun�rthsh e�nai kurt , h sqèsh dokim¸n-metablht¸n elègqou e�nai sqedìn grammik [85, 205, 216℄. Sthn ideat  per�ptwsh beltistopo�hsh mia tetragwnik  sun�rthsh me thmèjodo suzug¸n kl�sewn, apaitoÔntai akrib¸ n dokimè gia ton entopismì tou bèltistou,anex�rthta apì to shme�o ekk�nhsh. Apì thn �llh pleur�, se sunart sei me perissìteraapì èna akrìtata (polukìrufe) (multimodal) up�rqei p�ntote mh mhdenik  pijanìthta eg-klwbismoÔ tou algor�jmou se èna apì ta topik� bèltista. Kat� kanìna, oi poludi�statesunart sei qrhsimopoioÔntai gia thn axiolìghsh th apodotikìthta (taqÔthta) twn al-gor�jmwn beltistopo�hsh, en¸ oi polukìrufe gia thn axiolìghsh th apotelesmatikìthtatou [190℄.Se orismèna majhmatik� probl mata, den e�nai gnwst� oÔte h jèsh tou olikoÔ akrìtatou(�ra kai h bèltisth tim  th sun�rthsh) oÔte to pl jo twn topik¸n akrìtatwn. Ta pro-bl mata aut� prosegg�zoun kalÔtera thn pragmatikìthta, ìpou zhtoÔmeno e�nai ìqi o akrib entopismì mia sugkekrimènh lÔsh all� h eÔresh mia ìso to dunatìn pio ikanopoihtik lÔsh, se logik� qronik� pla�sia. Sthn per�ptwsh aut , mètro th apotelesmatikìthta e�-nai h diaspor� twn lÔsewn pou entop�zontai se èna meg�lo pl jo stoqastik� anex�rthtwnefarmog¸n tou pro axiolìghsh algor�jmou.Ta gewmetrik� qarakthristik� th epif�neia apìkrish ephre�zoun tìso thn apotelesma-tikìthta ìso kai thn apodotikìthta twn algor�jmwn beltistopo�hsh. Genik�, sti èntona



84 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnmakrìstene koil�de, ti korufogrammè kai tou auqène h diadikas�a beltistopo�hsh epi-bradÔnetai shmantik�, diìti e�nai dÔskolo o entopismì th kl�sh th sun�rthsh. O jìru-bo, dhlad  oi tuqa�e diataraqè se mia sun�rthsh, èqei w apotèlesma se k�je shme�o namhn antistoiqe� monos manta h �dia tim .O Dejong [61℄ parous�ase èna sÔnolo apì 5 sunart sei oi opo�e kai èmeinan gnwstè sthbibliograf�a w sunart sei Dejong. Oi sunart sei pou prìteine o Dejong èqoun qarakth-ristik� gnwr�smata pou antikatoptr�zoun arketè apì ti duskol�e pou qarakthr�zoun taprobl mata beltistopo�hsh. To proteinìmeno apì autìn sÔnolo e�nai to parak�tw :
F1 : Sphere model
F2 : Generalized Rosenbrock
F3 : Step function
F4 : Quartic function with noise
F5 : Shekel foxholesOi sunart sei autè apetèlesan èna mètro sÔgkrish gia pollè metagenèstere melètekai efarmogè GA. Mia ekten  anafor� sto parap�nw sÔnolo sunart sewn mpore� kane� nade� ston Goldberg [98] (sel. 106-120). O Baeck [15], d�nei èmfash se dÔo krit ria elègqoua) sthn eÔresh tou olikoÔ bèltistou, b) sthn gr gorh sÔgklish kai qrhsimopo�hse dÔosunart sei a) Sphere model b) Rastrigin Sthn ergas�a aut  parous�ase ti bèltiste mèsetimè gia 10 ektelèsei GA qrhsimopoi¸nta to parak�tw sÔnolo paramètrwn :Pijanìthta AnasunduasmoÔ : 0.6Megejo PlhjusmoÔ : 50M ko alfarijmhtikoÔ : 32n (ìpou n o bajmì antikeimenik  sun�rth-sh)Pijanìthta Met�llaxh : 0.001Anasunduasmì dÔo shme�wnAnalogik  Epilog 



4.1 : Mejodolog�a Axiolìghsh Mimhtik¸n Algor�jmwn 85Oi Patton et al [169] skopì tou e�qan na epishm�noun th shmas�a th kateujunìmenh
Gaussian met�llaxh GGM (Guided Gaussian Mutation) dokim�zonta genetikoÔ kai exe-lektikoÔ algor�jmou. Epanèlaban ta peir�mata tou 100 forè gia k�je sun�rthsh kaima parous�asan ti bèltiste mèse timè kai thn tupik  apìklish. Qrhsimopo�hsan GA 500gene¸n kai mègejo plhjusmoÔ apì 200 w 500 en¸ qrhsimopo�hsan ti ex  sunart sei :
Sphere model — Rastrigin
Sphere-Hull — Schaffer
Schwefel 1 — Schweffel 2
Ackley — Griewangk
Bohachevsky — RosenbrockO Culberson sthn ergas�a tou [58℄ sto tm ma pou afor� th sÔgkrish twn dÔo mejìdwn(GA kai th genetik  stajerìthta (genetic invariance) - GI) qrhsimopoie� gia sunart seielègqou th apìdosh ti 5 sunart sei DeJong. Qrhsimopoi se pijanìthta met�llaxh �shme 0.01 kai montèlo GA to antikat�stash stajer  kat�stash. Gia mègejo plhjusmoÔdok�mase ti timè 70, 100, 150 en¸  legxe ta apotelèsmata tou me   qwr� met�llaxh.O Meysenburg [150] prokeimènou na metr sei thn apìdosh twn GA qrhsimopo�hse ti para-k�tw sunart sei :
De Jong F1 - F5
Rastrigin - Michalewicz
Schwefel’s - Ackley’s
Griewangk - LangermanOi Agoston Endre Eiben sthn ergas�a tou [83℄ qrhsimopo�hsan ti parak�tw sunart -sei:
De Jong F1-F3
Griewangkme ti parak�tw paramètrou :



86 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwn
Mègejo PlhjusmoÔ : 40030 ektelèsei an� sun�rthsh
Tournament selection
Uniform Crossover
Crossover Probability : 0.6
Mutation Probability : 0.002O Baeck [16] prote�nei ti sunart sei :
Sphere Model - Step function
Ackley - Powell Fletcher
Weierstrass - MandelbrotO Pohlheim [172, 173] perigr�fei èna arket� meg�lo arijmì sunart sewn gia èlegqoth apìdosh twn GA th ergaleioj kh tou Matlab GEATbx. Oi sunart sei autè e�-nai parmène apì thn bibliograf�a pou afor� tou GA, ti exeliktikè strathgikè kai thnbeltistopo�hsh sunart sewn. To sÔnolo pou qrhsimopo�hse e�nai
DeJong’s F1-F2
Langerman - Axis parallel hyper-ellipsoid
Michalewicz - Rotated hyper-ellipsoid
Branins - Rastrigin
Easom - DeJong’s F1-F2
Langerman - Schwefel
Goldstein-Price’s - Griewangk
AckleyEktì apì ti ergas�e autè pou anafèrame kai oi opo�e èginan apì ereunhtè th perio-q  twn EA mpore� kane� na de� ìti up�rqoun kai �lle prot�sei gia sÔnola sunart sewn apìepist mone pou an koun se �lle sunafe� me to antike�meno gnwstikè perioqè. Endeiktik�anafèroume m�a apì ti plèon gnwstè ergas�e sto q¸ro th beltistopo�hsh sunart sewn,aut  twn More, Garbow, Hillstrom [116] oi opo�oi prìteinan èna sÔnolo 34 sunart sewn toopo�o kai apotèlese èktote shme�on anafor� gia arketoÔ ereunhtè. Sthn sugkekrimènh



4.1 : Mejodolog�a Axiolìghsh Mimhtik¸n Algor�jmwn 87ergas�a d�detai èmfash perissìtero sth mètrhsh th apìdosh tou logismikoÔ gia beltisto-po�hsh sunart sewn. Oi sunart sei pou prìteinan prosfèrontai gia sugkritikè dokimèdiafìrwn algorijmik¸n mejìdwn pou qrhsimopoioÔntai sth beltistopo�hsh.
P�naka 4.1: Sunart sei F1-F8Sun. Onom. Perigraf  Sunart sewn Onomas�a

F1 f1 =
∑2

i=1 x2
i , Sphere model

−5.12 ≤ xi ≤ 5.12
F2 f2 = 100(x2

1 − x2)
2 + (1− x1)

2), Rosenbrock
−2.048 ≤ xi ≤ 2.048

F3 f3 =
∑5

i=1 int(xi), Step
−5.12 ≤ xi ≤ 5.12

F4 f4 =
∑30

i=1(ix
4
i + Gauss(0, 1)), Quatric

−1.28 ≤ xi ≤ 1.28

F5 f5(xi) = 0.002 +
∑25

j=1(
1
j + Foxholes

+
∑2

i=1(xi − αij)
6),−65536 ≤ xi ≤ 65536

F6 f6 = 10V +
∑10

i=1(−xisin(
√

|xi|)), Rastrigin
V = 4189.829,−500 ≤ xi ≤ 500

F7 f7 = 20A +
∑20

i=1(x
2
i − 10 cos(2πxi)), Schwefel

A = 10,−5.12 ≤ xi ≤ 5.12

F8 f8 = 1 +
∑10

i=1
x2

i

4000 −
∏10

i=1 cos( xi√
i
), Griewang

−600 ≤ xi ≤ 600

4.1.2 Proteinìmeno sÔnolo sunart sewn gia thn axio-lìghsh Mimhtik¸n Algor�jmwnGia thn axiolìghsh twn diafìrwn exeliktik¸n mejìdwn pou parousi�zontai sth diatrib  maqrhsimopoi jhkan 8 majhmatikè sunart sei elègqou, ta qarakthristik� megèjh twn opo�wn



88 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwn
P�naka 4.2: Sunart sei F9-F14Sun. Onom. Perigraf  Sunart sewn Onomas�a

F9 fi =
∑n

i=2(j − 1)xjt
j−2
i

−
∑n

j=1(xjt
j−1
i )2 − 1ìpou ti = i/29, 1 ≤ i ≤ 29, Watson

f30 = x1, f31 = x2 − x2
1 − 1,

x0 = (0, ..., 0) , 2 ≤ n ≤ 31,m = 31
F10 f2i − 1 = 10(x2i − x2

i=1),
f2i(x) = 1− x2i

x0 = (ξj) Extended Rosenbrockìpou ξ2j − 1 = −1.2, ξ2j = 1
n metablhtì all� m = n

F11 fi(x) = xi − 0.2

fi(x) = α1/2(exp[xi

10 ] + exp[
xi−1

10 ]− yi),
2 ≤ i ≤ n

fi(x) = α1/2(exp[xi−n+1

10 ] + exp[−1
10 ]),

n ≤ i ≤ 2n Penalty II
f2n(x) = (

∑n
i=1(n− j + 1)x2

j )− 1ìpou α = 105, exp[ i
10 ] + exp[ i−1

10 ]
x0 = (1

2 , ..., 1
2 )

n metablhtì m = 2n
F12 f1(x) = 104x1x2 − 1

f2(x) = exp[−x1] + exp[−x2]− 1.0001 Powel badly scaled
x0 = (0, 1) , n = 2,m = 2

F13 fi(x) = exp[−|yimix2|xi

x1
]− ti

ti = i/100yi = 25 + (−50 ln(ti))
2/3 Gulf research and development

x0 = (5, 2.5, 0.15)
n = 3, n ≤ m ≤ 100

F14 f4i−3(x) = x4i−3 + 10x4i−2

f4i−2(x) = 51/2 + (x4i−1 − x4i)
f4i−1(x) = (x4i−2 + 2x2

4i−1 Extended Powel singular

f4i(x) = 101/2 + (x4i−3 − x4i)
2

x0 = (ξj)ìpou ξ4j − 3 = 3, ξ4j − 2 = −1,
ξ4j − 1 = 0, ξ4j = 1
n metablhtì m = n



4.1 : Mejodolog�a Axiolìghsh Mimhtik¸n Algor�jmwn 89parousi�zontai ston P�naka 4.1 kai 6 probl mata mh grammikoÔ programmatismoÔ (P�naka4.2).Oi sunart sei Dejong pou e�nai uposÔnolo sto dikì ma sÔnolo sunart sewn elègqou e�nai5 probl mata pou aforoÔn sthn elaqistopo�hsh sunart sewn kai ma bohjoÔn arket� sto namelet soume th sumperifor� arket¸n qarakthristk¸n twn EA kai eidikìtera twn MA. Piosugkekrimèna :To montèlo sfa�ra F1 e�nai èna klassikì par�deigma suneqoÔ sun�rthsh. E�nai monokì-rufh (unimodal) , uyhl  kurtìthta (strongly convex), omal  (smooth) , kai summetrik .Gi' autì apotele� arqik  sun�rthsh gia èlegqo th apìdosh k�je mejìdou beltistopo�hsh.Qrhsimopoie�tai ston èlegqo tou kat� pìso gr gora epitugq�netai h sÔgklish kai èqei kajie-rwje� sth jewr�a twn exeliktik¸n algor�jmwn san mia apì ti basikè sunart sei elègqouth apìdosh k�je e�dou exeliktikoÔ algor�jmou. Jewre�tai idanik  antikeimenik  sun�rth-sh, kaj¸ einai tetragwnik  kai �ra kurt  se ìlo to ped�o orismoÔ th, parousi�zei apìluthomalìthta kai èqei èna mìno akrìtato sto shme�o (0,0,...,0). H onomas�a montèlo sfa�raprìerqetai apo thn met�frash tou agglikoÔ ìrou (sphere) . Sthn pragmatikìthta ìmw hgrafik  par�stash th sun�rthsh den e�nai sfa�ra all� paraboloeidè (Sq ma 4.1). (bl.[151℄).H Rosenbrock F2 e�nai omal , monopÔjmenh , me èntono pujmèna (sharp ridge) kai genik�jewre�tai dÔskolh kajìti oi di�foroi algìrijmoi pou qrhsimopoioÔntai duskoleÔontai sto nabroÔn kalè lÔsei gia aut n. H sun�rthsh èqei mìno èna akrìtato sto shme�o (0,0,....,0), toopo�o br�sketai p�nw se mia polÔ sten  qar�dra, paraboloeidoÔ morf  (Sq ma 4.2).H Step F3 bhmatik  sun�rthsh anaparist� probl mata epipèdwn epifanei¸n (flat surfaces).
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Sq ma 4.1: Grafik  par�stash montèlou sfa�ra
Ta ep�peda apoteloÔn empìdio gia algor�jmou beltistopo�hsh, giat� den mporoÔn na p�rounplhrofor�e sqetik� me to poia lÔsh e�nai h kalÔterh. Oi ep�pede epif�neie kajistoÔnadÔnaton ton prosdiorismì mia dieÔjunsh metabol  th tim  th sun�rthsh. K�je ènaep�pedo antistoiqe� se èna topikì el�qisto gia thn sun�rthsh (Sq ma 4.3). An kei sthnkathgor�a twn polukìrufwn sunart sewn. H beltistopo�hsh th bhmatik  sun�rthsh dene�nai par� èna stoiqe�wde prìblhma akèraiou programmatismoÔ.H Quatric F4 e�nai m�a apl  monokìrufh sun�rthsh me jìrubo. Oi algìrijmoi den mporoÔn naefarmostoÔn ikanopoihtik� exait�a tou jorÔbou Gaussian sta dedomèna e�nai èna par�deig-ma sunart sewn topik¸n bèltistwn (sth dik  ma per�ptwsh 25). H duskol�a ègkeitai sthneÔresh tou olikoÔ bèltistou.Oi sunart sei Schwefel, Rastrigin, Griewangk e�nai klassik� parade�gmata polukìrufwn
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Sq ma 4.2: Grafik  par�stash sunarthsh Rozenbrock

sunart sewn kai e�nai mh grammikè.Gia thn sun�rthsh Rastrigin h bèltisth tim  gia k�je par�metro mpore� na kajoriste� anex�r-thta apì ti upìloipe metablhtè. 'Eqei bajmì poluplokìthta O(nln(n)), ìpou n o arijmìtwn paramètrwn th sun�rthsh. H epif�neia th sun�rthsh exart�tai apì ti metablhtè Akai w, oi opo�e elègqoun to pl�to kai th suqnìthta diamìrfwsh ant�stoiqa. 'Otan A=10,to epilegmèno ped�o orismoÔ kuriarqe�tai apì th suqnìthta diamìrfwsh. E�nai sun�rthshsuneq  me p�ra poll� topik� el�qista. (Sq ma 4.4). Ta topik� el�qista br�skontai seèna orjog¸nio plègma me pl�to 1. H tim  twn topik¸n el�qistwn aux�netai ìso aux�netaih apìstash twn shme�wn apì to olikì el�qisto. H Schwefel e�nai polukìrufh , suneq ,mh grammik  sun�rthsh kai sqetik� pio eÔkolh apì thn Rastrigin kai qarakthr�zetai apì todeÔtero kalÔtero el�qisto to opo�o apèqei polÔ apì to olikì bèltisto (Sq ma 4.5). To
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Sq ma 4.3: Grafik  par�stash bhmatik  sunarthsh
V mpa�nei gia dik  ma eukol�a kai h akrib  tim  tou exart�tai apì ta qarakthristik� tousust mato. H Griewang èqei bajmì poluplokìthta O(nln(n)), ìpou n o arijmì twn pa-ramètrwn th sun�rthsh. Oi ìroi tou ajro�smato par�goun m�a parabol  en¸ ta topik�bèltista br�skontai p�nw apì to ep�pedo th parabol  (Sq ma 4.6). Oi diast�sei tou eÔrouanaz thsh aux�nontai b�sei twn ìrwn tou ginomènou me apotèlesma ta topik� el�qista nag�nontai mikrìtera. 'Oso pio polÔ megal¸noume to eÔro anaz thsh tìso pio ep�pedh g�netaih sun�rthsh. Genik� apotele� mia kal  sunarthsh gia ton èlegqo th apodosh twn EA kur�-w epeid  to ginìmeno e�nai h ait�a dhmiourg�a upoplhjusm¸n isqur� allhloexart¸menwn semontèla par�llhlwn EA. Ta upìloipa apo ta probl mata tou sunìlou pou kajor�same gia tonèlegqo th apìdosh twn EA èqoun lhfje� apì ton q¸ro tou majhmatikoÔ programmatismoÔkai kalÔptoun kur�w mh grammik� probl mata qwr� periorismoÔ (bl. [116℄). Epilèxame ta
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Sq ma 4.4: Grafik  par�stash th sun�rthsh Rastriginprobl mata aut� me ta ex  krit ria:
• Na èqoume poikil�a ston arijmì twn metablht¸n (x)

• Na èqoume en gènei dÔskole sunart sei gia beltistopo�hsh, akìma kai se peript¸seipou h analutik  morf  th sun�rthsh e�nai gnwst .H morfopo�hsh gia thn perigraf  tou kajenì apì aut� e�nai :
• n o arijmì metablht¸n tou probl mato kai m o arijmì twn ìrwn th antikeimenik sun�rthsh.
• Oi ìroi fi th antikeimenik  sun�rthsh, ¸ste aut  na d�netai apì to �jroisma f(x) =

∑m
i=1 f2

i (x)

• to arqikì shme�o ekk�nhsh x0
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Sq ma 4.5: Grafik  par�stash th sun�rthsh schwefel

• to   ta el�qista kaj¸ kai ta shme�a emf�nish tou ìpou aut� e�nai gnwst�.H dunatìthta ep�lush enì tètoiou probl mato kajor�zetai apì dÔo par�gonte. Pr¸ta japrèpei na e�nai dunat  h diatÔpwsh mia autìmath mejìdou ep�lush, dhlad  mia mejìdoupou na lÔnei ìla ta probl mata pou an koun sthn �dia kathgor�a akolouj¸nta p�nta ta�dia sugkekrimèna b mata. M�a tètoia mèjodo, sthn opo�a sugkatalègontai kai oi EA, e�naiapara�thth gia na e�nai dunatì o programmatismì th mejìdou kai epomènw h ep�lush touprobl mato me th bo jeia hlektronikoÔ upologist .Oi antikeimenikè sunart sei twn susthm�twn pou èqoume pro ep�lush ekfr�zoun to krit -rio aristopo�hsh kat� per�ptwsh. Ta megèjh twn susthm�twn antiproswpèuontai an�logaapì ti stajerè   metablhtè tou majhmatikoÔ probl mato en¸ oi periorismo� metaxÔ twnmetablht¸n ekfr�zoun tou nìmou pou dièpoun to sÔsthma.
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Sq ma 4.6: Grafik  par�stash th sun�rthsh GriewankH majhmatik  diatÔpwsh se arket� apì ta probl mata ma e�nai tètoia pou sunep�getai me-g�lh aÔxhsh sthn upologistik  poluplokìthta tou majhmatikoÔ sust mato. H fÔsh touk�je probl mato kajor�zei thn dunatìthta all� kai thn eukol�a me thn opo�a epilÔetai stonupologist  ma. Oi EA apoteloÔn kai auto� me th seir� tou mia susthmatik  diadikas�a pouakolouje�tai gia thn ep�lush tètoiwn problhm�twn kai upì thn ennoia aut  sth sugkekrimè-nh ergas�a qrhsimopoie�tai to sugkekrimèno sÔnolo problhm�twn gia èlegqo th apìdoshaut¸n.4.1.3 De�kte ep�dosh exeliktik¸n algor�jmwnKat� kanìna, k�je mèjodo beltistopo�hsh elègqetai w pro tou dÔo par�gonte thnapotelesmatikìthta kai thn apodotikìthta.



96 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnMètro th apotelesmatikìthta e�nai h mèsh apìklish apì th jewrhtik� bèltisth lÔsh giaèna pl jo N stoqastik� anex�rthtwn ektelèsewn tou algor�jmou. H stoqastik  anexarth-s�a ègkeitai sthn ekk�nhsh th diadikas�a beltistopo�hsh apì diaforetikè tuqa�e arqikèsunj ke (arqik  lÔsh   plhjusmì lÔsewn). O de�kth apotelesmatikìthta or�zetai w olìgo twn epituq¸n pro ti sunolikè ektelèsei tou algor�jmou. Mia ektèlesh kr�netai epi-tuq  efìson h tim  pou epistrèfei br�sketai kont� sth bèltisth tou ek�stote probl matobeltistopo�hsh, dhlad :
|f

[i]
k − f∗

k | < αkìpou f
[i]
k H h lÔsh tou k probl mato kat� thn i ektèlesh tou algor�jmou,f∗

k h jewrhtik�bèltisth tim  th sun�rthsh kai αk mia auja�reth tim  anoq , exart¸menh apì to bajmìduskol�a tou ek�stote probl mato. Sthn per�ptwsh kat� thn opo�a ìle oi dokimè sug-kl�noun sto olikì akrìtato, o de�kth apotelesmatikìthta e�nai 100%. Efìson epilÔontai
K probl mata beltistopo�hsh, eis�getai o mèso de�kth apotelesmatikìthta, o opo�o or�-zetai w h mèsh tim  twn epimèrou deikt¸n.Shmei¸netai ìti, me to parap�nw krit rio, elègqetai h tim  kai ìqi h jèsh tou olikoÔ akrì-tatou. Me �lla lìgia, h ektèlesh tou algor�jmou jewre�tai epituq  efìson sugkl�nei seopoiod pote shme�o, h tim  th sun�rthsh sto opo�o apèqei apì th jewrhtik� bèltisth ligì-tero apì thn anoq  ak. To krit rio autì antiproswpeÔei kalÔtera thn pragmatikìthta, ìpouden e�nai gnwst  h jèsh tou bèltistou all� mpore� na e�nai gnwst , èstw kai kat' ekt�mhsh, hbèltisth tim  th antikeimenik  sun�rthsh. Gia par�deigma, se probl mata elaqistopo�hshsfalm�twn (p.q., kat� th bajmonìmhsh majhmatik¸n montèlwn) mpore� na jewrhje� apodekt 



4.1 : Mejodolog�a Axiolìghsh Mimhtik¸n Algor�jmwn 97opoiad pote lÔsh plhsi�zei thn tim  mhdèn.W mètro th apodotikìthta enì algor�jmou ja mporoÔse na jewrhje� o qrìno ep�lushtou probl mato beltistopo�hsh, anex�rthta an h lÔsh pou prokÔptei e�nai olik� bèltisth  ìqi. Wstìso, o qrìno e�nai ènnoia sqetik  diìti exart�tai apì exwgene� par�gonte, ìpw htaqÔthta tou epexergast  kai o qrìno upologismoÔ th tim  th antikeimenik  sun�rthsh.'Ena pio axiìpisto mètro apodotikìthta e�nai to pl jo twn shme�wn deigmatolhy�a, dhlad h suqnìthta upologismoÔ th tim  th sun�rthsh. Aut  exart�tai se shmantikì bajmìapì ta krit ria sÔgklish pou uiojetoÔntai. Profan¸, ìso austhrìtero g�netai to krit riosÔgklish, tìso pio polÔ mei¸netai h taqÔthta tou algor�jmou, wstìso tìso perissìteroaux�nei h pijanìthta sÔgklish sto olikì akrìtato. Gia na e�nai amerìlhpth h sÔgkrish thapodotikìthta duo algor�jmwn, ja prèpei ta krit ria sÔgklish pou uiojetoÔntai na e�naiparìmoia.'Ena �llo par�gonta pou sqet�zetai me thn apodotikìthta, all� e�nai polÔ dÔskolo naektimhje� posotik�, e�nai h poluplokìthta enì algor�jmou. Kat� kanìna, h ep�drash thpoluplokìthta sto sunolikì qrìno upologism¸n e�nai axiìlogh mìno ìtan to pl jo twnmetablht¸n tou probl mato e�nai arket� meg�lo, opìte oi diadikas�e prospèlash th mn -mh tou upologist  apaitoÔn sqetk� polÔ qrìno.H apotelesmatikìthta kai h apodotikìthta enì algor�jmou beltistopo�hsh e�nai ènnoie ka-t� k�poio trìpo antikrouìmene. Gia par�deigma, h susthmatik  anaz thsh p�nw se plègmapolÔ pukn  diakritopo�hsh eggu�tai ton entopismì tou olikoÔ bèltistou (meg�lh apote-lesmatikìthta), all� apaite� apagoreutikì arijmì dokim¸n (mikr  apodotikìthta). Apì thn�llh pleur�, me thn efarmog  mia mejìdou kl�sh gia th beltistopo�hsh mia polukìrufh



98 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnsun�rthsh e�nai dunatì na entopiste� gr gora (meg�lh apodotikìthta) mìno to kontinìterosthn arqik  lÔsh topikì akrìtato (mikr  apotelesmatikìthta).
4.2 Axiolìghsh algor�jmwn4.2.1 Epilog  kai ulopo�hsh algor�jmwnSta pla�sia th paroÔsa ergas�a ulopoi jhkan kai axiolog jhkan apì thn kathgor�a twnexeliktik¸n mejìdwn oi parak�tw algìrijmoi:
• Aplì Exeliktikì Algìrijmo [99℄
• Genetikì Algìrijmo [107℄
• Mimhtikì Algìrijmo me Apotreptik  Anaz thsh [128, 144, 140℄
• Mimhtikì Algìrijmo me ProsomoioÔmenh Anìpthsh [128, 140, 52℄
• Mimhtikì Algìrijmo me KajodhgoÔmenh Topik  Anaz thsh [52, 144, 125℄
• Politismikì Algìrijmo [194, 199℄Ta peir�mata ektelèsthkan se èna Pentium me taqÔthta qronismoÔ 200MHz, me 64 Mb RAM.To leitourgikì sÔsthma  tan Red Hat Linux 5. Kat� thn di�rkeia twn peiram�twn ma oupologist  ma den ekteloÔse �lle bariè ergas�e. Ep�sh parat�jentai pro sÔgkrish kaita apotelèsmata pou èdwsan 3 algìrijmoi apì thn kathgor�a twn euretik¸n mejìdwn. Auto�algìrijmoi  san oi:
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• ProsomoioÔmenh Anìpthsh [120℄
• Apotreptik  Anaz thsh [96℄
• KajodhgoÔmenh Topik  Anaz thsh [207℄Tèlo oi algìrijmoi ma eqoun ulopoihje� se gl¸ssa C.4.2.2 ApotelèsmataK�je prìblhma beltistopo�hsh eplÔjhke N = 30, 50, 100, 500, 1000 forè, xekin¸nta apìdiaforetikè tuqa�e arqikè sunj ke. Oi timè anoq  (b�sei ton opo�wn elègqjhke anh ektèlesh tou algor�jmou  tan epituq ) or�sthkan an�loga me to bajmì duskol�a touek�stote probl mato kai  tan oi ex :Timè anoq  twn sunarhsewn

f1 → α = 0.1 f2 → α = 1 f3 → α = 0.0

f4 → α = 0.04 f5 → α = 0.6 f6 → α = 0.4

f7 → α = 0.32 f8 → α = 0.7 f9 → α = 0.2

f10 → α = 1.0 f11 → α = 1 f12 → α = 0.0

f13 → α = 0.2 f14 → α = 0.4Exeliktikì AlgìrijmoSton Exeliktikì Algìrijmo qrhsimopoihjhkan oi tre� tupiko� genetiko� telestè (epilog me ton troqì th roulèta, diastaurwsh pollapl¸n shme�wn, kai met�llaxh) p�nw se ènaplhjusmì pop duadik� kwdikopoihmènwn lÔsewn. Arqik� entop�zontai h kalÔterh x1 kai h



100 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnqeirìterh xn+1 kai h deÔterh qeirìterh xn tim  th sun�rthsh me b�sh to krit rio
f(xi) + Zlog(w)ìpou w èna tuqa�o arijmì pou par�getai apì mia omoiìmorfh katanom  pijanot twn kaiZ èna tuqa�o arijmì. Sto krit rio autì prost�jetai mia jetik , logarijmik� katanemhmè-nh tuqa�a metablht  an�logh tou tuqa�ou autoÔ arijmoÔ Z sthn tim  th sun�rthsh. Oisunj ke termatismoÔ pou tèjhkan  tan to krit rio sÔgklish

|f(xn+1)− f(x1)|

|f(xn+1)|+ |f(x1)|
< ǫ/2ìpou ǫ mikrì jetikì arijmì, o opo�o ekfr�zei th mègisth epitrepìmenh anoq  w pro thsqetik  apìstash metaxÔ twn tim¸n th sun�rthsh th kalÔterh kai qeirìterh trèqousalÔsh. Analutik  perigraf  tou parap�nw sq mato up�rqei sthn ergas�a [18℄. To krit rioautì afor� polÔ mikrè perioqè anaz thsh. 'Allh mia sunj kh termatismoÔ pou tèjhke  tanto mègisto pl jo geni¸n, GENmax. Oi upìloipe algorijmikè par�metroi eisìdou  tan oisuqnìthte diastaÔrwsh pc kai met�llaxh pm.Sthn sunèqeia dinoume analutik� ta b mata th mejìdou

• Genn�tai èna arqikì plhjusmì pop0, apoteloÔmeno apì m shme�a omoiìmorfa kata-nemhmèna mèsa ston q¸ro efikt¸n lÔsewn D.
• Upolog�zetai h sun�rthsh katallhlìthta f(x) gia k�je �tomo ston plhjusmì.
• Efarmìzetai èna telest  anasunduasmoÔ me suqnìthta pc = 0.6 ∼ pc = 1



4.2 : Axiolìghsh algor�jmwn 101Onomas�a 30 50 100 500 1000

F1 Sphere model 40 41 52 65 67
F2 Rosenbrock 33 38 48 60 65
F3 Step 22 26 46 64 62
F4 Quatric 21 26 46 58 65
F5 Foxholes 20 25 46 58 61
F6 Rastrigin 21 21 32 40 35
F7 Schwefel 21 23 28 46 36
F8 Griewang 21 22 23 30 37
F9 Watson 20 21 39 60 23
F10 Extended Rosenbrock 22 23 24 60 68
F11 Penalty II 20 21 26 53 64
F12 Powel badly scaled 21 24 37 53 80
F13 Gulf research and development 20 24 37 53 68
F14 Extended Powel singular 20 25 25 63 53Mèsh Apotelesmatikìthta 22.93 25.64 36.14 55.43 57.79P�naka 4.3: Posost� epituq�a EA ( Epanal yei30,50,100,500,1000)

• Efarmìzetai èna telest  met�llaxh me suqnìthta pm = (0, ..., 0.2) me b ma 0.005.
• Elègxame kai ta dÔo montèla antikat�stash tou plhjusmoÔ. To montèlo olik  an-tikat�stash kai to montèlo stajer  antikat�stash. Pio sugkekrimèna sth pr¸thper�ptwsh (montèlo genealogik  antikat�stash) se k�je geni� o plhjusmì antika-j�statai olìklhro en¸ sth deÔterh per�ptwsh mìno èna mèro autoÔ kai pio sugke-krimèna ston arqikì algìrijmo antikat�stash stajer  kat�stash o arijmì aut¸npou dhmiourgoÔntan k�je for�  tan l=1   2 en¸ o arijmì twn atìmwn pou eishgontoston nèo plhjusmì kajor�zeto apì thn sun�rthsh Q=pop(t) (ìpou Q den mpore� nae�nai to kenì sÔnolo en¸ to pop(t) anafèretai ston trèqonta plhjusmì)
• B�sei enì telest  epilog , diamorf¸netai h epìmenh geni� pop(t+1), h opo�a perièqei
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Sq ma 4.7: Mèsoi Qrìnoi se deuterìlepta gia EAta kalÔtera mèlh th prohgoÔmenh geni�.
• Efìson den ikanopoioÔntai ta krit ria termatismoÔ tou algor�jmou,ìpw h sÔgklishtou algor�jmou, h opo�a elègqetai mèsw th tupik  apìklish tou de�gmato tim¸nth antikeimenik  sun�rthsh, to sunolikì pl jo dokim¸n klp. An kanèna apì takrit ria den ikanopoie�tai tìte epanalamb�netai h diadikas�a exèlixh apì to b ma 2.E�nai fanerì ìti h sumperifor� tou aploÔ exeliktikoÔ algor�jmou den mpore� na qarakthri-ste� ikanopoihtik , oÔte w pro thn apotelesmatikìthta oÔte (kur�w) w pro thn apodo-tikìthta. Qarakthristikì e�nai to gegonì th kajolik  apotuq�a entopismoÔ tou olikoÔakrìtatou th 10-di�stath Rozenbrock ìpw kai �llwn problhm�twn tou p�naka 4.2. Taapotelèsmata twn dokim¸n, gia diaforetikì arijmì epanal yewn, sunoy�zontai ston P�naka
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Sq ma 4.8: Mèsh apotelesmatikìthta gia tr�a diaforetik� e�dhgeitoni� EA
4.3. Sto sq ma 4.7 blèpoume tou qrìnou se deuterìlepta pou apait jhkan gia diaforetikìarijmì epanal yewn. Ston p�naka 4.4 èqoume thn basik  di�taxh DMA pou parousi�sthkesthn enìthta 3.3.1 prosarmosmènh an�logw sthn dom  enì aploÔ EA, gia k�je m�a apì tisunarthsei ma. Sto sq ma 4.8, d�netai me thn morf  rabdogr�mmato h mèsh apotelesmati-kìthta pou brèjhke mèsa apo to sÔnolo twn peiram�twn.H ep�drash twn paramètrwn eisìdou, dhlad  tou megèjou tou plhjusmoÔ kai twn suqno-t twn diastaÔrwsh kai met�llaxh,  tan arket� shmantik , kai se orismène peript¸seikajoristik . Kajoristik   tan kai h ep�drash th geitoni� ìpw fa�netai kai sto sq ma 4.8.Genik�, aux�nonta to mègejo tou plhjusmoÔ belti¸jhke h axiopist�a tou algor�jmou, qwr�



104 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwn(F1) DEA 30 100 10 0 2 0.6 0.75 1 4 2 10 0.5 1 1 1 0 2(F2) DEA 30 200 10 0 2 0.6 0.70 1 1 4 10 0.5 1 1 1 0 2(F3) DEA 30 250 20 0 2 0.65 0.72 1 1 6 50 0.5 1 1 1 0 2(F4) DEA 30 150 5 0 2 0.55 0.80 1 2 4 40 0.8 1 1 1 0 2(F5) DEA 30 250 10 0 2 0.65 0.81 1 1 4 30 0.7 1 1 1 0 2(F6) DEA 30 400 20 1 3 0.68 0.90 1 1 2 5 0.1 1 2 1 0 2(F7) DEA 30 300 20 1 3 0.74 0.95 1 1 2 30 0.8 1 2 1 0 2(F8) DEA 30 200 30 1 3 0.74 0.90 1 1 2 40 0.5 1 2 1 0 2(F9) DEA 30 300 20 1 3 0.58 0.82 1 1 2 20 0.5 1 2 1 0 2(F10) DEA 30 300 20 1 3 0.62 0.81 1 1 4 20 0.5 1 2 1 0 2(F11) DEA 30 350 20 1 3 0.6 0.85 1 1 2 30 0.5 1 2 1 0 2(F12) DEA 30 300 20 1 3 0.6 0.75 1 2 4 10 0.1 1 2 1 0 2(F13) DEA 30 350 20 1 3 0.6 0.75 1 1 2 20 0.8 1 2 1 0 2(F14) DEA 30 300 20 1 3 0.6 0.82 1 1 2 10 0.5 1 2 1 0 2P�naka 4.4: Diat�xei ExeliktikoÔ Algor�jmou
h belt�wsh aut  na e�nai tètoia pou na dikaiologe� th meg�lh aÔxhsh tou pl jou twn apai-toÔmenwn dokim¸n, me exa�resh ti per�ptwsei twn sunart sewn Griewank kai Gulf research

and development. H aÔxhsh th tim  th suqnìthta diastaÔrwsh apì 60% se 100% dendiaforopo�hse ta apotelèsmata, en¸ ant�jeta h aÔxhsh th suqnìthta met�llaxh apì 0%se 20% ta diaforopo�hse shmantik�, e�te pro th jetik  (ìpw sthn per�ptwsh twn sunart -sewn Step, Quatric, Foxholes, Schefel, Rastrigin, Powel badly scaled ) e�te pro thn arnhtik kateÔjunsh (ìpw sthn per�ptwsh th sfairoeidoÔ sun�rthsh). Dhlad , aux�nonta thntuqaiìthta tou algor�jmou aux jhke h pijanìthta entopismoÔ th olik� bèltisth lÔsh mìnosthn per�ptwsh pou h antikeimenik  sun�rthsh  tan èntona mh grammik , diaforetik� mei¸jh-ke h apotelesmatikìthta tou algor�jmou. H aÔxhsh tìso th suqnìthta diastaÔrwsh ìsokai th suqnìthta met�llaxh e�qe w sunèpeia megalÔtero upologistikì fìrto.



4.2 : Axiolìghsh algor�jmwn 105Genetikì AlgìrijmoTa b mata tou GenetikoÔ Algor�jmou ma ulopoi jhkan se tr�a st�dia:
• Arqikopo�hsh� kwdikopo�hsh twn metablht¸n se gon�dia kai èpeita qrwmos¸mata.� arqikopo�hsh tou plhjusmoÔ me thn dhmiourg�a th pr¸th geni�.� efarmog  th sun�rthsh kìstou se k�je qrwmìswma.
• Anaparagwg � anaparagwg  mèsw th epilog  me b�sh thn tim  th sun�rthsh kìstou touk�je atìmou.� efarmog  anasunduasmoÔ kai met�llaxh pou ja d¸sei thn epìmenh geni�
• Antikat�stash geni�� antikat�stash th prohgoÔmenh geni� me thn nèa� efarmog  th sun�rthsh kìstou se k�je qrwmìswma� èlegqo tou krithr�ou termatismoÔOi sunj ke termatismoÔ pou tèjhkan  tan to krit rio sÔgklish pou qrhsimopoihjh-ke kai ston exeliktikì algìrijmo th prohgoÔmenh paragr�fou.Oi upìloipe algo-rijmikè par�metroi eisìdou  tan oi suqnìthte diastaÔrwsh pc kai met�llaxh pm.Elègxame kai ta dÔo montèla antikat�stash tou plhjusmoÔ. To montèlo olik  anti-kat�stash kai to montèlo stajer  antikat�stash.



106 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnOnomas�a 30 50 100 500 1000

F1 Sphere model 44 48 54 62 63
F2 Rosenbrock 36 40 47 59 67
F3 Step 24 29 48 62 62
F4 Quatric 22 29 49 57 63
F5 Foxholes 23 27 50 55 61
F6 Rastrigin 24 24 27 29 25
F7 Schwefel 26 26 38 42 36
F8 Griewang 25 25 29 33 32
F9 Watson 23 27 35 63 23
F10 Extended Rosenbrock 24 29 34 62 68
F11 Penalty II 25 28 36 58 64
F12 Powel badly scaled 22 24 39 56 70
F13 Gulf research and development 23 28 39 57 59
F14 Extended Powel singular 24 27 35 60 53Mèsh Apotelesmatikìthta 26.07 29.36 40 53.92 53.28P�naka 4.5: Posost� epituq�a GA ( Epanal yei30,50,100,500,1000)

E�nai fanerì ìti kai h sumperifor� tou genetikoÔ algor�jmou den mpore� na qarakthri-ste� ikanopoihtik . Qarakthristikì e�nai to gegonì th kajolik  apotuq�a entopi-smoÔ arket¸n problhm�twn tou p�naka 4.2. Ta apotelèsmata twn dokim¸n, gia diafore-tikì arijmì epanal yewn, sunoy�zontai ston P�naka 4.5.Sto sq ma 4.9 blèpoume touqrìnou se deuterìlepta pou apait jhkan gia diaforetikì arijmì epanal yewn. Stonp�naka 4.6 èqoume thn basik  di�taxh DMA pou parousi�sthke sthn enìthta 3.3.1prosarmosmènh an�logw sthn dom  enì aploÔ GA, gia k�je m�a apì ti sunarthseima. Sto sq ma 4.10, d�netai me thn morf  rabdogr�mmato h mèsh apotelesmatikìth-ta pou brèjhke mèsa apo to sÔnolo twn peiram�twn me b�sh thn dom  geitoni� touplhjusmoÔ. Ston �xona twn y èqoume th mèsh apotelesmatikìthta se posost� % kai
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Sq ma 4.9: Mèsoi Qrìnoi se deuterìlepta gia GA

ston �xona twn x èqoume ton arijmì twn epanal yewn.Genik�, aux�nonta to mègejo tou plhjusmoÔ belti¸jhke h axiopist�a tou algor�jmou,qwr� h belt�wsh aut  na e�nai tètoia pou na dikaiologe� th meg�lh aÔxhsh tou pl joutwn apaitoÔmenwn dokim¸n. H aÔxhsh th tim  th suqnìthta diastaÔrwsh apì 60%se 100% ìpw kai h aÔxhsh th suqnìthta met�llaxh apì 0% se 20% diaforopo�hsepro to kalÔtero ta apotelèsmata.H ep�drash twn paramètrwn eisìdou, dhlad  tou megèjou tou plhjusmoÔ kai twnsuqnot twn diastaÔrwsh kai met�llaxh,  tan arket� shmantik , kai se orismènepeript¸sei kajoristik . Ta posost� anasunduasmou t�xh 70% ∼ 75 % bohjoÔnsthn apofug  th prìwrh sÔgklish tou plhjusmoÔ, dhlad  tou montèlou twn GA.D�netai ètsi h dunatìthta gia peraitèrw diereÔnhsh diaforetik¸n perioq¸n tou q¸rou
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Sq ma 4.10: Mèsh apotelesmatikìthta gia tr�a diaforetik� e�dhgeitoni� GA

lÔsewn kai dhmiourg�a genetik  plhrofor�a h opo�a kaj¸ eis�getai ston plhjusmìbohj� ston na proqwr sei h anaz thsh tou olikoÔ bèltistou. To telikì sumpèra-sma pou prokÔptei gia aut  th par�metro e�nai ìti polÔ mikr� posost� anasunduasmoÔtwn gonèwn me mikr� megèjh plhjusmoÔ upobajm�zoun kai �llo thn apìdosh twn GA.H qr sh meg�lwn tim¸n gia to mègejo plhjusmoÔ den sunep�getai se ìle ti peri-pt¸sei kalÔtera apotelèsmata kai ektì toÔtou èqei san apotèlesma thn aÔxhsh touupologistikoÔ qrìnou. Arqik� h apìdosh twn montèlwn me mègejo plhjusmoÔ 100e�nai kaluterh apì thn apìdosh �llwn megej¸n plhjusmoÔ, all� sun jw kajhl¸-netai o algìrijmo se topik� el�qista. Mia meg�lh tim  gia to mègejo plhjusmoÔmpore� na qrhsimopoihje� gia na belti¸sei thn apìdosh off - line, dhlad  ìtan up�rqei



4.2 : Axiolìghsh algor�jmwn 109(F1) DGA 30 100 10 0 2 0.6 0.75 1 4 2 10 0.5 1 1 1 0 2(F2) DGA 30 200 10 0 2 0.6 0.70 1 1 4 10 0.5 1 1 1 0 2(F3) DGA 30 250 20 0 2 0.65 0.72 1 1 6 50 0.5 1 1 1 0 2(F4) DGA 30 150 5 0 2 0.55 0.80 1 2 4 40 0.8 1 1 1 0 2(F5) DGA 30 250 10 0 2 0.65 0.81 1 1 4 30 0.7 1 1 1 0 2(F6) DGA 30 400 20 1 3 0.68 0.90 1 1 2 5 0.1 1 2 1 0 2(F7) DGA 30 300 20 1 3 0.74 0.95 1 1 2 30 0.8 1 2 1 0 2(F8) DGA 30 200 30 1 3 0.74 0.90 1 1 2 40 0.5 1 2 1 0 2(F9) DGA 30 300 20 1 3 0.58 0.82 1 1 2 20 0.5 1 2 1 0 2(F10) DGA 30 300 20 1 3 0.62 0.81 1 1 4 20 0.5 1 2 1 0 2(F11) DGA 30 350 20 1 3 0.6 0.85 1 1 2 30 0.5 1 2 1 0 2(F12) DGA 30 300 20 1 3 0.6 0.75 1 2 4 10 0.1 1 2 1 0 2(F13) DGA 30 350 20 1 3 0.6 0.75 1 1 2 20 0.8 1 2 1 0 2(F14) DGA 30 300 20 1 3 0.6 0.82 1 1 2 10 0.5 1 2 1 0 2P�naka 4.6: Diat�xei GenetikoÔ Algor�jmou
diajèsimo qrìno, en¸ mia mikr  tim  apaite�tai ìtan o stìqo e�nai h kal  apìdosh
on line, dhlad  ìtan ta apotelèsmata apaitoÔntai se sÔntomo qrìno. Kajoristik  tan kai h ep�drash th geitoni� ìpw fa�netai kai sto sq ma 4.10. Dhlad , aux�-nonta thn tuqaiìthta tou algor�jmou aux jhke h pijanìthta entopismoÔ th olik�bèltisth lÔsh mìno sthn per�ptwsh pou h antikeimenik  sun�rthsh  tan èntona mhgrammik , diaforetik� mei¸jhke h apotelesmatikìthta tou algor�jmou. H aÔxhsh tìsoth suqnìthta diastaÔrwsh ìso kai th suqnìthta met�llaxh e�qe w sunèpeiamegalÔtero upologistikì fìrto.



110 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnMimhtikì Algìrijmo me Apotreptik  Anaz thshH melèth aut  th mejodou ègine diaforopoi¸nta to mègejo tou plhjusmoÔ, toopo�o or�zetai b�sei tou arijmoÔ twn plhjusmiak¸n om�dwn p kai tou megèjou k�jeom�da m . Sti upìloipe paramètrou eisìdou tou algor�jmou tèjhkan oi tupikètimè pou prote�noun o Moscato kai Norman [167℄, dhlad  q = n + 1 (arijmì gonèwnpou summetèqoun sthn exèlixh k�je om�da), α = 1 (arijmì bhm�twn exèlixh prin thnan�mixh twn om�dwn) kai β = m (el�qisto mègejo plhjusmoÔ k�je om�da). Gia tontermatismì tou algor�jmou elègqontan oi akìlouje sunj ke [158, 146, 145℄:1. an to pl jo twn dokim¸n èqei xeper�sei mia an¸tath tim ,  2. an h posostia�a belt�wsh th trèqousa bèltisth lÔsh ston plhjusmì metaxÔ5 diadoqik¸n kÔklwn exèlixh e�nai mikrìterh apì mia el�qisth tim ,  3. an ìle oi lÔsei èqoun sugkl�nei se mia mikr  perioq  tou efiktoÔ q¸rou.Ston p�naka 4.8 èqoume thn basik  di�taxh DMA gia k�je m�a apì ti sunarthsei ma.Sto sq ma 4.12, d�netai me thn morf  rabdogr�mmato h mèsh apotelesmatikìthta poubrèjhke mèsa apo to sÔnolo twn peiram�twn.Ta b mata pou akolouj jhkan sthn mèjodo aut   tan:� Genn�tai èna arqikì plhjusmì pop0, apoteloÔmeno apì m > n + 1 shme�aomoiìmorfa katanemhmèna mèsa sto q¸ro twn efikt¸n lÔsewn.� Upolog�zoume th sun�rthsh katallhlìthta f(m) gia k�je �tomo se èna plhju-smì.
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Sq ma 4.11: Mèsoi Qrìnoi se deuterìlepta gia MA TS� Ta shme�a taxinomoÔntai kat� aÔxousa tim  th antikeimenik  sun�rthsh kaiapojhkeÔontai se èna di�nusma D = (mi, fi).� Ta stoiqe�a tou D qwr�zontai se p plhjusmoÔ pop[1], pop[2], ..., , pop[p].� Gia k�je om�da pop[1...p] efarmìzetai h diadikas�a th anaparagwg .� Se k�je om�da xekin�me apì èna sÔnolo lÔsewn m∗
0...t kai par�goume z = 3 sÔ-nola geitonik¸n lÔsewn M0...3 kai to kalÔtero poiotik� ex aut¸n apotele� to nèasÔnolo upoyhfiwn lÔsewn s∗1, gÔrw apì to opo�o genn¸ntai oi epìmene geitonikèlÔsei.� Met� thn antikat�stash tou s apì to s+1 to s mpa�nei sthn apagoreumènh l�sta.� Mìli exantlhjei h qwrhtikìthta th apagoreumènh l�sta, afairoÔme to pr¸to
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Sq ma 4.12: Mèsh apotelesmatikìthta gia tr�a diaforetik� e�dhgeitoni� MA TSsÔnolo lÔsewn to opo�o e�qe apojhkeute� pr¸to.� Oi exeligmène om�de pop[1], pop[2], pop[3], ...., pop[p] epanatopojetoÔntai sto di�-nusma D. 'Etsi epilègetai h plèon uposqìmenh perioq , h perioq  dhlad  eke�nhsthn opo�a up�rqei auxhmènh pijanìthta na ke�tai h bèltisth lÔsh. Auth h pe-rioq  g�netai o nèo q¸ro efikt¸n lÔsewn.� Sthn sunèqeia efarmozoume èna telest  anasunduasmoÔ. H suqnìthta anasun-duasmoÔ e�nai pc=0.6 gia mègejo plhjusmoÔ megalÔtero tou 100 kai pc=0.9 giamègejo plhjusmoÔ mikrìtero tou 30.� Mèsw enì telest  met�llaxh orismèna �toma tou nèou q¸rou efikt¸n lÔsewnall�zoun tim  apì 0 se 1. Ant� gia èna sunolikì posostì met�llaxh, mporoÔn na
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F1 Sphere model 42 43 55 65 80
F2 Rosenbrock 40 39 49 64 80
F3 Step 32 28 54 68 90
F4 Quatric 24 30 53 59 78
F5 Foxholes 27 31 53 62 61
F6 Rastrigin 22 28 42 61 79
F7 Schwefel 25 23 32 68 77
F8 Griewang 23 29 30 76 30
F9 Watson 23 28 42 65 66
F10 Extended Rosenbrock 29 56 55 88 95
F11 Penalty II 21 22 34 66 53
F12 Powel badly scaled 31 25 44 78 53
F13 Gulf research and development 20 29 40 78 58
F14 Extended Powel singular 27 28 26 73 66Mèsh Apotelesmatikìthta 27,57 29,21 41,36 78,64 88,29P�naka 4.7: Posost� epituq�a MA TS ( Epanal yei30,50,100,500,1000)

diathrhjoÔn pijanìthte met�llaxh gia k�je metablht  k�je atìmou. 'Etsi k�jemetablht  mpore� na èqei diaforetik  pijanìthta met�llaxh. Aut  h pijanìthtamet�llaxh mpore� na kwdikopoihje� se k�je �tomo san epiplèon plhrofor�a kaina exeliqje� maz� me to �tomo. 'Etsi epitugq�netai h auto-prosarmog  twn para-mètrwn met�llaxh, tautìqrona me thn diereÔnhsh tou q¸rou. Oi apìgonoi pouprokÔptoun antikajistoÔn ta qeirìtera �toma tou plhjusmoÔ an h poiìthta toue�nai toul�qiston tìso kal  ìso tou qeirìterou atìmou tou plhjusmoÔ (ex�leiyhtou qeirìterou - (elimination of the worst)) .� Elègqetai an o trèqon plhjusmì ikanopoie� èna toul�qiston apì ta krit riatermatismoÔ, dhlad  h sÔgklish tou algor�jmou kai to sunolikì pl jo dokim¸n.



114 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwn
F1) DMA 30 100 10 0 2 0.68 0.75 1 4 2 50 0.8 1 1 1 2 2(F2) DMA 30 200 10 0 2 0.74 0.70 1 1 4 50 0.8 1 1 1 2 2(F3) DMA 30 250 20 0 2 0.68 0.90 1 1 6 50 0.8 1 1 1 2 2(F4) DMA 30 150 5 0 2 0.74 0.95 1 2 4 50 0.8 1 1 1 2 2(F5) DMA 30 250 10 0 2 0.74 0.90 1 1 4 50 0.8 1 1 1 2 2(F6) DMA 30 250 20 1 3 0.68 0.90 1 1 2 100 0.8 1 2 1 2 2(F7) DMA 30 250 20 1 3 0.55 0.95 1 1 2 100 0.8 1 2 1 2 2(F8) DMA 30 200 30 1 3 0.74 0.90 1 1 2 100 0.6 1 2 1 2 2(F9) DMA 30 250 20 1 3 0.58 0.82 1 1 2 100 0.8 1 2 1 2 2(F10) DMA 30 250 20 1 3 0.62 0.81 1 1 4 100 0.6 1 2 1 2 2(F11) DMA 30 250 20 1 3 0.55 0.85 1 1 2 100 0.7 1 2 1 2 2(F12) DMA 30 250 20 1 3 0.6 0.86 1 2 4 100 0.8 1 2 1 2 2(F13) DMA 30 250 20 1 3 0.56 0.82 1 1 2 100 0.8 1 2 1 2 2(F14) DMA 30 250 20 1 3 0.6 0.82 1 1 2 100 0.7 1 2 1 2 2P�naka 4.8: DMA me TSAn kanèna apì ta krit ria den ikanopoie�tai, tìte o algìrijmo epanalamb�netaiapì to b ma 4.W mètro sÔgklish tou plhjusmoÔ or�sthke h kanonikopoihmènh posìthta:

exp{1/n
∑n

j=1 log〈〈max(x1j , x2j , ..., xsj)−min(x1j , x2j , ...., xsj)/x
max
j − xmin

j 〉+ ǫ)〉}h opo�a ekfr�zei th sqetik  apìstash twn akra�wn lÔsewn ston ek�stote plhjusmìw pro to eÔro tou efiktoÔ q¸rou. O arijmì e ekfr�zei mia polÔ mikr  jetik  po-sìthta, me thn opo�a exasfal�zetai ìti h logarijmik  èkfrash den g�netai potè mhdèn.Ta apotelèsmata th mejodou aut  sunoy�zontai ston P�naka 4.7 gia mèso pl jolÔsewn pou diereun jhkan m = 1 ∼ m = 100. Sto sq ma 4.11 blèpoume tou qrìnou



4.2 : Axiolìghsh algor�jmwn 115se deuterìlepta pou apait jhkan gia diaforetikì arijmì epanal yewn.Apì ta parap�nw apodeiknÔetai ìti o MA me apotreptik  anaz thsh antimet¸pise mesqetik  epituq�a orismèna apì ta probl mata, en¸ apètuqe entel¸ se �lla. H apotele-smatikìthta th mejìdou parous�ase belt�wsh me aÔxhsh tou pl jou twn ekkin sewn,qwr� wstìso h belt�wsh aut  na e�nai omoiìmorfh. O algìrijmo autì pragmato-poie� arqik� mia adr  kai sth sunèqeia mia pio leptomer  diereÔnhsh tou efiktoÔ q¸rou,Profan¸, apait jhke h je¸rhsh megalÔterou plhjusmoÔ ìso auxanìtan o bajmì du-skol�a tou probl mato. 'Etsi, en¸  tan epark  m�a kai mìno om�da gia thn eÔreshtou elaq�stou th didi�stath Rozenbrock kai th Extended Rozenbrock, apait jh-kan tèsseri om�de gia thn ep�lush twn �diwn probl matwn sti 10 diast�sei, en¸oi 4 om�de den  tan eparke� gia thn ep�lush twn probl matwn Penalty II, Rastrigin,

Powel badly scaled me ikanopoihtik  axiopist�a. H taqÔthta th mejìdou parous�aseshmantikè diaforè, an�loga me to bajmì duskol�a tou ek�stote probl mato kai tan profan¸ an�logh tou pl jou twn ekkin sewn. 'Etsi, o entopismì tou olikoÔakrìtatou twn pio eÔkolwn sunart sewn elègqou, ìpw th 10-di�stath sfairoeidoÔ,apa�thse mikrì arijmì dokim¸n, se ant�jesh me poluplokìtere sunart sei, ìpw giapar�deigma h Rastrigin kai h didi�stath Rozenbrock, gia ti opo�e qrei�sthkan m�aw dÔo t�xei megèjou perissìtere dokimè. W pro to mègejo k�je om�da e�naifanerì ìti uiojet¸nta thn tim  m = 2n + 1, thn opo�a prote�noun kai oi dhmiourgo�tou algor�jmou, proèkuyan kalÔtera apotelèsmata se sqèsh me thn el�qisth dunat tim  m = n+ 1.'Oson afor� ti sun�rthsei Griewang kai th Watson, to uperbolik� meg�lo pl jo



116 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwndokim¸n e�qe w a�tio thn adunam�a diafug  tou algor�jmou apì korufogrammè. Miaant�stoiqh adunam�a diapist¸jhke sugkr�nonta th sumperifor� tou algor�jmou stidÔo sunart sei Rozenbrock kai Extended Rozenbrock. Sthn per�ptwsh th dudi�-stath Rozenbrock, o algorijmo katìrjwse, èstw kai me uperbolik� meg�lo arijmìbhm�twn, na proqwr sei kat� m ko th paraboloeidoÔ qar�dra kai na sugkl�neikont� sto shme�o elaq�stou. Aux�nonta th di�stash tou probl mato, to algìrijmoapètuqe na k�nei k�ti tètoio, katal gonta ètsi (kai m�lista me sqetik� meg�lh taqÔ-thta) polÔ makri� apì to akrìtato th sun�rthsh. H kalÔterh apìdosh th mejìdoutou MA me apotreptik  anaz thsh, lamb�nonta upìyh kai to bajmì duskol�a touprobl mato, parathr jhke sthn per�ptwsh th 10-di�stath sun�rthsh Griewank.Ant�jeta, tìso sthn per�ptwsh th sun�rthsh Watson ìso kai th bhmatik  sun�rth-sh, o algìrijmo èdwse polÔ ftwq� apotelèsmata, parìlo pou diereÔnhse exairetik�meg�lo arijmì lÔsewn.
Mimhtikì Algìrijmo me ProsomoioÔmenh AnìpthshSton MA me prosomoioÔmenh Anìpthsh ta b mata pou efarmìsame  tan ta parak�tw:� Genn�tai èna arqikì plhjusmì pop0, apoteloÔmeno apì m > n + 1 shme�aomoiìmorfa katanemhmèna mèsa sto  misu tou q¸rou twn efikt¸n lÔsewn.� Upolog�zoume th sun�rthsh katallhlìthta f(m) gia k�je �tomo se èna plhju-smì.



4.2 : Axiolìghsh algor�jmwn 117Onomas�a 30 50 100 500 1000
F1 Sphere model 54 51 69 78 71
F2 Rosenbrock 50 44 63 72 78
F3 Step 30 35 54 82 78
F4 Quatric 36 33 62 77 76
F5 Foxholes 30 41 60 71 71
F6 Rastrigin 36 40 51 47 56
F7 Schwefel 34 33 42 51 60
F8 Griewang 30 36 39 39 37
F9 Watson 28 39 47 66 75
F10 Extended Rosenbrock 37 42 32 70 68
F11 Penalty II 29 28 39 71 71
F12 Powel badly scaled 33 31 55 72 71
F13 Gulf research and development 36 38 55 62 64
F14 Extended Powel singular 34 38 34 68 74Mèsh Apotelesmatikìthta 35.5 37.79 50.14 66.14 67.86P�naka 4.9: Posost� epituq�a MA me SA ( Epanal yei30,50,100,500,1000)� Epilègontai me k�poia mèjodo epilog  ta shme�a me thn kalÔterh kai qeirìte-rh tim  th antikeimenik  sun�rthsh kai or�zetai h arqik  jermokras�a: T 0 =

f0
max − f0

min. Ta shme�a taxinomoÔntai kat� aÔxousa tim  th antikeimenik  su-n�rthsh kai apojhkeÔontai se èna di�nusma D = {mi, fi}.� Ta stoiqe�a tou D qwr�zontai se p om�de pop[1], pop[2], ..., pop[p], k�je m�a apìti opo�e perièqei o shme�a, ètsi ¸ste mk
i = mk+popi−1

me k = 1, 2, ..., p kai
i = 1, 2, ...., o.� T�jetai k = 1 shmatodot¸nta thn ènarxh nèou kÔklou jermik  isorrop�a.� Prosdior�zontai to kalÔtero kai to qeirìtero shme�o tou pop[k] , f

[m]
min kai f

[m]
maxant�stoiqa.



118 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwn� Elègqetai an h trèqousa jermokras�a tou sust mato ikanopoie� th sunj kh :
Tm < ξ[fm

max − fm
min] ìpou ξ par�metro tou qronodiagr�mmato anìpthsh.� Apì to sÔnolo twn shme�wn aut¸n m1,m2, ....,mp epilègetai mia koruf  w b�seitou krithr�ou Metropolis, h opo�a kai jewre�tai w qeirìterh.� Efìson k < kmax, t�jetai k → k + 1 kai epistrèfoume sto b ma 6.� Efìson h trèqousa jermokras�a T e�nai megalÔterh apì to el�qisto ìrio Tmin,mei¸netai me b�sh thn ex�swsh T k+1 = λT k ìpou λ suntelest  pou lamb�neitimè sto di�sthma (0,1).� Gia k�je om�da pop[1], pop[2], pop[3], ...., pop[p] efarmìzetai ena telest  anasun-duasmoÔ kai èna telest  met�llaxh me suqnìthta pc=0.3 kai pm=0.05 ant�-stoiqa.H met�llaxh èqei skopì na empod�sei ton algìrijmo apì to na pagideute�mèsa se topik� akrìtata tou probl mato.� Ta exeligmèna de�gmata pop[1], pop[2], pop[3], ...., pop[p] epanatopojetoÔntai sto di�-nusma D kai sth sunèqeia taxinome�tai to sÔnolo twn shme�wn kat� aÔxousa tim th antikeimenik  sun�rthsh.� Sthn sunèqeia efarmozoume èna telest  anasunduasmoÔ sto nèo plhjusmì. Hsuqnìthta anasunduasmoÔ e�nai pc=0.6 gia mègejo plhjusmoÔ megalÔtero tou100 kai pc=0.9 gia mègejo plhjusmoÔ mikrìtero tou 30.� Mèsw enì telest  met�llaxh orismèna �toma tou nèou q¸rou efikt¸n lÔsewnall�zoun tim  apì 0 se 1. H suqnìthta met�llaxh e�nai èna mikrì arijmì pm,o opo�o lamb�nei timè sto di�sthma [0, ..., 0.2] me b ma 0.005.



4.2 : Axiolìghsh algor�jmwn 119(F1) DMA 30 150 5 0 2 0.68 0.75 1 1 2 40 0.45 1 1 1 1 2(F2) DMA 30 150 5 0 2 0.50 0.70 1 1 2 40 0.45 1 1 1 1 2(F3) DMA 30 150 5 0 2 0.68 0.90 1 1 2 40 0.32 1 1 1 1 2(F4) DMA 30 150 5 0 2 0.78 0.95 1 1 2 48 0.41 1 1 1 1 2(F5) DMA 30 150 5 0 2 0.55 0.90 1 1 2 45 0.40 1 1 1 1 2(F6) DMA 30 150 5 1 3 0.50 0.90 1 1 2 100 0.45 1 2 1 1 2(F7) DMA 30 150 5 1 3 0.50 0.95 1 1 2 105 0.45 1 2 1 1 2(F8) DMA 30 150 5 1 3 0.50 0.90 1 1 2 110 0.52 1 2 1 1 2(F9) DMA 30 150 5 1 3 0.48 0.82 1 1 2 120 0.45 1 2 1 1 2(F10) DMA 30 150 5 1 3 0.52 0.81 1 1 2 120 0.47 1 2 1 1 2(F11) DMA 30 150 5 1 3 0.54 0.85 1 1 2 120 0.45 1 2 1 1 2(F12) DMA 30 150 5 1 3 0.54 0.86 1 1 2 120 0.45 1 2 1 1 2(F13) DMA 30 150 5 1 3 0.56 0.82 1 1 2 120 0.45 1 2 1 1 2(F14) DMA 30 150 5 1 3 0.6 0.82 1 1 2 120 0.45 1 2 1 1 2P�naka 4.10: DMA me SA� Elègqetai an o trèqon plhjusmì ikanopoie� èna toul�qiston apì ta krit riatermatismoÔ, dhlad  h sÔgklish tou algor�jmou kai to sunolikì pl jo dokim¸n.An kanèna apì ta krit ria den ikanopoie�tai, tìte o algìrijmo epanalamb�netaiapì to b ma 6.Ta apotelèsmata twn dokim¸n, gia di�forou sunduasmoÔ paramètrwn eisìdou, su-noy�zontai ston P�naka 4.9. Ston p�naka 4.10 èqoume thn basik  di�taxh DMA pouparousi�sthke sthn enìthta 3.3.1 prosarmosmènh an�logw sthn dom  enì aploÔEA, gia k�je m�a apì ti sunarthsei ma. Sto sq ma 4.14, d�netai me thn morf  rabdo-gr�mmato h mèsh apotelesmatikìthta pou brèjhke mèsa apo to sÔnolo twn peiram�twn.Ston orizìntio �xona x eqoume to pl jo twn epanal yewn, ston �xona z èqoume thdomè geitoni� tou plhjusmoÔ kai ston �xona twn y èqoume th mèsh apotelesmatikìta



120 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwn

Sq ma 4.13: Mèsoi Qrìnoi se deuterìlepta gia MA SA

se posost� %. Apì ta apotelèsmata fainetai ìti h mejodo e�nai pr�gmati mia sqetik�kal  mèjodo, afoÔ antimet¸pise me polu kalì posostì sqedìn ti perissìtere apìti sunart sei elègqou (me exa�resh thn 10-diastath Extended Rozenbrock kai thn
Gulf research and development), kai m�lista me polÔ mikrìtero arijmì dokim¸n sesqèsh me ton aplì exeliktikì algìrijmo kai ton mimhtikì algìrijmo me apotreptik anaz thsh. Sugkr�nonta ta apotelèsmata th mejìdou tou mimhtikoÔ algor�jmou meprosomoioÔmenh anìpthsh me aut� th mejodou th prosomoioumenh anìpthsh blè-poume ìti h pr¸th apaite� ligìtere dokimè prokeimènou na epiteuqje� mia ikanopoihtik prosèggish se sqèsh me thn deÔterh (sq ma 4.21 ) Profan¸, apait jhke h je¸rh-sh megalÔterou plhjusmoÔ ìso auxanìtan o bajmì duskol�a tou probl mato. HaÔxhsh th tim  th suqnìthta diastaÔrwsh apì 60% se 100% epaixe shmantikì



4.2 : Axiolìghsh algor�jmwn 121

Sq ma 4.14: Mèsh apotelesmatikìthta gia tr�a diaforetik� e�dhgeitoni� MA SA

rìlo sta apotelèsmata, en¸ ant�jeta h aÔxhsh th suqnìthta met�llaxh apì 1%se 20% ta diaforopo�hse ìqi shmantik�, p�nta ìmw pro th jetik  kateÔjunsh. Dh-lad , aux�nonta thn tuqaiìthta tou algor�jmou aux jhke h pijanìthta entopismoÔth olik� bèltisth lÔsh mìno sthn per�ptwsh pou h antikeimenik  sun�rthsh  tanèntona mh grammik , diaforetik� mei¸jhke h apotelesmatikìthta tou algor�jmou. HaÔxhsh tìso th suqnìthta diastaÔrwsh ìso kai th suqnìthta met�llaxh e�qew sunèpeia megalÔtero upologistikì fìrto. H qr sh tou el�qisto dunatoÔ megèjouplhjusmoÔ m = 2 + 1 se 4 peript¸sei sunart sewn Sphere model, 2-Rozenbrock,

2-Extenden Rozenbrock, Griewang apodeiqthke epark  gia thn exasf�lish uyhloÔ



122 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnsqetik� posostoÔ epituq�a tou algor�jmou. E�nai profanè ìti me qr sh mikrou megè-jou plhjusmoÔ apaite�tai mikrìtero arijmì dokim¸n gia ton entopismì th bèltisthlush, kai sunep¸ belti¸netai shmantik� h apodotikìthta tou algor�jmou.Mimhtikì Algìrijmo me Kajodhgoumenh Topik  Anaz thshSton MA me KajodhgoÔmenh Topik  Anaz thsh ta b mata pou efarmìsame  tan taparak�tw:� Genn�tai èna arqikì plhjusmì pop0, apoteloÔmeno apì m > n + 1 shme�aomoiìmorfa katanemhmèna mèsa sto  misu tou q¸rou twn efikt¸n lÔsewn.� Upolog�zoume th sun�rthsh katallhlìthta f(m) gia k�je �tomo se èna plhju-smì.� Epilègontai me k�poia mejodo epilog  ta shme�a me thn kalÔterh kai qeirìterhtim  th antikeimenik  sun�rthsh. Ta shme�a taxinomoÔntai kat� aÔxousa tim th antikeimenik  sun�rthsh kai apojhkeÔontai se èna di�nusma D = {mi, fi},tètoio ¸ste to pr¸to stoiqe�o tou na antistoiqe� sto shme�o me thn el�qisth tim th sun�rthsh.� Ta stoiqe�a tou D qwr�zontai se p om�de pop[1], pop[2], ..., pop[p], k�je m�a apìti opo�e perièqei o shme�a, ètsi ¸ste mk
i = mk+pi−1

me k = 1, 2, ..., p kai i =

1, 2, ...., o.� Gia k�je mia om�da pop[1...p] efarmìzoume ton algìrijmo th kateujunìmenh to-pik  anaz thsh GLS



4.2 : Axiolìghsh algor�jmwn 123� Gia k�je om�da pop[1], pop[2], pop[3], ...., pop[p] efarmìzetai ena telest  anasun-duasmoÔ kai èna telest  met�llaxh me suqnìthta pc=0.2 kai pm=0.01 ant�-stoiqa. H met�llaxh èqei skopì na enisqÔsei ton algìrijmo sthn prop�jeia naapofeuqjei o egklwbismì se topik� akrìtata tou probl mato.� Ta exeligmèna de�gmata pop[1], pop[2], pop[3], ...., pop[p] epanatopojetoÔntai sto di�-nusma D kai sth sunèqeia taxinome�tai to sÔnolo twn shme�wn kat� aÔxousa tim th antikeimenik  sun�rthsh.� Sthn sunèqeia efarmozoume èna telest  anasunduasmoÔ. H suqnìthta anasun-duasmoÔ e�nai pc=0.6 gia mègejo plhjusmoÔ megalÔtero tou 100 kai pc=0.9 giamègejo plhjusmoÔ mikrìtero tou 30.� Mèsw enì telest  met�llaxh orismèna �toma tou nèou q¸rou efikt¸n lÔsewnall�zoun tim  apì 0 se 1. H suqnìthta met�llaxh e�nai èna mikrì arijmì pm,o opo�o lamb�nei timè sto di�sthma [0, ..., 0.2] me b ma 0.005.� Elègqetai an o trèqwn plhjusmì ikanopoie� èna toul�qiston apì ta krit riatermatismoÔ, dhlad  h sÔgklish tou algor�jmou kai to sunolikì pl jo dokim¸n.An kanèna apì ta krit ria den ikanopoie�tai, tìte o algìrijmo epanalamb�netaiapì to b ma 4.
Ta apotelèsmata twn dokim¸n, gia di�forou sunduasmoÔ paramètrwn eisìdou, suno-y�zontai ston P�naka 4.12. Ston p�naka 4.11 èqoume thn basik  di�taxh DMA gia k�jem�a apì ti sunarthsei ma. Sto sq ma 4.16, d�netai me thn morf  rabdogr�mmato h



124 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwn(F1) DMA 30 250 50 0 2 0.6 0.75 1 1 2 50 0.4 1 1 1 3 2(F2) DMA 30 250 50 0 2 0.6 0.75 1 1 4 50 0.4 1 1 1 3 2(F3) DMA 30 250 50 0 2 0.6 0.75 1 1 6 50 0.4 1 1 1 3 2(F4) DMA 30 250 50 0 2 0.6 0.75 1 2 6 50 0.4 1 1 1 3 2(F5) DMA 30 250 50 0 2 0.6 0.75 1 1 6 50 0.4 1 1 1 3 2(F6) DMA 30 250 50 1 3 0.6 0.75 1 1 6 100 0.4 1 2 1 3 2(F7) DMA 30 250 50 1 3 0.6 0.75 1 1 6 100 0.4 1 2 1 3 2(F8) DMA 30 250 50 1 3 0.6 0.75 1 1 6 100 0.4 1 2 1 3 2(F9) DMA 30 250 50 1 3 0.6 0.75 1 1 6 100 0.4 1 2 1 3 2(F10) DMA 30 250 50 1 3 0.6 0.75 1 1 6 100 0.4 1 2 1 3 2(F11) DMA 30 250 50 1 3 0.6 0.75 1 1 2 100 0.4 1 2 1 3 2(F12) DMA 30 250 50 1 3 0.6 0.75 1 2 4 100 0.4 1 2 1 3 2(F13) DMA 30 250 50 1 3 0.6 0.75 1 1 2 100 0.4 1 2 1 3 2(F14) DMA 30 250 50 1 3 0.6 0.75 1 1 2 100 0.4 1 2 1 3 2P�naka 4.11: DMA me GLS

Sq ma 4.15: Mèsoi Qrìnoi se deuterìlepta gia MA GLS
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Sq ma 4.16: Mèsh apotelesmatikìthta gia tr�a diaforetik� e�dhgeitoni� MA GLS

mèsh apotelesmatikìthta pou brèjhke mèsa apo to sÔnolo twn peiram�twn.Apì ta apotelèsmata g�netai fanerì ìti o algìrijmo autì parous�ase polÔ kal ep�dosh, kur�w w pro thn apotelesmatikìthta all� kai w pro thn apodotikìthta.Sugkekrimèna, entìpise lÔsei th t�xh tou 95% gia 5 apì ti sunart sei elègqou,en¸ emf�nise polÔ uyhl  ep�dosh sth Schwefel kai sth Griewang, sqetik� kal  ep�do-sh sta probl mata Rastrigin, Watson, Penalty II, Powel badly scaled kai pio qamhl ep�dosh parous�ase sto 10-di�stato prìblhma Rozenbrock, Gulf research and deve-

lopment kai Extenden powel singular. Kai se aut n thn mèjodo e�nai profanè ìti meqr sh mikroÔ megèjou plhjusmoÔ apaite�tai mikrìtero arijmì dokim¸n gia ton en-topismì th bèltisth lÔsh, kai sunep¸ belti¸netai shmantik� h apodotikìthta tou



126 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnOnomas�a 30 50 100 500 1000

F1 Sphere model 47 58 62 80 95
F2 Rosenbrock 39 49 67 82 92
F3 Step 27 43 55 81 95
F4 Quatric 32 40 65 78 96
F5 Foxholes 26 36 61 70 97
F6 Rastrigin 32 37 43 65 79
F7 Schwefel 35 31 34 65 85
F8 Griewang 28 32 39 60 85
F9 Watson 26 34 56 71 80
F10 Extended Rosenbrock 27 33 30 71 81
F11 Penalty II 28 29 33 68 80
F12 Powel badly scaled 30 42 48 72 82
F13 Gulf research and development 34 40 45 70 82
F14 Extended Powel singular 34 44 33 78 81Mèsh Apotelesmatikìthta 31.79 39.14 47.93 79.10 85.20P�naka 4.12: Posost� epituq�a MA me GLS ( Epanal yei30,50,100,500,1000)algor�jmou.
Politismikì AlgìrijmoSton Politismikì Algìrijmo ta b mata th mejìdou e�nai ta parak�tw:� Genn�tai èna arqikì plhjusmì pop0, apoteloÔmeno apì m shme�a omoiìmorfakatanemhmèna mèsa ston q¸ro efikt¸n lÔsewn D.� Upolog�zetai h sun�rthsh katallhlìthta f(x) gia k�je �tomo ston plhjusmì.� Dhmiourge�tai èna kenì arqikì di�nusma B pou anaparist� twn q¸ro pepoij sewn.



4.2 : Axiolìghsh algor�jmwn 127� Se k�je geni� o plhjusmì ma exel�ssetai b�sh tou sq mato VIP[194℄.� Sthn f�sh th yhfofor�a axiologoÔntai me b�sh thn tim  th antikeimenik sun�rthsh. Ta shme�a taxinomoÔntai kat� aÔxousa tim  th antikeimenik  su-n�rthsh kai apojhkeÔontai se èna di�nusma Btemp = mt, ft.� Epilègontai me mia diadikas�a epilog  k�poia stoiqe�a apo to Btemp ta opo�a kaiupìkeintai sthn diadikas�a th anaparagwg .� Efarmìzetai èna telest  anasunduasmoÔ me suqnìthta pc = 0.6� Efarmìzetai èna telest  met�llaxh me suqnìthta pm = (0, ..., 0.2) me b ma
0.005.� Sthn sunèqeia ta stoiqe�a tou dianÔsmato Btemp antikajistoÔn ta stoiqe�a toudianÔsmato B. O enhmerwmèno plèon q¸ro pepoij sewn e�nai plèon ètoimogia na ephre�sei thn exèlixh tou plhjusmoÔ.� B�sei enì telest  epilog , diamorf¸netai h epìmenh geni� pop(t + 1), h opo�aperièqei ta kalÔtera mèlh th prohgoÔmenh geni�. O telest  autì efarmì-zetai an�mesa se shme�a pou epilègontai tìso apì to diasthma pepoij sewn ìsokai apo ton upoloipo plhjusmì popt.� Efìson den ikanopoioÔntai ta krit ria termatismoÔ tou algor�jmou, ìpw h sÔg-klish tou algor�jmou, h opo�a elègqetai mèsw th tupik  apìklish tou de�g-mato tim¸n th antikeimenik  sun�rthsh, to sunolikì pl jo dokim¸n   anprokÔyei k�poia gn¸sth sto q¸ro pepoij sewn. An kanèna apì ta krit ria denikanopoie�tai tìte epanalamb�netai h diadikas�a exèlixh apì to b ma 3.
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F1 Sphere model 50 58 62 72 90
F2 Rosenbrock 40 49 67 70 95
F3 Step 30 43 55 68 92
F4 Quatric 37 40 65 78 90
F5 Foxholes 26 39 61 70 96
F6 Rastrigin 32 37 43 65 65
F7 Schwefel 40 40 55 65 65
F8 Griewang 30 32 39 65 70
F9 Watson 32 34 56 71 80
F10 Extended Rosenbrock 32 38 42 71 70
F11 Penalty II 30 29 45 68 78
F12 Powel badly scaled 30 42 48 72 80
F13 Gulf research and development 34 40 45 70 78
F14 Extended Powel singular 34 47 33 78 82Mèsh Apotelesmatikìthta 34.07 40.57 51.14 70.21 80.79P�naka 4.13: Posost� epituq�a CA ( Epanal yei30,50,100,500,1000)

Ta apotelèsmata twn dokim¸n, gia di�forou sunduasmoÔ paramètrwn eisìdou, su-noy�zontai ston P�naka 4.13. Sto sq ma 4.17, d�netai me thn morf  rabdogr�mmatoh mèsh apotelesmatikìthta pou brèjhke mèsa apo to sÔnolo twn peiram�twn. Stonorizìntio �xona x eqoume to pl jo twn epanal yewn, ston �xona z èqoume th domègeitoni� tou plhjusmoÔ kai ston �xona twn y èqoume th mèsh apotelesmatikìta seposost� %. Apì ta apotelèsmata fainetai ìti h mejodo e�nai pr�gmati mia sqetik�kaluterh mèjodo apì aut  tou aploÔ exeliktikoÔ algor�jmou, afoÔ antimet¸pise mekalÔtero posostì sqedìn ti perissìtere apì ti sunart sei elègqou (me exa�re-sh thn 10-diastath Extended Rozenbrock kai thn Powel badly scaled). Profan¸,
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Sq ma 4.17: Mèsh apotelesmatikìthta gia tr�a diaforetik� e�dhgeitoni� CA

apait jhke h je¸rhsh megalÔterou plhjusmoÔ ìso auxanìtan o bajmì duskol�a touprobl mato. H aÔxhsh th tim  th suqnìthta diastaÔrwsh apì 60% se 100%epaixe shmantikì rìlo sta apotelèsmata, ìpw kai h qr sh th dom  daktul�ou giaton plhjusmì en¸ ant�jeta h aÔxhsh th suqnìthta met�llaxh apì 1% se 20% tadiaforopo�hse ìqi shmantik�, p�nta ìmw pro th jetik  kateÔjunsh. H aÔxhsh tìsoth suqnìthta diastaÔrwsh ìso kai th suqnìthta met�llaxh e�qe w sunèpeia me-galÔtero upologistikì fìrto. H qr sh th gn¸sh pou parèqei o q¸ro pepoij sewnd�nei thn dunatìthta ston algìrijmo th apofug  egklwbismoÔ eukola se topik� akrì-tata. E�nai profanè ìti me qr sh mikrou megèjou plhjusmoÔ apaite�tai mikrìtero
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Sq ma 4.18: Mèsoi Qrìnoi se deuterìlepta gia CAarijmì dokim¸n gia ton entopismì th bèltisth lush, kai sunep¸ belti¸netai sh-mantik� h apodotikìthta tou algor�jmou. H mejodo aut  br ke sqetik� kalè lÔseista probl mata ma.
4.3 Sumper�smataTa sumper�smata pou prokÔptoun met� thn an�lush pou pragmatopoi jhke e�nai: Omimhtikì algìrijmo me apotreptik  anaz thsh antimet¸pise me sqetik  epituq�a ori-smèna apì ta probl mata, en¸ apètuqe entel¸ se �lla. Parathr jhke bèbaia aÔxhshth apotelesmatikìthta me aÔxhsh tou pl jou ekkin sewn, wstìso ta perij¸riabelt�wsh  tan peperasmèna kai exart¸mena tìso apì ti idiaiterìthte tou ek�stote
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Sq ma 4.19: Posostia�a ep�drash twn kÔriwn qarakthristik¸n thDMA sthn metabol  th mèsh apotelesmatikìthtaprobl mato. Sto sq ma 4.19 blèpoume thn posostia�a ep�drash sthn metabol  thmèsh apotelesmatikìthta twn kÔriwn qaraqthristik¸n th DMA kai sto sq ma 4.21èqoume mia sÔgkrish th mèsh apotelesmatikìthta oqt¸n mejìdwn gia èna sÔnoloepanal yewn 30 ∼ 1000. Sti mejodou autè eqoume sumperil�bei kai tre� euretikèmejodou thn SA, TS, GLS.H ep�dosh tou aploÔ exeliktikoÔ algor�jmou, me qr sh duadik  kwdikopo�hsh twnmetablht¸n elègqou, den  tan ikanopoihtik , ìqi mìno lìgw th sqetik� qamhl  touapotelesmatikìthta all� kur�w exait�a tou uperbolik� meg�lou pl jou dokim¸n
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Sq ma 4.20: Mèsoi qrìnoi se deuterìlepta gia ennèa mejìdou gia1000 epanal yei
pou apaite�tai gia th sÔgklish sth bèltisth lÔsh. H mèjodo tou mimhtikoÔ algor�jmoume prosomoioÔmenh anìpthsh apode�qjhke idia�tera apotelesmatik  gia ti perissìteresunart sei en¸ o mimhtikì algìrijmo me kajodhgoÔmenh topik  anaz thsh apode�-qjhke ex�sou apotelesmatikì, meionekt¸nta l�go w pro thn taqÔthta sÔgklish.Koinì qarakthristikì ìlwn twn mejìdwn  tan h euaisjhs�a tou w pro orismènealgorijmikè paramètrou eisìdou, ìpw gia par�deigma to mègejo tou plhjusmoÔ.Kat� kanìna, oi par�metroi autè or�zontai empeirik�, wstìso ja e�qe endiafèron han�ptuxh teqnik¸n autìmath rÔjmish tou, all� to jèma autì apaite� ektenèsterh
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Sq ma 4.21: SÔgkrish th mèsh apotelesmatikìthta ennèamejìdwn
diereÔnhsh.Apì ta parap�nw g�netai faner  h uperoq  twn mimhtik¸n algor�jmwn en¸ blèpontakai tou p�nake me ta apotelèsmata twn teqnik¸n th prosomoioÔmenh anìpthsh,th topik  anaz thsh kai th kajodhgoÔmenh topik  anaz thsh gia thn ep�lushproblhm�twn olik  beltistopo�hsh sumpera�noume ìti oi mejìdoi auto� parousi�zounmegalÔterh apotelesmatikìthta ìqi mìno se sqesh me alle exeliktikè mejìdou allakai se sqesh me �lle euretikè.



134 Kef�laio 4 : 'Elegqo apìdosh Mimhtik¸n Algor�jmwnApodeiknÔetai ìti k�tw apì orismène pro�pojèsei, h euretik  mèjodo prosomoiw-mènh anìpthsh sugkl�nei p�ntote sto olikì akrìtato ìtan h jermokras�a te�nei stomhdèn, se probl mata sunduastik  beltistopo�hsh [2℄. Sthn pr�xh, o akrib  en-topismì tou olikoÔ bèltistou apaite� uperbolik� meg�lo (jewrhtik� �peiro) kÔkloepanal yewn, wstìso me kat�llhlh prosarmog  tou qronodiagr�mmato anìpthshmpore� na epiteuqje� ikanopoihtik  prosèggish autoÔ me ligìtere dokimè. Gia thneuretik  mèjodo th apotreptik  anaz thsh dÔo sobar� meionekt mata th e�nai ofìrto pou apaite�tai se probl mata poll¸n metablht¸n elègqou kaj¸ kai to sqeti-k� meg�lo pl jo twn algorijmik¸n paramètrwn eisìdou, o orismì twn opo�wn g�netaiauja�reta[201℄.Ta apotelèsmata twn ektelèsewn ma (sq mata 4.8,4.12, 4.14, 4.16, 4.17) d�noun miasaf  èndeixh sqetik� me to poia dom  th geitoni� tou plhjusmoÔ ende�knutai w hkatallhlìterh gia thn pragmatopo�hsh th epilog . Parìlo ìmw pou h topik  epi-log  se mia geitoni� me dom  daktul�ou èdwse kalÔtera apotelèsmata se sqèsh me tialle dÔo peript¸sei den mporoÔme na sun�goume me asf�leia to sumpèrasma ìti sediaforetikoÔ e�dou probl mata mia �llh dom  den ja èdine kalÔtera   ef�milla apo-telèsmata.Sto sq ma 4.20 blèpoume tou qrìnou se deuterìlepta pou apait jhkan gia thn ektè-lesh 1000 epanal yewn pou me b�sh ta apotelèsmata  tan ikanopoihtikè gia thn ep�-teuxh enì sqetik� kaloÔ apotelèsmato. Blèpoume ìti id�w sthn per�ptwsh twn MAme tou opo�ou petÔqame ta kalÔtera poiotik� apotelèsmata oi qrìnoi e�nai apagoreu-tik� meg�loi. Ta meionekt mata th prosomoioÔmenh anìpthsh met� thn ubridopo�hsh



4.3 : Sumper�smata 135me exeliktikè teqnikè xeperni¸ntai se meg�lo bajmì. To idio isqÔei kai gia ti alleduo euretikè mejìdou pou dokim�same. Jèma shmantikì pou apasqìlhse kai apasqo-le� tou ereunhtè apotele� kai h aÔxhsh kur�w th apodotikìthta kai h belt�wsh thapotelesmatikìthta twn euretik¸n kai exelektik¸n mejìdwn mèsw th parallhlopo�h-sh, dhlad  th algorijmik  teqnik  di�spash sÔnjetwn problhm�twn se epimèrouupoprobl mata, ta opo�a epilÔoun hlektroniko� upologistè me pollaploÔ epexer-gastè. Se aut n thn katèujunsh br�skontan kai oi dhmiourgo� twn tri¸n mimhtik¸nalgor�jmwn pou parousi�same se autì to kef�laio. Kai sti tre� peript¸sei o su-nolikì plhjusmì lÔsewn epimer�zetai se om�de, se k�je mia apì ti opo�e h exèlixhg�netai anex�rthta, en¸ kat� diast mata pragmatopoie�tai antallag  plhrofori¸n.
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Kef�laio 5
Par�llhlh Ulopo�hshMimhtik¸n Algor�jmwn
Se autì to kef�laio parousi�zoume tèsseri par�llhle ulopoi sei mimhtik¸n al-gor�jmwn me skopì na kerd�soume qrìno se qamhlì kìsto. Oi tèsseri prosegg�seiulopoioÔntai se mia sustoiq�a stajm¸n ergas�a. Oi ulopoi sei sugkr�nontai me tiseiriakè ektelèsei kai me par�llhle ulopoi sei �llwn antiproswpeutik¸n mejodo-logi¸n.To kef�laio e�nai diarjrwmèno w ex : sthn enìthta 5.1 k�noume mia sÔntomh eisa-gwg  sthn perioq  twn par�llhlwn ulopoi sewn exeliktik¸n kai �llwn metaeuretik¸nalgor�jmwn. Sthn enìthta 5.2 parousi�zontai ta ep�peda parallhlopo�hsh kai h ep�-drash tou. Sthn sunèqeia sthn enìthta 5.3 perigr�fetai h par�llhlh ulopo�hsh twn137



138 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnmejìdwn tou kefala�ou 4 sthn peiramatik  sustoiq�a stajm¸n ergas�a tou panepi-sthm�ou ma. Tèlo sthn enìthta 5.5 parousi�zontai kai sugkr�nontai ta peiramatik�ma apotelèsmata gia ta 14 probl mata pou perigr�fontai sto kef�laio 4 kaj¸ kaigia to prìblhma tou periodeÔonto pwlht  TSP.'Ena mèro twn ìswn parousi�zontai se autì to kef�laio èqoun dhmosieute� sto Fir-

st Cracow Grid Workshop [69℄, sto 4th Metaheuristic International Conference [71℄,sto 3th meeting of the PAREO Euro working group on Parallel Processing in Opera-

tions Research [63℄, sto 4o Panell nio Sunèdrio Upologistik  Mhqanik  [77℄, sto5o sunèdrio Large Scale Computing kaj¸ kai se èna �rjro sto periodikì Journal of

Applied Mathematics and Computation [78℄ kai anafèretai sti parak�tw ergas�e[162, 209, 115, 196℄ . Epiplèon mèro autoÔ tou kefala�ou èqei g�nei apodektì giadhmos�eush sto periodikì Parallel Processing Letters.
5.1 Apì èna �tomo se èna plhjusmìH idèa th an�ptuxh efarmog¸n exeliktik¸n algor�jmwn se sust mata par�llhlhepexergas�a den e�nai kainoÔrgia. H diereÔnhsh meg�lwn q¸rwn anaz thsh me po-lÔploke sunart sei poiìthta kai h qr sh polu�rijmwn plhjusm¸n epib�lloun thnan�gkh gr gorwn, upologistik� isqur¸n ulopoi sewn. H diajesimìthta gr gorwn kaifjhn¸n par�llhlwn upologist¸n, k�nei dunat  thn efarmog  twn exeliktik¸n kai �l-lwn metaeuretik¸n mejìdwn se dÔskola kai sÔnjeta probl mata sta opo�a genik¸apaite�tai h qr sh meg�lwn plhjusm¸n. Ep�sh merikè duskol�e pou antimetwp�zoun



5.1 : Apì èna �tomo se èna plhjusmì 139arketo� apì tou gnwstoÔ exeliktikoÔ algor�jmou mporoÔn na antimetwpistoÔn pioapotelesmatik� me thn qr sh twn par�llhlwn exeliktik¸n algor�jmwn [42℄.M�a mèjodo gia na parallhl�soume ènan EA e�nai na ektelèsoume ton �dio algìrijmose polloÔ epexergastè san anex�rthte diergas�e [42℄. H mình epikoinwn�a an�mesasti diergas�e e�nai ìti m�a apì autè sugkentr¸nei to telikì apotèlesma apì ìle tiupìloipe kai to anafèrei sto qr sth [29℄.'Ena deÔtero trìpo parallhlopo�hsh enì EA e�nai me thn qr sh tou montèlousuntonist  ergazomènou (master-worker), pou parousi�zetai sti ergas�e [82, 42℄. Osuntonist  e�nai upeÔjuno gia thn egkat�stash twn ergazomènwn, thn taxinìmhshth poiìthta twn atìmwn kai thn epilog  twn gonèwn, thn epikoinwn�a me ton qr sthkai thn ep�bleyh tou sunolikoÔ plhjusmoÔ. Sun jw o suntonist  desmeÔei ènanepexergast  kai dhmiourge� ti diergas�e pou antistoiqoÔn stou ergazomènou. Oigone� pou epilègontai stèlnontai stou epexergastè ergas�a (ergazìmenou), ìpouanasundu�zontai   kai metall�ssontai gia na dhmiourg soun tou apogìnou. Oi apì-gonoi axiologoÔntai kai epistrèfontai sto kÔrio epexergast . Shmantikè prosp�jeietaxinìmhsh twn par�llhlwn exeliktik¸n algor�jmwn ègine sto pareljìn apì tou T.

Baeck kai F. Hoffmeister [17] en¸ mia periektik  episkìphsh twn efarmog¸n twn pa-r�llhlwn exeliktik¸n algor�jmwn mpore� o anagn¸sth na anazht sei sthn ergas�atwn D. Duvivier et al. [14, 29℄ .Ta up�rqonta montèla mporoÔn na entaqjoÔn se dÔo genikìtere kathgor�e parallh-lismoÔ, oi opo�e apokaloÔntai qamhl  an�lush (coarse grained) [25, 55℄ kai uyhl an�lush (fine grained) [55]. H efarmog  diafìrwn montèlwn exèlixh kai sti dÔo



140 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnkathgor�e parallhlismoÔ dhmiourge� polu�rijme parallagè, pou se pollè peript¸-sei dÔskola taxinomoÔntai[42, 175℄. Oi pio gnwsto� EA qamhl  an�lush e�nai oikatanemhmènoi EA   EA me nhs�de kai oi pio gnwsto� EA uyhl  an�lush e�nai oikutarriko� EA kai oi mazik� par�llhloi EA. Oi qamhl  an�lush EA efarmìsthkankat� kÔrio lìgo se MIMD platfìrme en¸ oi uyhl  an�lush se SIMD. Genik� ìloioi par�llhloi EA qarakthr�zontai ìpw anafèretai sthn ergas�a twn P. Calegari, G.

Coray, A. Hertz, D. Kobler kai P. Kuonen [41℄ apì èna e�do sumbibasmoÔ an�mesasthn poiìthta lÔsh kai sthn epit�qunsh.Sthn taxinìmhsh tou Alba kai twn sunergat¸n tou [29℄ sugqèontai oi par�llhloi exeli-ktiko� algìrijmoi pou bas�zontai se katanemhmènou plhjusmoÔ me tou par�llhlouubridikoÔ exeliktikoÔ algor�jmou se nhs�de. O plhjusmì enì par�llhlou EAmpore� na dianemhje� se mia apomakrusmènh mon�da epexergas�a kai kat� sunèpeia mpo-re� na jewrhje� èna sÔnolo dianemhmènwn uposunìlwn plhjusmoÔ pou ja mporoÔsan najewrhjoÔn nhs�de. 'Omw autì to sÔnolo uposunìlwn plhjusm¸n diamorf¸nei ènanenia�o plhjusmì upì thn proupìjesh oti oi nhs�de exel�ssontai anex�rthta kai suner-g�zontai. H epilog  th qr sh enì plhjusmoÔ   nhs�dwn kai epilog  th dianom tou plhjusmoÔ prèpei na diaqwriste� [29, 136℄.Pollè forè sth bibliograf�a g�netai kak  qr sh tou ìrou Par�llhlo ExeliktikìAlgìrijmo kai qrhsimopoie�tai mìno gia thn perigraf  enì exeliktikoÔ algor�jmoubasismènou sto montèlo nhs�dwn [180, 117℄.Mia �llh polÔ kal  prìsfath taxinìmhsh twn par�llhlwn metaeuretik¸n algor�j-mwn ègine apì ton Talbi [202]. O ìro metaeuretikì anafèretai e�te se EA e�te se



5.1 : Apì èna �tomo se èna plhjusmì 141paradosiakoÔ euretikoÔ algor�jmou pou mporoÔn na efarmostoÔn se diaforetik�probl mata se ant�jesh me tou euretikoÔ algor�jmou pou sqedi�sthkan gia thnep�lush sugkekrimènwn problhm�twn. Sthn an�lush aut  g�netai mia polÔ kal  ana-for� se jèmata sqediasmoÔ kai efarmog  twn metaeuretik¸n algor�jmwn. Sta jèmatasqediasmoÔ èqoume mia ier�rqhsh-kathgoriopo�hsh tou trìpou me ton opo�o g�netai hubridopoihsh twn algor�jmwn.H taxinìmhsh tou Talbi parousi�zetai sto Kef�laio 1 ìpw efarmìzetai se akoloujia-koÔ algor�jmou. Ed¸ h taxinìmhsh Talbi (bl. 5.1) epekte�netai ¸ste na perilamb�neikai ta jèmata par�llhlh ulopo�hsh. Me ton ìro qamhloÔ epipèdou L anaferìmastesti peript¸sei pou o plhjusmì diaire�tai se mikrìterou upoplhjusmoÔ en¸ me tonìro uyhloÔ epipèdou anaferìmaste sti peript¸sei pou o plhjusmì e�nai qwrismènose pollè mikrè periorismène geitonikè perioqè. Sthn pr¸th per�ptwsh oi upoplh-jusmo� dianèmontai se di�forou epexergastè ìpou kai exelissontai. Sthn deuterhper�ptwsh oi upoplhjusmo� stèlnontai ìloi se geitonikoÔ epexergastè. Oi ìroi ane-x�rthth exèlixh kai sunexèlixh R kai C anafèrontai ant�stoiqa sthn peript¸sh pou hexèlixh g�netai anex�rthta se k�je epexergast  kai sthn per�ptwsh ìpou oi plhjusmo�exel�ssontai se nhs�de pou èqoun thn dunatìthta na epikoinwnoÔn apeuje�a h mia methn �llh. An o MA e�nai eterogen  (het), mpore� na apaitoÔntai di�fore pijan¸diaforetikè parallhlopoi sei. An k�je mèjodo qeir�zetai èna diaforetikì prìblhma
(spe)   èna epimèrou prìblhma (par), tìte h katanom  twn MA se diaforetikè mo-n�de epexergas�a epitrèpei thn katanom  twn dedomènwn analìgw, kai w ek toÔtouup�rqei èna kèrdo sth qr sh th mn mh. Sthn ant�jeth per�ptwsh, kat� thn opo�a



142 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnSumbolismì Perigraf  - Qarakthrismì
L QamhloÔ epipèdou
H UyhloÔ epipèdou
R Anex�rthth Exèlixh
C Sunexèlixh

hom Omogene�
het Eterogene�
par Diatmhsh Q¸rou Anaz thsh
glo 'Olo o q¸ro anaz thsh
spe EidikoÔ skopoÔ probl mata
gen GenikoÔ skopoÔ probl mataP�naka 5.1: Taxinìmhsh tou Talbiìle oi mèjodoi anazhtoÔn ston �dio q¸ro anaz thsh (glo, gen) den mpore� na up�rqeikèrdo sth qr sh th mn mh. Sth diatrib  ma ja asqolhjoÔme me thn par�llhlhulopo�hsh twn MA. O qrìno ektèlesh twn akoloujiak¸n MA e�nai polÔ meg�lo kaise arketè peript¸sei apagoreutikì se èna sumbatikì upologist . Sta pla�sia thprosp�jeia oi algìrijmoi auto� na g�noun pio gr goroi, apotelesmatiko� kai euèliktoient�ssetai kai h ulopo�hsh aut¸n se di�fore nhs�de epexergast¸n th peiramatik sustoiq�a tou Panepisthm�ou Makedon�a.

5.1.1 Par�llhloi Exeliktiko� Algìrijmoi Qamhl An�lush (Montèlo Metan�steush)Pollo� exeliktiko� algìrijmoi kai �lloi ubridiko� metaeuretiko� algìrijmoi me kata-nemhmène plhjusmiakè domè èqoun perigrafe� sthn diejn  bibliograf�a [60℄. Sta



5.1 : Apì èna �tomo se èna plhjusmì 143montèla qamhl  an�lush o plhjusmì diaire�tai se upoplhjusmoÔ. K�je upoplh-jusmì exel�ssetai anex�rthta apì tou upìloipou gia k�poio arijmì geni¸n. Met�thn per�odo apomìnwsh èna arijmì atìmwn antall�ssetai metaxÔ twn upoplhjusm¸n[93℄. O arijmì twn atìmwn pou antall�ssontai, h mèjodo epilog  twn atìmwn prometan�steush kai h mèjodo metan�stasteush kajor�zei thn genetik  apìklish metaxÔtwn upoplhjusm¸n kai thn antallag  plhrofor�a metaxÔ twn upoplhjusm¸n.Oi apomonwmènoi upoplhjusmo� bohjoÔn sthn diat rhsh th genetik  apìklish. Oigìnoi enì upoplhjusmoÔ e�nai sqetik� apomonwmènoi apì tou gìnou twn upolo�pwn.'Etsi k�je upoplhjusmì diereun� èna diaforetikì mèro tou q¸rou lÔsewn.Arketo� ereunhtè qrhsimopoioÔn mia tètoia teqnik  gia na epiteuqje� megalÔterh ta-qÔthta kai gia na epitrape� se polÔ megalÔtera plhjusmiak� megèjh na anameiqjoÔnse logikoÔ qronou [193℄ en¸ �lloi qrhsimopoioÔn polu�rijmou mikroÔ, suneq¸allhloephreazìmenou upoplhjusmoÔ oi opo�oi exel�ssontai par�llhla [50℄.Sta montèla metan�steush o plhjusmì e�nai qwrismèno se l�gou, sqetik� apomo-nwmènou upoplhjusmoÔ [40℄. K�je upoplhjusmì qrhsimopoie� ènan anex�rthto EApar�llhla me tou �llou, gia thn beltistopo�hsh twn gìnwn tou. Kat� diast ma-ta, k�poioi apì tou kalÔterou gìnou metanasteÔoun tuqa�a metaxÔ opoiond poteupoplhjusm¸n. Se merikè ulopoi sei h metan�steush twn kalutèrwn gìnwn g�netaimetaxÔ geitonik¸n plhjusm¸n (Bhmatikì montèlo). Sunhjw stou metaeuretikoÔ deng�netai di�krish metaxÔ tou montèlou nhs�dwn kai tou bhmatikoÔ montèlou kai antime-twp�zontai mèsa sta pla�sia tou montèlou metan�steush [202, 152℄.



144 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnPollè forè qrhsimopoihjhke to montèlo th metan�steush gia genetikoÔ algor�j-mou GA   exeliktikoÔ algor�jmou EA me tuqa�a metan�steush gìnwn[21, 3℄. Toolikì bèltisto brèjhke me megalÔterh epituq�a k�nonta qr sh tou montèlou metan�-steush, par� me thn qr sh apomonwmènwn plhjusm¸n. H sÔgklish  tan taqÔterh methn qr sh meg�lou posostoÔ metan�steush [4℄.Poll� stoiqe�a gia thn apotelesmatikìthta kai thn apodotikìthta twn par�llhlwn EAse sqèsh me �lle exeliktikè teqnikè mporoÔme na doume sti ergas�e twn P. Surrykai N. J. Radcliffe [177℄, twn C.B. Pettey, M. R. Leuze kai J. J. Grefenstette [170℄ kaitwn E. Alba kai J. M. Troya [10℄.Oi mimhtiko� algìrijmoi qarakthr�zontai w kalè mèjodoi gia thn diereÔnhsh arket¸nprobl matwn [154, 159, 167, 153] me meg�lou q¸rou anaz thsh [146, 177, 47, 91,

156]. Autì ofe�letai sto oti ta �toma pou apart�zoun ton plhjusmì exel�ssontai ane-x�rthta pro thn ep�teuxh mia kal  upoy fia lÔsh [160, 156, 72]. To mègejotwn perioq¸n pou exereunoÔntai tautìqrona apì èna MA exart�tai apì ton arijmìtwn atìmwn tou plhjusmoÔ ìpw kai stou upìloipou exeliktikoÔ algor�jmou[18].O arijmì twn atìmwn pou apaite�tai gia na èqoume mia kal  diereÔnhsh tou q¸rouanaz thsh einai sun jw meg�lo [155, 138, 65]. 'Ena akìma lìgo gia ton opo�ojewroÔntai kalè mejodoi e�nai ìti qrhsimopoioÔn mejìdou topik  anaz thsh printhn exèlixh tou plhjusmoÔ [156]. To gegonì ìti h diaqe�rish poll¸n atìmwn e�naiidia�tera qrìnobìra [10, 210, 211] kai ìti to posì anex�rthth epexergas�a pou apai-te�tai gia thn exèlixh twn atìmwn einai sqetik� meg�lo ma odhghse ston parallhlismìtwn en lìgw mejìdwn.



5.2 : Ep�peda Parallhlopo�hsh 1455.2 Ep�peda Parallhlopo�hsh'Ena ep�pedo parallhlopo�hsh opoioud pote Par�llhlou ExeliktikoÔ   Metaeureti-koÔ Algor�jmou pio genik�, perigr�fei ton temaqismì (granularity) autoÔ se mikrìteremon�de (ontìthte). To ep�pedo kajor�zetai apì to mikrìtero mègejo x twn onto-t twn pou dianèmontai se k�je mia apì ti mon�de epexergas�a. Ston p�naka 5.2blèpoume ta tèssera pr¸ta ep�peda parallhlopo�hsh gia èna exeliktikì algìrijmo.To ep�pedo parallhlopo�hsh L−1 upodhl¸nei mia prosèggish uyhl  an�lush pa-rallhlopo�hsh. Se autì to ep�pedo k�je mon�da epexergas�a qeir�zetai èna mìnotm ma enì atìmou kai o arijmì twn apara�thtwn mon�dwn epexergas�a e�nai meg�lo.Ep�sh, to anamenìmeno fort�o epikoinwn�a e�nai polÔ meg�lo. An oi alfarijmoseirè(bit) twn atìmwn èqoun kwdikopoihje� duadik�, tìte mia mon�da epexergas�a eujÔnetaigia orismèna stoiqe�a enì atìmou (p.q. h mon�da epexergas�a 5 eujÔnetai gia to 5ostoiqe�o k�je alfarijmoseir� duadik¸n stoiqe�wn bit). O arijmì twn apaitoÔmenwnmon�dwn epexergas�a kai tou fort�ou epikoinwn�a e�nai uyhlì.To ep�pedo parallhlopo�hsh L0 e�nai to mèso ep�pedo kaj¸ antistoiqe� sthn kat�-tmhsh enì plhjusmoÔ se upoplhjusmoÔ. SÔmfwna me thn kat�tmhsh aut  oi plhro-for�e sqetik� me olìklhro ton plhjusmì prèpei na diathroÔntai sunepe�, kai sunep¸to fort�o epikoinwn�a ja e�nai pijanìtata uyhlì. H parallhlopo�hsh aut  or�zetai wolik  parallhlopo�hsh (global parallelization) sto [42]. To ep�pedo parallhlopo�h-sh L1 e�nai to pio dhmofilè ep�pedo sth bibliograf�a kaj¸ e�nai to pio eÔkolo naefarmoste� se EA [42, 3]. H basik  ma idèa e�nai h efarmog  enì arqikoÔ MA se



146 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnEp�pedo Ontìthta ana mon�da epexergas�a Mègejo x gia k�je ontìthta
L−1(x) Apokwd. stoiqe�ou 1 apokwdik. tm ma atìmou x ∈ [1, |ind| − 1]

L0(x) Atìmou 1 upoplhjusmì x ∈ [1, |pop| − 1]
L1(x) PlhjusmoÔ 1 uposunolo arqipel�gou x ∈ [1, |arch| − 1]

L2(x) Arqipèlagou 1 sÔnolo plhjusm¸n ......P�naka 5.2: Di�fora ep�peda Parallhlopo�hsh Mimhtik¸nAlgor�jmwn
anex�rthtou plhjusmoÔ (  nhs�de). H apl  efarmog  enì par�llhlou MA epipè-dou L1 den e�nai polÔplokh: k�je mon�da epexergas�a qeir�zetai mia apomakrusmènhnhs�da kai efarmìzei to seiriakì MA topik� (upì ton ìro ìti o arijmì twn atìmwn e�-nai toul�qiston dipl�sio apì ton arijmì twn diajèsimwn mon�dwn epexergas�a. Sthnant�jeth per�ptwsh, oi nhs�de me èna �tomo jewroÔntai �toma kai sunep¸ epipèdou
L0). To L1 perilamb�nei, ep�sh, pio polÔploka sqèdia pou epitrèpoun thn Ôparxhperissìterwn nhs�dwn apì ì,ti mon�de epexergas�a. Oi upoplhjusmo� pou apote-loÔn tm ma enì mìnou plhjusmoÔ den prèpei na anameignÔontai me anex�rthte nhs�dekaj¸ den exel�ssontai sÔmfwna me ton �dio algìrijmo. Pollè anex�rthte nhs�deapart�zoun èna arqipèlago . Ta meionekt mata th uyhl  anisorrop�a fort�ou apomia �nish dianom  twn nhs�dwn [28℄ kai to meionèkthma uyhl  epib�runsh epikoinwn�a[29℄ mporoÔn na exaleifjoÔn apì mia mèjodo proepexergas�a dianom  twn nhs�dwn,ìpou oi upoplhjusmo� topojetoÔntai se èna apì tou p stajmoÔ ergas�a ètsi ¸ste hdiafor� an�mesa sto mègejo tou upoplhjusmoÔ sto mikrìtero kai megalÔtero stajmìergas�a na elaqistopoie�tai.



5.2 : Ep�peda Parallhlopo�hsh 147H DMA pou parousi�sthke sto kef�laio 3 ma d�nei thn dunatìthta na d¸soume ìleti apara�thte plhrofor�e gia tou mimhtikoÔ kai genikìtera gia tou ubridikoÔmetaeuretikoÔ algor�jmou. Me thn taxinìmhsh ìmw tou Talbi [202℄ pou anafèramekai sto kef�laio 1 diakr�noume ti parak�tw peript¸sei par�llhlwn metaeuretik¸nalgor�jmwn ti opo�e kai qrhsimopoi same gia ton perigraf  kai twn dik¸n ma ulo-poi sewn.Ubridik  sunexèlixh uyhloÔ epipèdou-(HCH)H ubridik  sunexèlixh uyhloÔ epipèdou HCH antistoiqe� sto montèlo nhs�da epipèdou
L1. H epilog  tou kalÔterou epipèdou Ll (Ll ∈ [L−1, L0]) bas�zetai sthn efarmog twn algorijmik¸n bhm�twn se k�je nhs�da. Gia paradeigma anafèroume thn per�ptwsheno EA ston opo�o periodik� oi apìgonoi me kal  poiìthta, tuqa�a dialegmènoi me-tanasteÔoun metaxÔ twn geitonik¸n epexergast¸n kai antikajistoÔn tou qeirìterougìnou twn lhpt¸n. H antallag  sto par�deigma autì den g�netai p�nta me tou idiouepexergastè. Oi algìrijmoi pou qrhsimopoiountai e�nai omogene� kai k�jena apìautoÔ lÔnei to �dio prìblhma sto �dio di�sthma anaz thsh.Ubridik  anexarths�a uyhloÔ epipèdou-(HRH)H t�xh ubridik  anexarths�a uyhloÔ epipèdou HRH perigr�fei anex�rthtou metaeure-tikoÔ pou ekteloÔntai diadoqik�. Gia par�deigma ja anafèrame èna EA o opo�o mpore�na qrhsimopoihje� gia thn exeÔresh mia lÔsh, h opo�a ja beltiwje� apì ènan algìrijmotopik  anaz thsh,   èna MA o opo�o mpore� na l�bei w dedomèno ta apotelèsmata



148 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnenì algor�jmou topik  anaz thsh . Kai oi dÔo lÔsei mporoÔn na efarmostoÔn akìmakai h m�a met� thn �llh. H parallhlopo�hsh enì tètoiou ubridikoÔ algìrijmou mpore�na pragmatopoihje� parallhlopoi¸nta anex�rthta k�je metaeuretik  mèjodo. H ektè-lesh twn metaeuretik¸n mpore� na paragmatopoihje� sth sunèqeia sti �die mon�deepexergas�a, seiriak�, kaj¸ k�je mia apaite� to telikì apotèlesma th prohgoÔme-nh. Ep�sh, ja  tan dunat  mia par�llhlh efarmog  me prosèggish diaswl nwsh,an programmat�zontai pollè diadoqikè efarmogè kai an oi diaforetikè f�sei e�qanper�pou ton �dio qrìno ektèlesh. Parìla aut�, h apìdosh mia mìno ektèlesh toualgìrijmou den ja  tan kajìlou kal  kaj¸ ja qrhsimopoioÔntai �mesa mìno oi mon�-de epexergas�a pou e�nai upeÔjune gia èna metaeuretikì b ma.Ubridik  sunexèlixh qamhloÔ epipèdou-(LCH)H t�xh ubridik  sunexèlixh qamhloÔ epipèdou LCH qarakthr�zei tou algìrijmoustou opo�ou èna metaeuretikì b ma antikaj�statai apì mia �llh metaeuretik  lei-tourg�a. 'Ena par�deigma gia aut  thn per�ptwsh apotele� kai h per�ptwsh sthn opo�ao plhjusmì enì MA belti¸netai apì èna algìrijmo topik  anaz thsh LS se k�jegene�. O algìrijmo (LS) pragmatopoie� anex�rthte anazhthsei gia na belti¸sei ta�toma enì plhjusmoÔ.Ubridik  anexarths�a qamhloÔ epipèdou-(LRH)H t�xh ubridik  anexarths�a qamhloÔ epipèdou LRH anaparist� tou algìrijmou



5.3 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn 149stou opo�ou mia metaeuretik  mèjodo enswmat¸netai se mia euretik  mia kai mì-no lÔsh. Sthn per�ptwsh aut  o MA mpore� na parallhliste� san na  tan mìnokai anex�rthto. Kaj¸ o algìrijmo ja prèpei na efarmoste� pollè forè (gia naparèqei to telikì tou apotèlesma ston telikì ubridikì algìrijmo ìpou enswmatwne-tai), èna sÔsthma apomnhmìneush twn sunolik¸n dedomènwn tou probl mato metaxÔdÔo ektelèsewn odhge� sthn �skoph dap�nh qrìnou kaj¸ ja prèpei na g�nei ek nèouan�gnwsh autoÔ.
5.3 Par�llhlh Ulopo�hsh Mimhtik¸n Al-gor�jmwnGia ti par�llhle ulopo�hsei ma qrhsimopoihsame th peiramatik  sustoiq�a tou Pa-nepisthm�ou Makedon�a. Sto sq ma 5.1 èqoume èna par�deigma kat�tmhsh 3 nhs�dwn7 epexergast¸n th peiramatik  sustoiq�a tou Panepisthm�ou Makedon�a. K�je nh-s�da apart�zetai apì èna stajmì ergas�a suntonist  kai mia sullog  apì stajmoÔergas�a ergazomènou. O suntonist  kaje nhs�da sth genik  per�ptwsh qrhsimo-poie�tai gia na diamer�sei mia om�da plhjusm¸n se èna sÔnolo apì di�forou mikrìterouupoplhjusmoÔ.K�je nhs�da epexergast¸n ektele� to �dio algorijmikì montèlo an prìkeitai gia ti me-jodou PMA1-PMA3   èna diaforetikì apì ti upìloipe an prìkeitai gia thn PMA4.



150 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn

Sq ma 5.1: Katanom  3 nhs�dwn se 7 epexergastikè monade thpeiramatik  sustoiqia tou PAMAK
Sthn pr¸th per�ptwsh èqoume omoiogèneia w pro ta e�dh twn algor�jmwn.Sthn arq  th ektèlesh enì MA ta dedomèna prèpei sun jw na katanèmontai sek�je mon�da epexergas�a. H katanom  mpore� se genikè grammè na e�nai qronobì-ra an�loga me ta qarakthristik� tou diktuou pou qrhsimopoie�tai   tou parallhlousust mato (kur�w th arqitektonik  tou). E�nai shmantikì to kat� pìso k�je mo-n�da epexergas�a mpore� na èqei prìsbash sto �dio sÔsthma arqe�wn gia na p�rei tiplhrofor�e th   kat� pìso mia mìno mon�da epexergas�a mpore� na fort¸sei tiplhrofor�e kai na ti metad¸sei se �lle mon�da epexergas�a p− 1. Ta probl mataantagwnismoÔ prèpei na apofeÔgontai ìso to dunatìn perissìtero. To prìblhma autìden afor� sugkekrimèna ènan par�llhlo MA: e�nai koinì se ìlou tou par�llhloualgìrijmou. H melèth tou, epomènw, e�nai polÔ genik  gia na suzhthje� sto parìnkef�laio. 'Etsi, jewroÔme ìti sto upìloipo kef�laio oi plhrofor�e diat�jentai topik�se k�je mon�da epexergas�a sthn arq  th ektèlesh tou progr�mmato.



5.3 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn 151H epilog  th kalÔterh teqnik  parallhlopo�hsh exart�tai apì ton �dio ton al-gìrijmo, all� kai apì k�poie idiìthte tou probl mato, ìtan e�nai gnwstè ek twnprotèrwn (kl�maka megèjou nhs�da, posost� anasunduasmoÔ klp.). O upologismìth tim  th poiìthta apaite� polÔploke prosomoi¸sei kai o qrìno pou afier¸netaisthn ergas�a aut  mpore� na e�nai megalÔtero apì eke�non th �dia th exeliktik  dia-dikas�a. To krit rio autì den emfan�zetai sthn DMA kaj¸ sundèetai se shmantikìbajmì me to prìblhma. Parol' aut�, prèpei na lhfje� upìyh kat� thn parallhlopo�hshenì MA.Ep�peda : Ta ep�peda parallhlismoÔ pou qarakthr�zoun thn ulopo�hsh ma e�nai tr�-a kai or�zontai b�sei tou arijmoÔ twn mon�dwn epexergas�a p kai tou arijmoÔ twnnhs�dwn I pou apoteloÔntai apì n �toma h kajem�a. Pio sugkekrimèna� An p ≤ I tìte to ep�pedo parallhlismoÔ e�nai L1
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).� An I < p < 2I tìte to ep�pedo tou parallhlismoÔ e�nai L1(1)//L0
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).� An 2I 6 p tìte to ep�pedo parallhlismoÔ e�nai L0
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.H katanom  twn I nhs�dwn se p mon�de epexergas�a g�netai me b�sei ta akìlouja:� An p 6 I tìte (I mod p) mon�de epexergas�a qeir�zontai ⌈I

p

⌉ en¸ oi upìloipemon�de epexergas�a qeir�zontai ⌊I

p

⌋.� An I < p < 2I tìte k�je mon�da epexergas�a qeir�zetai èna plhjusmì megèjou
n atìmwn   enallaktik� èna upoplhjusmì megèjo ⌊n

2

⌋   ⌈n

2

⌉.



152 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn� An 2I 6 p tìte k�je mon�da epexergas�a qeir�zetai èna upoplhjusmì megèjou
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An p 6 I, oi nhs�de katanèmontai sti mon�de epexergas�a qwr� na epimer�zontaiperaitèrw. H jewrhtik  epit�qunsh (me mhdenikì kìsto epikoinwn�a) se aut  thnper�ptwsh e�nai Sp6I
Iislands(p) =

I
⌈

I

p

⌉ .An p > I, oi mon�de epexergas�a qeir�zontai h k�jemia èna mèro th nhs�da.Dhlad  mia nhs�da qwr�zetai se ⌊p
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⌋ tm mata. To mègejo tou megaluterou upo-plhjusmoÔ einai 
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kai h jewrhtik  epit�gqunsh (qwr� kìsto epikoinwn�a)e�naiSp>I
IsizenIslands(p) =
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Sto tèlo th ektèlesh enì MA, ta kalÔtera �toma pou entop�sthkan prèpei na e�naignwst� toul�qiston se mia mon�da epexergas�a pou èqei epileqje� ek twn protèrwn.H gn¸sh tou kalÔterou atìmou prèpei, me ton trìpo autì, na sugkentrwje� se miamon�da epexergas�a sto tèlo th ektèlesh   na diathre�tai enhmerwmènh kat� thdi�rkeia th ektèlesh h mon�da epexergas�a.Antallag  Plhrofor�a:Me th diadikas�a th antallag  plhrofori¸n metaxÔtwn plhjusm¸n petÔqame el�ttwsh twn mh apotelesmatik¸n diairèsewn tou q¸rou ana-z thsh. H antallag  th plhrofor�a metaxÔ twn upoplhjusm¸n tou epitrèpei nasunerg�zontai en¸ me thn qr sh th topik  anaz thsh enisqÔei thn ekmet�lleushelpidofìrwn perioq¸n tou q¸rou anaz thsh k�jw kai th me�wsh th pijanìthta naapwlesje� qr simo genetikì ulikì. Eidik� sthn mejodo PMA4 e�nai dunatìn mia apì



5.3 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn 153ti eterogene� mejodolog�e pou ekteloÔntai sti di�fore nhs�de epexergast¸n naèqei megalÔterh ep�drash sthn apìdosh twn upolo�pwn.Exèlixh: H exèlixh genealogik  antikat�stash apaite� sugqronismì metaxÔ twndiadoqik¸n gene¸n. 'Etsi, e�nai polÔ eua�sjhth sth d�kaih katanom  mia ergas�a. Hefarmog  se èna d�ktuo upologist¸n fa�netai kat�llhlh, an h topolog�a tou q¸rou touMA mpore� na apeikoniste� se aut  tou diktÔou tou upologist . Parol' aut�, den e�naisun jw apara�thto na sugqron�soume ti mon�de epexergas�a metaxÔ diadoqik¸n ge-ne¸n kaj¸ o sugqronismì autì e�nai mia anepijÔmhth enèrgeia gia thn apìdosh sesusthma antallag  mhnum�twn.H exèlixh stajer  kat�stash e�nai sÔgqronh, all�zei, ìmw, mìno merikè ontìthte
e se k�je geni�. To sÔnolo S qrhsimopoie�tai w dexamen  ìpou epilègontai   antikaj�-stantai ta stoiqe�a. Oi plhrofor�e tou sunìlou e�nai epomènw apara�thte. Kaj¸ tomegalÔtero mèro tou upologistikoÔ fort�ou ofe�letai sthn exèlixh twn ontot twn oèlegqo th katallhlothta twn ontot twn mpore� na katanemhje� se apomakrusmènemon�de epexergas�a. Epomènw, h exèlixh stajer  kat�stash jewre�tai kat�llhlhgia to montèlo suntonist  / ergazomènou pou efarmìzetai se k�je nhs�da. O sun-tonist  diaqeir�zetai to sÔnolo S kai elègqei tou ergazìmenou pou qeir�zontai tastoiqe�a e. MetaxÔ twn suntonist¸n kai twn ergazomènwn antall�ssetai mìno ènamikrì arijmì ontothtwn, ta opo�a prèpei na all�xoun, kai epomènw to fort�o epikoi-nwn�a paramènei qamhlì[42].Anasunduasmì kai Met�llaxh: H mèjodo pou akolouje�tai gia to st�diotou anasunduasmoÔ kai th met�llaxh epidr� shmantik� sto fort�o epikoinwn�a enì



154 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnpar�llhlou algìrijmou pou prèpei na antall�xei ta stoiqe�a aut� aux�netai sthn �diaanalog�a. Sun jw efarmìzetai algìrijmo topik  anaz thsh (pq. kateujunìmenhtopik  anaz thsh) se ìla sqedìn ti ontìthte e tautoqrìnw. O mhqanismì touanasunduasmoÔ den efarmìzetai sun jw se ìla ta zeug�ria twn atìmwn pou èqounepilege� gia anaparagwg . Oi proteinìmene jèsei gia thn pijanìthta anasunduasmoÔe�nai pc = 0,6..0,95 [146, 198, 154, 81, 141].Oi proteinomene timè gia to posostì met�llaxh e�nai pm = 0, 001 , pm = 0, 01 kai
pm = [0, 005....0, 01], [191, 161, 16]. H tim  th suqnìthta met�llaxh e�nai anti-strìfw an�logh tou megèjou plhjusmoÔ. O mhqanismì th met�llaxh bohj� tonmimhtikì algìrijmo na diafeÔgei apì ta topik� akrìtata, parèqonta mia epiplèon su-nist¸sa tuqaiìthta sth diadikas�a th exèlixh [111, 139, 123]. Mia �llh leitourg�ath met�llaxh, h opo�a èqei shmas�a mìno sthn per�ptwsh pou èqei prosdioriste� ar-ket� h bèltisth lÔsh, e�nai h dhmiourg�a mikr¸n diataraq¸n kont� sthn perioq  touakrot�tou gia thn epit�qunsh th diadikas�a th sÔgklish.Istorikì Exèlixh: An to mègejo mia ontìthta (plhjusmoÔ, nhs�da) S e�naimeg�lo, o pr¸to aplì trìpo parallhlopo�hsh tou algor�jmou e�nai o katamerismìtwn stoiqe�wn tou S se uposÔnola p megèjou [

|S|

p
]. An to sÔnolo S katatmhje� sedi�fore mon�de epexergas�a kai an to istorikì tou qrhsimopoie�tai w phg  plh-rofori¸n, tìte to istorikì autì ja prèpei na diathre�tai stajerì kai k�je mon�daepexergas�a prèpei na mpore� na èqei prìsbash se autì, ìtan e�nai apara�thto. Toupologistikì kìsto th prìsbash aut  e�nai uyhlì, ìson afor� thn epikoinwn�a,



5.3 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn 155ìpoia teqnik  kai an qrhsimopoihje� gia na pragmatopoihje�. Ep�sh, to istorikì exè-lixh all�zei se k�je geni� (  akìma kai pio suqn�) aux�nonta to fort�o epikoinwn�a[55℄. H epikoinwn�a pou apaite�tai gia thn aneÔresh twn apaitoÔmenwn plhrofori¸n apìtou apogìnou e�nai an�logh pro ton arijmì twn gonèwn, thn posìthta twn plhrofo-ri¸n pou antall�ssetai apì tou gone� kai th suqnìthta twn antallag¸n aut¸n. Topijanì autì fort�o epikoinwn�a kajor�zetai apì ton arijmì twn gonèwn kai to posostìantallag . An oi timè e�nai qamhlè, sunist�tai o diaqwrismì tou sunìlou S.5.3.1 Montèlo Suntonist  ErgazìmenoH prosèggish Suntonist  / Ergazomènou e�nai kat�llhlh gia na epitaqunje� to st�dioth topik  anaz thsh tou algìrijmou. To mègejo twn stoiqe�wn den prèpei na e�naipolÔ shmantikì se sÔgkrish me thn poluplokìthta tou algor�jmou topik  anaz thsh,eid�llw ja  tan kalÔtero na mhn g�nei parallhlopo�hsh autoÔ tou tm mato tou MA.Kat� thn ulopo�hsh tou Suntonist  / Ergazomènou k�name ti akìlouje paradoqè:� Oi stajmo� ergas�a èqoun èna anagnwristikì myid kai arijmoÔntai apì 1 èw p� Oi upoplhjusmo� katanèmontai metaxÔ twn diafìrwn stajm¸n ergas�a kai exe-l�ssontai topik�.O algìrijmo pou parat�jetai sto sq ma 5.2 perigr�fei ton kajorismì twn nhs�dwnsthn ulopo�hsh ma kai ton kajorismì th mejìdou exèlixh twn nhs�dwn.Sti epìmene upoenìthte ja perigr�youme 3 peript¸sei ulopoi sh pou bas�zontaisto montèlo suntonist  - ergazìmeno. H pr¸th afor� parallhlh ulopo�hsh twn



156 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnKajìrise k arqikè nhs�de epexergast¸n P 0, ..., P k−1 kai dièneime ènaarqipèlago se k arqikè nhs�de pop0, ..., popk−1Gene� = 0Gia k�je nhs�da epexergast¸n P i dia�rese thn nhs�da popi se g upoplhjusmoÔ
subpopj, ..., subpopg−1Gene� = Gene� + 1Ef�rmose mia apì ti mejìdou (blèpe 5.3.2, 5.3.3, 5.3.4 ) se k�je popi.An èqei sqhmatiste� o apara�thto arijmì kal¸n lÔsewn th nhs�da popi autèmetanasteÔoun sto pop(i+1)modkAn toul�qiston m�a lÔsh parel fjh apì to pop(i−1)modktìte h lush pou paral fjhke topojete�tai sto popiElègqetai an k�poia nhs�da ikanopoie� th sunj kh termatismoÔ kai an ìqi tìteepistrèfoume sto b ma 3.Sq ma 5.2: Montèlo Nhs�dwn Mimhtik¸n Algor�jmwn se Nhs�deepexergast¸nMA me prosomoioumenh anìpthsh, h deÔterh MA me apotreptik  anaz thsh kai h tr�thMA me kateujunìmenh topik  anaz thsh. Ti ulopoihsei autè ja ti onom�zoume apìedw kai sto exh PMA1, PMA2, PMA3. En¸ thn tetarth per�ptwsh kata thn opo�aèqoume mia ubridikh twn parap�nw ulopo�hsh thn onom�zoume PMA4.Me b�sh thn taxinìmhsh tou Talbi h perigraf  tou montèlou or�zetai gia k�je mia apìti ulopoi sei ma w ex :1. Parallhloi MA me ProswmoioÔmenh Anìpthsh PMA1 :

HCH(HRH(EA+LCH(EA(SA)) (het,par,gen)) (het, par, gen) (hom,par, gen) (hom, glo,gen)2. Parallhloi MA me Apotreptik  Anaz thsh PMA2 :
HCH(HRH(EA+LCH(EA(TS)) (het,par,gen)) (het, par, gen) (hom,par, gen) (hom, glo,gen)3. Parallhloi MA me Kateujunìmenh Topik  Anaz thsh PMA3 :
HCH(HRH(EA+LCH(EA(GLS)) (het,par,gen)) (het, par, gen) (hom,par, gen) (hom,

glo,gen)4. Parallhloi MA Ubridikh Per�ptwsh PMA4 :
HCH(HRH(EA+LCH(EA(SA)+HRH(EA+LCH(EA(TS)+HRH(EA+LCH(EA(GLS))
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(het,par,gen)) (het, par, gen) (hom, par, gen) (het, glo,gen).

5.3.2 Par�llhlh Ulopo�hshMA me Apotreptik  Ana-z thsh - PMA11. (SUNTONISTHS) Upolog�zoume th sun�rthsh katallhlìthta f(m) giak�je �tomo se èna plhjusmì.2. (SUNTONISTHS) Ta shme�a taxinomoÔntai kat� aÔxousa tim  th antikei-menik  sun�rthsh kai apojhkeÔontai se èna di�nusma D = {mi, fi}.3. (DIANOMH APO SUNTONISTH SE ERGAZOMENOUS) Tastoiqe�a tou D qwr�zontai se p plhjusmoÔ pop[1], pop[2], ..., , pop[p] ta opo�a kaidianèmontai stou ergazìmenou. To idio kai h apotreptik  l�sta Z pou sthnprwth ektelesh einai mhdenik .4. (ERGAZOMENOI) Gia k�je om�da pop[1...p] efarmìzetai h diadikas�a th ana-paragwg  se k�je èna apì tou ergazìmenou.5. (ERGAZOMENOI) Se k�je om�da xekin�me apì èna sÔnolo lÔsewn m∗
0...t kaipar�goume z = 3 sÔnola geitonik¸n lÔsewn M0...3 kai to kalÔtero poiotik� exaut¸n apotele� to nèo sÔnolo upoyhfiwn lÔsewn s∗1, gÔrw apì to opo�o genn¸ntaioi epìmene geitonikè lÔsei.6. (SUNTONISTHS Enhmèrwsh)Met� thn antikat�stash tou s apì to s+

1 to s mpa�nei sthn topik  apagoreumènh l�sta tou ergazomènou. Mìli exantlhjei



158 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnh qwrhtikìthta th apagoreumènh l�sta Zi, afairoÔme to pr¸to sÔnolo lÔsewnto opo�o e�qe apojhkeute� pr¸to. K�je ergazìmeno apostèlei thn apagoreumènhtou l�sta Zi ston suntonist  gia enhmèrwsh th olik  apagoreumènh l�sta Zh opoia kai ja dianemhje� stou ergazomenou ston epomenh geni�.7. (SUNTONISTHS Enhmèrwsh ) Oi exeligmène om�de pop[1], pop[2], pop[3],

...., pop[p] epanatopojetoÔntai sto di�nusma D. 'Etsi epilègetai h plèon uposqì-menh perioq , h perioq  dhlad  eke�nh sthn opo�a up�rqei auxhmènh pijanìthta nake�tai h bèltisth lÔsh. Auth h perioq  g�netai o nèo q¸ro efikt¸n lÔsewn.8. (ERGAZOMENOI) Sthn sunèqeia efarmozoume èna telest  anasunduasmoÔ.H suqnìthta anasunduasmoÔ e�nai pc=0.6 gia mègejo plhjusmoÔ megalÔtero tou300 kai pc=0.9 gia mègejo plhjusmoÔ mikrìtero tou 100.9. (ERGAZOMENOI) Mèsw enì telest  met�llaxh orismèna �toma tou nèouq¸rou efikt¸n lÔsewn all�zoun tim  apì 0 se 1. Ant� gia èna sunolikì posostìmet�llaxh, mporoÔn na diathrhjoÔn pijanìthte met�llaxh gia k�je metablht k�je atìmou. 'Etai k�je metablht  mpore� na èqei diaforetik  pijanìthta met�l-laxh. Aut  h pijanìthta met�llaxh mpore� na kwdikopoihje� se k�je �tomosan epiplèon plhrofor�a kai na exeliqje� maz� me to �tomo. 'Etsi epitugq�netaih auto-prosarmog  twn paramètrwn met�llaxh, tautìqrona me thn diereÔnhshtou q¸rou. Oi apìgonoi pou prokÔptoun antikajistoÔn ta qeirìtera �toma touplhjusmoÔ an h poiìthta tou e�nai toul�qiston tìso kal  ìso tou qeirìterouatìmou tou plhjusmoÔ (ex�leiyh tou qeirìterou - elimination of the worst).



5.3 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn 15910. (SUNTONISTHS Enhmèrwsh) O suntonist  sullègei tou upoplh-jusmoÔ tou epanatopojete� sto di�nusma D.H kalÔterh lÔsh stèlnetai stonsuntonist  P (i+1)modk . An toul�qiston m�a lÔsh parel fjh apì ton suntonist 
P (i−1)modk tìte h lÔsh pou paral fjhke topojete�tai sto P i.11. (SUNTONISTHS) Elègqetai an o trèqon plhjusmì   an k�poio apì touplhjusmoÔ twn �llwn suntonist¸n ikanopoie� èna toul�qiston apì ta krit riatermatismoÔ, dhlad  h sÔgklish tou algor�jmou kai to sunolikì pl jo dokim¸n.An kanèna apì ta krit ria den ikanopoie�tai, tìte o algìrijmo epanalamb�netaiapì to 4.5.3.3 Par�llhlh Ulopo�hsh MA me ProsomoioÔme-nh Anìpthsh - PMA21. (SUNTONISTHS) Upolog�zoume th sun�rthsh katallhlìthta f(m) giak�je �tomo ston plhjusmì.2. (SUNTONISTHS) Epilègontai me kapoia mejodo epilog  ta shme�a me thnkalÔterh kai qeirìterh tim  th antikeimenik  sun�rthsh kai or�zetai h arqik jermokras�a: T 0 = f0

max − f0
min.Ta shme�a taxinomoÔntai kat� aÔxousa tim  th antikeimenik  sun�rthsh kaiapojhkeÔontai se èna di�nusma D = {mi, fi}.3. (SUNTONISTHS) Ta stoiqe�a tou D qwr�zontai se p om�de pop[1], pop[2],

..., pop[p], k�je m�a apì ti opo�e perièqei o shme�a, ètsi ¸ste mk
i = mk+pi−1

me



160 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn
k = 1, 2, ..., p kai i = 1, 2, ...., o.4. (DIANOMH APO SUNTONISTH SE ERGAZOMENOUS) Oiupoplhjusmo� pop[1], pop[2], ..., , pop[p] dianèmontai stou ergazìmenou. To idiokai h jermokras�a T .5. (ERGAZOMENOI) T�jetai k = 1 shmatodot¸nta thn ènarxh nèou kÔkloujermik  isorrop�a.6. (ERGAZOMENOI) Prosdior�zontai to kalÔtero kai to qeirìtero shme�o tou
popk , fm

min kai fm
max ant�stoiqa.7. (ERGAZOMENOI) Elègqetai an h trèqousa jermokras�a tou sust matoikanopoie� th sunj kh :

Tm < ξ[fm
max − fm

min] ìpou ξ par�metro tou qronodiagr�mmato anìpthsh.8. (ERGAZOMENOI) Apì to sÔnolo twn shme�wn aut¸n m1,m2, ....,mp epi-lègetai mia koruf  w b�sei tou krithr�ou Metropolis, h opo�a kai jewre�tai wqeirìterh.9. (ERGAZOMENOI) Efìson k < kmax, t�jetai k → k + 1 kai epistrèfoumesto b ma 6. To mègisto pl jo epanal yewn se k�je kÔklo jermik  isorrop�alamb�nei mia meg�lh tim , th t�xh tou 1000 w to 100000.10. (ERGAZOMENOI) Efìson h trèqousa jermokras�a T e�nai megalÔterh apìto el�qisto ìrio Tmin, mei¸netai me b�sh thn ex�swsh T k+1 = λT k ìpou λ sun-telest  pou lamb�nei timè sto di�sthma (0,1).11. (ERGAZOMENOI) Gia k�je om�da pop[1], pop[2], pop[3], ...., pop[p] efarmìzetai



5.3 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn 161ena telest  anasunduasmoÔ kai èna telest  met�llaxh me suqnìthta pc=0.3kai pm=0.05 ant�stoiqa.H met�llaxh èqei skopì na empod�sei ton algìrijmo apìto na pagideute� mèsa se topik� akrìtata tou probl mato.12. (SUNTONISTHS Enhmèrwsh) Ta exeligmèna de�gmata pop[1], pop[2], pop[3],

...., pop[p] epanatopojetoÔntai sto di�nusma D kai sth sunèqeia taxinome�tai tosÔnolo twn shme�wn kat� aÔxousa tim  th antikeimenik  sun�rthsh.13. (ERGAZOMENOI) Sthn sunèqeia efarmozoume èna telest  anasunduasmoÔsto nèo plhjusmì. H suqnìthta anasunduasmoÔ e�nai pc=0.6 gia mègejo plh-jusmoÔ megalÔtero tou 300 kai pc=0.9 gia mègejo plhjusmoÔ mikrìtero tou100.14. (ERGAZOMENOI) Mèsw enì telest  met�llaxh orismèna �toma tou nèouq¸rou efikt¸n lÔsewn all�zoun tim  apì 0 se 1. H suqnìthta met�llaxh e�naièna mikrì arijmì pm, o opo�o lamb�nei timè sto di�sthma [0, ..., 0.2] me b ma0.005.15. (SUNTONISTHS Enhmèrwsh) O suntonist  sullègei tou upoplhju-smoÔ tou epanatopojete� sto di�nusma D. H kalÔterh lÔsh stèlnetai stonsuntonist  P (i+1)modk . An toul�qiston m�a lÔsh parel fjh apì ton suntonist 
P (i−1)modk tìte h lÔsh pou paral fjhke topojete�tai sto P i.16. (SUNTONISTHS) Elègqetai an o trèqon plhjusmì   an k�poio apì touplhjusmoÔ twn �llwn suntonist¸n ikanopoie� èna toul�qiston apì ta krit riatermatismoÔ, dhlad  h sÔgklish tou algor�jmou kai to sunolikì pl jo dokim¸n.



162 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnAn kanèna apì ta krit ria den ikanopoie�tai, tìte o algìrijmo epanalamb�netaiapì to b ma 6.5.3.4 Par�llhlh Ulopo�hsh MA me KateujunìmenhTopik  Anaz thsh - PMA31. (SUNTONISTHS) Upolog�zoume th sun�rthsh katallhlìthta f(m) giak�je �tomo se èna plhjusmì.2. (SUNTONISTHS) Epilègontai me k�poia mejodo epilog  ta shme�a me thnkalÔterh kai qeirìterh tim  th antikeimenik  sun�rthsh. Ta shme�a taxino-moÔntai kat� aÔxousa tim  th antikeimenik  sun�rthsh kai apojhkeÔontai seèna di�nusma D = {mi, fi}, tètoio ¸ste to pr¸to stoiqe�o tou na antistoiqe� stoshme�o me thn el�qisth tim  th sun�rthsh.3. (SUNTONISTHS)Ta stoiqe�a tou D qwr�zontai se p om�de pop[1], pop[2],

..., pop[p], k�je m�a apì ti opo�e perièqei o shme�a, ètsi ¸ste mk
i = mk+pi−1

me
k = 1, 2, ..., p kai i = 1, 2, ...., o.4. (DIANOMH APO SUNTONISTH SE ERGAZOMENOUS) Oiupoplhjusmo� pop[1], pop[2], ..., , pop[p] dianèmontai stou ergazìmenou.5. (ERGAZOMENOI) Gia k�je mia om�da pop[1...p] efarmìzoume ton algìrijmoth kateujunìmenh topik  anaz thsh GLS6. (ERGAZOMENOI) Gia k�je om�da pop[1], pop[2], pop[3], ...., pop[p] efarmìzetai



5.3 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn 163ena telest  anasunduasmoÔ kai èna telest  met�llaxh me suqnìthta pc=0.2kai pm=0.01 ant�stoiqa.H met�llaxh èqei skopì na enisqÔsei ton algìrijmo sthnprop�jeia na apofeuqjei o egklwbismì se topik� akrìtata tou probl mato.7. (ERGAZOMENOI Enhmèrwsh SUNTONISTH) Ta exeligmèna de�g-mata pop[1], pop[2], pop[3], ...., pop[p] epanatopojetoÔntai sto di�nusma D kai sthsunèqeia taxinome�tai to sÔnolo twn shme�wn kat� aÔxousa tim  th antikeimenik sun�rthsh.8. (ERGAZOMENOI) Sthn sunèqeia efarmozoume èna telest  anasunduasmoÔ.H suqnìthta anasunduasmoÔ e�nai pc=0.6 gia mègejo plhjusmoÔ megalÔtero tou300 kai pc=0.9 gia mègejo plhjusmoÔ mikrìtero tou 100.9. (ERGAZOMENOI) Mèsw enì telest  met�llaxh orismèna �toma tou nèouq¸rou efikt¸n lÔsewn all�zoun tim  apì 0 se 1. H suqnìthta met�llaxh e�naièna mikrì arijmì pm, o opo�o lamb�nei timè sto di�sthma [0, ..., 0.2] me b ma0.005.10. (SUNTONISTHS Enhmèrwsh) O suntonist  sullègei tou upoplh-jusmoÔ tou epanatopojete� sto di�nusma D.H kalÔterh lÔsh stèlnetai stonsuntonist  P (i+1)modk . An toul�qiston m�a lÔsh parel fjh apì ton suntonist 
P (i−1)modk tìte h lÔsh pou paral fjhke topojete�tai sto P i.11. (SUNTONISTHS) Elègqetai an o trèqon plhjusmì   an k�poio apì touplhjusmoÔ twn �llwn suntonist¸n ikanopoie� èna toul�qiston apì ta krit riatermatismoÔ, dhlad  h sÔgklish tou algor�jmou kai to sunolikì pl jo dokim¸n.



164 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnAn kanèna apì ta krit ria den ikanopoie�tai, tìte o algìrijmo epanalamb�netaiapì to 4.
5.4 Peiramatik  Mejodolog�aGia thn axiolìghsh twn mejìdwn ma qrhsimopoi jhkan oi 14 majhmatikè sunart seielègqou, ta qarakthristik� twn opo�wn sunoy�zontai sto Kef�laio 4, kaj¸ kai toprìblhma tou periodeÔonto pwlht  TSP.Sta pla�sia th paroÔsa ergas�a ulopoi jhkan kai axiolog jhkan apì thn kathgor�atwn exeliktik¸n mejìdwn oi parak�tw algìrijmoi:� Par�llhloi Exeliktiko� Algìrijmoi� Par�llhloi Genetiko� Algìrijmoi� Par�llhloi Mimhtiko� Algìrijmoi me Apotreptik  Anaz thsh� Par�llhloi Mimhtikì Algìrijmoi me ProsomoioÔmenh Anìpthsh� Par�llhloi Mimhtiko� Algìrijmoi me KajodhgoÔmenh Topik  Anaz thshEp�sh parat�jentai pro sÔgkrish kai ta apotelèsmata pou èdwsan 2 par�llhle ulo-poi sei apì thn kathgor�a twn euretik¸n mejìdwn. Autè oi mèjodoi  tan oi:� Par�llhlh ProsomoioÔmenh Anìpthsh [121℄� Par�llhlh Apotreptik  Anaz thsh [9℄



5.4 : Peiramatik  Mejodolog�a 165H platfìrma gia thn peiramatik  ma melèth e�nai mia sustoiq�a apì 18 stajmoÔ er-gas�a sundedemènh me d�ktuo 100 Mb/s Fast Ethernet. Sugkekrimèna, h sustoiq�-a apotele�tai apì èxi om�de upologist¸n. Up�rqoun 6 epexergastè Pentium 166

MHz me 32 MB mn mh èna gia k�je om�da kai qrhsimopoiountai san suntonistè twntri¸n om�dwn ant�stoiqa. Oi upoloipoi epexergastè e�nai Pentium 100MHz me 64MB mn mh, oi opo�oi apoteloÔn tou ergazomènou. Oi ulopoi sei pou aforoÔsanti mimhtikè prosegg�sei èginan me thn bo jeia th biblioj kh PARAMENOAS  opo�a bas�zetai sto k¸dika th biblioj kh PARsa Lib apì to panepist mio tou Pan-

derborn kai th biblioj kh PGAPack apì to Argonne National Laboratory. Plh-rofor�e sqetik� me thn biblioj kh PARAMENOAS d�nontai sto Par�rthma A thdiatrib . Gia thn ektèlesh twn par�llhlwn exeliktik¸n algor�jmwn qrhsimopoihjh-ke h biblioj kh NETSTREAM http://neo.lcc.uma.es/ Software/ codezip/ netstream

v1.5.tar . Gia tou par�llhlou genetikoÔ algor�jmou qrhsimopoi same thn biblioj -kh PGAPAck http://www-fp.mcs.anl.gov /CCST /research / reports pre1998 /comp-

bio/ stalk/ pgapack.html, gia thn par�llhlh prosomoioÔmenh anìpthsh thn biblioj -kh PARSA http://wwwcs.unipaderborn.de /fachbereich/ AG/ monien/ SOFTWA-

RE/ PARSA/ kai gia thn par�llhlh apotreptik  anaz thsh thn biblioj kh MALLBA

http:// www.lsi.upc.es / mallba /information.htmlGia k�je èna apo ta 14 majhmatik� probl mata elègqou apìdosh oi kat�llhle timègia ton arqikì plhjusmì kai ta krit ria sÔgklish kajor�sthkan met� apì èna sÔnolo10.321.920 ektelèsewn gia k�je m�a apì ti parap�nw 4 ulopoi sei (4x2x8x8x8x6x14x5x2x3).Analutik� oi kÔrie par�metroi pou exet�sthkan  tan



166 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn� Mègejo PlhjusmoÔ : 50,100,150,200,250,300,350,400� Mèjodo Antikat�stash: Olik  Antikat�stash, Stajer  Antikat�stash� E�dh AnasunduasmoÔ: Enì shme�ou, DÔo shme�wn, Euretikì Anasunduasmì.� Pijanìthta AnasunduasmoÔ: [0.6 - 0.9℄ me b ma 0.05� Pijanìthta Met�llaxh: [0.001,0.02,0.04,0.06,0.08,0.10,0.18,0.20℄� Pijanìthta Metan�steush:[0.5 - 0.7℄ me b ma 0.05� Arijmì Nhs�dwn-Epexergast¸n: 3,6,9,12,15,18� Qr sh IstorikoÔMètro th apotelesmatikìthta e�nai h mèsh apìklish apì th jewrhtik� bèltisth lÔshgia èna pl jo N stoqastik� anex�rthtwn ektelèsewn tou algor�jmou. H stoqastik anexarths�a ègkeitai sthn ekk�nhsh th diadikas�a beltistopo�hsh apì diaforetikètuqa�e arqikè sunj ke (arqik  lÔsh   plhjusmì lÔsewn). O de�kth apotelesmati-kìthta or�zetai w o lìgo twn epituq¸n pro ti sunolikè ektelèsei tou algor�j-mou. Mia ektèlesh kr�netai epituq  efìson h tim  pou epistrèfei br�sketai kont� sthbèltisth tou ek�stote probl mato beltistopo�hsh, dhlad :
|f

[i]
k − f∗

k | < αkìpou f
[i]
k H h lÔsh tou k probl mato kat� thn i ektèlesh tou algor�jmou,f∗

k h jew-rhtik� bèltisth tim  th sun�rthsh kai αk mia auja�reth tim  anoq , exart¸menh apìto bajmì duskol�a tou ek�stote probl mato. Sthn per�ptwsh kat� thn opo�a ìle



5.4 : Peiramatik  Mejodolog�a 167oi dokimè sugkl�noun sto olikì akrìtato, o de�kth apotelesmatikìthta e�nai 100%.Efìson epilÔontai K probl mata beltistopo�hsh, eis�getai o mèso de�kth apotele-smatikìthta, o opo�o or�zetai w h mèsh tim  twn epimèrou deikt¸n. Oi timè anoq (b�sei ton opo�wn elègqjhke an h ektèlesh tou algor�jmou  tan epituq ) or�sthkanan�loga me to bajmì duskol�a tou ek�stote probl mato kai  tan oi ex :Timè anoq  twn sunarthsewn
f1 → α = 0.1 f2 → α = 1 f3 → α = 0.0

f4 → α = 0.04 f5 → α = 0.6 f6 → α = 0.4

f7 → α = 0.32 f8 → α = 0.7 f9 → α = 0.2

f10 → α = 1.0 f11 → α = 1 f12 → α = 0.0

f13 → α = 0.2 f14 → α = 0.4Shmei¸netai ìti, me to parap�nw krit rio, elègqetai h tim  kai ìqi h jèsh tou olikoÔakrìtatou. Me �lla lìgia, h ektèlesh tou algor�jmou jewre�tai epituq  efìson sug-kl�nei se opoiod pote shme�o, h tim  th sun�rthsh sto opo�o apèqei apì th jewrhtik�bèltisth ligìtero apì thn anoq  ak. To krit rio autì antiproswpeÔei kalÔtera thnpragmatikìthta, ìpou den e�nai gnwst  h jèsh tou bèltistou all� mpore� na e�nai gnw-st , èstw kai kat' ekt�mhsh, h bèltisth tim  th antikeimenik  sun�rthsh.W mètro th apodotikìthta enì algor�jmou jewre�tai o qrìno ep�lush tou pro-bl mato beltistopo�hsh, anex�rthta an h lÔsh pou prokÔptei e�nai olik� bèltisth  ìqi. O qrìno e�nai ènnoia sqetik  diìti exart�tai apì exwgene� par�gonte, ìpwh taqÔthta tou epexergast  kai o qrìno upologismoÔ th tim  th antikeimenik sun�rthsh. H ep�drash th poluplokìthta sto sunolikì qrìno upologism¸n e�nai



168 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnaxiìlogh mìno ìtan to pl jo twn metablht¸n tou probl mato e�nai arket� meg�lo,opìte oi diadikas�e prospèlash th mn mh tou upologist  apaitoÔn sqetk� polÔqrìno. 'Otan èna b ma enì MA èqei poluplokìthta Θ(n2), o arijmì twn leitourgi¸npou epitugq�nontai kat� thn di�rkeia tou b mato autoÔ e�nai an�logo tou tetrag¸noutou arijmoÔ twn atìmwn sth nhs�da[106℄. Pr�gmati, an diplasiasoume ton arijmì twnnhs�dwn, o arijmì twn atìmwn an� nhs� diaire�tai me to dÔo kai to fort�o upologismoÔtou b mato th epilog  diaire�tai me 22 = 4. Sunep¸ h ektèlesh enì mimhtikoÔalgor�jmou pou apotele�tai apì 2 nhs�de twn n atìmwn e�nai grhgorìterh apì aut nenì MA me plhjusmì pou apotele�tai apì 2 ∗n �toma. O par�gonta qrìno e�nai dÔoforè kalÔtero.Plhjusmì: To mègejo tou plhjusmoÔ apotele� èna apì ta basik� qarakthristik�twn par�llhlwn MA pou exet�sthkan. To mègejo plhjusm¸n e�nai stajerì kat�th di�rkeia th exèlixh. K�je �tomo tou plhjusmoÔ antiproswpeuei èna shme�o touq¸rou twn pijan¸n lÔsewn enì probl mato. Oi timè megej¸n tou plhjusmoÔ pouexet�sthkan  tan (50,100,150,200,250,300,350,400).Mèjodo Antikat�stash: H exèlixh enì plhjusmoÔ epitugq�netai me mia seir�gene¸n (epanal yewn). Sta sugkekrimèna peir�mata qrhsimopoie�tai to montèlo olik antikat�stash kai to montèlo stajer  antikat�stash pou perigrafontai sto ke-f�laio 3. K�je �tomo all�zei suneq¸ qwr� na elègqei e�n kai ta upìloipa atomaall�zoun ep�sh. Arqik� par�getai èna pl jo shme�wn mèsa apì ton efiktì q¸ro,to opo�o qwr�zetai an� om�de, oi opo�e anaptÔssontai anex�rthta. Apì k�je om�dapar�getai èna beltiwmèno plhjusmì. Se takt� diast mata o sunolikì plhjusmì



5.4 : Peiramatik  Mejodolog�a 169qwr�zetai se nèe om�de, exasfal�zonta th di�dosh twn plhrofori¸n pou èqoun sul-lege�. Stadiak�, ìla ta shme�a te�noun pro to olikì bèltisto tou probl mato, upìthn proupìjesh ìti to mègejo tou arqikoÔ plhjusmou e�nai arket� meg�lo.Anasunduasmì: O mhqanismì tou anasunduasmoÔ den efarmìzetai sun jw seìla ta zeug�ria twn atìmwn pou èqoun epilege� gia anaparagwg . E�n den efarmoste�h mèjodo aut , oi apìgonoi genniountai me apl  antigraf  twn goni¸n. Tr�a e�dh ana-sunduasmoÔ qrhsimopoihjhkan sta peir�mataMet�llaxh: H tim  th suqnìthta met�llaxh e�nai antistrìfw an�logh tou me-gèjou plhjusmoÔ. O mhqanismì th met�llaxh bohj� ton mimhtikì algìrijmo nadiafèugei apì ta topik� akrìtata, parèqonta mia epiplèon sunist¸sa tuqaiìthta sthdiadikas�a th exèlixh.Istorikì Exèlixh : Se genikè grammè ta stoiqe�a eke�na pou katagr�foume stoistorikì e�nai ta :� H kalÔterh kai h qeirìterh lÔsh.� To posostì tou plhjusmoÔ pou sugkl�nei pro thn trèqousa kalÔterh lÔsh.� H mèsh tim  th poiìthta tou plhjusmoÔ.� To pl jo twn anasunduasm¸n kai twn metall�xewn pou èqoun g�nei sto pèramia geni�.� To pl jo twn gene¸n kata ti opo�e h kaluterh lÔsh paramènei st�simh.Metan�steush: 'Ena shmantikì par�gonta pou ephre�zei th sqed�ash kai thnulopo�hsh ma e�nai kai h metan�steush kai exart�tai apì:Thn suqnìthta metan�steush . H metan�steush ja prèpei na g�nei afoÔ èqei sqh-matiste� o apara�thto arijmì lÔsewn pou ja anasunduastoÔn. MetanasteÔontanwr�tera e�nai sunhjw spat�lh qrìnou. H metan�steush den prèpei na g�netai polÔ



170 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnnwr� prin sqhmatistoun �toma me k�poia kal� tm mata gia parapèra exèlixh. Etsi htopik  anaz thsh prèpei na prohge�tai th metan�steush.To posostì metan�steush. O arijmì twn gìnwn pou metanasteÔoun e�nai sten�sundedemèno me thn suqnìthta metan�steush. E�n oi gìnoi e�nai kalo� poiotik� tìtemporoÔme na p�roume kal� apotelèsmata me thn metan�steush l�gwn.Thn topolog�a. Poia e�nai h kaluterh mèjodo sÔndesh twn upoplhjusm¸n: E�nepilege� topolog�a me meg�lh di�metro, oi kalè lÔsei ja arg soun na diadojoun seolìklhro ton plhjusmì. E�n h topolog�a epitrèpei thn taqe�a di�dosh twn kal¸n lÔ-sewn autì e�nai dunatì na odhg sei sthn taqe�a sÔgklish tou algor�jmou se k�poiotopikì bèltisto.Arijmì Nhs�dwn - Epexergast¸n : Sta peir�mata ma melet same thn ep�-drash pou èqei sth belt�wsh th apodotikìthta h qr sh diaforetikoÔ arijmoÔ epexer-gast¸n (3,6,9,12,15,18) th peiramatik  sustoiq�a tou Panepisthm�ou Makedon�a.K�je nhs�da apart�zetai apì èna stajmì ergas�a suntonist  kai mia sullog  apìstajmoÔ ergas�a ergazomènou. O suntonist  kaje nhs�da sth genik  per�ptwshqrhsimopoie�tai gia na diamer�sei mia om�da plhjusm¸n se èna sÔnolo apì di�foroumikrìterou upoplhjusmoÔ. Oi ergazìmenoi kur�w ekteloÔn èna akoloujiakì mimhti-kì algìrijmo p�nw sti ant�stoiqe om�de upoplhjusm¸n tou.K�je nhs�da epexergast¸n ektele� to �dio algorijmikì montèlo an prìkeitai gia ti me-jodou PMA1-PMA3   èna diaforetikì apì ti upìloipe an prìkeitai gia thn PMA4.Sthn pr¸th per�ptwsh èqoume omoiogèneia w pro ta e�dh twn algor�jmwn.



5.5 : Peiramatik� apotelèsmata 171

Sq ma 5.3: Sugkritik� oi epitaqÔnsei gia 7 mejìdou gia ti 14sunart sei5.5 Peiramatik� apotelèsmata5.5.1 Apotelèsmata gia ti 14 sunart sei elègqouTa kalÔtera apotelèsmata apìdosh prokÔptoun gia ti mejìdou PMA1, PMA3,

PMA4 en¸ ligìtero kal� e�nai ta apotelèsmata gia thn PMA2. Ligìtero kal� wpro thn poiìthta  tan ta apotelèsmata gia ti upìloipe mejìdou pou exet�same.H epit�qunsh pou pragmatopoie�tai ofe�letai ìqi mìno ston parallhlismì all� kai stonqrìno pou epitugq�netai me thn aÔxhsh twn arijm¸n twn nhs�dwn. Apì ta peir�mataaut� diapist¸noume ìti oi qeirìtere epidìsei prokÔptoun gia polu mikrè kai meg�lenhs�de k�ti to opo�o mpore� na exhghje� me dÔo trìpou. Pr¸ton, mìno k�poia mèrh tou



172 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnalgor�jmou èqoun poluplokìthta Θ(n2) en¸ to upìloipo èqei qamhlìterh poluplokì-thta kai kata sunèpeia mìno orismèna tm mata tou algor�jmou ephre�zoun ti timè touqrìnou. DeÔteron o qrìno pou apaite�tai apì thn diadikas�a th antallag  atìmwnexart�tai apì ton arijmì twn nhs�dwn kai oi upologismo� qrei�zontai ligìtero qrìno.Se ìla ta apotelèsmata (bl. sq mata 5.3,5.10,5.12) parathroÔme mia apìtomh pt¸shtwn kampul¸n epit�qunsh pou ofe�letai sthn eterogèneia tou perib�llonto ma. Hsumperifor� twn apl¸n par�llhlwn exeliktik¸n algor�jmwn den mpore� na qarakthri-ste� polÔ ikanopoihtik , oÔte w pro thn apotelesmatikìthta oÔte (kur�w) w prothn apodotikìthta. Se sqèsh ìmw me ti seiriakè ektelèsei eidame ìti den èqou-me kajolik  apotuq�a entopismoÔ tou olikoÔ akrìtatou sthn 10-di�stath Rozenbrockìpw kai �llwn problhm�twn sta opo�a me th seiriak  ektèlesh e�qame apotÔqei.H sumperifor� twn par�llhlwn genetik¸n algor�jmwn e�nai ligìtero ikanopoihtik  apìaut n twn par�llhlwn exeliktik¸n algor�jmwn. Qarakthristikì e�nai to gegonì thkajolik  apotuq�a entopismoÔ arket¸n problhm�twn kai sthn par�llhlh ekdoq .H par�llhlh prosomoioÔmenh anìpthsh PSA e�nai ligotero apotelesmatik  apì tiupìloipe ulopoi sei. Poiotik� ta apotelèsmata htan l�go kalÔtera apì ìti stiseiriakè ektelèsei kati to opo�o ofe�letai sthn leitourg�a th metan�steush. Okajorismì twn geitonik¸n lusewn apaite� mia diadikas�a diakritopo�hsh tou efiktoÔq¸rou k�ti to opo�o k�nei ton argì stajmì ergas�a na telei¸nei p�nta teleuta�okai na up�rqei èna shmantikì qrìno adr�neia gia tou taqÔterou stajmoÔ er-gas�a.O qrìno ìmw epikoinwn�a e�nai me mikrè apokl�sei per�pou o �dio efìsondiathroÔme to mègejo plhjusmoÔ stajerì. To sq ma 5.3 parousi�zei ti epitaqÔnsei



5.5 : Peiramatik� apotelèsmata 173se sqèsh me ton arijmì twn stajm¸n ergasi¸n qrhsimopoi¸nta tou algor�jmou thprosomoioÔmenh anìpthsh, th apotreptik  anaz thsh kai enì aploÔ exeliktikoualgor�jmou kai sugkrinei autè me ti antistoiqe epitaqÔnsei twn dik¸n ma mejìdwngia ti 14 sunart sei elègqou apìdosh. Apo aut� ta apotelèsmata mporoÔme nadoÔme ìti kai sti alle peript¸sei algor�jmwn e�qame shmantik  beltiwsh all� ìqitìso meg�lh ìso sthn per�ptwsh twn mimhtik¸n algor�jmwn. Oi p�nake 5.13 w 5.20de�qnoun tou qrìnou ektèlesh kai ta diagr�mmata tou sq mato 5.5 tou mèsouqrìnou ektèlesh twn tess�rwn ulopoi sewn ma sunart sh tou megèjou plhju-smoÔ se diaforetikì arijmì epexergast¸n gia ta 14 probl mata elègqou apìdosh.Ta apotelèsmata de�qnoun ìti h PMA2 e�nai ligìtero apotelesmatik  kaj¸ up�rqeimia pt¸sh sti kampule twn epitaqÔnsewn. To fainìmeno autì ofe�letai sto gegonììti up�rqei mia anisorrop�a tou fort�ou exait�a th ftwq  teqnik  diamerismoÔ twnnhs�dwn se sqèsh me ti upìloipe ulopoi sei.Diathr same ton arijmì twn gene¸n stajerì kat� th di�rkeia th mètrhsh th epit�-qunsh. O arijmì twn gene¸n den ephre�zei w par�metro thn akr�beia th mètrhshth epit�qunsh all� kur�w thn poiìthta twn lÔsewn gia ta di�fora probl mata pouelègxame. W ek toutou sthn diarkeia twn metr sewn gia thn epit�qunsh thn par�metroaut  thn diathr same stajerì.Sth diarkeia twn peiram�twn ma diapist¸same ìti h mh suqn  metan�steush bohj�sthn apofug  th prìwrh sÔgklish tou sunìlou twn plhjusm¸n. Epiplèon h me-tan�steush se sunduasmì me thn qr sh mia mejìdou topik  anaz thsh bohj� stona mhn q�netai h poikil�a tou genetikoÔ ulikoÔ kai na mhn g�netai prìwrh sÔgklish



174 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnse k�poio topikì bèltisto. H qr sh mia mejìdou topik  anaz thsh dhmiourge� nèeelpidofìre perioqè anaz thsh lÔsewn (bl. sq mata 5.11). Autì e�nai arket� sh-mantikì genik�, kajìti autè oi lÔsei arqik� e�nai topikè, pou e�nai kai o sun jhkanìna me ti poikil�e sth fÔsh, ètsi ¸ste ìmoia tropopoihmèna �toma suqn� anapa-r�gontai metaxÔ tou. E�n o nèo plhjusmì e�nai epituq  ston ag¸na gia epib�wsh ,ja diadoje� arg�, antagwnizìmeno tou upìloipou.'Ena shmantikì qarakthristikì twn mejìdwn ma  tan h mh omal  sqèsh twn sunte-lest¸n tou qronodiagr�mmato anìpthsh - apotelesmatikìthta sthn mejodolog�a
PMA2. Jewrhtik�, belti¸nonta ti timè aut¸n ja èprepe h apotelesmatikìthta kaih apodotikìthta na aux�nei, ìpw parathr jhke se alla jewrhtik� problhmata pou pa-rousi�zontai sthn ergas�a tou Merz [139℄. Wstìso sta probl mata aut� den f�nhke naup�rqei mia bèltisth tim  gia tou suntelestè autoÔ me ti opo�e ja epitugq�neto hmègisth apotelesmatikìthta. To jèma autì qr zei peraitèrw diereÔnhsh, kaj¸ e�nai�mesa sunart¸meno me to z thma th bèltisth rÔjmish twn paramètrwn eisìdou twnalgor�jmwn, me stìqo th megistopo�hsh th axiopist�a enì algor�jmou, se sundua-smì p�nta me thn elaqistopo�hsh tou upologistikoÔ fort�ou.Sto sq ma 5.9 blèpoume thn ep�drash pou èqei sthn apodotikìthta kai sthn apotele-smatikìthta th mejodou PMA4   mh katagraf  tou istorikoÔ exèlixh se sqèsh methn ep�drash pou eqei sthn apodotikìthta kai sthn apotelesmatikìthta h qr sh touistorikoÔ exèlixh. Sta diagr�mmata tou sq mato 5.10 parousi�zoume ti epitaqÔn-sei se sqèsh me th katagraf  tou istorikoÔ exèlixh qrhsimopoi¸nta th mejìdou
PMA1, PMA2, PMA3, PMA4 gia ti 14 sunart sei. ParathroÔme ìti up�rqei mia



5.5 : Peiramatik� apotelèsmata 175shmantik  ep�drash sthn apìdosh twn ulopo�hsewn ma. Sugkekrimèna blèpoume ìti methn katagraf  tou istorikoÔ exèlixh o qrìno epikoinwn�a aux�netai. H epib�runshaut  ìmw den fa�netai na ephre�zei sthn sunolik  apìdosh twn par�llhlwn ulopo�h-sewn. ParathroÔme ìti h PMA2 e�nai ligìtero apotelesmatik  apì ti upìloipe treiulopoi sei en¸ parathre�tai kai mia apìtomh pt¸sh stou 12 stajmoÔ ergas�a sthnkampÔlh epit�qunsh th ulopo�hsh PMA3 me qr sh istorikoÔ exèlixh k�ti to opo�oofe�letai sto ìti up�rqei mia anisorrop�a tou fìrtiou exait�a th teqnik  ulopo�hshth apagoreumènh l�sta. O kajorismì twn geitonik¸n lusewn apaite� mia diadikas�adiakritopo�hsh tou efiktoÔ q¸rou k�ti to opo�o k�nei ton argì stajmì ergas�a natelei¸nei p�nta teleuta�o kai na up�rqei èna shmantikì qrìno adr�neia gia toutaqÔterou stajmoÔ ergas�a se èna eterogenè perib�llon. Sunep¸ o lìgo touqrìnou upologismoÔ pro ton qrìno epikoinwn�a e�nai arket� uyhlì.Parathr¸nta ta apotelèsmata blèpoume ìti up�rqei mia ant�strofh sqèsh an�mesaston par�llhlo qrìno ektèlesh kai ston arijmì twn stajm¸n ergas�a. O lìgo touqrìnou upologismoÔ pro to qrìno epikoinwn�a exart�tai w èna bajmì apo thn omoio-gèneia twn algor�jmwn pou ekteloÔntai sti di�fore nhs�de epexergast¸n. Qrhsimo-poi¸nta eterogene� algor�jmou sthn PMA4 parathroÔme ìti o par�llhlo qrìnoektèlesh twn ulopoi sewn ma belti¸netai se sqèsh me ton par�llhlo qrìno ektè-lesh me qr sh omoiogen¸n algor�jmwn. O qrìno ìmw epikoinwn�a e�nai me mikrèapokl�sei per�pou o �dio efìson diathroÔme to mègejo plhjusmoÔ stajerì.E�nai profanè ìti me thn par�llhlh ulopo�hsh twn mejodologi¸n tou kefala�ou 4mei¸jhke to kìsto upologismou kai pragmatopoihjhke ena sqetik� meg�lo pl jo



176 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwndokim¸n gia ton entopismì th olik� bèltisth lÔsh me ikanopoihtikh axiopist�a.Oi ektelèsei twn mejìdwn ma èdeixan mia èndeixh sqetik� me to poia dom  th geitoni�tou plhjusmoÔ ende�knutai w h katallhlìterh gia thn pragmatopo�hsh th epilog .Parìlo ìmw pou h topik  epilog  se mia geitonia me dom  daktul�ou èdwse kalÔteraapotelèsmata se sqèsh me ti �lle dÔo peript¸sei den mporoÔme na sun�goume measf�leia to sumpèrasma ìti se �llou e�dou probl mata mia �llh dom  den ja èdinekalutera   ef�milla apotelèsmata. Sti epìmene paragr�fou ja doÔme thn ep�drashpou e�qe sthn apodotikìthta kai sthn apotelesmatikìthta k�je mia apì ti exetazìme-ne paramètrou kai sthn sunèqeia ja anaferjoÔme sta apotelèsmata gia k�jemia apìti exetazìmene mejìdou.
Ep�drash PlhjusmoÔH melèth aut  th paramètrou ègine diaforopoi¸nta to mègejo tou plhjusmoÔ, toopo�o or�zetai b�sei tou arijmoÔ twn plhjusmiak¸n om�dwn kai tou megèjou k�jenhs�da[167℄. Oi p�nake 5.13 w 5.20 de�qnoun tou qrìnou ektèlesh kai ta diagr�m-mata tou sq mato 5.5 tou mèsou qrìnou ektèlesh twn tess�rwn ulopoi sewn masunart sh tou megèjou plhjusmoÔ se diaforetikì arijmì epexergast¸n gia ta 14probl mata elègqou apìdosh.Arqik� h apìdosh twn montèlwn me mègejo plhjusmoÔ 100 e�nai kaluterh apì thnapìdosh �llwn megej¸n plhjusmoÔ, all� sun jw kajhl¸netai o algìrijmo se to-pik� el�qista. H qr sh meg�lwn tim¸n gia to mègejo plhjusmoÔ den sunep�getai se



5.5 : Peiramatik� apotelèsmata 177ìle ti peript¸sei kalÔtera apotelèsmata kai ektì toÔtou èqei san apotèlesma thnaÔxhsh tou upologistikoÔ qrìnou. Mia meg�lh tim  gia to mègejo plhjusmoÔ mpore�na qrhsimopoihje� gia na belti¸sei thn apìdosh, dhlad  ìtan up�rqei diajèsimo qrì-no, en¸ mia mikr  tim  apaite�tai ìtan o stìqo e�nai h kal  apìdosh, dhlad  ìtan taapotelèsmata apaitoÔntai se sÔntomo qrìno.Me thn par�llhlh ulopo�hsh twn mejodologi¸n tou kefala�ou 4 mei¸jhke to kìstoupologismoÔ kai pragmatopoi jhke ena sqetik� meg�lo pl jo dokim¸n gia ton ento-pismì th olik� bèltisth lÔsh me ikanopoihtikh axiopist�a. Aux�nonta to mègejotou plhjusmoÔ belti¸jhke h axiopist�a tou algor�jmou, qwr� h belt�wsh aut  na e�naitètoia pou na dikaiologe� th meg�lh aÔxhsh tou pl jou twn apaitoÔmenwn dokim¸n.Parathr jhke bèbaia aÔxhsh th apotelesmatikìthta me aÔxhsh tou pl jou ekkin -sewn, wstìso ta perij¸ria belt�wsh  tan peperasmèna kai exart¸mena tìso apì tiidiaiterìthte tou ek�stote probl mato.
Ep�drash Mejìdou Antikat�stashElègxame dÔo montèla antikat�stash tou plhjusmoÔ. To montèlo olik  antikat�-stash kai to montèlo stajer  antikat�stash. Pio sugkekrimèna sth mèjodo ge-nealogik  antikat�stash se k�je geni� o plhjusmì antikaj�statai olìklhro en¸sth deÔterh per�ptwsh mìno èna mèro autoÔ. Sthn pleionìthta twn peript¸sewn hmèjodo genealogik  antik�tastash apaitouse perissìtero upologistikì qrìno apììti h stajer  antikat�stash (sq. 5.6).



178 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnEp�drash AnasunduasmoÔTa posost� anasunduasmou t�xh 70% ∼ 75 % bohjoÔn sthn apofug  th prìwrhsÔgklish tou plhjusmoÔ. Sti ulopoi sei ma èqoume thn dunatìthta gia diereÔ-nhsh diaforetik¸n perioq¸n tou q¸rou lÔsewn kai dhmiourg�a genetik  plhrofor�ah opo�a kaj¸ eis�getai ston plhjusmì bohj� ston na proqwr sei h anaz thsh touolikoÔ bèltistou. Me thn qr sh tou euretikoÔ anasunduasmoÔ èqoume kalÔtera poio-tik� apotelèsmata se sqesh me ti peript¸sei tou anasunduasmoÔ enì shme�ou kaidÔo shme�wn alla apait jhke perissìtero qrìno (bl. p�n. 5.11 kai sq. 5.7). Oeuretikì anasunduasmì qrhsimopoie� ti timè th antikeimenik  sun�rthsh gia nakajor�sei thn kateÔjunsh th anaz thsh, en¸ mpore� na par�gei èna mìno apìgono  kanèna. O telest  dhmiourge� èna mìno apìgono x3 = r(x2 − x1) + x2 apì ta x1, x2ìpou r ∈ [0, 1] E�nai pijanì o telest  autì na dhmiourg sei mia lÔsh pou den einaipragmatopoi simh. Se mia tètoia per�ptwsh epilègetai nèo r kai dhmiourge�tai èna nèoapìgono. To telikì sumpèrasma pou prokÔptei gia aut  th par�metro e�nai ìti polÔmikr� posost� anasunduasmoÔ twn gonèwn me mikr� megèjh plhjusmoÔ upobajm�zounkai �llo thn apìdosh twn mejìdwn ma.Gia ìle ti exetazìmene exeliktikè mejìdoukai idia�tera gia tou aploÔ par�llhlou exeliktikoÔ kai genetikoÔ algor�jmou hpijanìthta efarmog  tou telest  anasunduasmoÔ apetèlese kajoristikì par�gontasth diadikas�a sÔgklish. Eidik� sto montèlo stajer  antikat�stash parathr jhkeìti kai me mikrìtera posost� anasunduasmoÔ (60% me 65 %) e�qame kal� apotelèsmata.



5.5 : Peiramatik� apotelèsmata 179

Sq ma 5.4: Mèsoi qrìnoi ektelèsewn gia k�je èna apì ta 14probl mata



180 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn

Sq ma 5.5: Mèsoi qrìnoi ektèlesh gia diaforetik� meg.plhjusm¸n se diaf. arijmo epexergast¸n



5.5 : Peiramatik� apotelèsmata 181

Sq ma 5.6: Mèsoi qrìnoi ektèlesh gia duo mejodouantikat�stash , Arist. Rabdogramm. : Gen.Antikat�stash, Dexiì Rabdìgramm. : Staj.Antikat�stash



182 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn

Sq ma 5.7: Mèsoi qrìnoi ektèlesh gia tr�a e�dh anasunduasmoÔ.Sek�je mèjodo èqoume tre� r�bdou. H pr¸th giaanasund. dÔo shme�wn , h deÔterh gia anasund. poll¸nshme�wn, h tr�th gia euretikì anasund.



5.5 : Peiramatik� apotelèsmata 183Ep�drash Met�llaxhMèsw tou telest  met�llaxh orismèna �toma tou nèou q¸rou efikt¸n lÔsewn all�-zoun tim  apì 0 se 1.Sto sq ma 5.8 blèpoume ta posost� epituq�a twn apotelesm�twnme qr sh tou telest  th met�llaxh. Ant� gia èna sunolikì posostì met�llaxhdiathroÔme pijanìthte met�llaxh gia k�je metablht  k�je atìmou. 'Etsi k�je meta-blht  èqei diaforetik  pijanìthta met�llaxh. Aut  h pijanìthta met�llaxh mpore�na kwdikopoihje� se k�je �tomo san epiplèon plhrofor�a kai na exeliqje� maz� me to�tomo. 'Etsi epitugq�netai h prosarmog  twn paramètrwn met�llaxh, tautìqrona methn diereÔnhsh tou q¸rou.

Sq ma 5.8: Posost� epituq�a me qr sh met�llaxh



184 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnEp�drash IstorikoÔ Exèlixh'Otan to istorikì exèlixh qrhsimopoie�tai w phg  plhrofori¸n, tìte to istorikì autìja prèpei na diathre�tai stajerì kai k�je mon�da epexergas�a prèpei na mpore� naèqei prìsbash se autì, ìtan e�nai apara�thto. To upologistikì kìsto th prìsbashaut  e�nai uyhlì, ìson afor� thn epikoinwn�a, ìpoia teqnik  kai an qrhsimopoihje� giana pragmatopoihje�. Ep�sh, to istorikì exèlixh all�zei se k�je geni� (  akìma kai

Sq ma 5.9: Ep�drash th qr sh istorikoÔ exèlixh gia thn PMA4

pio suqn�) aux�nonta to fort�o epikoinwn�a. H pijan  epikoinwn�a pou apaite�tai giathn aneÔresh twn apaitoÔmenwn plhrofori¸n apì tou apogìnou e�nai an�logh proton arijmì twn gonèwn, thn posìthta twn plhrofori¸n pou antall�ssetai apì tougone� kai th suqnìthta twn antallag¸n aut¸n. To pijanì autì fort�o epikoinwn�a



5.5 : Peiramatik� apotelèsmata 185kajor�zetai apì ton arijmì twn gonèwn kai to posostì antallag .

Sq ma 5.10: Epit�qunsh twn par�llhlwn ulopoi sewn sunart shth qr sh katagrafh tou istorikoÔ exèlixh(Arister� : Qwr� istorikì , Dexi� : Me istorikì)
Ep�drash Metan�steushDiapist¸same ìti h mh suqn  metan�steush bohj� sthn apofug  th prìwrh sÔgkli-sh tou sunìlou twn plhjusm¸n. H qr sh mia mejìdou topik  anaz thsh dhmiourge�nèe elpidofìre perioqè anaz thsh lÔsewn (bl. sq mata 5.11). Autì e�nai arket�shmantikì genik�, kajìti autè oi lÔsei arqik� e�nai topikè. E�n o nèo plhjusmìe�nai epituq  ston ag¸na gia epib�wsh , diad�detai arg�, antagwnizìmeno tou upì-loipou kai katakt� �toma sta ìria enì diark¸ auxanìmenou kÔklou. Epiplèon hmetan�steush se sunduasmì me thn qr sh mia mejìdou topik  anaz thsh bohj� stona mhn q�netai h poikil�a tou genetikoÔ ulikoÔ kai na mhn g�netai prìwrh sÔgklish se



186 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnk�poio topikì bèltisto.

Sq ma 5.11: Ep�drash th metabol  tou posostoÔ metan�steushsthn taqÔthta kai sthn poiìthta twn apotelesm�twn
Ep�drash Nhs�dwn-Epexergast¸nDiapist¸noume ìti oi qeirìtere epidìsei prokÔptoun gia polu mikrè kai meg�le nh-s�de k�ti to opo�o ofe�letai sto ìti o qrìno pou apaite�tai apì thn diadikas�a thantallag  atìmwn exart�tai apì ton arijmì twn nhs�dwn kai oi upologismo� qrei�zon-tai ligìtero qrìno (pin. 5.21). Sto sq ma 5.12 blèpoume ti epitaqÔnsei se sqèsh meton arijmì twn stajm¸n ergasi¸n qrhsimopoi¸nta tou algor�jmou th prosomoioÔ-menh anìpthsh, th apotreptik  anaz thsh kai enì aploÔ exeliktikou algor�jmoukai sugkr�noume autè me ti antistoiqe epitaqÔnsei twn dik¸n ma mejìdwn gia ti



5.5 : Peiramatik� apotelèsmata 18714 sunart sei elègqou apìdosh. ParathroÔme ìti kai sti alle peript¸sei al-gor�jmwn e�qame shmantik  beltiwsh all� ìqi tìso meg�lh ìso sthn per�ptwsh twnmimhtik¸n algor�jmwn.

Sq ma 5.12: EpitaqÔnsei
Apotelèsmata gia Par�llhlou ExeliktikoÔ Algor�jmou PEAO k¸dika gia thn ulopo�hsh twn Par�llhlwn Exeliktik¸n Algor�jmwn p�rjhke apìthn dieÔjunsh http://neo.lcc.uma.es/ Software/ codezip/netstream v1.5.tar kai ba-s�zetai sto montèlo suntonist -ergazomènou. H sumperifor� twn apl¸n par�llhlwnexeliktik¸n algor�jmwn den mpore� na qarakthriste� polÔ ikanopoihtik , oÔte w prothn apotelesmatikìthta oÔte (kur�w) w pro thn apodotikìthta. Se sqèsh ìmw me



188 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnti seiriakè ektelèsei eidame ìti den èqoume kajolik  apotuq�a entopismoÔ tou olikoÔakrìtatou sthn 10-di�stath Rozenbrock ìpw kai �llwn problhm�twn sta opo�a me thseiriak  ektèlesh e�qame apotÔqei.H aÔxhsh th tim  th suqnìthta diastaÔrwshapì 60% se 100% den diaforopo�hse ta apotelèsmata, en¸ ant�jeta h aÔxhsh th su-qnìthta met�llaxh apì 0% se 20% ta diaforopo�hse shmantik�, e�te pro th jetik (ìpw sthn per�ptwsh twn sunart sewn Step, Quatric, Foxholes, Schwefel, Rastrigin,

Powel badly scaled ) e�te pro thn arnhtik  kateÔjunsh (ìpw sthn per�ptwsh thsfairoeidoÔ sun�rthsh). Dhlad , aux�nonta thn tuqaiìthta tou algor�jmou aux -jhke h pijanìthta entopismoÔ th olik� bèltisth lÔsh mìno sthn per�ptwsh pou hantikeimenik  sun�rthsh  tan èntona mh grammik , diaforetik� mei¸jhke h apotelesma-tikìthta tou algor�jmou.Genik�, aux�nonta to mègejo tou plhjusmoÔ belti¸jhke h axiopist�a tou algor�jmou,qwr� h belt�wsh aut  na e�nai tètoia pou na dikaiologe� th meg�lh aÔxhsh tou pl joutwn apaitoÔmenwn dokim¸n, me exa�resh ti per�ptwsei twn sunart sewn Griewankkai Gulf research and development. Sto p�naka 5.3 èqoume gia lìgou sÔgkrish kaita apìtelèsmata pou edwse h ulopo�hsh tou Salomon [186℄ gia 7 apì ta probl matapou exet�same. H aÔxhsh tìso th suqnìthta diastaÔrwsh ìso kai th suqnìthtamet�llaxh e�qe w sunèpeia megalÔtero upologistikì fìrto kai sta peir�mata tou Sa-

lomon. H ep�drash twn paramètrwn eisìdou, dhlad  tou megèjou tou plhjusmoÔ kaitwn suqnot twn diastaÔrwsh kai met�llaxh,  tan arket� shmantik , kai se orismènepeript¸sei kajoristik .



5.5 : Peiramatik� apotelèsmata 189Sun�rthsh Ta dik� ma peir�mata Ta peir�mata tou Salomon Seiriak  Ekt.
F1 Sphere model 90 92 67
F2 Rosenbrock 70 71 65
F3 Step 73 73 62
F4 Quatric 77 72 65
F5 Foxholes 71 75 61
F6 Rastrigin 38 40 35
F7 Schwefel 40 39 36Mesh Apotelesmatikìthta 65.6 66 55.9
F8 Griewang 40 37
F9 Watson 29 23
F10 Ext. Rosenbrock 68 68
F11 Penalty II 64 64
F12 Power badly scaled 85 80
F13 Gulf research and dev. 70 68
F14 Extended Powel singular 55 53Mesh Apotelesmatikìthta 62.2 57.8P�naka 5.3: Posost� Epituq�a Par�llhlwn Exeliktik¸nAlgor�jmwn gia 1000 dokimè. Ta apotelèsmata thtr�th st lh p�rjhkan apì thn ergas�a [186℄Apotelèsmata gia Par�llhlou GenetikoÔ Algor�jmou PGAO k¸dika gia thn ulopo�hsh twn Par�llhlwn Exeliktik¸n Algor�jmwn p�rjhke apìthn dieÔjunsh http://www fp.mcs.anl.gov/ CCST/research/reports pre1998/comp

bio/stalk/ pgapack.html kai bas�zetai sto montèlo suntonist -ergazomènou. Apì taapotelèsmata fa�netai ìti h sumperifor� twn par�llhlwn genetik¸n algor�jmwn e�nailigìtero ikanopoihtik  apì aut n twn par�llhlwn exeliktik¸n algor�jmwn. Qarakth-ristikì e�nai to gegonì th kajolik  apotuq�a entopismoÔ arket¸n problhm�twn kaisthn par�llhlh ekdoq .



190 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnSun�rthsh Ta peir�mata ma Peir�mata tou Levin Seir. Ekt.
F1 Sphere model 85 82 63
F2 Rosenbrock 76 78 67
F3 Step 71 73 62
F4 Qutric 80 77 63
F5 Foxholes 72 70 61
F6 Rastrigin 28 30 25
F7 Schwefel 38 42 36
F8 Griewang 42 40 32
F9 Watson 38 43 23
F10 Ext. Rosenbrock 69 70 68Mesh Apotelesmatikìthta 59.9 60.5 50
F11 Penalty II 68 64
F12 Powel bandly scaled 77 70
F13 Gulf research and development 66 59
F14 Ext. Powel Sing. 62 53Mesh Apotelesmatikìthta 62.3 53.3P�naka 5.4: Posost� Epituq�a Par�llhlwn Genetik¸nAlgor�jmwn gia 1000 dokimè. Ta apotelèsmata thtr�th st lh p�rjhkan apì thn ergas�a [132℄

H qr sh meg�lwn tim¸n gia to mègejo plhjusmoÔ den sunep�getai se ìle ti peri-pt¸sei kalÔtera apotelèsmata kai ektì toÔtou èqei san apotèlesma thn aÔxhsh touupologistikoÔ qrìnou. Arqik� h apìdosh twn montèlwn me mègejo plhjusmoÔ 150e�nai kaluterh apì thn apìdosh �llwn megej¸n plhjusmoÔ, all� sun jw kajhl¸netaio algìrijmo se topik� el�qista. H aÔxhsh tìso th suqnìthta diastaÔrwsh ìsokai th suqnìthta met�llaxh e�qe w sunèpeia megalÔtero upologistikì fìrto. Miameg�lh tim  gia to mègejo plhjusmoÔ mpore� na qrhsimopoihje� gia na belti¸sei thnapìdosh, dhlad  ìtan up�rqei diajèsimo qrìno, en¸ mia mikr  tim  apaite�tai ìtan ostìqo e�nai h kal  apìdosh , dhlad  ìtan ta apotelèsmata apaitoÔntai se sÔntomo



5.5 : Peiramatik� apotelèsmata 191Sun�rthsh Posost� Epituq�a Seiriakè Ekt.
F1 Sphere model 55 51
F2 Rosenbrock 57 58
F3 Step 58 58
F4 Quatric 58 55
F5 Foxholes 72 71
F6 Rastrigin 60 56
F7 Schwefel 64 60
F8 Griewang 39 37
F9 Watson 78 75
F10 Ext. Rosenbrock 50 48
F11 Penalty II 52 51
F12 Power bandly scaled 54 51
F13 Gulf research and dev. 64 64
F14 Extended Powel singular 54 54Mesh Apotelesmatikìthta 58.2 56.3P�naka 5.5: Posost� Epituq�a Par�llhlh ProsomoioÔmenhAnìpthsh gia 1000 dokimè.qrìno. Diapist¸same ìti h mh suqn  metan�steush bohj� sthn apofug  th prìwrhsÔgklish tou sunìlou twn plhjusm¸n. Sto p�naka 5.4 èqoume gia lìgou sÔgkrishkai ta apìtelèsmata pou edwse h ulopo�hsh tou Levin [132℄ gia 10 apì ta probl matapou exet�same.

Apotelèsmata gia Par�llhlh ProsomoioÔmenh Anìpthsh PSAGia thn ulopo�hsh th mejìdou aut  qrhsimopoi jhke to logismikì PARSA to opo�op�rjhke apì thn dieÔjunsh http://wwwcs.unipaderborn.de / fachbereich/ AG/ mo-

nien/ SOFTWARE/ PARSA/ kai bas�zetai sto montèlo suntonist -ergazomènou. H



192 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnjermokras�a tou sust mato t�jetai �sh me th diafor� metaxÔ th mègisth kai el�-qisth tim  th antikeimenik  sun�rthsh gia k�je upoplhjusmì. Kata sunèpeia,up�rqei mh mhdenik  pijanìthta epilog  opoioud pote shme�ou tou plhjusmoÔ gia an-tikat�stash me exa�resh bèbaia to arqikì bèltisto. H prosarmog  th arqik  jermo-kras�a sta qarakthristik� tou ek�stote probl mato qwr� na apaite�tai o orismìth apì ton qr sth e�nai kai mia apì ti kainotom�e aut  th ulopo�hsh[121℄. H qr -sh tou el�qistou dunatoÔ megèjou plhjusmoÔ se 4 peript¸sei sunart sewn Sphere

model, 2-Rozenbrock, 2-Extenden Rozenbrock, Griewang apodeiqthke anepark  giathn exasf�lish uyhloÔ sqetik� posostoÔ epituq�a tou algor�jmou se sqèsh me tiupìloipe mejìdou. Ta apotelèsmata den emf�nisan k�poia belt�wsh poiotik� se sqè-sh me ti seiriakè ektelèsei. Sta apotelèsmata parathroÔme ìti h PSA e�nai ligoteroapotelesmatik  apì ti upìloipe ulopoi sei. Poiotik� ta apotelèsmata htan l�go ka-lÔtera apì ìti sti seiriakè ektelèsei kati to opo�o ofe�letai sthn leitourg�a thmetan�steush. O kajorismì twn geitonik¸n lusewn apaite� mia diadikas�a diakrito-po�hsh tou efiktoÔ q¸rou k�ti to opo�o k�nei ton argì stajmì ergas�a na telei¸neip�nta teleuta�o kai na up�rqei èna shmantikì qrìno adr�neia gia tou taqÔteroustajmoÔ ergas�a.O qrìno ìmw epikoinwn�a e�nai me mikrè apokl�sei per�pou o�dio efìson diathroÔme to mègejo plhjusmoÔ stajerì.



5.5 : Peiramatik� apotelèsmata 193Apotelèsmata gia Par�llhlh Apotreptik  Anaz thsh PTSGia thn ulopo�hsh th mejìdou aut  qrhsimopoi jhke to logismikì MALLBA to opo�-o p�rjhke apì thn dieÔjunsh http:// www.lsi.upc.es / mallba /information.html kaibas�zetai sto montèlo suntonist -ergazomènou. H mèjodo entìpise lÔsei emf�nisekal  ep�dosh sth Schwefel kai sth Griewang, sqetik� mètria ep�dosh sta probl mata
Rastrigin, Watson, Penalty II, Powel badly scaled kai pio qamhl  ep�dosh parous�asesto 10-di�stato prìblhma Rozenbrock, Gulf research and development kai Extenden

powel singular (bl. p�naka 5.6). Kai se aut n thn mèjodo e�nai profanè ìti me qr shmikroÔ megèjou plhjusmoÔ apaite�tai mikrìtero arijmì dokim¸n gia ton entopismìth bèltisth lÔsh, kai sunep¸ belti¸netai shmantik� h apodotikìthta tou algor�j-mou. Sthn par�llhlh ekdoq  th mejodou èqoume shmantik  belt�wsh tou qrìnou pouapait jhke all� ìqi shmantik  belt�wsh w prì thn poiìthta twn apotelesm�twn.
Apotelèsmata gia thn PMA1H mèjodo PMA1 antimet¸pise me sqetik  epituq�a arket� apì ta probl mata. Apai-t jhke h je¸rhsh megalÔterou plhjusmoÔ ìso auxanìtan o bajmì duskol�a touprobl mato. 'Etsi, en¸  tan epark  m�a kai mìno nhs�da gia thn eÔresh tou elaq�-stou th didi�stath Rozenbrock kai th Extended Rozenbrock, apait jhkan tèsserinhs�de gia thn ep�lush twn �diwn probl matwn sti 10 diast�sei, en¸ oi 4 nhs�deden  tan eparke� gia thn ep�lush twn probl matwn Penalty II, Rastrigin, Powel badly



194 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnSun�rthsh Posost� Epituq�a Seiriakè Ekt.
F1 Sphere model 71 65
F2 Rosenbrock 75 62
F3 Step 72 63
F4 Quatric 72 61
F5 Foxholes 72 62
F6 Rastrigin 68 63
F7 Schwefel 50 51
F8 Griewang 52 52
F9 Watson 58 53
F10 Ext. Rosenbrock 52 51
F11 Penalty II 49 49
F12 Power bandly scaled 49 40
F13 Gulf research and dev. 46 41
F14 Extended Powel singular 50 48Mesh Apotelesmatikìthta 59.7 54.7P�naka 5.6: Posost� Epituq�a Par�llhlh Apotreptik Anaz thsh gia 1000 dokimè.

scaled me ikanopoihtik  axiopist�a. H taqÔthta th mejìdou parous�ase shmantikè dia-forè, an�loga me to bajmì duskol�a tou ek�stote probl mato kai  tan profan¸an�logh tou arijmoÔ twn epexergast¸n. O entopismì tou olikoÔ akrìtatou twn pioeÔkolwn sunart sewn elègqou, ìpw th 10-di�stath sfairoeidoÔ, apa�thse mikrìarijmì dokim¸n, se ant�jesh me poluplokìtere sunart sei, ìpw gia par�deigma h
Rastrigin kai h didi�stath Rozenbrock, gia ti opo�e qrei�sthkan m�a w dÔo t�xeimegèjou perissìtere dokimè.'Oson afor� ti sun�rthsei Griewang kai th Watson, to uperbolik� meg�lo pl jodokim¸n e�qe w a�tio thn adunam�a diafug  tou algor�jmou apì korufogrammè. Sthnper�ptwsh th didi�stath Rozenbrock, h PMA1 katìrjwse, èstw kai me uperbolik�



5.5 : Peiramatik� apotelèsmata 195Sun�rthsh Posost� Epituq�a Seiriakè Ekt.
F1 Sphere model 89 80
F2 Rosenbrock 91 80
F3 Step 88 90
F4 Quatric 88 78
F5 Foxholes 90 61
F6 Rastrigin 88 79
F7 Schwefel 90 77
F8 Griewang 71 30
F9 Watson 90 66
F10 Extended Rosenbrock 89 95
F11 Penalty II 89 53
F12 Power Bandly scaled 90 53
F13 Gulf research and dev. 90 58
F14 Extended powel singular 91 66Mesh Apotelesmatikìthta 94.6 88.29P�naka 5.7: Posost� Epituq�a RMA1 gia 1000 dokimè.meg�lo arijmì bhm�twn, na proqwr sei kat� m ko th paraboloeidoÔ qar�dra kaina sugkl�nei kont� sto shme�o elaq�stou.PolÔ kal   tan kai h apìdosh th mejìdou aut  lamb�nonta upìyh kai to bajmìduskol�a tou probl mato sthn per�ptwsh th 10-di�stath sun�rthsh Griewank.Apotelèsmata gia thn PMA2Profan¸, apait jhke h je¸rhsh megalÔterou plhjusmoÔ ìso auxanìtan o bajmìduskol�a tou probl mato.H qr sh tou el�qisto dunatoÔ megèjou plhjusmoÔ se4 peript¸sei sunart sewn Sphere model, 2-Rozenbrock, 2-Extenden Rozenbrock,

Griewang apodeiqthke epark  gia thn exasf�lish uyhloÔ sqetik� posostoÔ epituq�-a tou algor�jmou. E�nai profanè ìti me qr sh mikrou megèjou plhjusmoÔ apaite�tai



196 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnSun�rthsh Posost� Epituq�a Seiriakè Ektel.
F1 Sphere model 77 71
F2 Rosenbrock 78 78
F3 Step 78 78
F4 Quatric 80 76
F5 Foxholes 80 71
F6 Rastrigin 80 56
F7 Schwefel 77 60
F8 Griewang 80 37
F9 Watson 79 75
F10 Extended Rosenbrock 77 68
F11 Penalty II 79 71
F12 Powel bandly scaled 78 71
F13 Gulf research and dev. 79 64
F14 Extended Powel singular 77 74Mesh Apotelesmatikìthta 78.2 67.86P�naka 5.8: Posost� Epituq�a RMA2 gia 1000 dokimè.

mikrìtero arijmì dokim¸n gia ton entopismì th bèltisth lush, kai sunep¸ bel-ti¸netai shmantik� h apodotikìthta tou algor�jmou.Sta apotelèsmata parathroÔme ìti h PMA2 e�nai ligotero apotelesmatik  apì tiupìloipe trei ulopoi sei par�llhlwn mimhtik¸n algor�jmwn. O kajorismì twn gei-tonik¸n lÔsewn apaite� mia diadikas�a diakritopo�hsh tou efiktoÔ q¸rou k�ti to opo�ok�nei ton argì stajmì ergas�a na telei¸nei p�nta teleuta�o kai na up�rqei ènashmantikì qrìno adr�neia gia tou taqÔterou stajmoÔ ergas�a.O qrìno ìmwepikoinwn�a e�nai me mikrè apokl�sei per�pou o �dio efìson diathroÔme to mègejoplhjusmoÔ stajerì.



5.5 : Peiramatik� apotelèsmata 197Apotelèsmata gia thn PMA3Apì ta apotelèsmata g�netai fanerì ìti h mèjodo parous�ase polÔ kal  ep�dosh,kur�w w pro thn apotelesmatikìthta all� kai w pro thn apodotikìthta. Sugke-krimèna, entìpise lÔsei th t�xh tou 95% gia 5 apì ti sunart sei elègqou, en¸emf�nise polÔ uyhl  ep�dosh sth Schwefel kai sth Griewang, sqetik� kal  ep�doshsta probl mata Rastrigin, Watson, Penalty II, Powel badly scaled kai sqetik� pioqamhl  ep�dosh parous�ase sto 10-di�stato prìblhma Rozenbrock, Gulf research and

development kai Extenden powel singular (bl. p�naka 5.9). Kai se aut n thn mèjodoe�nai profanè ìti me qr sh mikroÔ megèjou plhjusmoÔ apaite�tai mikrìtero arijmìdokim¸n gia ton entopismì th bèltisth lÔsh, kai sunep¸ belti¸netai shmantik� hapodotikìthta tou algor�jmou.
Apotelèsmata gia thn PMA4Apì ta apotelèsmata fa�netai ìti h PMA4 antimet¸pise me megalh epituq�a apì 80% ∼

100% ta perissìtera apì ta probl mata. Fa�netai ìti h mejodo e�nai pr�gmati mia sqe-tik� kaluterh mèjodo apì aut  tou aploÔ exeliktikoÔ algor�jmou, afoÔ antimet¸piseme kalÔtero posostì sqedìn ti perissìtere apì ti sunart sei elègqou (me exa�-resh thn 10-diastath Extended Rozenbrock kai thn Powel badly scaled). Apait jhkeh je¸rhsh megalÔterou plhjusmoÔ ìso auxanìtan o bajmì duskol�a tou probl ma-to.



198 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnSun�rthsh Posost� Epituq�a Seiriakè Ektel.
F1 Sphere model 95 95
F2 Rosenbrock 92 92
F3 Step 92 95
F4 Quatric 96 95
F5 Foxholes 95 96
F6 Rastrigin 96 90
F7 Schwefel 90 79
F8 Griewang 91 85
F9 Watson 90 85
F10 Ext. Rosenbrock 90 81
F11 Penalty II 92 80
F12 Powel badly scaled 91 82
F13 Gulf research and dev. 91 82
F14 Extended Powel singular 90 81Mesh Apotelesmatikìthta 91 85.2P�naka 5.9: Posost� Epituq�a RMA3 gia 1000 dokimè.

H kalÔterh apìdosh th mejìdou PMA4, lamb�nonta upìyh kai to bajmì dusko-l�a tou probl mato, parathr jhke sthn per�ptwsh th 10-di�stath sun�rthsh
Griewank. Para polÔ kal� apotelèsmata h mèjodo efere kai sthn per�ptwsh thsun�rthsh Watson ìso kai th bhmatik  sun�rthsh, mìno pou qreiasthke na die-reÔnhsei exairetik� meg�lo arijmì lÔsewn. Ston p�naka 5.4 blèpoume pìso ephre�zeithn poiìthta twn apotelesm�twn gia ti 4 ulopoihsei h qr sh diaforetik¸n eid¸n ana-sunduasmoÔ en¸ sto p�naka 5.5 blèpoume thn ep�drash pou eqei h qrhsh aut¸n stouqrìnou.Ta apotelèsmata pou e�qame kai gia ti tre� mejìdou all� idia�tera gia thn RMA4de�qnoun ìti h suzeuxh ìlwn aut¸n twn teqnik¸n mèsa se antagwnistikì pla�sio pou



5.5 : Peiramatik� apotelèsmata 199kajor�zetai se èna perib�llon par�llhlh arqitektonik  d�noun mia adromer  diereÔ-nhsh tou q¸rou efikt¸n lÔsewn kai eggu�tai th sugklish sto olikì bèltisto miasun�rthsh apofeÔgonta ton egklwbismì se topik� akrìtata.H ubridik  mèjodo PMA4 pragmatopoie� arqik� mia adr  kai sth sunèqeia mia pioleptomer  diereÔnhsh tou efiktoÔ q¸rou. Profan¸, apait jhke h je¸rhsh megalÔte-rou plhjusmoÔ ìso auxanìtan o bajmì duskol�a tou probl mato. 'Etsi, en¸  tanepark  m�a kai mìno nhs�da gia thn eÔresh tou elaq�stou th didi�stath Rozenbrockkai th Extended Rozenbrock, apait jhkan tèsseri nhs�de gia thn ep�lush twn �diwnprobl matwn sti 10 diast�sei, en¸ oi tèsseri nhs�de den  tan eparke� gia thnep�lush twn probl matwn Penalty II, Rastrigin, Powel badly scaled me ikanopoihtik axiopist�a. Katal xame sthn qr sh èxi nhs�dwn mia lÔsh pou ikanopoioÔse thn pleio-nothta twn pro ep�lush problhm�twn kai parathr same ìti h taqÔthta th mejìdouparous�ase shmantikè diaforè, an�loga me to bajmì duskol�a tou ek�stote probl -mato kai  tan profan¸ an�logh tou pl jou twn epexergast¸n all� kai tou arijmoÔtwn nhs�dwn se k�je per�ptwsh ìpw fa�netai kai ston p�naka 5.2. 'Etsi, o entopismìtou olikoÔ akrìtatou twn pio eÔkolwn sunart sewn elègqou, ìpw th 10-di�stathsfairoeidoÔ, apa�thse mikrì arijmì dokim¸n me mikrì arijmì epexergast¸n , se ant�-jesh me poluplokìtere sunart sei, ìpw gia par�deigma h Rastrigin kai h didi�stath
Rozenbrock, gia ti opo�e qrei�sthkan m�a w dÔo t�xei megèjou perissìtere doki-mè kai oi 18 epexergastè th peiramatik  ma sustoiq�a.'Oson afor� ti sun�rthsei Griewang kai th Watson, to uperbolik� meg�lo pl jodokim¸n e�qe w a�tio thn adunam�a diafug  tou algor�jmou apì korufogrammè. Mia



200 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnSun�rthsh Posost� Epituq�a
F1 Sphere model 97
F2 Rosenbrock 98
F3 Step 96
F4 Quatric 97
F5 Foxholes 97
F6 Rastrigin 97
F7 Schwefel 98
F8 Griewang 97
F9 Watson 98
F10 Ext. Rosenbrock 98
F11 Penalty II 97
F12 Powel bandly scaled 97
F13 Gulf research and dev. 96
F14 Ext. Powel singular 98Mesh Apotelesmatikìthta 97P�naka 5.10: Posost� Epituq�a RMA4 gia 1000 dokimè.ant�stoiqh adunam�a diapist¸jhke sugkr�nonta th sumperifor� tou algor�jmou stidÔo sunart sei Rozenbrock kai Extended Rozenbrock. Sthn per�ptwsh th didi�sta-th Rozenbrock, o algìrijmo katìrjwse me th qr sh twn exi nhs�dwn pou exel�ssontaime diaforetik  mèjodolog�a na proqwr sei kat� m ko th paraboloeidoÔ qar�drakai na sugkl�nei kont� sto shme�o elaq�stou polu gr gora. Aux�nonta th di�stashtou probl mato petuqe mia polu kal  sugklish th t�xh tou 75%.

5.5.2 Apotelèsmata gia to TSPGia na melet soume thn apìdosh twn ulopoi sewn ma kai se sunduastik� probl ma-ta (combinatorial) qrhsimopoi same èna apì ta klassik� probl mata th perioq , to
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Sq ma 5.13: Sugkritik� oi epitaqÔnsei gia 8 mejìdou gia to TSPprìblhma
prìblhma tou periodeÔonto pwlht  ( Traveling Salesman Problem - TSP). Dedo-mènwn twn exìdwn metafor� metaxÔ twn diafìrwn pìlewn, to TSP sun�statai sthnprosp�jeia tou planìdiou pwlht  na episkefte� ìle ti pìlei th perioq  tou, m�amìno for� thn kajemi�, kai na epistrèyei sthn pìlh apì thn opo�a xek�nhse me to el�-qisto dunatì kìsto.Skopì ma den e�nai h ep�lush tou sugkekrimènou probl mato all� h epibeba�wshtwn apotelesm�twn kai sumperasm�twn pou prokÔptoun gia thn apìdosh twn ulopoi -sewn ma gia ti 14 sunart sei elègqou. Apì ta diajèsima probl mata epilèqjhkeèna prìblhma megèjou 9882 sunolik� topojesi¸n ston Elladikì q¸ro. H katanom 



202 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn

Sq ma 5.14: Arijmì gene¸n pou apait jhkan apì 5 mejìdou giato TSP prìblhma gia di�fora megèjh plhjusmoÔ
twn 9882 topojesi¸n sto q�rth th Ell�da fa�nontai sto sq ma 5.17. Ta stoiqe�-a parèqontai sto gr9882.tsp (http://www.informatik.uni-heidelberg.de/groups/ co-

mopt/software/TSPLIB95 / gr9882.tsp). Sto arqe�o autì anagr�fontai oi akribe�apost�sei metaxÔ ìlwn twn topojesi¸n. To pr¸to basikì er¸thma pou prèpei naapanthje� e�nai autì sqetik� me ton trìpo anapar�stash tou qrwmos¸mato pou jaanaparist� ti pijanè lÔsei. Mpore� na e�nai e�te èna p�naka akera�wn e�te mia dua-dik  sumboloseir�. H duadik  anapar�stash den antapokr�netai sti apait sei tousugkekrimènou probl mato tou PeriodeÔonto Pwlht . Ki autì giat� se mia duadi-k  anapar�stash gia èna TSP pìlewn, k�je pìlh ja èprepe na anaparastaje� w miaduadik  sumboloseir� duadik¸n yhf�wn. Autì shma�nei ìti to qrwmìswma ja katèlhge



5.5 : Peiramatik� apotelèsmata 203

Sq ma 5.15: KalÔtere timè gia ta sunolik� m kh twn diadrom¸ngia to TSP prìblhma (Apotelesmata 8 mejìdwn)na apotele�tai apì duadik� yhf�a. Kat� th diadikas�a th met�llaxh ja mporoÔse naemfaniste� prìblhma, ìtan ja dhmiourge�to akolouj�a pìlewn, sthn opo�a m�a toul�qi-ston pìlh ja emfanizìtan parap�nw apì m�a for�.Epiplèon, gia èna TSP me pìlei (ìpou gia thn anapar�stash k�je pìlh ja qreiazìn-tousan duadik� yhf�a), merikè akolouj�e twn duadik¸n yhf�wn den ja antistoiqoÔnse kam�a pìlh. Parìmoia probl mata mpore� na emfanistoÔn kai kat� thn efarmog twn telest¸n diastaÔrwsh. Ap' ìla aut� sumpera�nei kane�, ìti e�n ginìtan qr shtwn telest¸n met�llaxh kai diastaÔrwsh, ìpw auto� or�sjhkan sta prohgoÔmenaparade�gmata, ja  tan apara�thth h Ôparxh enì diorjwtikoÔ algor�jmou. 'Ena tè-toio algìrijmo ja epidiìrjwne k�je qrwmìswma metafèront� to mèsa sto epitreptì
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Sq ma 5.16: Mèsoi qrìnoi se deuterìlepta twn ulopoi sewn gia toprìblhma TSP

sÔnolo tim¸n.Fa�netai loipìn apì ta parap�nw, ìti h anapar�stash me di�nusma akera�wn apotele�kalÔterh epilog . Ki autì giat� m' autì ton trìpo, ant� na efarmìzontai diorjwti-ko� kanìne met� apì th qr sh twn genetik¸n telest¸n, mporoÔn na enswmatwjoÔn hgn¸sh kai oi plhrofor�e pou èqoume gia to sugkekrimèno prìblhma apì prin stou te-lestè autoÔ. 'Etsi, apomakrunetai me èxupno trìpo o k�nduno gia paragwg  atìmwnektì twn or�wn tou diast mato tim¸n. Sth sugkekrimènh prosèggish qrhsimopoie�taianapar�stash me akèraiou arijmoÔ.Ta kalÔtera apotelèsmata apìdosh prokÔptoun gia ti mejìdou PMA1, PMA3,
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PMA4 en¸ ligìtero kal� e�nai ta apotelèsmata gia thn PMA2. Gia th diadikas�a arqi-kopo�hsh qrhsimopoioÔme mia apì ti mejìdou (apotreptik  anaz thsh, proswmoioÔ-menh anìpthsh, kateujunìmenh topik  anaz thsh) an�loga me thn ulopo�hsh (PMA1,

PMA2, PMA3, PMA4). H apot�mhsh twn qrwmoswm�twn g�netai me �meso kai eujÔtrìpo: dedomènwn twn exìdwn metafor� metaxÔ twn diafìrwn pìlewn, mporoÔme eÔ-kola na upolog�soume to sunolikì kìsto olìklhrh th diadrom .O q¸ro twn lÔsewn tou probl mato èqei pollè asunèqeie. To prìblhma TSPqrhsimopoihjhke gia na epibebaiwje� an telik� h qr sh teqnik¸n topik  anaz thshsti ulopoihsei ma prosfèroun kalÔtere dunatìthte diereÔnhsh tou q¸rou lÔsewnènanti twn ant�stoiqwn par�llhlwn ulopoi sewn �llwn teqnik¸n ìpw enì aploÔ EA  GA. To prìblhma tou periodeÔonto pwlht  mpore� na orisje� w ex : JewroÔme
n pìlei me gnwstè apost�sei metaxÔ tou. Skopì e�nai na breje� h diadrom  poukalÔptei ìle ti pìlei kai èqei thn el�qisth sunolik  apìstash. Sunolik� èginan380 peir�mata gia to prìblhma tou periodeÔonto pwlht  kai ta apotelèsmata e�nai oimèsoi ìroi 204800 ektelèsewn gia k�je pe�rama (4x2x8x8x8x5x5x2).Sto sq ma 5.14 blèpoume ton arijmì gene¸n pou qreiasthke gia 5 mejìdou proke�me-nou na broume mia kal  lÔsh gia to sugkekrimèno prìblhma TSP en¸ to sq ma 5.13parousi�zei ti epitaqÔnsei gia to prìblhma tou periodeÔonto pwl th. Ta idia sumpe-r�smata me ta apotelèsmata twn mejodologi¸n ma sti 14 sunart sei elègqou mpore�na ex�gei k�poio kai gia to prìblhma tou periodeÔonto pwlht . Se ìla ta apotelè-smata parathroÔme mia apìtomh pt¸sh twn kampul¸n epit�qunsh pou ofe�letai sthneterogèneia tou perib�llonto ma. H apìdosh th mejìdou PMA2  tan h qeirìterh



206 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnen¸ th PMA4 sthn opo�a trèqoume diafoeretik� e�dh algor�jmwn  tan h kalÔterhafoÔ me aut n brèjhke to mikrìtero m ko diadrom . Sto sq ma 5.15 èqoume ta su-nolik� m kh diadrom¸n pou epiteÔqjhkan me k�jemia apì ti mejìdou pou exet�same.H epit�qunsh pou pragmatopoie�tai ofe�letai ìqi mìno ston parallhlismì all� kaiston qrìno pou epitugq�netai me thn aÔxhsh twn arijm¸n twn nhs�dwn. An kai h suqn epikoinwn�a metaxÔ twn plhjusm¸n aux�nei ti epikoinwn�e metaxÔ twn epexergast¸nepeid  o qrìno epexergas�a e�nai sugkritik� polÔ meg�lo, h ep�drash twn epikoi-nwni¸n sthn taqÔthta twn peiram�twn e�nai sqetik� mikr . Sto sq ma 5.16 blèpoumetou qrìnou twn peiram�twn gia to prìblhma tou periodeÔonto pwlht . Parathre�taiaÔxhsh th apìdosh kaj¸ aux�netai to mègejo tou plhjusmoÔ.Gia lìgou plhrìthta parajètoume sugkritik� apotelèsmata (bl. p�naka 5.22) th me-jìdou ma gia akoma ept� probl mata TSP ligìtero duskola pou p rame apì thn dieÔ-junsh http://www.iwr.uni-heidelberg.de/groups/comopt/software/TSPLIB95/index.html.Ston p�naka auto emfanizontai oi mesoi oroi eno arijmou ektelesewn kaje ulopoihsh.Sth sthlh "Belt� parousiazontai oi beltiste lusei kaje problhmato. Sto deuterotmhma tou pinaka èqoume tou qronou ektelesh se deuterolepta.Apì ta parap�nwapotelèsmata blèpoume ìti oi mejodolog�e ma eqoun polÔ kal  apìdosh kai poiìthtalÔsh. Idiw se mikr  kai mètria duskol�a probl mata èqoume bre� lÔsei polÔ kont�sth bèltisth tim  kai se polÔ suntomo qronikì di�sthma (bl. p�naka 5.14 ). O lìgotou qrìnou upologismoÔ pro to qrìno epikoinwn�a exart�tai w èna bajmì apo thnomoiogèneia twn algor�jmwn pou ekteloÔntai sti di�fore nhs�de epexergast¸n.Qrhsimopoi¸nta eterogene� algor�jmou sthn PMA4 parathroÔme ìti o par�llhlo



5.6 : Sumper�smata 207qrìno ektèlesh twn ulopoi sewn ma belti¸netai se sqèsh me ton par�llhlo qrìnoektèlesh me qr sh omoiogen¸n algor�jmwn. O qrìno ìmw epikoinwn�a e�nai me mi-krè apokl�sei per�pou o �dio efìson diathroÔme to mègejo plhjusmoÔ stajerì.E�nai profanè ìti me thn par�llhlh ulopo�hsh twn mejodologi¸n tou kefala�ou 4mei¸jhke to kìsto upologismou kai pragmatopoihjhke ena sqetik� meg�lo pl jodokim¸n gia ton entopismì th olik� bèltisth lÔsh me ikanopoihtikh axiopist�a.Ta apotelèsmata tou probl mato tou periodeÔonto pwlht  sumfwnoÔn me ta apote-lèsmata twn upolo�pwn problhm�twn. Apì ta peiramatik� apotelèsmata parathroÔmeìti qrhsimopoi¸nta diaforetikè timè gia to mègejo plhjusmoÔ katal goume se dia-foretikè apodìsei. H qeirìterh apìdosh prokÔptei gia polÔ mikrè kai meg�le timètou plhjusmoÔ. Autì sumba�nei epeid  oi mikrè timè tou plhjusmoÔ aux�noun thnepib�runsh th diaepexergastik  epikoinwn�a, en¸ oi meg�le timè parèqoun qamhl isorrop�a fort�ou.
5.6 Sumper�smataApì ta apotelèsmata fa�netai ìti h PMA4 antimet¸pise me megalh epituq�a apì 80% ∼

100% ta perissìtera apì ta probl mata. Gia ti upìloipe tre� mejìdou parath-roume ìti ta posost� epituq�a  tan uyhlìtera apì aut� twn seiriak¸n ulopoihsewnìpw  tan anamenìmeno alla se genikè grammè w pro th seiriak  tou ekdoq  kaise sqèsh p�nta me thn apotelesmatikìthta tou parous�asan belt�wsh me aÔxhsh tou



208 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnpl jou twn epexergast¸n, qwr� wstìso h belt�wsh aut  na e�nai omoiìmorfh poio-tik�.H PMA4 pleonekte� kai autì fa�netai kai sta dÔskola probl mata. Epitugq�noume touyhlìtera pososta epituq�a t�xh 93 ∼ 96% sta perissìtera apì ta probl mata kaisqetik� me mikrè apait sei. Kai sti 4 peript¸sei ìso aux�noume ti epanal yeitìso prosegg�zoume kalÔtera thn sun�rthsh kai �ra petuqa�noume megalÔterh akr�-beia.H suntomìterh diadrom  gia to prìblhma tou periodeÔonto pwlht  (sq ma 5.18) èqeim ko 310.876 kai brèjhke me 3250 geneè kai mègejo plhjusmoÔ 300 apì thn mèjodo
PMA4 se qrìno 30520 deuterìlepta   alli¸ se 8,48 ¸re. Oi mejodolog�e ma mebash kai ta teqnik� qarakthristik� th peiramatik  ma sustoiq�a e�qan kal  apì-dosh kai kal  poiìthta lÔsh kai sto prìblhma tou periodeÔonto pwlht  TSP. Taapotelèsmata tou probl mato tou periodeÔonto pwlht  sumfwnoÔn me ta apotelè-smata apì ta upìloipa 14 probl mata elègqou apìdosh.Oi meg�loi plhjusmo� dhmiourgoÔn probl mata kaj¸ kinoÔntai arg� pro th bèltisthlÔsh kai dhmiourgoÔn polloÔ apogìnou se k�je geni� me apotèlesma na qrei�zontaipollè epanal yei. Suqn� me th qr sh meg�lou plhjusmoÔ o algìrijmo parablèpeim�a lÔsh me sun�rthsh kìstou �nw tou mèsou ìrou h opoia br�sketai se mia sten  ko-ruf  tou ped�ou anaz thsh, kaj¸ èqei thn t�sh na odhge�tai se pio eure�e korufè.H apìdosh twn mejodologi¸n ma me mikrì mègejo plhjusmoÔ e�nai kaluterh apì thnapìdosh twn �llwn megej¸n plhjusmoÔ, all� sun jw kajhl¸netai se topik� shme�a.MporoÔme na sumper�noume ìti oi mikrè timè megèjou upoplhjusm¸n e�nai kalì na



5.6 : Sumper�smata 209qrhsimopoioÔntai ìtan o stìqo e�nai h taqe�a beltistopo�hsh kai ìqi tìso h eÔreshtou olikoÔ el�qistou. Antijeta h qr sh meg�lwn tim¸n upoplhjusm¸n bohj� sthneuresh mia polÔ kal  lÔsh all� ìqi kai sthn taqe�a beltistopo�hsh.Ta apotelèsmata pou e�qame kai gia ti tre� mejìdou all� idia�tera gia thn RMA4de�qnoun ìti h suzeuxh ìlwn aut¸n twn teqnik¸n mèsa se antagwnistikì pla�sio poukajor�zetai se èna perib�llon par�llhlh arqitektonik  d�noun mia adromer  diereÔ-nhsh tou q¸rou efikt¸n lÔsewn kai eggu�tai th sugklish sto olikì bèltisto miasun�rthsh apofeÔgonta ton egklwbismì se topik� akrìtata.Ereun¸nta akìma perissìtero thn PMA4, e�nai dunatìn na elegqjoÔn �lle ulopoi -sei tou montèlou mèsw th ep�drash diafìrwn �llwn stoiqe�wn sthn apìdosh touìpw diaforetikè kwdikopoihsei an� upoplhjusmì, prosarmog  th dom  th gei-toni� sthn arqitektonik  tou susthmato, diaforetikoÔ mhqanismoÔ epilog  an�upoplhjusmì. 'Etsi prote�netai gia peraitèrw diereÔnhsh o antagwnismì   h suner-gas�a twn plhjusm¸n me diaforetikè teqnikè topik  anaz thsh me ap¸tero stìqoton entopismì me akr�beia kai taqÔthta tou topikoÔ akrot�tou sthn perioq  èlxh touopo�ou br�sketai to shme�o ekk�nhsh tou qrhsimopoi¸nta ìmw exeliktikè sumperi-forè oi opo�e tou kajistoÔn ikanoÔ sto na xefÔgoun apì autì. Endiafèron ja  tanna dokim�soume poia ja  tan h ep�drash sthn sumperifor� th mejodou PMA4 h qr -sh se kapoia nhs�da epexergast¸n algor�jmwn beltistopo�hsh me apoik�e yhfiak¸nmurmhgki¸n stou opo�ou ja g�netai qr sh diaforetik¸n teqnik¸n topik  anaz th-sh tìso kat� to st�dio omalopo�hsh ìso kai kat� to st�dio th epanarqikopo�hshtou mhqanismoÔ feromình. Plhrofor�e gia ti mejìdou beltistopo�hsh me apoik�e



210 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnyhfiak¸n murmhgki¸n tou mhqanismoÔ tou kai thn parallhlopo�hsh aut¸n mpore�na de� o anagn¸sth sthn prìsfath ergas�a twn Benkner et al [23℄.



5.6 : Sumper�smata 211

Sq ma 5.17: H katanom  twn 9882 topojesi¸n ston Elladikì q¸ro



212 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn

Sq ma 5.18: H kalÔterh diadrom  gia thn sÔndesh 9882 topojesi¸nston Elladikì q¸ro



5.6 : Sumper�smata 213Sun�r. Par. Ulop. Enì shme�ou Duì Shme�wn Poll. Shme�wn Euretikì Anasund.
PMA1 49 57 67 89

F1 PMA2 28 44 61 76(40520) PMA3 45 58 68 91
PMA4 43 53 61 98
PMA1 84 63 69 88

F2 PMA2 62 41 62 80(25020) PMA3 79 48 67 90
PMA4 96 45 61 98
PMA1 62 55 65 90

F3 PMA2 65 35 62 76(25601) PMA3 74 49 60 91
PMA4 96 46 63 96
PMA1 83 47 66 88

F4 PMA2 64 50 61 76(34535) PMA3 66 49 70 91
PMA4 96 47 64 95
PMA1 74 42 69 90

F5 PMA2 63 51 61 76(28005) PMA3 85 48 62 91
PMA4 97 50 69 95
PMA1 71 65 60 90

F6 PMA2 62 53 62 79(42500) PMA3 70 45 66 90
PMA4 97 49 66 97
PMA1 62 63 62 88

F7 PMA2 65 41 60 79(43050) PMA3 66 47 64 90
PMA4 95 49 64 96
PMA1 63 51 65 89

F8 PMA2 65 24 62 79(48052) PMA3 73 49 61 90
PMA4 97 46 66 96
PMA1 64 68 65 90

F9 PMA2 65 45 62 79(52140) PMA3 72 45 67 91
PMA4 96 48 64 96
PMA1 71 46 68 90

F10 PMA2 60 55 61 79(51252) PMA3 61 48 65 92
PMA4 97 48 62 97
PMA1 61 49 64 88

F11 PMA2 63 47 61 77(49250) PMA3 71 48 65 91
PMA4 96 48 61 97
PMA1 67 55 68 89

F12 PMA2 63 49 61 76(52012) PMA3 67 49 65 91
PMA4 98 48 67 96
PMA1 65 51 68 88

F13 PMA2 63 23 61 76(54201) PMA3 86 47 64 92
PMA4 98 46 65 97
PMA1 65 51 68 88

F14 PMA2 63 23 61 76(48525) PMA3 86 47 64 92
PMA4 98 46 65 97P�naka 5.11: Posost� Epituq�a twn 4 ulopoi sewn giadiaforetik� e�dh anasunduasmoÔ - Entì parenjèsewnanagr�fetai to mèso pl jo lÔsewn pouexereun jhkan



214 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnSun�r. Par. Ulop. Enì shme�ou Duì Shme�wn Poll. Shme�wn Euretikì Anasund.
PMA1 4833 3989 4243 4363

F1 PMA2 4858 4076 4660 4704
PMA3 4823 3925 3821 3946
PMA4 4423 3278 3589 3677
PMA1 6239 4024 5492 5667

F2 PMA2 4918 5774 5667 5821
PMA3 5379 4119 5444 5598
PMA4 5439 4485 4472 4535
PMA1 7213 4217 6438 6497

F3 PMA2 4847 3904 7096 7294
PMA3 4855 3938 6560 6605
PMA4 6739 4169 5853 5905
PMA1 6322 5382 6300 6455

F4 PMA2 5578 6634 6968 7039
PMA3 7291 4669 6288 6361
PMA4 5355 4466 5966 6178
PMA1 5844 5048 5415 5602

F5 PMA2 6119 4944 5812 5946
PMA3 6231 3873 5661 5703
PMA4 5385 4179 5318 5464
PMA1 9521 11306 11877 11986

F6 PMA2 13304 12623 12520 12623
PMA3 9687 8973 11779 11831
PMA4 8848 5419 11135 11219
PMA1 6277 5826 7390 7474

F7 PMA2 8219 4123 7886 7973
PMA3 6667 4459 7389 7436
PMA4 6296 5520 6854 7014
PMA1 5668 7183 7389 7555

F8 PMA2 4973 4804 8272 8420
PMA3 7080 6686 7339 7431
PMA4 7423 3814 6979 7149
PMA1 5031 5196 6288 6356

F9 PMA2 6766 4092 6607 6784
PMA3 6302 5896 6197 6256
PMA4 6869 5294 6004 6047
PMA1 6720 3969 6331 6462

F10 PMA2 7689 3896 6770 6942
PMA3 7083 5382 6389 6455
PMA4 7866 4872 8375 8524
PMA1 9847 4111 8935 9106

F11 PMA2 8915 6793 8385 8456
PMA3 7508 5636 8225 8386
PMA4 7552 6931 8468 8593
PMA1 5542 6583 9073 9175

F12 PMA2 7569 7286 8331 8525
PMA3 8519 8034 8238 8345
PMA4 8179 4724 8117 8205
PMA1 5652 4705 7019 7147

F13 PMA2 7339 7971 8003 8112
PMA3 5326 5280 7005 7196
PMA4 7343 4400 6801 6968
PMA1 6481 6773 6701 6873

F14 PMA2 7708 4089 7381 7427
PMA3 6012 5063 6838 6920
PMA4 7410 5200 6441 6497P�naka 5.12: Oi kalÔteroi qrìnoi twn 4 ulopoi sewn giadiaforetik� e�dh anasunduasmoÔ



5.6 : Sumper�smata 2151 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 16894 8547 5711 4500 6104 2936

f1 PMA2 18256 9228 6165 4858 6590 3163
PMA3 15229 7715 5156 4063 5509 2658
PMA4 14151 7175 4797 3779 5124 2478
PMA1 22109 11154 7450 5871 7966 3805

f2 PMA2 22722 11461 7654 6032 8185 3907
PMA3 21833 11017 7358 5798 7868 3759
PMA4 17582 8891 5941 4681 6349 3050
PMA1 25424 12812 8555 6742 9150 4357

f3 PMA2 28611 14405 9617 7579 10288 4888
PMA3 25859 13030 8700 6856 9305 4430
PMA4 23058 11629 7766 6120 8305 3963
PMA1 25259 12730 8500 6696 9091 4330

f4 PMA2 27593 13896 9278 7312 9625 4719
PMA3 24882 12541 8374 6600 8957 4267
PMA4 24150 12175 8130 6407 8695 4145
PMA1 21847 11024 7362 5802 7873 3761

f5 PMA2 23223 11711 7821 6163 8364 3960
PMA3 22252 11226 7497 5908 8017 3829
PMA4 21297 10748 7179 5657 7676 3669
PMA1 47369 23784 15870 12509 16987 8015

f6 PMA2 49614 25057 16718 13178 17897 8439
PMA3 46750 23475 15663 12347 16766 7912
PMA4 44304 22252 14848 11704 15893 7504
PMA1 29332 14766 9857 7769 10546 5009

f7 PMA2 31327 15763 10522 8293 11258 5341
PMA3 29178 14689 9806 7728 10491 4983
PMA4 27494 13847 9245 7286 9889 4702
PMA1 29654 14927 9665 7854 10661 5062

f8 PMA2 33113 16656 11118 8763 11896 5639
PMA3 29158 14679 9796 7723 10484 4980
PMA4 28030 14115 9423 7427 10081 4792
PMA1 24860 12530 8367 6594 8949 4263

f9 PMA2 26572 13386 8937 7044 9560 4549
PMA3 24464 12332 8235 6490 8807 4197
PMA4 23627 11914 7956 6270 8508 4058
PMA1 25284 12742 8508 6705 9100 4334

f10 PMA2 27205 13702 9148 7210 9786 4654
PMA3 25259 12730 8500 6696 9091 4330
PMA4 24943 12571 8394 6615 8978 4277
PMA1 33528 16864 11256 8872 12044 5708

f11 PMA2 35856 18028 12032 9484 12876 6096
PMA3 33258 16729 11166 8801 11948 5663
PMA4 32978 16589 11073 8727 11848 5616
PMA1 33803 17002 11348 8944 12143 5754

f12 PMA2 36131 18166 12124 9556 12974 6142
PMA3 33534 16867 11258 8873 12046 5709
PMA4 32813 16506 11018 8684 11789 5589
PMA1 28025 14112 9422 7425 10079 4791

f13 PMA2 31883 16041 10708 8439 11457 5434
PMA3 28231 14216 9490 7480 10153 4825
PMA4 27430 13815 9223 7269 9867 4692
PMA1 26929 13565 9056 7138 9688 4608

f14 PMA2 29142 14671 9794 7719 10478 4977
PMA3 27117 13658 9119 7187 9754 4639
PMA4 25424 12812 8555 6742 9150 4357P�naka 5.13: Peiramatiko� qrìnoi ektèlesh (se deuterìlepta) giamègejo plhjusmoÔ 50 gia ti 4 ulopoi sei



216 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn1 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 16896 8550 5713 4501 6105 2937

f1 PMA2 18262 9231 6167 4860 6592 3164
PMA3 15234 7717 5158 4064 5511 2659
PMA4 14155 7178 4798 3780 5125 2479
PMA1 22115 11158 7452 5872 7968 3806

f2 PMA2 22729 11465 7656 6034 8188 3908
PMA3 21840 11020 7360 5800 7870 3760
PMA4 17587 8894 5942 4682 6351 3051
PMA1 25432 12816 8557 6744 9153 4359

f3 PMA2 28620 14410 9620 7582 10291 4890
PMA3 25867 13034 8702 6858 9308 4431
PMA4 23065 11632 7768 6122 8307 3964
PMA1 25267 12733 8502 6701 9094 4331

f4 PMA2 27601 13901 9280 7314 9628 4720
PMA3 24890 12545 8377 6602 8959 4268
PMA4 24158 12179 8133 6409 8698 4146
PMA1 21854 11027 7365 5804 7875 3762

f5 PMA2 23230 11715 7823 6165 8366 3962
PMA3 22258 11229 7496 5910 8019 3830
PMA4 21303 10752 7181 5659 7678 3671
PMA1 47383 23792 15874 12513 16963 8017

f6 PMA2 49630 25065 16723 13182 17902 8442
PMA3 46764 23482 15668 12351 16771 7914
PMA4 44317 22259 14852 11707 15898 7506
PMA1 29341 14770 9860 7771 10549 5010

f7 PMA2 31336 15768 10525 8296 11262 5343
PMA3 29187 14693 9809 7731 10494 4984
PMA4 27502 13851 9247 7288 9892 4704
PMA1 29663 14931 9668 7856 10664 5064

f8 PMA2 33123 16661 11121 8765 11900 5640
PMA3 29167 14684 9802 7726 10487 4981
PMA4 28039 14119 9426 7429 10084 4793
PMA1 24868 12534 8369 6596 8951 4265

f9 PMA2 26580 13390 8940 7046 9563 4550
PMA3 24471 12336 8237 6492 8810 4196
PMA4 23635 11917 7958 6272 8511 4059
PMA1 25292 12746 8511 6707 9103 4335

f10 PMA2 27213 13706 9151 7212 9789 4655
PMA3 25267 12733 8502 6701 9094 4331
PMA4 24950 12575 8397 6617 8981 4278
PMA1 33538 16869 11259 8874 12048 5710

f11 PMA2 35867 18033 12036 9487 12880 6098
PMA3 33269 16734 11170 8804 11952 5665
PMA4 32988 16594 11076 8730 11851 5618
PMA1 33814 17007 11351 8947 12146 5756

f12 PMA2 36142 18171 12127 9559 12978 6144
PMA3 33544 16872 11261 8876 12050 5711
PMA4 32823 16511 11021 8686 11792 5590
PMA1 28033 14117 9424 7428 10082 4792

f13 PMA2 31892 16046 10711 8442 11460 5435
PMA3 28240 14220 9493 7482 10156 4827
PMA4 27439 13819 9226 7271 9870 4693
PMA1 26938 13569 9059 7140 9691 4610

f14 PMA2 29151 14675 9797 7721 10481 4978
PMA3 27125 13662 9122 7189 9757 4641
PMA4 25432 12816 8557 6744 9153 4359P�naka 5.14: Peiramatiko� qrìnoi ektèlesh (se deuterìlepta) giamègejo plhjusmoÔ 100 gia ti 4 ulopoi sei



5.6 : Sumper�smata 2171 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 11193 5696 3811 3002 4067 1985

f1 PMA2 12100 6150 4113 3240 4392 2137
PMA3 10083 5142 3441 2710 3671 1801
PMA4 9364 4782 3201 2521 3414 1681
PMA1 14668 7434 4969 3915 5309 2565

f2 PMA2 15077 7638 5106 4022 5455 2633
PMA3 14484 7342 4908 3867 5243 2534
PMA4 11651 5926 3964 3122 4231 2062
PMA1 16878 8539 5706 4496 6098 2933

f3 PMA2 19001 9601 6414 5054 6856 3287
PMA3 17167 8684 5802 4572 6201 2981
PMA4 15301 7750 5180 4081 5534 2670
PMA1 16768 8484 5669 4467 6058 2915

f4 PMA2 18323 9261 6188 4876 6614 3174
PMA3 16516 8358 5585 4401 5969 2873
PMA4 16029 8114 5423 4273 5794 2791
PMA1 14494 7347 4911 3869 5246 2536

f5 PMA2 15411 7805 5217 4110 5574 2688
PMA3 14763 7482 5001 3940 5343 2581
PMA4 14127 7163 4789 3773 5115 2474
PMA1 31503 15851 10581 8340 11321 5370

f6 PMA2 33196 16700 11146 8785 11927 5653
PMA3 31090 15645 10443 8231 11174 5302
PMA4 29460 14830 9600 7803 10591 5030
PMA1 19482 9841 6574 5180 7028 3367

f7 PMA2 20811 10506 7017 5530 7503 3589
PMA3 19379 9790 6540 5153 6961 3350
PMA4 18257 9228 6166 4858 6590 3163
PMA1 19696 9648 6645 5237 7104 3403

f8 PMA2 22002 11101 7414 5842 7928 3787
PMA3 19366 9783 6535 5150 6987 3348
PMA4 18614 9407 6285 4952 6718 3222
PMA1 16502 8351 5581 4397 5963 2870

f9 PMA2 17642 8921 5961 4697 6371 3060
PMA3 16238 8219 5493 4328 5869 2826
PMA4 15680 7940 5307 4181 5670 2733
PMA1 16784 8492 5675 4471 6064 2917

f10 PMA2 18064 9132 6101 4808 6522 3131
PMA3 16768 8484 5669 4467 6058 2915
PMA4 16557 8378 5596 4411 5983 2879
PMA1 22279 11239 7506 5915 8027 3833

f11 PMA2 23830 12015 8023 6323 8581 4092
PMA3 22096 11149 7446 5868 7962 3803
PMA4 21912 11056 7384 5819 7896 3772
PMA1 22462 11331 7567 5963 8092 3864

f12 PMA2 24013 12107 8084 6371 8646 4122
PMA3 22282 11241 7507 5916 8028 3834
PMA4 21802 11001 7347 5790 7856 3754
PMA1 18611 9405 6284 4951 6717 3222

f13 PMA2 21182 10691 7141 5627 7635 3650
PMA3 18748 9474 6329 4987 6766 3245
PMA4 18215 9207 6152 4847 6575 3156
PMA1 17881 9040 6040 4759 6456 3100

f14 PMA2 19355 9778 6532 5147 6983 3346
PMA3 18006 9103 6082 4792 6501 3121
PMA4 16878 8539 5706 4496 6098 2933P�naka 5.15: Peiramatiko� qrìnoi ektèlesh (se deuterìlepta) giamègejo plhjusmoÔ 150 gia ti 4 ulopoi sei



218 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn1 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 11196 5698 3812 3003 4069 1986

f1 PMA2 12104 6152 4115 3241 4393 2137
PMA3 10086 5143 3442 2711 3672 1801
PMA4 9367 4784 3202 2522 3415 1681
PMA1 14672 7436 4971 3916 5310 2565

f2 PMA2 15081 7641 5107 4024 5456 2634
PMA3 14489 7344 4910 3868 5245 2535
PMA4 11655 5927 3965 3123 4232 2062
PMA1 16883 8541 5708 4497 6100 2934

f3 PMA2 19007 9604 6416 5055 6858 3288
PMA3 17173 8686 5804 4573 6203 2982
PMA4 15305 7753 5182 4083 5536 2671
PMA1 16773 8486 5671 4468 6060 2915

f4 PMA2 18328 9264 6189 4877 6616 3175
PMA3 16521 8361 5587 4402 5971 2874
PMA4 16034 8117 5425 4274 5796 2792
PMA1 14498 7349 4913 3870 5248 2536

f5 PMA2 15415 7808 5218 4111 5575 2689
PMA3 14768 7484 5003 3941 5344 2581
PMA4 14131 7166 4790 3774 5117 2475
PMA1 31513 15856 10584 8342 11325 5372

f6 PMA2 33210 16705 11150 8788 11931 5655
PMA3 31100 15650 10447 8234 11177 5303
PMA4 29469 14835 9603 7805 10595 5032
PMA1 19488 9844 6576 5182 7030 3368

f7 PMA2 20818 10509 7019 5531 7505 3590
PMA3 19385 9793 6542 5155 6963 3351
PMA4 18262 9231 6167 4860 6592 3164
PMA1 19702 9651 6647 5238 7107 3404

f8 PMA2 22008 11104 7416 5844 7930 3788
PMA3 19372 9786 6537 5151 6989 3349
PMA4 18620 9410 6287 4954 6720 3223
PMA1 16507 8353 5582 4398 5965 2871

f9 PMA2 17648 8924 5963 4698 6373 3061
PMA3 16243 8221 5494 4329 5871 2827
PMA4 15685 7942 5308 4182 5672 2734
PMA1 16789 8495 5676 4473 6066 2918

f10 PMA2 18070 9135 6103 4809 6523 3132
PMA3 16773 8486 5671 4468 6060 2915
PMA4 16562 8381 5601 4413 5985 2880
PMA1 22285 11243 7508 5917 8029 3834

f11 PMA2 23837 12019 8026 6325 8583 4093
PMA3 22106 11153 7449 5870 7965 3804
PMA4 21918 11059 7386 5821 7898 3773
PMA1 22469 11334 7570 5965 8095 3865

f12 PMA2 24021 12110 8087 6373 8649 4123
PMA3 22289 11245 7510 5918 8030 3835
PMA4 21808 11004 7349 5792 7859 3755
PMA1 18616 9408 6285 4953 6719 3223

f13 PMA2 21188 10694 7143 5629 7637 3651
PMA3 18754 9477 6331 4989 6768 3246
PMA4 18220 9210 6153 4849 6577 3157
PMA1 17886 9043 6042 4761 6458 3101

f14 PMA2 19361 9781 6534 5148 6985 3347
PMA3 18011 9106 6084 4794 6503 3122
PMA4 16883 8541 5708 4497 6100 2934P�naka 5.16: Peiramatiko� qrìnoi ektèlesh (se deuterìlepta) giamègejo plhjusmoÔ 200 gia ti 4 ulopoi sei



5.6 : Sumper�smata 2191 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 6005 3103 2082 1638 2215 1121

f1 PMA2 6500 3350 2247 1768 2391 1203
PMA3 5400 2800 1880 1479 1968 1020
PMA4 5008 2604 1749 1376 1858 954
PMA1 7900 4050 2713 2136 2891 1436

f2 PMA2 8123 4161 2787 2194 2971 1473
PMA3 7800 4000 2680 2109 2855 1420
PMA4 6255 3227 2165 1703 2303 1162
PMA1 9105 4652 3115 2452 3321 1637

f3 PMA2 10263 5231 3501 2757 3735 1830
PMA3 9263 4731 3167 2494 3378 1663
PMA4 8245 4222 2828 2226 3014 1494
PMA1 9045 4622 3095 2437 3300 1627

f4 PMA2 9893 5046 3377 2660 3603 1768
PMA3 8908 4554 3049 2401 3251 1604
PMA4 8642 4421 2960 2331 3156 1560
PMA1 7805 4002 2681 2111 2857 1420

f5 PMA2 8305 4252 2848 2242 3036 1504
PMA3 7952 4076 2730 2149 2910 1445
PMA4 7605 3902 2615 2058 2786 1387
PMA1 17080 8640 5773 4548 6170 2966

f6 PMA2 18005 9102 6081 4792 6500 3120
PMA3 16855 8527 5698 4489 6089 2929
PMA4 15966 8083 5402 4256 5772 2781
PMA1 10525 5362 3588 2826 3828 1874

f7 PMA2 11250 5725 3830 3017 4088 1965
PMA3 10469 5335 3570 2811 3809 1865
PMA4 9857 5029 3366 2651 3590 1763
PMA1 10642 5421 3627 2857 3871 1894

f8 PMA2 11896 6050 4046 3187 4320 2103
PMA3 10462 5331 3567 2809 3806 1863
PMA4 10052 5126 3430 2701 3660 1795
PMA1 8900 4550 3046 2396 3248 1603

f9 PMA2 9522 4861 3254 2562 3470 1707
PMA3 8756 4478 2968 2361 3197 1579
PMA4 8452 4326 2897 2281 3088 1528
PMA1 9054 4627 3098 2439 3303 1629

f10 PMA2 9752 4976 3330 2623 3552 1745
PMA3 9045 4622 3095 2437 3300 1627
PMA4 8930 4565 3056 2406 3259 1608
PMA1 12050 6125 4096 3226 4373 2128

f11 PMA2 12896 6548 4378 3449 4675 2269
PMA3 11952 6076 4064 3201 4338 2112
PMA4 11850 6025 4030 3174 4302 2095
PMA1 12150 6175 4130 3253 4409 2145

f12 PMA2 12966 6598 4412 3475 4711 2286
PMA3 12052 6126 4097 3227 4374 2128
PMA4 11790 5965 4010 3158 4280 2085
PMA1 10050 5125 3430 2701 3659 1795

f13 PMA2 11452 5826 3897 3069 4160 2028
PMA3 10125 5162 3455 2721 3686 1807
PMA4 9834 5017 3358 2644 3582 1759
PMA1 9652 4926 3297 2596 3517 1728

f14 PMA2 10456 5328 3565 2808 3804 1862
PMA3 9720 4960 3320 2614 3541 1740
PMA4 9105 4652 3115 2452 3321 1637P�naka 5.17: Peiramatiko� qrìnoi ektèlesh (se deuterìlepta) giamègejo plhjusmoÔ 250 gia ti 4 ulopoi sei



220 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn1 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 10180 6140 4140 2749 3670 2500

f1 PMA2 12040 7130 4340 2609 3879 2606
PMA3 10080 5140 3440 2709 3670 1800
PMA4 9361 4781 3200 2520 3413 1680PMA�1 14663 7432 4968 3914 5307 2564

f2 PMA2 15072 7636 5104 4021 5453 2632
PMA3 14480 7340 4907 3866 5241 2533
PMA4 11648 5924 3963 3121 4230 2061
PMA1 16873 8536 5704 4494 6096 2932

f3 PMA2 18966 9598 6412 5052 6854 3286
PMA3 17162 8681 5801 4571 6196 2980
PMA4 15296 7748 5179 4080 5533 2669
PMA1 16763 8481 5668 4466 6057 2914

f4 PMA2 18317 9259 6186 4874 6612 3173
PMA3 16511 8356 5584 4396 5967 2872
PMA4 16024 8112 5421 4271 5793 2791
PMA1 14489 7345 4910 3868 5245 2535

f5 PMA2 15406 7803 5215 4109 5572 2688
PMA3 14759 7479 5000 3939 5341 2580
PMA4 14123 7161 4788 3772 5114 2474
PMA1 31493 15847 10578 8337 11318 5369

f6 PMA2 33189 16695 11143 8783 11923 5652
PMA3 31081 15640 10440 8229 11170 5300
PMA4 29451 14826 9897 7800 10588 5029
PMA1 19476 9838 6572 5179 7026 3366

f7 PMA2 20805 10503 7015 5528 7500 3588
PMA3 19373 9787 6538 5152 6989 3349
PMA4 18251 9226 6164 4857 6588 3162
PMA1 19690 9645 6643 5235 7102 3402

f8 PMA2 21965 11097 7412 5841 7925 3786
PMA3 19360 9780 6533 5148 6984 3347
PMA4 18609 9404 6283 4951 6716 3221
PMA1 16497 8348 5579 4396 5962 2869

f9 PMA2 17637 8919 5959 4695 6369 3060
PMA3 16233 8216 5491 4326 5867 2825
PMA4 15675 7938 5305 4180 5668 2733
PMA1 16779 8490 5673 4470 6063 2917

f10 PMA2 18059 9129 6100 4806 6520 3130
PMA3 16763 8481 5668 4466 6057 2914
PMA4 16552 8376 5597 4410 5981 2879
PMA1 22272 11236 7504 5913 8024 3832

f11 PMA2 23823 12011 8021 6321 8578 4090
PMA3 22092 11146 7444 5866 7960 3802
PMA4 21905 11053 7382 5817 7893 3771
PMA1 22455 11328 7565 5962 8090 3863

f12 PMA2 24006 12103 8082 6369 8644 4121
PMA3 22275 11238 7505 5914 8025 3833
PMA4 21795 10968 7345 5788 7854 3753
PMA1 18605 9403 6282 4950 6715 3221

f13 PMA2 21175 10688 7138 5625 7633 3649
PMA3 18743 9471 6328 4986 6764 3244
PMA4 18209 9205 6150 4846 6573 3155
PMA1 17875 9038 6038 4758 6454 3096

f14 PMA2 19349 9775 6530 5145 6980 3345
PMA3 18000 9100 6080 4791 6496 3120
PMA4 16873 8536 5704 4494 6096 2932P�naka 5.18: Peiramatiko� qrìnoi ektèlesh (se deuterìlepta) giamègejo plhjusmoÔ 300 gia ti 4 ulopoi sei



5.6 : Sumper�smata 2211 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 25449 12824 8563 6748 9159 4361

f1 PMA2 27493 13846 9244 7286 9889 4702
PMA3 22951 11576 7730 6092 8267 3945
PMA4 21333 10766 7191 5667 7689 3675
PMA1 33273 16736 11171 8805 11953 5665

f2 PMA2 34194 17197 11478 9047 12282 5819
PMA3 32860 16530 11033 8696 11806 5597
PMA4 26481 13341 8907 7020 9528 4534
PMA1 38248 19224 12829 10112 13730 6495

f3 PMA2 43029 21615 14423 11369 15438 7292
PMA3 38901 19550 13047 10284 13963 6603
PMA4 34697 17449 11646 9179 12462 5903
PMA1 38000 19100 12747 10047 13642 6453

f4 PMA2 41502 20851 13914 10967 14892 7037
PMA3 37435 18817 12558 9896 13440 6359
PMA4 36337 18268 12192 9610 13047 6176
PMA1 32881 16540 11040 8702 11813 5600

f5 PMA2 34945 17573 11728 9244 12550 5944
PMA3 33488 16844 11243 8861 12030 5701
PMA4 32055 16127 10765 8485 11518 5462
PMA1 71175 35688 23805 18766 25490 11983

f6 PMA2 74964 37597 25078 19770 26854 12619
PMA3 70246 35223 23495 18522 25158 11828
PMA4 66576 33388 22272 17557 23847 11216
PMA1 44111 22156 14784 11653 15824 7472

f7 PMA2 47104 23652 15781 12440 16893 7971
PMA3 43880 22040 14707 11592 15741 7433
PMA4 41353 20777 13864 10928 14839 7012
PMA1 44594 22397 14945 11780 15966 7552

f8 PMA2 49784 24962 16675 13144 17850 8417
PMA3 43851 22025 14697 11585 15731 7428
PMA4 42158 21179 14133 11140 15126 7146
PMA1 37402 18801 12547 9890 13428 6354

f9 PMA2 39670 20085 13403 10565 14345 6782
PMA3 36807 18504 12349 9734 13215 6255
PMA4 35552 17876 11931 9404 12767 6045
PMA1 38038 19119 12759 10057 13655 6460

f10 PMA2 40919 20560 13720 10814 14684 6940
PMA3 38000 19100 12747 10047 13642 6453
PMA4 37526 18863 12589 9622 13472 6374
PMA1 50407 25304 16882 13308 18073 8521

f11 PMA2 53900 27050 18047 14226 19320 9103
PMA3 50003 25101 16748 13202 17928 8454
PMA4 49582 24891 16607 13091 17778 8384
PMA1 50820 25510 17020 13417 18220 8590

f12 PMA2 54313 27257 18184 14335 19468 9172
PMA3 50416 25308 16885 13310 18076 8523
PMA4 49334 24767 16525 13026 17689 8342
PMA1 42150 21175 14130 11138 15124 7145

f13 PMA2 47938 24069 16059 12659 17191 8110
PMA3 42460 21330 14233 11219 15234 7197
PMA4 41258 20729 13833 10903 14805 6966
PMA1 40507 20353 13582 10706 14537 6871

f14 PMA2 43826 22013 14689 11578 15722 7424
PMA3 40787 20494 13676 10780 14637 6918
PMA4 38248 19224 12829 10112 13730 6495P�naka 5.19: Peiramatiko� qrìnoi ektèlesh (se deuterìlepta) giamègejo plhjusmoÔ 350 gia ti 4 ulopoi sei



222 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwn1 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 25457 12828 8566 6751 9162 4363

f1 PMA2 27501 13851 9247 7288 9892 4704
PMA3 22958 11579 7733 6094 8269 3946
PMA4 21339 10770 7193 5668 7691 3677
PMA1 33283 16742 11174 8807 11957 5667

f2 PMA2 34204 17202 11481 9050 12286 5821
PMA3 32870 16535 11037 8696 11809 5598
PMA4 26489 13345 8910 7022 9530 4535
PMA1 38260 19230 12833 10115 13734 6497

f3 PMA2 43042 21621 14427 11372 15442 7294
PMA3 38912 19556 13051 10287 13967 6605
PMA4 34708 17454 11649 9182 12466 5905
PMA1 38012 19106 12751 10050 13646 6455

f4 PMA2 41514 20857 13918 10971 14897 7039
PMA3 37446 18823 12562 9602 13444 6361
PMA4 36348 18274 12196 9613 13051 6178
PMA1 32891 16545 11044 8704 11817 5602

f5 PMA2 34956 17578 11732 9247 12554 5946
PMA3 33498 16849 11246 8864 12034 5703
PMA4 32065 16132 10768 8487 11522 5464
PMA1 71197 35698 23812 18772 25497 11986

f6 PMA2 75017 37609 25086 19776 26862 12623
PMA3 70268 35234 23503 18528 25166 11831
PMA4 66596 33398 22279 17563 23854 11219
PMA1 44125 22162 14788 11657 15829 7474

f7 PMA2 47119 23659 15786 12444 16898 7973
PMA3 43893 22047 14711 11596 15746 7436
PMA4 41366 20783 13869 10932 14843 7014
PMA1 44608 22404 14949 11784 16001 7555

f8 PMA2 49796 25000 16680 13148 17855 8420
PMA3 43864 22032 14701 11588 15736 7431
PMA4 42171 21186 14137 11143 15131 7149
PMA1 37413 18807 12551 9893 13432 6356

f9 PMA2 39682 20091 13407 10568 14349 6784
PMA3 36818 18509 12353 9737 13219 6256
PMA4 35563 17881 11934 9407 12771 6047
PMA1 38049 19125 12763 10060 13659 6462

f10 PMA2 40932 20566 13724 10818 14689 6942
PMA3 38012 19106 12751 10050 13646 6455
PMA4 37537 18869 12592 9625 13476 6376
PMA1 50423 25311 16888 13312 18078 8524

f11 PMA2 53917 27058 18052 14230 19326 9106
PMA3 50018 25109 16753 13206 17934 8456
PMA4 49597 24898 16612 13095 17783 8386
PMA1 50836 25518 17025 13421 18226 8593

f12 PMA2 54330 27265 18190 14339 19474 9175
PMA3 50431 25316 16890 13314 18081 8525
PMA4 49349 24775 16530 13030 17695 8345
PMA1 42163 21181 14134 11141 15128 7147

f13 PMA2 47953 24077 16064 12663 17196 8112
PMA3 42473 21336 14238 11223 15239 7196
PMA4 41271 20735 13837 10907 14810 6968
PMA1 40519 20360 13586 10709 14541 6873

f14 PMA2 43840 22020 14693 11582 15727 7427
PMA3 40800 20500 13680 10783 14641 6920
PMA4 38260 19230 12833 10115 13734 6497P�naka 5.20: Peiramatiko� qrìnoi ektèlesh (se deuterìlepta) giamègejo plhjusmoÔ 400 gia ti 4 ulopoi sei



5.6 : Sumper�smata 2231 Nh. 2 Nh. 3 Nh. 4 Nh. 5 Nh. 6 Nh.Sun�r. Par. Ulop. 3 epex. 6 epex. 9 epex. 12 epex. 15 epex. 18 epex.
PMA1 62 65 75 75 84 89

F1 PMA2 62 62 68 70 74 77
PMA3 74 64 76 83 83 92
PMA4 95 95 97 96 96 97
PMA1 82 70 74 76 81 91

F2 PMA2 63 63 67 71 74 78
PMA3 72 65 74 79 84 90
PMA4 97 98 98 97 95 98
PMA1 64 76 73 80 80 88

F3 PMA2 63 63 66 70 72 75
PMA3 68 71 82 80 82 91
PMA4 96 97 97 96 96 96
PMA1 74 64 73 85 85 88

F4 PMA2 62 61 69 69 73 80
PMA3 86 64 83 79 83 91
PMA4 96 96 98 96 98 97
PMA1 68 84 72 85 85 90

F5 PMA2 65 65 67 70 74 80
PMA3 66 68 86 79 82 92
PMA4 98 95 97 96 96 97
PMA1 64 78 72 81 80 88

F6 PMA2 62 63 68 72 74 80
PMA3 78 69 75 85 85 91
PMA4 97 97 96 98 98 97
PMA1 68 61 74 84 85 90

F7 PMA2 62 62 66 70 75 77
PMA3 85 67 80 85 85 92
PMA4 96 97 97 95 97 98
PMA1 71 61 70 79 84 91

F8 PMA2 64 62 68 70 74 80
PMA3 84 82 74 81 83 91
PMA4 98 96 98 97 97 97
PMA1 75 81 72 78 84 90

F9 PMA2 65 65 66 72 73 79
PMA3 62 77 82 80 83 90
PMA4 96 96 96 96 95 98
PMA1 72 75 73 80 85 89

F10 PMA2 62 64 68 70 72 77
PMA3 84 87 87 85 83 91
PMA4 98 96 96 95 96 98
PMA1 62 68 70 82 81 89

F11 PMA2 61 62 68 70 73 79
PMA3 86 82 85 85 82 90
PMA4 98 97 97 98 95 98
PMA1 72 75 73 79 83 90

F12 PMA2 64 65 67 69 73 78
PMA3 77 81 77 82 84 90
PMA4 98 97 96 97 97 97
PMA1 81 82 75 81 81 90

F13 PMA2 64 60 66 71 75 79
PMA3 73 78 79 80 83 92
PMA4 96 97 97 96 96 96
PMA1 65 78 75 82 83 91

F14 PMA2 61 65 68 70 73 77
PMA3 73 65 83 79 85 91
PMA4 97 98 98 97 98 98P�naka 5.21: Posost� Epituq�a twn 4 ulopoi sewn giadiaforetikì arijmì epexergast¸n



224 Kef�laio 5 : Par�llhlh Ulopo�hsh Mimhtik¸n Algor�jmwnLÔseiPrìblhma Bèltisth LÔsh PMA1 PMA2 PMA3 PMA4 PTS PSA PEA
ftv170 2755 2790 2810 2797 2770 2825 2820 2800

kro124p 36230 36240 36252 36242 36238 36280 36275 36240
ry48p 14422 14430 14442 14428 14426 14452 14448 14450
ft70 38673 38680 38694 38678 38675 38680 38690 38685
d198 15780 15792 15802 15783 15795 15805 15810 15795
eil51 426 430 442 435 429 450 440 435

kroA100 21282 21300 21350 21295 21289 24420 21765 21380QrìnoiPrìblhma PMA1 PMA2 PMA3 PMA4 PTS PSA PEA
ftv170 802 850 812 805 880 885 805

kro124p 780 820 750 760 850 860 802
ry48p 380 385 382 383 500 570 385
ft70 602 680 608 615 700 780 620
d198 950 980 908 960 1020 1084 975
eil51 420 460 418 425 520 530 435

kroA100 680 790 674 645 802 830 720P�naka 5.22: SÔgkrish algor�jmwn se 7 probl mata TSP UG. St lh 2Anafer. sthn trèqousa bèltisth lÔsh



Kef�laio 6
Qronoprogrammatismìparagwg  kai sunt rhshjermohl. stajm¸n
Ekten  èreuna èqei pragmatopoihje� prokeimènou na katanohje� h diadikas�a tou qro-noprogrammatismoÔ (scheduling) . To prìblhma qronoprogrammatismoÔ paragwg  kaisunt rhsh twn stajm¸n hl. reÔmato e�nai de apì ta dÔskola sqetik� sunduasti-k� probl mata pou èqoun parousiaste�. Ja jewr soume ìti ìle oi drasthriìthteupob�llontai se epexergas�a qwr� diakop , dhlad  mìli m�a drasthriìthta arq�sei,upob�lletai se epexergas�a mèsa se èna suneqè qronikì di�sthma.To kef�laio autì e�nai diarjrwmèno w ex : sthn enìthta 6.1 k�noume mia sÔntomh225



226Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸nperigraf  twn susthm�twn paragwg  kai tou rìlou tou qronoprogrammatismoÔ se au-t�. Sthn enìthta 6.2 g�netai mia ekten  perigraf  tou probl mato, sthn enìthta 6.3perigr�fetai h ulopo�hsh pou ègine sta pla�sia th ergas�a aut  kai sthn sunèqeiaakoloujoÔn ta apotelèsmata kai ta sumper�smata apì ti ektelèsei twn peiram�twnma.'Ena mèro twn apotelesm�twn pou parousi�zontai se autì to kef�laio èqoun dhmo-sieute� sto 5th World Multiconference on Systemics, Cybernetics and Informatics[73℄kai sto 7th International Conference on Information Systems Analysis and Synthesis

(ISAS 2001) [70℄ sta praktik� tou 5th Hellenic European Conference on Compu-

ter Mathematics and its Applications[68℄, sto Panell nio Sumpìsio AutomatismoÔ,Rompotik  kai Biomhqanik  Paragwg  to 2001 [67℄ kaj¸ kai sto periodikì Mathe-

matics and Computers in Simulation [76℄ to 2002.
6.1 Sust mata Paragwg  kai Qronopro-grammatismìOi exeliktiko� algìrijmoi èqoun pia kajierwje� s mera w mia epituqhmènh mejodolog�agia th lÔsh pl jou problhm�twn qronoprogrammatismoÔ par�llhla me ti sun jeiteqnikè th Epiqeirhsiak  'Ereuna en¸ oi MA apoteloÔn mia polÔ endiafèrousa ubri-dik  exeliktik  teqnik  poll� uposqìmenh sthn ep�lush tètoiwn problhm�twn[38, 111℄.Sto genikì prìblhma qronoprogrammatismoÔ paragwg  up�rqei èna sÔnolo ergasi¸n



6.1 : Sust mata Paragwg  kai Qronoprogrammatismì 227kai èna sÔnolo mhqan¸n. K�je ergas�a apotele�tai apì èna sÔnolo leitourgi¸n (ope-

rations) pou prèpei pragmatopoihjoÔn me mia kajorismènh seir�. Epiplèon se k�je lei-tourg�a d�netai èna qrìno epexergas�a kai h sugkekrimènh mhqan  sthn opo�a prèpeina upoblhje� se epexergas�a. To prìblhma e�nai na breje� èna prìgramma, an autìup�rqei, sto opo�o kam�a mhqan  den ja epexerg�zetai perissìtere apì m�a leitourg�ethn �dia qronik  stigm  kai tèlo oi leitourg�e na g�nontai me thn apaitoÔmenh sei-r�. Gia thn ep�lush tou genikoÔ probl mato qronoprogrammatismoÔ èqoun anaptuqje�pollo� algìrijmoi, oi opo�oi qwr�zontai stou algor�jmou beltistopo�hsh kai stouproseggistikoÔ algor�jmou (approximation algorithms) . Gia thn eÔresh ìmw au-t  th lÔsh mpore� na qreiaste� polÔ meg�lo upologistikì qrìno. Antijètw ènaproseggistikì algìrijmo br�skei k�poia lÔsh se apodekt� pla�sia qrìnou. H lÔshaut  endèqetai na e�nai bèltisth, all� autì den e�nai egguhmèno.Ta sust mata paragwg  mporoÔn na diakrijoÔn se trei basikè kathgor�e:a) Sust mata suneqoÔ ro  (flow-shop) , ìpou h paragwg  exeidikeÔetai se èna pe-riorismèno arijmì tupopoihmènwn proðìntwn, pou par�gontai se ant�stoiqe grammèparagwg  kai proor�zontai gia eure�a katan�lwsh. Sta sust mata aut� h ro  touproðìnto se k�je gramm  e�nai �dia gia k�je komm�ti. O paragwgikì exoplismì or-gan¸netai qwrotaxik� se grammik  di�taxh kai e�nai eidik  qr sh, me meg�lo bajmìautomatopo�hsh. Sthn kathgor�a aut  an kei kai h per�ptwsh ìpou to sÔsthma sum-perifèretai san m�a mhqan , ìpou oi eisroè metasqhmat�zontai se èna   perissìteraproðìnta (p.q. èna diulist rio   m�a mon�da paragwg  tsimèntou) [26, 32℄.b) Sust mata paragwg  kat� paraggel�a (job-shop) , pou par�goun meg�lh poikil�a



228Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸nproðìntwn se mikrè posìthte kai me prodiagrafè pou or�zontai apì ton pel�th, oopo�o anajètei sto sÔsthma thn paragwg  enì arijmoÔ �diwn proðìntwn (paragge-l�a   ergas�a). H ro  tou proðìnto sta sust mata aut� e�nai diaforetik  gia k�jeparaggel�a (part�da paragwg ). H qwrotaxik  di�taxh e�nai leitourgik , dhlad  oparagwgikì exoplismì, pou e�nai genik  qr sh me genik� periorismèno bajmì au-tomatopo�hsh, diat�ssetai se om�de paragwgik¸n mon�dwn pou ekteloÔn thn �dialeitourg�a (p.q. qwrist� oi tìrnoi, qwrist� oi prèsse k.o.k.) [7, 20℄g) Sust mata kataskeu  èrgwn, pou par�goun sun jw èna proðìn meg�lou megèjoukai ax�a pou proor�zetai gia èna pel�th. Sta sust mata aut� o paragwgikì exopli-smì, pou qarakthr�zetai apì mikrì bajmì automatopo�hsh, diat�ssetai gÔrw apì toproðìn.[30, 94℄Me ton ìro qronoprogrammatismì orizetai h katanom  dedomènwn pìrwn sth di�rkeiatou qrìnou me skopì thn olokl rwsh enì sunìlou ergasi¸n. Ta probl mata qro-noprogrammatismoÔ paragwg  sundu�zoun episthmonikè perioqè tìso diaforetikèìpw e�nai autè tou sqediasmoÔ paragwg  (production planning) kai tou computer

design . H jewr�a kai oi efarmogè tou qronoprogrammatismoÔ paragwg  èqoun ana-ptuqje� se èna shmantikì ped�o th èreuna, tìso apì thn pleur� th epiqeirhsiak èreuna ìso kai apì thn pleur� th teqnht  nohmosÔnh.To prìblhma tou qronoprogrammatismoÔ paragwg  reÔmato se stajmoÔ hlektrikoÔreÔmato parousi�zei idia�tero endiafèron gia ti oikonom�e twn diafìrwn qwr¸n afoÔsqet�zetai me ton energeiakì tomèa. Hlektrik  enèrgeia mporoÔme na p�roume praktik�apì k�je �llh morf  enèrgeia. Par' ìla aut� ìmw dìjhke idia�tero b�ro (ìpw  tan



6.2 : Perigraf  tou probl mato 229fusikì) stou trìpou paragwg  hlektrismoÔ pou sunèferan perissìtero oikonomi-k�.To prìblhma tou qronoprogrammatismoÔ twn ergasi¸n twn stajm¸n hlektrikoÔ reÔ-mato èqei melethje� ektènw sto pareljìn kai sun�statai sthn elaqistopo�hsh toukìstou twn ergasi¸n pou g�nontai se autoÔ kai tou sunolikoÔ kìstou z thsh.To 1973, o Gruhl [101℄ parous�ase èna genikì prìblhma qronoprogrammatismou pouperièlabe th sunt rhsh sqedi�zonta w upoprìblhma prote�nonta mia teqnik  duna-mikoÔ programmatismoÔ. DÔo èth argìtera to 1975, o Dopazo kai Merrill [80, 218℄qrhsimopo�hsan mia teqnik  akera�ou programmatismoÔ. Autè oi prosegg�sei èpasqanapì to meionèkthma ìti  tan an�kane na antimetwp�soun akìmh kai probl mata mètriakl�maka. To 1997 o Burke [39℄ qrhsimopoihse mia exeliktik  mèjodo h opo�a kai èdwsekal� sqetik� apotelèsmata en¸ to 2003 o Nara [165℄ prosèggise to prìblhma me miaparallhlh ulopo�hsh th mejìdou th prosomoioÔmenh anìpthsh. E�qe prohghje� hseiriak  ulopo�hsh apì ton �dio paliìtera h opo�a ìmw den apèdwse kal� apotelèsmatase meg�lh kl�maka probl mata [188℄.
6.2 Perigraf  tou probl matoSthn ergas�a ma perilamb�noume mia genik  kathgor�a perioristik¸n pìrwn d�nontaèna prìblhma sto opo�o oi drasthriìthte mporoÔn na èqoun perissìterou apì ènatrìpou ektèlesh afoÔ up�rqoun kai anane¸simoi all� kai mh anane¸simoi perioristi-ko� pìroi.



230Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸nTo prìblhma autì e�nai sqetikì kai sta euèlikta sust mata kataskeu  (flexible ma-

nufacturing systems) . Oi paradosiakè teqnikè beltistopo�hsh ìpw o akèraioprogrammatismì d�noun mia akrib  beltisth lÔsh gia mikr� probl mata.'Alle pio prìsfate euretikè mèjodoi pou èqoun efarmoste� gia thn ep�lush touprobl mato e�nai h prosomoioÔmenh anìpthsh , h stoqastik  anaz thsh, oi mimhtiko�algìrijmoi, h apotreptik  anaz thsh. Epiprìsjeta h qr sh ubridik¸n genetik¸n al-gor�jmwn me teqnikè anaz thsh (ìpw th topik  anaz thsh, th prosomoioÔmenhanìpthsh, kai th apotreptik  anaz thsh) sunèbalan sthn shmantik  belt�wsh thdunatìthta anaz thsh twn GA kai h uyhl  apìdosh pou parousi�zoun anafèretaisuqn� sth diejn  bibliograf�a.Exet�zoume i mon�de paragwg  hlektrikoÔ reÔmato se èna qronikì or�zonta Miperiìdwn. K�je mon�da prèpei na par�gei gia Mi suneqe� periìdou. H leitourgik qwrhtikìthta k�je mon�da perigr�fetai apì to Ci. K�tw apì orismène pro�pojèseie�nai dunatìn gia mia mon�da na xeperaste� autì to ìrio. Prokeimènou na apofeu-qjoÔn oi tuqa�oi par�gonte sto prìblhma, ìpw gia par�deigma oi tuqa�e diakopèleitourg�a twn mon�dwn, qrhsimopoie�tai mia akìma metablht  gia ti efedrikè mon�deleitourg�a an�logh me pro th z thsh sthn perigraf  tou probl mato. To prìblhmataxinome�tai san èna prìblhma elaqistopo�hsh kìstou to opo�o mpore� na epiluje� memia teqnik  beltistopo�hsh.Epomènw sthn per�odo j h problepìmenh z thsh gia to sÔsthma kajor�zetai apì to
Dj kai h qwrhtikìthta twn efedrik¸n mon�dwn paragwg  pou apaitoÔntai or�zetai apìto Rj. Oi dap�ne gia ta kaÔsima mporoÔn ep�sh na upologistoÔn gia k�je per�odo



6.2 : Perigraf  tou probl mato 231san mia stajer� fj gia k�je mon�da paragwg .Tèlo me pij anapar�statai h hlektrik  enèrgeia pou par�getai apì mia mon�da i se miaper�odo j, me cij sumbol�zetai to kìsto sunt rhsh mia mon�da i an aut  sunthre�taisth di�rkeia th periìdou j kai ta yij pa�rnoun thn tim  1 an h mon�da i sunthre�taisthn per�odo j kai 0 se diaforetik  per�ptwsh. Me I sumbol�zontai o mègisto arijmìmon�dwn kai me J o mègisto arijmì periìdwn. O stìqo tou probl mato e�nai helaqistopo�hsh tou ajro�smato tou sunolikoÔ kìstou kai tou sunolikoÔ kìstouth z thsh.
min

∑J
i=j(fi ·

∑I
i=1 pij) +

∑I
i=1 ci(xi)'Otan xekin�ei h mon�da i thn sunt rhsh th, tìte h mon�da aut  prèpei na br�sketai sekat�stash sunthr sew gia Mi suneqe� periìdou.

yij = 0, j = 1, 2, ..., xi − 1
yij = 1, j = xi, ..., xi + Mi − 1

yij = 0, j = xi + Mi, ..., JH sunolik  enèrgeia pou par�getai diakr�netai se prwteÔousa kai deutereÔousa. Prw-teÔousa jewre�tai h egguhmènh enèrgeia h opo�a e�nai diajèsimh apì ti mon�de staj-moÔ. 'Olh h upìloiph enèrgeia pou par�getai apì to sÔsthma jewre�tai deutereÔousakai èqei mikrìterh oikonomik  ax�a. An xi + Mi > J , tìte to upìloipo th sunt rhshth metafèretai sthn epìmenh epan�lhyh. 'Etsi diasfal�zetai to suneqè th sunthr -sew. H paragwg  twn gennhtri¸n den prèpei na uperba�nei èna sugkekrimèno ìrio en¸ìtan h mon�da t�jetai se kat�stash sunthr sew h paragwg  pa�rnei tim  0.
0 ≤ pij ≤ Ci(1− yij)H sunolik  paragwg  prèpei na e�nai �sh me th z thsh se k�je per�odo,



232Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸n
∑I

i=1 pij = Dj , j = 1, 2, ..., Jkai gia thn sunolik  qwrhtikìthta isqÔei o parak�tw periorismì.
∑I

i=1(1− yij)Ci ≥ (Dj + Rj)H perigraf  tou probl mato bas�zetai sthn diatÔpwsh tou probl mato pou èginesthn ergas�a [188℄. Qarhn aplopo�hsew th algorijmik  diadikas�a jewroÔme ìtiìle oi lÔsei ston q¸ro lÔsewn e�nai ègkure. M�a lÔsh ja mporoÔse na qarakth-riste� w anèfikth an oi periorismo� th z thsh kai twn apojem�twn den mporoÔn naantimetwpistoÔn. Se aut n thn per�ptwsh h lÔsh empod�zetai apì mia epiprìsjethsun�rthsh poin .
α
∑J

j=1 uj + β
∑J

j−1 ujìpou α kai β e�nai par�metroi diorjwtikè kai oi uj yj proèrqontai apì to èlleima sthnparagwg 
(
∑I

i=1 pij) + uj = Djkai apì to èlleimma sthn qwrhtikìthta.
(
∑I

i=1 Ci(1− yij)) + uj = Dj + Rjta uj den epitrèpetai na e�nai arnhtik� kai kat� sunèpeia se mia efikt  lÔsh den efarmì-zetai h sun�rthsh poin . Kat� sunèpeia opoiad pote arqik  lÔsh mpore� na epileqte�kai o algìrijmo beltistopo�hsh ja kateujunje� pro ti efiktè lÔsei mèsw thepilog  arket� uyhl¸n α kai β.



6.3 : Ulopo�hsh 2336.3 Ulopo�hshTo prìblhma e�nai h elaqistopo�hsh tou kìstou ìlwn twn ergasi¸n enì diktÔoustajm¸n hl. reÔmato. Gia na g�nei pio katanoht  h an�lush pou ja akolouj sei,èqoume epilèxei san par�deigma èna sÔsthma me èxi stajmoÔ kai èxi ergas�e. Ta de-domèna ma ta èqoume p�rei apì thn bibliograf�a kai bas�zontai sthn ergas�a tou Burke[39℄ kai aforoÔn ena sÔsthma me ex nta stajmoÔ kai ex nta ergas�e. H ulopo�hshbas�zetai sthn montelopo�hsh tou probl mato pou perigr�fthke sthn prohgoÔmenhenìthta kai me ti mejìdou PMA1 - PMA4 mporèsame na katal xoume se m�a polÔkal  me mikrì qrìno ulopo�hsh twn leitourgi¸n sunt rhsh. H platfìrma gia thnpeiramatik  ma melèth  tan mia sustoiq�a apì 18 stajmoÔ ergas�a sundedemènh med�ktuo 100 Mb /s Fast Ethernet. O upologistikì qrìno pou qrei�sthke  tan mìlimerik� deuterìlepta kai gia ti tèsseri mejodou se ant�jesh me �lle mejìdou oiopo�e gia to �dio mègejo probl mato (60*60) qrei�zontai polÔ perissìtero qrìno.K�je ergas�a apotele�tai apì ex nta leitourg�e, ìsoi dhlad  kai oi stajmo�.Oi PMA1 ∼ PMA4 qrhsimopoioÔntai ¸ste na emplèkoun ta qrwmos¸mata pou kata-skeu�zontai kai na br�skoun apodotikìterh akolouj�a kanìnwn proteraiìthta ulo-po�hsh twn leitourgi¸n paragwg  kai sunt rhsh. Sti epìmene paragr�fou ana-ferìmaste sthn anaparast�sh pou qrhsimopoihjhke sth dik  ma ulopo�hsh.H anapar�stash leitourgi¸n (operation - based representation) [176℄ kwdikopoie� m�alÔsh w m�a seir� leitourgi¸n paragwg  kai k�je gon�dio antiproswpeÔei thn jermik enèrgeia pou par�getai apì thn kaÔsh petrela�ou. 'Ena aplì trìpo na onom�soume



234Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸nti leitourg�e paragwg  e�nai na d¸soume se kajem�a èna fusikì arijmì. Dustu-q¸ ìmw lìgw th Ôparxh twn periorism¸n proteraiot twn sunt rhsh (precedence

constraints) kai th qwrhtikìthta twn mon�dwn den antistoiqoÔn ìle oi metajèseiaut¸n twn arijm¸n se mia qronikh periodo.M�a enallaktik  lÔsh e�nai na onomastoÔn ìle oi leitourg�e me dÔo yhf�a. To deÔteroyhf�o ja e�nai to �dio gia ìle ti leitourg�e paragwg  th �dia mon�da paragwg .To pr¸to yhf�o ja dhl¸netai sÔmfwna me th seir� emf�nish th leitourg�a para-gwg  sto qrwmìswma. Gia par�deigma, h deÔterh kat� seir� leitourg�a th tr�thergas�a ja dhl¸netai w 23 en¸ h tr�th leitourg�a th �dia ergas�a w 33. Giaperissìterh eukol�a bèbaia mporoÔme na parale�youme to pr¸to yhf�o kai autì na upo-noe�tai k�je for� pou sunant�me thn �dia ergas�a sto prìgramma.Arqik� metafr�zoume to qrwmìswma se m�a l�sta taxinomhmènwn leitourgi¸n pou pe-rilamb�noun kai thn met�dosh k�nhsh apì ton atmostrìbilo sthn genn tria, met�par�goume to prìgramma b ma b ma programmat�zonta pr¸ta thn pr¸th leitourg�aparagwg  th l�sta, èpeita th deÔterh leitourg�a paragwg  th l�sta k.o.k. K�jeleitourg�a paragwg  topojete�tai ston kalÔtero diajèsimo qrìno epexergas�a thant�stoiqh genn tria pou apaite�tai na ektelèsei th leitourg�a kai den br�sketai sesunthrhsh. H diadikas�a epanalamb�netai èw ìtou ìle oi leitourg�e paragwg  kaisunt rhsh programmatistoÔn. 'Ena prìgramma pou par�getai me aut  th diadikas�ae�nai egguhmèno ìti apotele� èna energì prìgramma (active schedule) .Ta dedomèna pou èqoume arqik� kai ja qrhsimopoi soume gia thn efarmog  twn mejì-dwn ma e�nai dÔo p�nake oi opo�oi perigr�foun tou qrìnou paragwg  kai th seir�



6.3 : Ulopo�hsh 235100 350 650 700 340 60080 50 110 110 130 4055 64 88 99 10 8745 45 45 63 88 9949 43 45 44 43 10350 305 95 100 40 10P�naka 6.1: Qrìnoi epexergas�a
me thn opo�a oi leitourg�e sunt rhsh prèpei na pragmatopoihjoÔn stou stajmoÔtou sust mato. Akìma w dedomèno èqoume kai ti dap�ne gia ta kaÔsima. O p�naka6.1 perigr�fei tou qrìnou pou qrei�zontai oi di�fore leitourg�e kaÔsh petrelaioukai twn �llwn diadikasi¸n pou apaitoÔntai gia thn paragwg  hlektrik  enèrgeia seèna susthma 6*6.H pr¸th gramm  tou p�naka anafèretai stou qrìnou epexergas�a twn leitourgi¸n thpr¸th mon�da (to stoiqe�o 11 anafèretai sto qrìno th pr¸th kat� seir� leitourg�-a th pr¸th mon�da, to 12 sth deÔterh leitourg�a, to 13 sthn tr�th leitourg�a, to14sthn tètarth leitourg�a, to 15 sthn pèmpth leitourg�a kai to 16 sthn èkth leitourg�-a). 'Omoia h deÔterh gramm  anafèretai sth deÔterh ergas�a kai h tr�th gramm  sthntr�th ergas�a, h tètarth gramm  sthn tètarth ergas�a h pèmpth gramm  sthn pèmpthergas�a kai h èkth gramm  sthn èkth ergas�a. O p�naka 6.2 pou perigr�fei th seir�me thn opo�a oi leitourg�e sunt rhsh prèpei na pragmatopoihjoÔn stou stajmoÔsto par�deigma ma.



236Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸n3 1 2 4 6 52 3 5 6 1 43 4 6 1 2 52 1 3 4 5 63 2 5 6 1 42 4 6 1 5 3P�naka 6.2: Seir� leitourgi¸n sunt rhshH pr¸th gramm  anafèretai sth seir� me thn opo�a prèpei na g�noun oi leitourg�esunt rhsh tou pr¸tou stajmoÔ (to stoiqe�o 11 de�qnei ìti h pr¸th leitourg�a thpr¸th mon�da ja prèpei na pragmatopoihje� sto stajmì 1, to stoiqe�o 12 de�qneiìti h deÔterh leitourg�a th pr¸th mon�da ja prèpei na pragmatopoihje� sto stajmì2 k.o.k.). Gia par�deigma, to stoiqe�o 32 de�qnei ìti h deÔterh leitourg�a th tr�thmon�da ja prèpei na pragmatopoihje� sto stajmì 1.
Genikìtera e�nai dÔskolo na prosdioristoÔn tupik� ta krit ria sÔgklish. Endèqetaih katallhlìthta enì plhjusmoÔ na paramènei st�simh gia èna meg�lo arijmì epana-l yewn protoÔ m�a exairetik  lÔsh breje� sth sunèqeia. Gia autì to lìgo h efarmog enì sumbatikoÔ krithr�ou termatismoÔ (gia par�deigma na èqoume termatismì ìtan hlÔsh pou ja breje� ja e�nai k�tw, gia èna prìblhma elaqistopo�hsh, apì k�poio po-sostì th tim  th arqik  lÔsh) g�netai problhmatik . M�a koin  praktik  e�nai natermat�zetai o algìrijmo met� apì èna prokajorismèno arijmì epanal yewn kai sthsunèqeia na elègqetai h poiìthta twn kalÔterwn mel¸n tou plhjusmoÔ (oi kalÔterelÔsei) se sqèsh me ton orismì tou ek�stote probl mato. E�n kam�a apodekt  lÔsh



6.3 : Ulopo�hsh 237de breje� tìte o algìrijmo mpore� na xanarq�sei m�a kainoÔrgia anaz thsh.Gia thn arqikopo�hsh tou plhjusmoÔ dhmiourge�tai èna p�naka diast�sewn m x n,ìpou m e�nai o plhjusmì twn pijan¸n lÔsewn gia to prìblhma kai n to mègejo thk�je lÔsh. To m kajor�zetai apì to qr sth kai èna kalì plhjusmì èqei mègejoapì 200 èw 350 �toma, an�loga me to mègejo tou k�je probl mato. To n ep�shkajor�zetai apì to mègejo tou probl mato. O p�naka autì perièqei ton arqikì plh-jusmì apì ton opo�o ja arq�sei h efarmog  tou algor�jmou. H k�je seir� tou apotele�tuqa�a lÔsh gia to prìblhma. Sth sugkekrimènh efarmog  dhmiourgoÔme ènan p�naka oopo�o apotele�tai apì 350 grammè (lÔsei) kai 36 st le (sunolik� ta stoiqe�a pouapoteloÔn th k�je lÔsh).H eisagwg  tou arqikoÔ plhjusmoÔ par gage tuqa�a akera�ou arijmoÔ. Me autìton trìpo ìmw endèqetai na dhmiourghjoÔn lÔsei pou den antapokr�nontai se prag-matopoi simo prìgramma. Gia par�deigma sth dik  ma per�ptwsh ja mporoÔse na e�qedhmiourghje� lÔsh 3 2 1 4 7 5 6 8 9.....35 36. H sugkekrimènh lÔsh den e�nai pragma-topoi simh giat� èqei thn tr�th leitourg�a th pr¸th ergas�a (arijmì 3) na g�netaipr¸ta apì ti dÔo prohgoÔmenè th, thn 1 kai 2. Genikìtera, èna prìgramma (pijan lÔsh) e�nai apodektì mìno e�n gia k�je ergas�a oi leitourg�e th akoloujoÔn th sw-st  seir�, dhlad  gia thn pr¸th ergas�a to 1 na prohge�tai tou 2 kai to teleuta�o tou3.Gia na mporèsoume loipìn na diasfal�soume ìti oi arqikè lÔsei e�nai apodektè kaipragmatopoi sime me b�sh kai th sunolik  z thsh se enèrgeia eis�goume me tuqa�otrìpo ti akolouj�e twn leitourgi¸n all� h apaitoÔmenh seir� e�nai apotèlesma mia
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Sq ma 6.1: Grafo anapar�stash susthmato jermohlektrik¸nstajm¸n
apì ti tre� euretikè medodou (SA, TS, GLS an�loga me thn ulopo�hsh) gia k�jeergas�a.Sto epìmeno b ma upolog�zetai o qrìno olokl rwsh upolog�zetai me th bo jeia thapeikìnish tou sust mato me ton gr�fo tou sq mato 6.1. Oi kìmboi tou gr�fouantiproswpeÔoun leitourg�e ergasi¸n . Ektì apì ti 36 leitourg�e (gia èna sÔsth-ma pq 6x6) perièqontai kai �lloi dÔo kìmboi, o kìmbo ènarxh (source) kai o kìmbotermatismoÔ (sink) . Gia na dhmiourg soume m�a lÔsh ja prèpei ta diakekommèna tìxana metatrapoÔn se kateujunìmena pou ja de�qnoun th seir� twn ergasi¸n aut¸n ston



6.3 : Ulopo�hsh 239k�je stajmì.Sthn ulopo�hsh ma gia k�je qrwmìswma èqoume w èxodo ènan p�naka Graphos(n),o opo�o perièqei plhrofor�e sqetikè proteraiìthta kai tou qrìnou olokl rwshtwn leitourgi¸n gia k�je m�a apì ti mon�de kaj¸ kai plhrofor�e gia th seir� pouprèpei na akolouj jei sqetik� me thn diadikas�a sunt rhsh twn di�forwn stajmoÔhl. reÔmato sthn di�rkeia mia qronik  periìdou. Dèqetai gia e�sodo ton p�naka pouperièqei ton sunolikì arijmì twn qrwmoswm�twn afoÔ pr¸ta or�soume ti diast�seitou sust mato pq (6x6) tou kìmbou arq  kai tèlou. Sto epìmeno st�dio or�zoumekai arqikopoioÔme ton p�naka Graphos me thn tim  -1, e�nai èna p�naka diast�sewn
m2+2xm2+2 o opo�o sto tèlo tou progr�mmato ja ma d¸sei plhrofor�e sqetik�me tou qrìnou olokl rwsh twn leitourgi¸n paragwg  gia k�je m�a apì ti mon�dekaj¸ kai plhrofor�e gia ti dap�ne se kaÔsima. Sth sunèqeia d�noume thn tim  0sto m ko tìxou apì thn phg  kìmbo 0 sti pr¸te leitourg�e th k�je ergas�a.Epiplèon or�zoume ton kìmbo 1 w arq  tou qrìnou upologismoÔ twn ergasi¸n kai tonteleuta�o kìmbo (m2 + 2) w to tèrma. Met� apì thn olokl rwsh twn parap�nw giak�je stajmì apojhkeÔetai h l�sta me th seir� twn leitourgi¸n pou prèpei na pragma-topoihjoÔn. Sthn sunèqeia dhmiourge�tai o p�naka Alloo(n) me (n=1,2,3,...,m), e�naièna p�naka gramm  pou taxinome� tou kìmbou tou gr�fou kai epistrèfei th seir�twn kìmbwn.Gia k�je stoiqe�o tou p�naka Graphos(i, j) me (i=1,2,3,...,m) kai (j=1,2,3,...,m) poue�nai di�foro tou -1 prosjètei se k�je st lh ton arijmì 1. O p�naka Alloo(n) èqeim�a gramm  me m2 + 2 stoiqe�a afoÔ ektì apì tou m2 kìmbou leitourg�e perièqei



240Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸nkai tou dÔo kìmbou ènarxh kai termatismoÔ.Gia thn katanìhsh twn parap�nw parajètoume to akìloujo par�deigma: W ìrismaèqoume m�a pijan  z thsh se hlektrik  enèrgeia. 'Estw sto sugkekrimèno par�deigmato ìrisma e�nai h pr¸th gramm  tou p�naka. 'W èxodo èqoume ton p�naka Graphos1,o opo�o emperièqei plhrofor�e sqetikè me th seir� proteraiìthta twn leitourgi¸nz thsh kai tou qrìnou olokl rwsh th diadikas�a sunthrhsh gia k�je m�a apì timon�de kaj¸ kai plhrofor�e gia th seir� pou prèpei na akolouj sei k�je ergas�astou di�forou stajmoÔ. O Graphos1 e�nai (38x38) gia èna sÔsthma (6x6) kai ènatm ma tou e�nai th morf 
−1 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1

−1 −1 −1 3 −1 −1 −1 −1 −1 −1 −1 −1

−1 −1 −1 −1 6 −1 −1 6 −1 −1 −1 −1

−1 −1 −1 −1 −1 7 −1 −1 −1 −1 −1 −1

−1 −1 −1 −1 −1 −1 −1 7 −1 −1 −1 −1Sthn sunèqeia k�noume elaqistopo�hsh th antikeimenik  sun�rthsh upolog�zoume toqrìno olokl rwsh twn ergasi¸n paragwg  gia ìlou tou kìmbou, dhlad  qrhsimo-poiwnta thn topologik  seir� twn kìmbwn. Oi qrìnoi olokl rwsh e�nai upologismènoigia tou kìmbou se aut  th seir� me b�sh ton upologismì th megalÔterh diadrom .O qrìno olokl rwsh enì kìmbou upolog�zetai mìno met� apì to qrìno olokl rwshìlwn twn prokatìqwn kìmbwn tou èqoun upologiste�. AfoÔ upolog�soume tou qrì-nou olokl rwsh ìlwn twn qrwmoswm�twn tou plhjusmoÔ, dhmiourgoÔme ènan p�naka



6.3 : Ulopo�hsh 241Kajìrise k arqikè nhs�de epexergast¸n P 0, ..., P k−1 kai dièneime ènaarqipèlago se k arqikè nhs�de pop0, ..., popk−1Gene� = 0Gia k�je nhs�da epexergast¸n P i dia�rese thn nhs�da popi se g upoplhjusmoÔ
subpopj, ..., subpopg−1Gene� = Gene� + 1Ef�rmose mia apì ti mejìdou (blèpe 5.3.2, 5.3.3, 5.3.4 ) se k�je popi.An èqei sqhmatiste� o apara�thto arijmì kal¸n lÔsewn th nhs�da popi autèmetanasteÔoun sto pop(i+1)modkAn toul�qiston m�a lÔsh parel fjh apì to pop(i−1)modktìte h lush pou paral fjhke topojete�tai sto popiElègqetai an k�poia nhs�da ikanopoie� th sunj kh termatismoÔ kai an ìqi tìteepistrèfoume sto b ma 3.Sq ma 6.2: Montèlo Nhs�dwn Mimhtik¸n Algor�jmwn se Nhs�deepexergast¸n

Objecto st lh, pou perilamb�nei autoÔ tou qrìnou. O p�naka èqei tìse grammèìso e�nai kai o plhjusmì pou qrhsimopoie�tai.O algìrijmo pou parat�jetai parak�tw perigr�fei ton kajorismì twn nhs�dwn sthnulopo�hsh ma kai ton kajorismì th mejìdou exèlixh twn nhs�dwn. Eidik� gia thn
PMA2 parathr jhke ìti kat� thn di�rkeia th exèlixh twn diafìrwn plhjusm¸n e�naian¸felh h diat rhsh mia uperbolik� meg�lh jermokras�a h opo�a èqei w apotèle-sma th dramatik  me�wsh th taqÔthta tou algor�jmou. Gia to lìgo autì, se k�jekÔklo elègqetai an h jermokras�a xepern� thn apìklish metaxÔ mègisth kai el�qisthtim  kat� ènan par�gonta x, o opo�o rujm�zei th diadikas�a anìpthsh kat� ta arqik�kur�w st�dia tou algor�jmou, opìte o rujmì exèlixh tou plhjusmoÔ e�nai taqÔtero(autì sumba�nei epeid  oi polÔ kakè lÔsei eÔkola entop�zontai kai antikaj�stantai).



242Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸nMia tupik  tim  th paramètrou, h opo�a prote�netai met� apì diereÔnhsh, e�nai x= 6.Gia thn epilog  th kat�llhlh sun�rthsh met�llaxh pragmatopoi jhke ektetamènhèreuna. Kat�l xame sth qr sh th sqèsh x = c + dmax
y

|y |
. Sun�statai sth gèn-nhsh mia tuqa�a lÔsh x sto ìrio th upersfa�ra pou or�zetai apì to kèntro touplhjusmoÔ c kai mia akt�na dmaxb parousi�zei to qarakthristikì ìti to shme�o pou ke�-tai p�ntote p�nw sto nohtì sÔnoro tou trèqonto plhjusmoÔ, to opo�o or�zetai w hel�qisth upersfa�ra pou perikle�ei ìla ta shme�a tou plhjusmoÔ. Me ton trìpo autì,sta arqik� st�dia tou algor�jmou, opìte h diaspor� tou plhjusmoÔ e�nai polÔ meg�lh,to shme�o met�llaxh genn�tai praktik� kont� sta ìria tou efiktoÔ q¸rou. Ant�jetakat� ta telik� st�dia tou algor�jmou, h met�llaxh dhmiourge� mikrè diataraqè gÔrwapì thn perioq  th bèltisth lÔsh ìpou br�skontai sugkentrwmèna ìla ta shme�a touplhjusmoÔ, sumb�llonta sthn epit�qunsh th diadikas�a sÔgklish.

6.4 ApotelèsmataSthn enìthta aut  parat�jentai ta apotelèsmata twn peiram�twn me thn morf  tes-s�rwn grafik¸n parast�sewn gia k�je ulopo�hsh. Sta sq mata 6.3, 6.4, 6.5 kai 6.6d�nontai h kalÔterh, h qeirìterh kai h mèsh poiìthta pou brèjhke mèsa apì èna sÔno-lo ekatì peiram�twn. 'Eqoume qrhsimopoi sei gia dom  geitoni� tou plhjusmoÔ dom daktul�ou. Ep�sh se diagr�mmata twn sqhm�twn 6.3, 6.4, 6.5 kai 6.6 parousi�zontaikai oi qrìnoi apì to k�je sÔnolo peiram�twn kaj¸ kai to pl jo twn geni¸n pou



6.4 : Apotelèsmata 243exel�qjhsan sunolik� se k�je pe�rama. Ta apotelèsmata aut¸n twn sqhm�twn afo-roÔn ektelèsei pou èginan kai stou 18 epexergastè th sustoiq�a. Sta sq mata6.9 èqoume sugkritik� apotelèsmata gia to �dio prìblhma all¸n dÔo ulopoi sewn (pa-r�llhlh prosomoioÔmenh anìpthsh kai par�llhlh apotreptik  anaz thsh) me tidikè ma. Oi ulopo�hsei autè eginan apì tou Nara [165℄ kai Burke [39℄. Ta dedo-mèna pou qrhsimopoi jhkan gia thn paroÔsa melèth  tan ta �dia me aut� th ergas�atou Burke [39℄. Kat� thn di�rkeia twn peiram�twn ma diapist¸jhke ìti oi meg�loiplhjusmo� mpore� na dhmiourg soun probl mata kaj¸ kinoÔntai arg� pro th bèlti-sth lÔsh kai dhmiourgoÔn poll� paidi� se k�je geni� me apotèlesma na qrei�zontaipollè epanal yei. Pollè forè odhgoÔn se pio akrib  lÔsh all� den d�noun p�ntath kalÔterh ap�nthsh sto prìblhma. O lìgo gia autì e�nai ìti suqn� me th qr shmeg�lou plhjusmoÔ o algìrijmo parablèpei m�a lÔsh me sun�rthsh kìstou �nw toumèsou ìrou h opo�a br�sketai se m�a sten  koruf  tou ped�ou anaz thsh, kaj¸ èqeithn t�sh na odhge�tai se pio eure�e korufè. Sunep¸ e�nai logikì na antimetwp�zou-me èna prìblhma me pollè epanal yei th diadikas�a beltistopo�hsh me th qr shmikroÔ plhjusmoÔ par� me m�a epan�lhyh me meg�lo afoÔ kai sti dÔo peript¸sei jaqreiastoÔn ton �dio qrìno exomo�wsh.Apì thn �llh pleur�, polÔ mikro� plhjusmo� odhgoÔn se pr¸imh sÔgklish. H me�wshtou plhjusmoÔ odhge� se me�wsh th poikilìthta twn atìmwn me apotèlesma o algì-rijmo na mhn èqei th dunatìthta na y�xei se meg�lo tm ma tou ped�ou anaz thsh kaina pagideute�. Sta apotelèsmata (bl. sq ma 6.9) parathroÔme mia apìtomh pt¸sh twnkampul¸n epit�qunsh pou ofe�letai sthn eterogèneia tou perib�llonto ma.
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PMA1 1201282
PMA2 1201513
PMA3 1201279
PMA4 1197332
Burke 1201296
Nara 1202522
PSA 1201296
PTS 1201522
PEA 1201342P�naka 6.3: Oi kalÔtere timè gia 9 mejìdou

Sto sq ma 6.9 parathroÔme ìti h PMA2 e�nai ligotero apotelesmatik  apì ti upì-loipe trei ulopoi sei en¸ parathre�tai kai mia apìtomh pt¸sh stou 12 stajmoÔergas�a sthn kampÔlh epit�qunsh th ulopo�hsh PMA3 k�ti to opo�o ofe�letai stoìti up�rqei mia anisorrop�a tou fìrtiou exait�a th teqnik  ulopo�hsh th apago-reumènh l�sta. O kajorismì twn geitonik¸n lÔsewn apaite� mia diadikas�a diakrito-po�hsh tou efiktoÔ q¸rou k�ti to opo�o k�nei ton argì stajmì ergas�a na telei¸neip�nta teleuta�o kai na up�rqei èna shmantikì qrìno adr�neia gia tou taqÔteroustajmoÔ ergas�a se èna eterogenè perib�llon.Oi kalÔtere timè pou e�qame gia ti mejìdou pou dokim�same fa�nontai ston p�naka6.3.
Parathr¸nta ta apotelèsmata blèpoume ìti up�rqei mia ant�strofh sqèsh an�mesaston par�llhlo qrìno ektèlesh kai ston arijmì twn stajm¸n ergas�a. O lìgo tou



6.4 : Apotelèsmata 245qrìnou upologismoÔ pro to qrìno epikoinwn�a exart�tai w èna bajmì apo thn omoio-gèneia twn algor�jmwn pou ekteloÔntai sti di�fore nhs�de epexergast¸n. Qrhsimo-poi¸nta eterogene� algor�jmou sthn PMA4 parathroÔme ìti o par�llhlo qrìnoektèlesh twn ulopoi sewn ma belti¸netai se sqèsh me ton par�llhlo qrìno ektè-lesh me qr sh omoiogen¸n algor�jmwn. O qrìno ìmw epikoinwn�a e�nai me mikrèapokl�sei per�pou o �dio efìson diathroÔme to mègejo plhjusmoÔ stajerì. Stadiagr�mmata tou sq mato 6.8 parousi�zoume ti epitaqÔnsei se sqèsh me th kata-graf  tou istorikoÔ exèlixh qrhsimopoi¸nta th mejìdou PMA1, PMA2, PMA3,

PMA4. ParathroÔme ìti up�rqei mia shmantik  ep�drash sthn apìdosh twn ulopo�h-sewn ma. Sugkekrimèna blèpoume ìti me thn katagraf  tou istorikoÔ exèlixh oqrìno epikoinwn�a aux�netai. H epib�runsh aut  ìmw den fa�netai na ephre�zei sthnsunolik  apìdosh twn par�llhlwn ulopo�hsewn. Sunep¸ o lìgo tou qrìnou upolo-gismoÔ pro ton qrìno epikoinwn�a e�nai arket� uyhlì. Ta kalÔtera apotelèsmataapìdosh prokÔptoun gia ti mejìdou PMA1, PMA3, PMA4 en¸ ligìtero kal� e�naita apotelèsmata gia thn PMA2.Oi epitaqÔnsei pou pragmatopoioÔntai ofe�lontai ìqi mìno ston parallhlismì all� kaiston qrìno pou epitugq�netai me thn aÔxhsh twn arijm¸n twn nhs�dwn. Sthn ergas�ama h ennoia th nhs�da diaforopoie�tai apì thn ènnoia th parallhlopoihsh enì MA.Sth diarkeia twn peiram�twn ma diapist¸same ìti h mh suqn  metan�steush bohj�sthn apofug  th prìwrh sÔgklish tou sunìlou twn plhjusm¸n. Epiplèon h me-tan�steush se sunduasmì me thn qr sh mia mejodou topik  anaz thsh bohj� stona mhn q�netai h poikil�a tou genetikoÔ ulikoÔ kai na mhn g�netai prìwrh sÔgklish se
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Sq ma 6.3: Apotelèsmata th PMA1 gia 100 epanal yeik�poio topikì bèltisto. H qr sh mia mejìdou topik  anaz thsh dhmiourge� nèe el-pidofìre perioqè anaz thsh lÔsewn (bl. sq ma 6.7a). Autì e�nai arket� shmantikìgenik�, kajìti autè oi lÔsei arqik� e�nai topikè, pou e�nai kai o sun jh kanìna meti poikil�e sth fÔsh, ètsi ¸ste ìmoia tropopoihmèna �toma suqn� anapar�gontai me-taxÔ tou. E�n o nèo plhjusmì e�nai epituq  ston ag¸na gia epib�wsh , ja diadoje�arg�, antagwnizìmeno tou upìloipou kai katakt¸nta �toma sta ìria enì diark¸
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Sq ma 6.4: Apotelèsmata th PMA2 gia 100 epanal yeiauxanìmenou kÔklou.
6.5 Sumper�smataSto prìblhma qronoprogrammatismoÔ paragwg  reÔmato prèpei èna sÔnolo ergasi¸n,sundedemènwn me qronik� ìria paroq , na upoblhjoÔn se epexergas�a stou stajmoÔ
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Sq ma 6.5: Apotelèsmata th PMA3 gia 100 epanal yeiparagwg  kai m�lista aut  h epexergas�a prèpei na g�nei me prokajorismènh seir�.Apì ta apotelèsmata, g�netai faner  h uperoq  th qr sh exeliktik¸n telest¸n ènan-ti th mh. H uperoq  aut  e�nai kajolik  se ìlo to eÔro twn peiram�twn ma. H PMA4antimet¸pise me megalh epituq�a kai to prìblhma autì. Oi meg�loi plhjusmo� dhmiour-goÔn probl mata kaj¸ kinoÔntai arg� pro th bèltisth lÔsh kai dhmiourgoÔn polloÔapogìnou se k�je geni� me apotèlesma na qrei�zontai pollè epanal yei. Suqn� me
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Sq ma 6.6: Apotelèsmata th PMA4 gia 100 epanal yei
th qr sh meg�lou plhjusmoÔ o algìrijmo parablèpei m�a lÔsh me sun�rthsh kìstou�nw tou mèsou ìrou h opoia br�sketai se mia sten  koruf  tou ped�ou anaz thsh, ka-j¸ èqei thn t�sh na odhge�tai se pio eure�e korufè. H apìdosh twn mejodologi¸nma me mikrì mègejo plhjusmoÔ e�nai kalÔterh apì thn apìdosh twn �llwn megej¸nplhjusmoÔ, all� sun jw kajhl¸netai se topik� shme�a. MporoÔme na sumper�noume
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Sq ma 6.7: Ep�drash th metabol  tou posostoÔ metan�steushsthn taqÔthta kai sthn poiìthta twn apotelesm�twn

Sq ma 6.8: Epit�qunsh twn par�llhlwn ulopoi sewn sunart shth qr sh katagrafh tou istorikoÔ exèlixh(Arister� : Qwr� istorikì , Dexi� : Me istorikì)
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Sq ma 6.9: Qrìnoi gia diaforetikì arijmì epexergast¸n kai oiepitaqÔnsei gia 6 mejìdou
ìti oi mikrè timè megèjou upoplhjusm¸n e�nai kalì na qrhsimopoioÔntai ìtan o stì-qo e�nai h taqe�a beltistopo�hsh kai ìqi tìso h eÔresh tou olikoÔ el�qistou. Antijetah qr sh meg�lwn tim¸n upoplhjusm¸n bohj� sthn euresh mia polÔ kal  lÔsh all�ìqi kai sthn taqe�a beltistopo�hsh. Basik  upìjesh up rxe sthn paroÔsa ergas�aìti ìle oi ergas�e e�nai th �dia shmantikìthta.Oi mimhtiko� algìrijmoi e�nai mèro th exeliktik  plhroforik  h opo�a me th seir�th e�nai taqèw exelissìmenh perioq . Mèsw twn mhqanism¸n tou kai pern¸nta topl jo twn lÔsewn apì geni� se geni�, oi kakè lÔsei te�noun na pej�noun en¸ oikalè lÔsei sundu�zontai ¸ste na par�goun akìma kalÔtere.
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Sq ma 6.10: Mèsh poiìthta gia 6 mejìdou
H PMA2 e�nai ligotero apotelesmatik  apì ti upìloipe trei ulopoi sei en¸ para-thre�tai kai mia apìtomh pt¸sh stou 12 stajmoÔ ergas�a sthn kampÔlh epit�qunshth ulopo�hsh PMA3 k�ti to opo�o ofe�letai sto ìti up�rqei mia anisorrop�a toufìrtiou exait�a th teqnik  ulopo�hsh th apagoreumènh l�sta. O kajorismìtwn geitonik¸n lÔsewn apaite� mia diadikas�a diakritopo�hsh tou efiktoÔ q¸rou k�tito opo�o k�nei ton argì stajmì ergas�a na telei¸nei p�nta teleuta�o kai na up�r-qei èna shmantikì qrìno adr�neia gia tou taqÔterou stajmoÔ ergas�a se ènaeterogenè perib�llon. H dhmiourg�a tou progr�mmato ègine se gl¸ssa C me qr -sh th biblioj kh diepaf  per�smato mhnum�twn kai tou PARAMENOAS. AutìepiteÔqjhke me thn parous�ash enì montelopoihmènou probl mato qronoprogramma-tismoÔ ìpou apì m�a arqik  lÔsh mporèsame na katal xoume se m�a polÔ kalÔterh me



6.5 : Sumper�smata 253mikrìtero qrìno ulopo�hsh twn leitourgi¸n. Epiplèon, o upologistikì qrìno pouqrei�sthke  tan mìli merik� deuterìlepta kai gia ti tèsseri mejodou se ant�jeshme �lle mejìdou oi opo�e gia to �dio mègejo probl mato (60*60) qrei�zontai polÔperissìtero qrìno .E�nai m�a prìtuph efarmog  pou mpore� na epektaje� kai na kalÔyei ti an�gke meg�-lwn etairi¸n hlektrodìthsh, me sqetik� eÔkolo trìpo. Autì mpore� na g�nei me thne�sodo twn arqik¸n metablht¸n pou apaitoÔntai gia th melèth tou probl mato thk�je etair�a.Ep�sh o k¸dika pou èqei grafte� perièqei sunart sei pou e�nai eÔkolo na katanoh-joÔn apì k�poion gn¸sth tou antikeimènou kai na qrhsimopoihjoÔn anex�rthta kai se�lle efarmogè. Bèbaia e�nai dunat  kai h prosj kh sunart sewn kaj¸ kai stoiqe�-wn pou ja kajistoÔn ton k¸dika ikanì na ikanopoi sei meg�lh poikil�a problhm�twnkaj¸ kai anagk¸n.Akìma ston tomèa th èreuna kai melèth tètoiwn efarmog¸n mpore� na qrhsimopoihje�gia thn peraitèrw an�lush problhm�twn qronoprogrammatismoÔ kai na apotelèsei ètsishme�o anafor� gia megalÔterh exèlix  tou.



254Kef�laio 6 : Qronoprogrammatismì paragwg  kai sunt rhsh jermohl. stajm¸n



Kef�laio 7
Kataskeu  Wrolog�ouProgr�mmato
Oi pr¸te efarmogè EA pou asqol jhkan me to jèma tou automatopoihmènou wrolo-g�ou progr�mmato (automated timetabling) emfan�sthkan sti arqè ti dekaet�a tou90 (p.q. h ergas�a tou Colorni [51℄). 'Ektote to ped�o èqei anaptuqje� me taqÔtatourujmoÔ, ft�nonta sto shme�o sto diejnè sunèdrio automatopoihmènou wrolog�ouprogr�mmato Practice and theory of Automated Timetabling (PATAT02) to èna tr�-to twn ergasi¸n pou parousi�sthkan na k�noun qr sh exeliktik¸n teqnik¸n en¸ oiubridikè teqnikè sumperilambanomènwn kai twn MA apoteloÔsan to 47% twn EA.Apì to gegonì autì sumpera�noume ìti oi exeliktiko� algìrijmoi èqoun pia kajierwje�w mia epituqhmènh mejodolog�a gia th lÔsh pl jou problhm�twn wrolog�ou pro-gr�mmato par�llhla me ti sun jei teqnikè th Epiqeirhsiak  'Ereuna en¸ oi MA255



256 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmatoapoteloÔn mia polÔ endiafèrousa ubridik  exeliktik  teqnik  poll� uposqìmenh sthnep�lush tètoiwn problhm�twn.To kef�laio autì e�nai diarjrwmèno w ex  : sthn enìthta 7.1 k�noume mia sÔntomhepiskìphsh th èreuna sthn kateÔjunsh twn exeliktik¸n kÔriw ulopoi sewn ana-forik� me efarmogè automatopoihmènou wrolog�ou progr�mmato. Sthn enìthta 7.2g�netai mia ekten  perigraf  tou probl mato, sthn enìthta 7.3 perigr�fetai h ulo-po�hsh pou prot�setai sta pla�sia th ergas�a aut  kai sthn sunèqeia akoloujoÔn taapotelèsmata kai ta sumper�smata apì ti ektelèsei twn peiram�twn ma. 'Ena mèrotwn apotelesm�twn autoÔ tou kefala�ou èqei upoblhje� gia dhmos�eush sto periodikì
Journal of Operational Research.
7.1 ParoÔsa kat�stash - E�dh wrolog�wnprogramm�twnH pleionìthta twn ergasi¸n fa�netai na asqole�tai me probl mata wrolog�ou progr�m-mato apì ton pragmatikì kìsmo kai ìqi me aplopoihmène ekdìsei problhm�twn  teqnht� eÔkola probl mata.Diakr�netai mia meg�lh sugkèntrwsh prospajei¸n pro ta panepisthmiak� wrolìgiaprogr�mmata, ìqi ìmw kai aprosdìkhth, afoÔ oi perissìtere ergas�e anaptÔsson-tai mèsa se panepist mia [35℄. Par� to meg�lo pl jo ulopoi sewn panepisthmiak¸nkai exetastik¸n wrolog�wn programm�twn, den up�rqei diajèsimo exeliktikì logismikì



7.1 : ParoÔsa kat�stash - E�dh wrolog�wn programm�twn 257gia sqolik� wrolìgia progr�mmata, an kai up�rqoun arketè mh exeliktikè efarmogè,ìpw to SchoolMagic [166℄ èna giapwnèziko sÔsthma.'Ena �llo tomèa o opo�o fa�netai na èqei paramelhje� e�nai autì tou wrolog�ouprogr�mmato ston ergasiakì q¸ro. Ergas�e pou asqoloÔntai me to wrolìgio prì-gramma se ergasiakì q¸ro e�nai autè twn Chiarandini, Schaerf kai Tiozzo[48℄. Allekathgor�e wrolog�wn programm�twn pou anafèrjhkan sta sunèdria all� agno jhkanapì thn koinìthta twn exeliktik¸n algor�jmwn e�nai ta wrolìgia progr�mmata ajlhti-k¸n gegonìtwn kai nosokome�wn.Poll� apì ta probl mata pou melet jhkan e�nai exairetik� ogk¸dh, èndeixh th ikanì-thta antimet¸pish meg�lwn problhm�twn apì tou exeliktikoÔ kai eidik� apì touubridikoÔ exeliktikoÔ algìrijmou. Gia par�deigma, o Zoriktuev [217℄ apì to tm maautomatismoÔ tou UFA Technical University th Rwsik  Akadhm�a antimet¸pise ènaprìblhma me 20000 foithtè, ìpou 450 dialèxei kai 457 maj mata prèpei na anatejoÔnse èna wrolìgio prìgramma 350 wr¸n qrhsimopoi¸nta 98 kajhghtè. To ped�o twnproblhm�twn pou exet�zontai g�netai pio realistikì. Gia par�deigma pollè ergas�-e qrhsimopoioÔn praktikoÔ periorismoÔ lamb�nonta upìyh stoiqe�a ìpw o qrìnometak�nhsh metaxÔ twn aijous¸n, protim sei kajhght¸n kai periorismoÔ aijous¸n.'Isw oi exeliktikè ulopoi sei na odhgoÔntai sth qr sh tètoiwn pollapl¸n periori-sm¸n lìgw th eukol�a enswm�twsh twn parabi�sewn twn periorism¸n aut¸n mèsase m�a kai mìno sun�rthsh axiolìghsh.Mia meg�lou eÔrou èreuna sqetik� me th filolog�a se praktikè efarmogè automato-poihmènou wrolog�ou progr�mmato dhmosieÔthke apì ton Cartert 1986 [133℄. H èreuna



258 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmatoaut  epekt�jhke to 1996 [178℄, gia na sumperil�bei prìsfate exel�xei sqetik� me toexetastikì wrolìgio prìgramma kai xan� to 1997 [35℄, gia na sumperil�bei praktikèefarmogè se wrolìgia progr�mmata majhm�twn. Kai sti dÔo teleuta�e enhmer¸-sei up�rqei pl jo ulopoi sewn me qr sh exeliktik¸n algor�jmwn, en antijèsei tharqik  èreuna tou 1986 ìpou den up rqe kam�a.
7.1.1 Teqnikè ulopo�hshK�je exeliktikì algìrijmo apaite� k�poia mèjodo anapar�stash tou wrolog�ou pro-gr�mmato me th morf  enì qrwmos¸mato. 'Ena shmantikì mèro twn ergasi¸n qrhsi-mopoie� k�poio e�do �mesh (direct) anapar�stash ìpou to qrwmìswma anaparist�nei�mesa to wrolìgio prìgramma autì kajeautì, sumperilamb�nonta ìle ti anajèseiaijous¸n, kajhght¸n kai majhm�twn gia k�je qronik  per�odo. H mèjodo aut  kaji-st� thn anapar�stash arket� exeidikeumènh gia to ek�stote prìblhma. Sthn èmmesh(indirect) anapar�stash, to qrwmìswma sun jw anaparist�nei mia diatetagmènh l�-sta apì paradìsei majhm�twn, oi opo�e topojetoÔntai se èna wrolìgio prìgrammab�sei k�poia prokajorismènh diadikas�a. H diadikas�a aut  dÔnatai na qrhsimopoie�opoiond pote sunduasmì euretik  kai topik  anaz thsh gia thn topojèthsh twn pa-radìsewn.'Eqei apodeiqje� ìti qrhsimopoi¸nta diaforetikè mejìdou anapar�stash gia to �dioprìblhma, odhgoÔmaste se diaforetik� apotelèsmata [36℄. H sqèsh pou èqei h qrhsimo-poioÔmenh anapar�stash me thn apotelesmatikìthta tou algor�jmou qr zei peraitèrw



7.1 : ParoÔsa kat�stash - E�dh wrolog�wn programm�twn 259melèth.Se k�je �mesh anapar�stash, o gìno pou prokÔptei apì thn efarmog  enì genetikoÔtelest , ìpw h met�llaxh   o anasunduasmì, e�nai pijanìn na e�nai akat�llhlo lìgwtou ìti mpore� na parabi�zei k�poiou shmantikoÔ austhroÔ periorismoÔ (hard con-

straints) . 'Eqoun epikrat sei dÔo kur�w trìpoi antimet¸pish tètoiwn peript¸sewn.B�sei tou pr¸tou, o gìno diorj¸netai prin topojethje� sto nèo plhjusmì. H enal-laktik  lÔsh e�nai na epitrèpontai tètoioi gìnoi, all� sugqrìnw na tou epib�lletaimia polÔ bari� poin  mèsw mia stajmismènh sun�rthsh epibol  poin  (weighted

penalty function).Anexart tw th anapar�stash, o algìrijmo apaite� k�poia mèjodo diaqe�rish twnperiorism¸n tou wrolog�ou progr�mmato. Se pragmatik� probl mata, oi periorismo�poik�loun se shmantikìthta kai pl jo. Oi perissìtere ergas�e, qrhsimopoioÔn miasun�rthsh axiolìghsh basismènh se poinè, prokeimènou na metr soun thn poiìthtaenì wrolog�ou progr�mmato. Sun jei trìpoi ulopo�hsh mia tètoia sun�rthshe�nai:
• Qr sh mia stajmismènh sun�rthsh epibol  poin , ìpou to b�ro antikatoptr�zeith spoudaiìthta tou k�je periorismoÔ. Aut  mpore� na e�nai èna grammikì sunduasmìtwn bar¸n twn parabi�sewn, all� mpore� na emperièqei kai k�poiou ekjetikoÔ ìrou,an kai oi Burke kai Newall [37℄ proeidopoioÔn ìti oi timè pou qrhsimopoioÔntai seekjetikè sunart sei prèpei na epilegoÔn me meg�lh prosoq .
• Qr sh mia sun�rthsh dÔo bhm�twn, ìpou oi ligìtero shmantiko� qalaro� periorismo�



260 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmato(soft constraints) upolog�zontai mìno sthn per�ptwsh pou ikanopoioÔntai oi austhrì-teroi.Pollo� ereunhtè ton�zoun th duskol�a pou up�rqei sthn epilog  twn kat�llhlwn ba-r¸n, kaj¸ kai to meg�lo bajmì ston opo�o aut� ephre�zoun thn poiìthta th lÔsh.O Paechter me tou sunerg�te tou [168℄ xepèrase aut  th duskol�a me to na epitrèpeista b�rh na a ll�zoun dunamik� apì to qr sth kat� thn ektèlesh tou algor�jmou.Sqetik� m' aut n th lÔsh èqei sqoliasje� to gegonì ìti arketè forè e�nai dÔskologia to qr sth na apofas�sei poia stoiqe�a sunjètoun èna kalì wrolìgio prìgrammakai poioi periorismo� e�nai shmantikìteroi apì tou �llou. Suqn� oi apait sei enìwrolog�ou progr�mmato ekfr�zontai me prot�sei ìpw {Prèpei na up�rqoun ligìte-re parabi�sei tou periorismoÔ A apì ton periorismì B}, ant� gia {O periorismì Ae�nai dÔo forè shmantikìtero apì ton B}, pr�gma pou kajist� dÔskolh thn an�jeshkat�llhlwn bar¸n. S' aut  th per�ptwsh ja bohjoÔse h Ôparxh mia anafor� twnparabi�sewn pou g�nontai se sunduasmì me ton kajorismì twn bar¸n apì ton qr sth,an kai ja prèpei o algìrijmo na e�nai arket� gr goro, ¸ste mia tètoia lÔsh na e�naipraktik� efikt .Pollè apì ti parap�nw ergas�e qrhsimopoioÔn ubridikè genetikè teqnikè, sum-perilamb�nonta k�poia stoiqe�a topik  anaz thsh. Autì mpore� na p�rei th morf enì èxupnou telest  met�llaxh,   mimhtik  anaz thsh. Pollo� exeliktiko� algì-rijmoi antimetwp�zoun probl mata sÔntomh sÔgklish tou plhjusmoÔ, h opo�a mpore�na odhg sei se mh bèltiste lÔsei (sÔgklish se topikì bèltisto). Mia endiafèrousa



7.1 : ParoÔsa kat�stash - E�dh wrolog�wn programm�twn 261mèjodo pou prot�jhke apì ton Burke kai tou sunerg�te tou,[34℄ qrhsimopoie� pro-swmoioÔmenh anìpthsh gia na rujm�sei ta b�rh twn periorism¸n pou parabi�zontai k�jefor� pou èqoume sÔgklish tou plhjusmoÔ, èw ìtou breje� mia ikanopoihtik  lÔsh.'Ena �llo prìblhma, e�nai autì th epilog  an�mesa se omoiogen    eterogen  sust -mata peiramatik¸n sustoiqi¸n p�nw sti opo�e ja ulopohjoÔn di�foroi algìrijmoi giathn ep�lush tou probl mato. Prìkeitai gia mia empeirik  diadikas�a dokim  kai l�jou[137℄. Poik�le e�nai oi efarmogè pou anaptÔqjhkan gia th dhmiourg�a automatopoih-mènwn wrolog�wn programm�twn, kai oi opo�e bas�zontai se exeliktikoÔ algor�jmou.Endeiktik� anafèrontai oi pio gnwstè.Mia polÔ kal  efarmog  gia panepisthmiak� wrolìgia progr�mmata e�nai h (Automated

Timetabler ), h opo�a anaptÔqjhke sthn Iapwn�a[112℄. O mhqanismì pou qrhsimopoie�h efarmog  enswmat¸nei Hill Climbing, ènan exeliktikì algìrijmo kai ènan algìrijmoanaz thsh. E�nai ikan  na epilÔsei ìlou tou austhroÔ periorismoÔ kai na bel-tistopoi sei tou qalaroÔ qrhsimopoi¸nta thn teqnik  twn dÔo bhm�twn. Par�geiwrolìgio prìgramma majhm�twn, aijous¸n kai kajhght¸n. 'Eqei dokimasje� me epi-tuq�a se deka panepist mia th Iapwn�a kai mpore� na qeirisje� ogk¸dh probl mata.Sto megalÔtero panepist mio pou dokim�sthke, to prìblhma e�qe na k�nei me ebdom ntatm mata, eptakìsiou kajhghtè kai tèsseri qili�de paradìsei. Perie�qe pènte au-sthroÔ periorismoÔ kai dèka qalaroÔ. Qrhsimopoi¸nta ènan epexergast  Pentium

450MHZ, h lÔsh mpore� na breje� mèsa se diakosiae�kosi lept�, prìkeitai dhlad  giamia exairetik� gr gorh efarmog .



262 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmatoPoll� �lla e�nai ta panepist mia pou qrhsimopoioÔn parìmoie efarmogè automato-poihmènwn wrolog�wn programm�twn, gia na kalÔyoun ti an�gke tou. Gia par�deigma,to Napier University tou EdimboÔrgou èqei anaptÔxei thn efarmog  Neeps and Tat-

ties. Prìkeitai gia mia tele�w diaforetik  prosèggish tou jèmato ap' aut  tou AOT.Qrhsimopoie�tai me epituq�a apì to panepist mio gia th dhmiourg�a twn wrolog�wn pro-gramm�twn tou. Sta pleonekt mata tou progr�mmato sugkatalègetai h dunatìthtatrofodìthsh tou me prohgoÔmene lÔsei, epitrèponta ètsi th bajmia�a exèlixh twnlÔsewn, kaj¸ kai h dunatìthta epexergas�a lÔsewn prohgoumènwn et¸n gia thn epi-t�qunsh tou algor�jmou. Kainotom�a th efarmog  e�nai h dunatìthta allag  twnbar¸n apì to qr sth kat� thn ektèlesh tou progr�mmato.'Alle endiafèrouse ulopo�hsei ìqi exeliktikè all� par�llhle e�nai kai autè twn
Aydin et all [13℄ kai twn Hermosilla et all [104℄. Oi pr¸toi èqoun parallhlopoi sei thnmèjodo th prosomoioÔmenh anìpthsh kai oi deÔteroi th apotreptik  anaz thsh.Ta apotelèsmata pou èdwse h mejodolog�a tou gia to prìblhma ma ta sugkr�noumesto tèlo tou kefala�ou me aut� twn dik¸n ma ulopoi sewn.
7.2 Perigraf  tou probl matoTo prìblhma pou kl jhke na antimetwp�sei o par�llhlo mimhtikì algìrijmo thparoÔsh ergas�a, e�nai h dhmiourg�a tou wrolog�ou progr�mmato majhm�twn. Prì-keitai gia thn an�jesh enì dedomènou sunìlou majhm�twn, kajhght¸n kai aijous¸n sesugkekrimène qronikè periìdou th ebdom�da. H an�jesh prèpei na g�nei me tètoio



7.2 : Perigraf  tou probl mato 263trìpo, ¸ste na plhroÔntai orismène prokajorismène sunj ke (periorismo�) prokei-mènou autì na èqei praktikì endiafèron kai qrhsimìthta. Apì th fÔsh tou e�nai ènaarket� dÔskolo prìblhma me meg�lo kai polÔploko q¸ro anaz thsh kai epiplèon mearketè idiaiterìthte se sqèsh me �lla panepisthmiak� wrolìgia progr�mmata.7.2.1 Par�metroi tou probl matoMerik� apì ta qarakthristik�-idiaiterìthte tou sugkekrimènou probl mato e�nai:� O auxhmèno arijmì twn ergasthriak¸n tmhm�twn.� H suqn� anapìfeukth epik�luyh majhm�twn tou �diou exam nou.� Up�rqei periorismèno arijmì ergasthriak¸n aijous¸n.� Pollè forè to �dio m�jhma did�sketai perissìtere apì m�a forè thn ebdom�da(autè oi pollaplè paradìsei apì ed¸ kai sto ex  ja kaloÔntai ta�ria).7.2.2 Periorismo�Oi periorismo� pou prèpei na plhroÔntai apì to wrolìgio prìgramma mporoÔn na qwri-stoÔn se dÔo kathgor�e. H pr¸th perilamb�nei tou legìmenou austhroÔ periori-smoÔ oi opo�oi kai prèpei na plhroÔntai ei to akèraio (p.q. èna kajhght  den mpore�thn �dia qronik  stigm  na did�skei perissìtera tou enì maj mata). Sth deÔterh èqou-me tou qalaroÔ periorismoÔ oi opo�oi den èqoun tìso sqèsh me thn akeraiìthta touwrolog�ou progr�mmato, all� exuphretoÔn praktikè apait sei (p.q. h epijum�a enì



264 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmatokajhght  na erg�zetai mìno k�poie sugkekrimène ¸re th ebdom�da). To pl jotwn qalar¸n periorism¸n e�nai anex�ntlhto kai �mesa exart¸meno apì to diaqeirist tou wrolog�ou progr�mmato. Oi periorismo� pou qrhsimopoi jhkan sthn paroÔsa er-gas�a e�nai oi ex :1. Se k�je ergasthriak  par�dosh oi dÔo did�skonte prèpei na e�nai diaforetiko�.2. Oi paradìsei pou apoteloÔn 'ta�ria' prèpei na g�nontai apì tou �diou kajhghtè.3. Oi paradìsei 'ta�ria' prèpei na g�nontai se diaforetikè hmère.4. O hmer sio arijmì wr¸n didaskal�a enì kajhght  den prèpei na bga�nei ektìtwn prokajorismènwn or�wn tou.5. O ebdomadia�o arijmì wr¸n didaskal�a enì kajhght  den prèpei na bga�neiektì twn prokajorismènwn or�wn tou.6. K�je a�jousa mpore� na filoxene� m�a mìno par�dosh an� qronik  per�odo.7. Den prèpei na up�rqoun epikalÔyei metaxÔ majhm�twn.8. 'Ena kajhght  mpore� na did�skei èna mìno m�jhma an� qronik  per�odo.9. Den prèpei na up�rqoun kenè ¸re sto prìgramma enì kajhght .10. Den prèpei na up�rqoun kenè ¸re sto prìgramma.11. Prèpei na lhfjoÔn upìyh oi protim sei enì kajhght  gia to poie ¸re jèlei  den jèlei na erg�zetai.Sto shme�o autì ja prèpei na ton�soume ìti orismènoi periorismo� ek twn pragm�twn dene�nai dunatì na plhroÔntai ei to akèraio. Gia par�deigma, to pl jo twn paradìsewn



7.3 : Ulopo�hsh 265e�nai tìso meg�lo pou e�nai adÔnato na mhn up�rqoun epikalÔyei.
7.3 Ulopo�hsh7.3.1 Genik�H ulopo�hsh tou par�llhlou mimhtikoÔ algor�jmou gia th dhmiourg�a tou wrolog�ouprogr�mmato, bas�sthke sti mejodolog�e PMA1 - PMA4 (bl. kefalaio 5). Tadedomèna ma e�nai ta �dia me aut� pou qrhsimopo�hsan oi Aydin et al [104℄, Di Gasperokai Schaerf [189℄ kai Hermosilla et al [13℄ kai e�nai diajèsima sthn dieÔjunsh http://

www.diegm.uniud.it/ schaerf/ projects/ coursett/ KÔrio mèlhma th efarmog   tanh belt�wsh th apìdosh twn algor�jmwn (prosj kh nèwn teqnik¸n, emplok  tou an-jr¸pinou par�gonta sth diadikas�a th exèlixh).H efarmog  qwr�zetai se tr�a basik� mèrh:� O par�llhlo mimhtikì algìrijmo perilamb�nei ìle ti apara�thte diadikas�egia thn pragmatopo�hsh th exèlixh se mia sustoiq�a upologistwn kai epiplèonkatagr�fei kai orismèna statistik� stoiqe�a.� H B�sh dedomènwn. Perièqei ìlh thn apara�thth plhrofor�a gia th dhmiourg�atwn atìmwn tou plhjusmoÔ (kajhghtè, maj mata, a�jouse kai sqèsei metaxÔaut¸n)



266 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmatoKajìrise k arqikè nhs�de epexergast¸n P 0, ..., P k−1 kai dièneime ènaarqipèlago se k arqikè nhs�de pop0, ..., popk−1Gene� = 0Gia k�je nhs�da epexergast¸n P i dia�rese thn nhs�da popi se g upoplhjusmoÔ
subpopj, ..., subpopg−1Gene� = Gene� + 1Ef�rmose mia apì ti mejìdou (blèpe 5.3.2, 5.3.3, 5.3.4 ) se k�je popi.An èqei sqhmatiste� o apara�thto arijmì kal¸n lÔsewn th nhs�da popi autèmetanasteÔoun sto pop(i+1)modkAn toul�qiston m�a lÔsh parel fjh apì to pop(i−1)modktìte h lush pou paral fjhke topojete�tai sto popiElègqetai an k�poia nhs�da ikanopoie� th sunj kh termatismoÔ kai an ìqi tìteepistrèfoume sto b ma 3.Sq ma 7.1: Montèlo Nhs�dwn Mimhtik¸n Algor�jmwn se Nhs�deepexergast¸nO algìrijmo pou parat�jetai perigr�fei ton kajorismì twn nhs�dwn sthn ulopo�hshma kai ton kajorismì th mejìdou exèlixh twn nhs�dwn. Sto par�rthma A.2 para-t�jetai o k¸dika MPI gia to wrolìgio prìgramma. Sti epomène paragr�fou jamelet soume ton trìpo me ton opo�o g�netai h anapar�stash tou ebdomadiaiou wrolog�-ou progr�mmato, thn sun�rthsh axiolìghsh, thn b�sh dedomènwn pou qrhsimopoioumekai ton trìpo pou g�netai h parakoloÔjhsh th exèlixh.7.3.2 Anapar�stashK�je �tomo tou plhjusmoÔ anaparist�nei kai èna oloklhrwmèno ebdomadia�o wrolìgioprìgramma. H anapar�stash e�nai �mesh kai èqei th morf  enì disdi�statou p�naka7.1, ìpou h k�je st lh antistoiqe� se m�a par�dosh (kai ìqi m�jhma giat�, ìpw èqei



7.3 : Ulopo�hsh 2671 2 3 ... MaxA�jousa 4 2Kajhght  1 1 5Kajhght  2 4 NULLHmèra 2 2 3Wra 'Enarxh 4 2P�naka 7.1: Sqhmatik  anapar�stash wrolog�ou progr�mmatoproanaferje�, èna m�jhma mpore� na èqei pollè paradìsei), en¸ h k�je m�a apì tigrammè tou kwdikopoie� èna qarakthristikì th par�dosh. Aut� kat� seir� e�nai: ha�jousa ìpou ja g�nei h par�dosh, o kajhght  1, o kajhght  2 (e�n prìkeitai giaergasthriakì m�jhma), h hmèra th ebdom�da kai h ¸ra ènarxh. Oi timè tou k�jekelioÔ e�nai akèraie.
Gia par�deigma, sÔmfwna me to sq ma 7.1, h par�dosh me ton kwdikì 1, ja g�nei sthna�jousa me kwdikì 4, apì tou kajhghtè me kwdikì 1 kai 4, thn Deutèra sti 11 toprw�. Sth deÔterh par�dosh parathroÔme ìti o kajhght  2 den èqei tim  (sÔmbolo
NULL).Se k�je kel� antistoiqe� èna sÔnolo epitrept¸n tim¸n. Oi timè tou sunìlou e�te e�naiprokajorismène (p.q. epitreptè timè tou qarakthristikoÔ hmèra e�nai apì 2 èw 5),e�te aporrèoun apì th b�sh dedomènwn, �mesa (p.q. o qr sth or�zei to poioi kajh-ghtè mporoÔn na did�xoun èna m�jhma)   èmmesa (o qr sth or�zei th di�rkeia miapar�dosh sunep¸ to epitreptì ìrio gia thn ¸ra ènarxh aut  e�nai apì 1 èw 11me�on th di�rkeia).



268 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmatoAn jel soume na perigr�youme èna tètoio �tomo me orolog�a th genetik  mporoÔme napoÔme ìti: Olìklhro o p�naka e�nai èna qrwmìswma kai h k�je st lh tou èna gon�dio.K�je gon�dio èqei pènte timè qarakthristik¸n kai o fainìtupo tou qrwmos¸matoe�nai to wrolìgio prìgramma.
7.3.3 Sun�rthsh axiolìghshH sun�rthsh axiolìghsh e�nai upeÔjunh gia ton upologismì th poiìthta enì atìmoudhlad  enì wrolog�ou progr�mmato. H poiìthta enì atìmou e�nai antistrìfw an�-logh tou arijmoÔ twn periorism¸n pou parabi�zontai. Se k�je parab�ash antistoiqe�èna b�ro an�loga me to pìso shmantikì   ìqi e�nai o periorismì pou parabi�zetai.H poin  pou epib�lletai se èna �tomo gia èna sugkekrimèno periorismì e�nai �sh me toginìmeno tou b�rou tou periorismoÔ autoÔ ep� to sÔnolo twn parabi�sewn.'Estw C to sÔnolo twn periorism¸n, Pi h poin  pou sqet�zetai me ton periorismì
i, ui(t) = 1 ean to wrolìgio prìgramma t parabi�zei ton periorismì t, diaforetik�
0. Tìte h sun�rthsh axiolìghsh d�netai apì th sqèsh:

f(t) =
1

1 +
∑

i ∈ CPiui(t)Upojètonta ìti ìle oi poinè e�nai jetikè, h sun�rthsh isoÔtai me 1 ìtan kai mìnoìtan den up�rqei kam�a parab�ash, diaforetik� e�nai mikrìterh tou èna.'Ena sÔnhje prìblhma stou exeliktikoÔ algor�jmou e�nai h gr gorh sÔgklish tou



7.3 : Ulopo�hsh 269plhjusmoÔ. Dhlad  o algìrijmo èqei sunant sei èna topikì bèltisto kai den mpore�na xefÔgei ap' autì. Gia thn uperp dhsh tètoiwn problhm�twn, o algìrijmo met� thnp�rodo enì sugkekrimènou arijmoÔ geni¸n (geniè kat� ti opo�e h poiìthta th ka-lÔterh lÔsh paramènei st�simh kai den belti¸netai peraitèrw), epanarqikopoie� ènamèrou tou plhjusmoÔ euelpist¸nta ìti ja xeper�sei to topikì bèltisto. Prìkeitaigia mia enèrgeia apelpis�a kat� thn opo�a èna arijmì atìmwn tou plhjusmoÔ arqi-kopoie�tai me tuqa�e timè, q�nonta opoiad pote gn¸sh e�qe apokt sei mèqri t¸ra. Htuqa�a aut  metabol  emperièqei mia mikr  pijanìthta na prokÔyoun �toma me kalÔterhpoiìthta apì prin kai na xefÔgoume ètsi apì to topikì bèltisto.Ta �toma pou ja tropopoihjoÔn mporoÔn na epileqjoÔn me dÔo trìpou: E�te mpore�na e�nai èna tuqa�o de�gma tou plhjusmoÔ, e�te mia pio sunthrhtik  prosèggish ìpoutropopoioÔntai ìla ta �toma ektì apì ta n kalÔtera. Se k�je per�ptwsh to �tomome thn kalÔterh poiìthta den summetèqei sthn epanarqikopo�hsh kai paramènei stonplhjusmì, exasfal�zonta ìti den prìkeitai na odhghjoÔme se qeirìtere lÔsei seper�ptwsh apotuq�a th epanarqikopo�hsh. K�je par�metro th mejìdou (to pìteja sumbe�, to pl jo twn atìmwn pou ja tropopoihje� kai to poia dom  geitoni� plh-jusmoÔ ja qrhsimopoihje� kat� thn epilog ) or�zetai dunamik� apì ton qr sth.Lìgw tou tuqa�ou trìpou dr�sh h mèjodo th epanarqikopo�hsh den eggu�tai p�ntathn ep�lush tou probl mato twn topik¸n bèltistwn, an kai apì prìqeire dokimè pouèginan fa�netai h efarmog  th na e�nai apotelesmatik .
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Sq ma 7.2: Mh kanonikopoihmèno di�gramma
7.3.4 B�sh Dedomènwn
H b�sh dedomènwn mpore� na perigrafe� me to ER di�gramma tou sq mato 7.2 O ìrob�sh dedomènwn qrhsimopoie�tai kat� par�bash afoÔ h efarmog  de qrhsimopoie� k�-poio DBMS all� apl¸ èqei g�nei mia polÔ mikr  prosomo�wsh autoÔ. H b�sh perièqeiìlh thn apara�thth plhrofor�a gia th dhmiourg�a tou wrolog�ou progr�mmato, kaj¸kai aut  pou e�nai apara�thth gia ton èlegqo k�poiwn periorism¸n (p.q. protim sei ka-jhght¸n). Prin thn ènarxh th exèlixh h b�sh uf�statai mia epexergas�a prokeimènouna dhmiourghje� h m tra me ti paradìsei kai me ta sÔnola twn apodekt¸n tim¸n touk�je kelioÔ th.



7.3 : Ulopo�hsh 2717.3.5 ParakoloÔjhsh th exèlixhH spoudaiìthta Ôparxh statistik¸n stoiqe�wn gia thn pore�a pou akolouje� o algì-rijmo pro thn eÔresh th pojht  lÔsh e�nai autonìhth. Bohj�ei tìso sthn exagwg qr simwn sumperasm�twn, ìso kai ston èlegqo twn mejìdwn pou qrhsimopoioÔntai.Parìlo pou to pl jo kai to e�do twn statistik¸n stoiqe�wn poik�lei an�loga me tian�gke tou k�je qr sth, ègine prosp�jeia mia ìso to dunatìn plhrèsterh katagra-f  kai èntaxh tou sthn efarmog . To prìgramma parèqei sto qr sth èna pl jostatistik¸n stoiqe�wn gia thn kat�stash th trèqousa geni�, all� kai gia thn po-re�a th exèlixh genikìtera. H katagraf  twn stoiqe�wn aut¸n g�netai apì thn �dia thdiadikas�a exèlixh, gegonì pou epitrèpei thn axiopo�hsh tou an�loga me ti an�gketou k�je qr sth.Gia k�je geni� parakoloujoÔntai ta ex  stoiqe�a:� H kalÔterh kai h qeirìterh lÔsh (w ontìthte).� H mèsh tim  th poiìthta tou plhjusmoÔ.� To posostì tou plhjusmoÔ pou sugkl�nei pro thn trèqousa kalÔterh lÔsh.� To pl jo twn anasunduasm¸n kai twn metall�xewn pou èqoun g�nei.Gia th sunolik  exèlixh katagr�fontai ta akìlouja:� H qronik  di�rkeia th exèlixh.� H kalÔterh lÔsh pou èqei breje� apì thn arq  th exèlixh (e�nai qr simh sthnper�ptwsh pou o algìrijmo den e�nai elitistikì).



272 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmato� H geni� sthn opo�a brèjhke h lÔsh aut .� To pl jo twn st�simwn geni¸n (geniè kat� ti opo�e h kalÔterh lÔsh paramèneist�simh).Anex�rthta e�nai ta stoiqe�a pou ja mporoÔsan na prostejoÔn sthn efarmog , gia thbelt�wsh th. Stoiqe�a pou èqoun na k�noun tìso me ton algìrijmo, ìso kai me toperib�llon aut . Ja mporoÔse gia par�deigma na lhfje� upìyh o arijmì twn spou-dast¸n pou parakolouje� èna m�jhma, ¸ste na apofeÔgetai h epik�luyh majhm�twn memeg�lh z thsh   na lamb�netai upìyh o qrìno metak�nhsh metaxÔ twn aijous¸n. HparoÔsa ergas�a parablèpei di�fora gegonìta, ìpw to ìti mpore� na up�rqoun ¸reth ebdom�da pou na mh g�nontai maj mata.
7.4 Apotelèsmata'Ola ta peir�mata èginan se koin  b�sh dedomènwn ìpw aut� diamorf¸jhkan apì tiapait sei enì exam nou. Ta dedomèna ma e�nai ta �dia me aut� pou qrhsimopo�hsanoi Aydin et al [104℄ kai Hermosilla et al [13℄.Sthn enìthta aut  parat�jentai ta apo-telèsmata twn peiram�twn me thn morf  tess�rwn grafik¸n parast�sewn gia k�jeulopo�hsh. Sta sq mata 7.3, 7.4, 7.5 kai 7.6 d�nontai h kalÔterh, h qeirìterh kai h mè-sh poiìthta pou brèjhke mèsa apì èna sÔnolo diakos�wnogdìnta peiram�twn. 'Eqoumeqrhsimopoi sei gia dom  geitoni� tou plhjusmoÔ dom  daktul�ou. Ep�sh se diagr�m-mata twn sqhm�twn 7.3, 7.4, 7.5 kai 7.6 parousi�zontai kai oi qrìnoi apì to k�je sÔnolo



7.4 : Apotelèsmata 273peiram�twn kaj¸ kai to pl jo twn geni¸n pou exel�qjhsan sunolik� se k�je pe�ra-ma. Ta apotelèsmata aut¸n twn sqhm�twn aforoÔn ektelèsei pou eginan kai stou18 epexergastè th sustoiq�a. Sta sq mata 7.13 kai 7.14 èqoume sugkritik� apo-telèsmata gia to �dio prìblhma all¸n dÔo ulopoi sewn (par�llhlh prosomoioÔmenhanìpthsh kai par�llhlh apotreptik  anaz thsh) me ti dikè ma. Oi ulopo�hseiautè eginan apì tou Aydin et al [104℄ kai Hermosilla et al [13℄ Sta apotelèsmata (bl.sq ma 7.8) parathroÔme mia apìtomh pt¸sh twn kampul¸n epit�qunsh pou ofe�letaisthn eterogèneia tou perib�llonto ma. Sto sq ma 7.8 parathroÔme ìti h PMA2 e�nailigotero apotelesmatik  apì ti upìloipe trei ulopoi sei en¸ parathre�tai kai miaapìtomh pt¸sh stou 12 stajmoÔ ergas�a sthn kampÔlh epit�qunsh th ulopo�hsh
PMA3 k�ti to opo�o ofe�letai sto ìti up�rqei mia anisorrop�a tou fìrtiou exait�a thteqnik  ulopo�hsh th apagoreumènh l�sta. O kajorismì twn geitonik¸n lusewnapaite� mia diadikas�a diakritopo�hsh tou efiktoÔ q¸rou k�ti to opo�o k�nei ton argìstajmì ergas�a na telei¸nei p�nta teleuta�o kai na up�rqei èna shmantikì qrìnoadr�neia gia tou taqÔterou stajmoÔ ergas�a se èna eterogenè perib�llon.Sta diagr�mmata tou sq mato 7.8 parousi�zoume ti epitaqÔnsei se sqèsh me th ka-tagraf  tou istorikoÔ exèlixh qrhsimopoi¸nta th mejìdou PMA1, PMA2, PMA3,

PMA4. ParathroÔme ìti up�rqei mia shmantik  ep�drash sthn apìdosh twn ulopo�h-sewn ma. Sugkekrimèna blèpoume ìti me thn katagraf  tou istorikoÔ exèlixh o qrìnoepikoinwn�a aux�netai. H epib�runsh aut  ìmw den fa�netai na ephre�zei sthn sunoli-k  apìdosh twn par�llhlwn ulopo�hsewn. Sunep¸ o lìgo tou qrìnou upologismoÔpro ton qrìno epikoinwn�a e�nai arket� uyhlì. Parathr¸nta ta apotelèsmata
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Sq ma 7.3: Apotelèsmata th PMA1 gia 280 epanal yei
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Sq ma 7.4: Apotelèsmata th PMA2 gia 280 epanal yei
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Sq ma 7.5: Apotelèsmata th PMA3 gia 280 epanal yei
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Sq ma 7.6: Apotelèsmata th PMA4 gia 280 epanal yei



278 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmato

Sq ma 7.7: Ep�drash th metabol  tou posostoÔ metan�steushsthn taqÔthta kai sthn poiìthta twn apotelesm�twn

Sq ma 7.8: Epit�qunsh twn par�llhlwn ulopoi sewn sunart shth qr sh katagrafh tou istorikoÔ exèlixh(Arister� : Qwr� istorikì , Dexi� : Me istorikì)



7.4 : Apotelèsmata 279
PMA1 139
PMA2 180
PMA3 137
PMA4 136

Aydin et al 142
Hermosilla et al 138

PSA 167
PTS 165
PEA 152P�naka 7.2: Oi kalÔtere timè gia 9 mejìdoublèpoume ìti up�rqei mia ant�strofh sqèsh an�mesa ston par�llhlo qrìno ektèleshkai ston arijmì twn stajm¸n ergas�a. O lìgo tou qrìnou upologismoÔ pro toqrìno epikoinwn�a exart�tai w èna bajmì apo thn omoiogèneia twn algor�jmwn pouekteloÔntai sti di�fore nhs�de epexergast¸n. Qrhsimopoi¸nta eterogene� algo-r�jmou sthn PMA4 parathroÔme ìti o par�llhlo qrìno ektèlesh twn ulopoi sewnma belti¸netai se sqèsh me ton par�llhlo qrìno ektèlesh me qr sh omoiogen¸n al-gor�jmwn. O qrìno ìmw epikoinwn�a e�nai me mikrè apokl�sei per�pou o �dio efìsondiathroÔme to mègejo plhjusmoÔ stajerì. Ston p�naka 7.2 èqoume ti kalÔtere timègia 9 mejìdou pou exet�sthkan.

Sth diarkeia twn peiram�twn ma diapist¸same ìti h mh suqn  metanasteush bohj�sthn apofug  th prìwrh sÔgklish tou sunìlou twn plhjusm¸n. Epiplèon h me-tan�steush se sunduasmì me thn qr sh mia mejodou topik  anaz thsh bohj� stona mhn q�netai h poikil�a tou genetikoÔ ulikoÔ kai na mhn g�netai prìwrh sÔgklish se



280 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmatok�poio topikì bèltisto. H qr sh mia mejìdou topik  anaz thsh dhmiourge� nèe el-pidofìre perioqè anaz thsh lÔsewn (bl. sq ma 7.7a). Autì e�nai arket� shmantikìgenik�, kajìti autè oi lÔsei arqik� e�nai topikè, pou e�nai kai o sun jh kanìna meti poikil�e sth fÔsh, ètsi ¸ste ìmoia tropopoihmèna �toma suqn� anapar�gontai me-taxÔ tou. E�n o nèo plhjusmì e�nai epituq  ston ag¸na gia epib�wsh , ja diadoje�arg�, antagwnizìmeno tou upìloipou kai katakt¸nta �toma sta ìria enì diark¸auxanìmenou kÔklou. Sto sq ma 7.8 blèpoume thn ep�drash pou èqei sthn apodo-tikìthta kai sthn apotelesmatikìthta th mejodou PMA4   katagraf  tou istorikoÔexèlixh. Ta kalÔtera apotelèsmata apìdosh prokÔptoun gia ti mejìdou PMA1,

PMA4 en¸ ligìtero kal� e�nai ta apotelèsmata gia thn PMA2 kai thn PMA3 .Oi epit�qunsei pou pragmatopoioÔntai ofe�lontai ìqi mìno ston parallhlismì all� kaiston qrìno pou epitugq�netai me thn aÔxhsh twn arijm¸n twn nhs�dwn. Sthn ergas�ama h ennoia th nhs�da diaforopoie�tai apì thn ènnoia th parallhlopoihsh enì MA.
7.5 Sumper�smataApì ta peir�mata pou diex qjhsan parathroÔme ìti oi lÔsei pou ma èdwse o algìrij-mo e�nai sqetik� kalè. Autì bèbaia se èna meg�lo posostì ofe�letai sto gegonììti orismènoi periorismo� ek twn pragm�twn e�nai adÔnato na plhroÔntai ei to akèraio,en¸ par�llhla oi susqet�sei pou anaptÔssontai metaxÔ twn periorism¸n èqoun wapotèlesma orismènoi apì autoÔ na leitourgoÔn ei b�ro k�poiwn �llwn.
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Sq ma 7.9: Apotelèsmata th PMA1 gia 100 epanal yeiParìla aut�, to kÔrio prìblhma pou antimetwp�zei o algìrijmo e�nai h sÔntomh sÔg-klish tou plhjusmoÔ gÔrw apì èna topikì bèltisto. To prìblhma autì e�nai sÔnhjekai sunant�tai sti perissìtere ulopoi sei exeliktik¸n teqnik¸n. Ja  tan polÔendiafèron na efarmosei k�poio èna èxupno telest  met�llaxh, ìpou h met�llaxhtou atìmou den ja ginìtan me apolÔtw tuqa�o trìpo, all� o telest  ja pronooÔse¸ste oi tropopoi sei pou ja èkane p�nw sta gon�dia tou atìmou na mhn odhgoÔsan
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Sq ma 7.10: Apotelèsmata th PMA2 gia 100 epanal yei
se parabi�sei twn austhr¸n periorism¸n. Apì ta apotelèsmata (sq ma 7.8), g�netaifaner  h uperoq  th qr sh exeliktik¸n telest¸n ènanti th mh. H uperoq  aut e�nai kajolik  se ìlo to eÔro twn peiram�twn ma. Qarakthristikì e�nai to gegonììti h kalÔterh lÔsh (sq ma 7.14 pou brèjhke qwr� th qr sh exeliktik¸n telest¸ne�nai mikrìterh apì th qeirìterh lÔsh pou ma èdwse h PMA2 pou apì ti upìloipe
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Sq ma 7.11: Apotelèsmata th PMA3 gia 100 epanal yei4 ulopoi sei edwse kai ta qeirìtera apotelèsmata. H qrhsimopo�hsh genetik¸n te-lest¸n ìqi mìno èdwse kalÔtere lÔsei, all� bo jhse kai sth grhgorìterh eÔreshaut¸n, aneb�zonta tautìqrona th sunolik  poiìthta tou plhjusmoÔ. H uperoq  thprosarmog  ofe�letai se dÔo kur�w lìgou:� Pr¸ton, sto ìti h eÔresh twn kat�llhlwn pijanot twn efarmog  twn telest¸n
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Sq ma 7.12: Apotelèsmata th PMA4 gia 100 epanal yei
e�nai mia dÔskolh kai perissìtero empeirik  diadikas�a dokim  kai l�jou, afoÔoi pijanìthte diafèroun kat� polÔ apì prìblhma se prìblhma.� DeÔteron, sto ìti kat� th di�rkeia th exèlixh oi an�gke tou algor�jmou giaanaz thsh nèwn lÔsewn kai ekmet�lleush twn uparqous¸n e�nai metaballìmene,
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Sq ma 7.13: Qrìnoi gia diaforetikì arijmì epexergast¸n kai oiepitaqÔnsei gia 6 mejìdou

Sq ma 7.14: Mèse lÔsei gia 6 mejìdou
me apotèlesma oi pijanìthte twn dÔo telest¸n na mhn mporoÔn na e�nai staje-rè. Gia par�deigma, kat� thn ekk�nhsh th exèlixh kai dedomènou ìti o arqikì



286 Kef�laio 7 : Kataskeu  Wrolog�ou Progr�mmatoplhjusmì apotele�tai apì tuqa�a �toma, h an�gkh exereÔnhsh tou q¸rou ana-z thsh e�nai entonìterh, en¸ me thn p�rodo twn geni¸n aux�nei h an�gkh giaekmet�lleush th apoktoÔmenh gn¸sh, gegonì to opo�o epalhjeÔetai kai mèsaapì ta peir�mata.Emfane� e�nai oi dunatìthte sthn ep�lush tou automatopoihmènou wrolog�ou progr�m-mato majhm�twn san bohjhtik¸n ergale�wn, twn sugkekrimènwn ulopoi sewn. Autìpou epitugq�netai me thn qr sh twn mejìdwn topik  anaz thsh e�nai h uperp dhshtopik¸n bèltistwn, en¸ idia�tera shmantikì e�nai h melèth tou trìpou me ton opo�oallhlepidroÔn oi periorismo� metaxÔ tou.



Kef�laio 8
Sumper�smata - Prot�sei
Se autì to kef�laio sunoy�zoume ta apotelèsmata th diatrib  ma kai ep�sh parou-si�zoume orismène prot�sei gia mellontik  èreuna.
8.1 ApotelèsmataSta pla�sia th paroÔsa didaktorik  diatrib  epiqeir jhke mia oloklhrwmènh me-lèth ubridik¸n exeliktik¸n teqnik¸n kai sugkekrimèna twn mimhtik¸n algor�jmwn kaih an�ptuxh tess�rwn nèwn ulopoi sewn se sustoiq�a apì stajmoÔ ergas�a. Prag-matopoi jhke diereÔnhsh th ep�dosh twn exeliktik¸n mejìdwn, b�sei jewrhtik¸nproblhm�twn kaj¸ kai pragmatik¸n problhm�twn.Ta kÔria sumper�smata th ergas�a sunoy�zontai sta ex :Mèqri to prìsfato pareljìn, oi drìmoi twn diafìrwn mejodologi¸n prosèggish tou287



288 Kef�laio 8 : Sumper�smata - Prot�seiprobl mato  tan apokl�nonte. Wstìso, h sÔgqronh t�sh sun�statai sthn an�ptuxhubridik¸n exeliktik¸n sqhm�twn , ta opo�a qrhsimopoioÔn idèe kai strathgikè proer-qìmene apo diaforetikè mejodologikè prosegg�sei, sumperilamb�nomènwn kai twnklassik¸n euretik¸n mejìdwn.Dedomènou ìti ex orismoÔ kamm�a mèjodo beltistopo�hsh den eggu�tai par� stati-stik  kai mìno sÔgklish sto olikì akrìtato, zhtoÔmeno e�nai h eÔresh th mejìdoueke�nh h opo�a prosarmìzetai sta qarakthristik� tou ek�stote problhmato kai mpo-re� na èqei mia ikanopoihtik  lÔsh, me to mikrìtero upologistikì fìrto. Oi Mimhtiko�Algìrijmoi èqoun genik� pio polÔplokh dom  apì èna euretikì algìrijmo kaj¸ e�naisÔnjesh euretik¸n algor�jmwn pou perièqoun kai stoiqe�a m�mhsh biologik¸n kai koi-nwnik¸n diadikasi¸n. An�loga me thn ulopo�hsh erg�zontai me kwdikopoihmèno sÔnololÔsewn   me ti lÔsei autè kajeautè. Sthn pr¸th per�ptwsh suggeneÔei pio polÔme tou genetikoÔ algor�jmou sthn deÔterh me tou exeliktikoÔ. Ektele� anazh-t sei qrhsimopoi¸nta èna plhjusmì lÔsewn kai ìqi mia monadik  lÔsh. O qrìnoektèlesh tou e�nai en gènei megalÔtero apì autìn k�poiou ant�stoiqou euretikoÔ al-l� se antist�jmisma anamènoume lÔsei kalÔterh poiìthta apì autè pou par�gei oant�stoiqo euretikì   exeliktikì. Koinì qarakthristikì ìlwn twn mejìdwn pou exe-t�sthkan  tan h euaisjhs�a tou w pro orismène algorijmikè paramètrou eisìdou,ìpw gia par�deigma to mègejo tou plhjusmoÔ. Kat� kanìna, oi par�metroi autè or�-zontai empeirik�, wstìso ja e�qe endiafèron h an�ptuxh teqnik¸n autìmath rÔjmishtou, all� to jèma autì apaite� ektenèsterh diereÔnhsh. Sti epìmene paragr�fousunoy�zoume ta sumper�smata ma gia k�je mia apì ti peript¸sei pou exet�same kai



8.1 : Apotelèsmata 289sthn sunèqeia gia k�je mia apì ti paramètrou pou elègxame.Exeliktiko� AlgìrijmoiH ep�dosh tou aploÔ exeliktikoÔ algor�jmou, me qr sh duadik  kwdikopo�hsh twnmetablht¸n elègqou, den  tan ikanopoihtik , ìqi mìno lìgw th sqetik� qamhl  touapotelesmatikìthta all� kur�w exait�a tou uperbolik� meg�lou pl jou dokim¸npou apaite�tai gia th sÔgklish sth bèltisth lÔsh. H sumperifor� tou aploÔ exelikti-koÔ algor�jmou den mpore� na qarakthriste� ikanopoihtik , oÔte w pro thn apotele-smatikìthta oÔte (kur�w) w pro thn apodotikìthta.H ep�drash twn paramètrwn eisìdou, dhlad  tou megèjou tou plhjusmoÔ kai twnsuqnot twn diastaÔrwsh kai met�llaxh,  tan arket� shmantik , kai se orismènepeript¸sei kajoristik . Genik�, aux�nonta to mègejo tou plhjusmoÔ belti¸jhke haxiopist�a tou algor�jmou, qwr� h belt�wsh aut  na e�nai tètoia pou na dikaiologe� thmeg�lh aÔxhsh tou pl jou twn apaitoÔmenwn dokim¸n.Aux�nonta thn tuqaiìthta tou algor�jmou aux jhke h pijanìthta entopismoÔ th oli-k� bèltisth lÔsh mìno sthn per�ptwsh pou h antikeimenik  sun�rthsh  tan èntona mhgrammik , diaforetik� mei¸jhke h apotelesmatikìthta tou algor�jmou. H aÔxhsh tìsoth suqnìthta diastaÔrwsh ìso kai th suqnìthta met�llaxh e�qe w sunèpeiamegalÔtero upologistikì fìrto.H sumperifor� twn apl¸n par�llhlwn exeliktik¸n algor�jmwn den mpore� na qarakth-riste� polÔ ikanopoihtik , oÔte w pro thn apotelesmatikìthta oÔte (kur�w) w prothn apodotikìthta. Se sqèsh ìmw me ti seiriakè ektelèsei eidame ìti den eqou-me kajolik  apotuq�a entopismoÔ tou olikoÔ akrìtatou sthn 10-di�stath Rozenbrock



290 Kef�laio 8 : Sumper�smata - Prot�seiìpw kai �llwn problhm�twn sta opo�a me th seiriak  ektèlesh eiqame apotÔqei.Genetiko� AlgìrijmoiH sumperifor� tou genetikoÔ algor�jmou den mpore� na qarakthriste� ikanopoihtik .Genik�, aux�nonta to mègejo tou plhjusmoÔ belti¸jhke h axiopist�a tou algor�jmou,qwr� h belt�wsh aut  na e�nai tètoia pou na dikaiologe� th meg�lh aÔxhsh tou pl joutwn apaitoÔmenwn dokim¸n. H aÔxhsh th tim  th suqnìthta diastaÔrwsh apì 60%se 100% ìpw kai h aÔxhsh th suqnìthta met�llaxh apì 0% se 20% diaforopo�hsepro to kalÔtero ta apotelèsmata.H ep�drash twn paramètrwn eisìdou, dhlad  tou megèjou tou plhjusmoÔ kai twnsuqnot twn diastaÔrwsh kai met�llaxh,  tan arket� shmantik , kai se orismènepeript¸sei kajoristik . Ta posost� anasunduasmou t�xh 70% ∼ 75 % bohjoÔnsthn apofug  th prìwrh sÔgklish tou plhjusmoÔ, dhlad  tou montèlou twn GA.D�netai ètsi h dunatìthta gia peraitèrw diereÔnhsh diaforetik¸n perioq¸n tou q¸roulÔsewn kai dhmiourg�a genetik  plhrofor�a h opo�a kaj¸ eis�getai ston plhjusmìbohj� ston na proqwr sei h anaz thsh tou olikoÔ bèltistou. To telikì sumpèrasmapou prokÔptei gia aut  th par�metro e�nai ìti polÔ mikr� posost� anasunduasmoÔ twngonèwn me mikr� megèjh plhjusmoÔ upobajm�zoun kai �llo thn apìdosh twn GA.H sumperifor� twn par�llhlwn genetik¸n algor�jmwn e�nai ligìtero ikanopoihtik apì aut n twn par�llhlwn exeliktik¸n algor�jmwn. Qarakthristikì e�nai to gegonìth kajolik  apotuq�a entopismoÔ arket¸n problhm�twn kai sthn par�llhlh ekdoq .Mimhtikì Algìrijmo me apotreptik  anaz thsh



8.1 : Apotelèsmata 291O mimhtikì algìrijmo me apotreptik  anaz thsh antimet¸pise me sqetik  epituq�-a orismèna apì ta probl mata, en¸ apètuqe entel¸ se �lla. Parathr jhke bèbaiaaÔxhsh th apotelesmatikìthta me aÔxhsh tou pl jou ekkin sewn, wstìso ta peri-j¸ria belt�wsh  tan peperasmèna kai exart¸mena apì ti idiaiterìthte tou ek�stoteprobl mato. H apotelesmatikìthta th mejìdou parous�ase belt�wsh me aÔxhsh toupl jou twn ekkin sewn, qwr� wstìso h belt�wsh aut  na e�nai omoiìmorfh. O algì-rijmo autì pragmatopoie� arqik� mia adr  kai sth sunèqeia mia pio leptomer  diereÔ-nhsh tou efiktoÔ q¸rou, Profan¸, apait jhke h je¸rhsh megalÔterou plhjusmoÔìso auxanìtan o bajmì duskol�a tou probl mato.Mimhtikì algìrijmo me proswmoioÔmenh anìpthshH mejodo tou mimhtikoÔ algor�jmou me proswmoioÔmenh anìpthsh apode�qjhke idia�-tera apotelesmatik  gia ti perissìtere sunart sei en¸ o mimhtikì algìrijmo mekajodhgoÔmenh topik  anaz thsh apode�qjhke ex�sou apotelesmatikì, meionekt¸ntal�go w pro thn taqÔthta sÔgklish.H mejodo antimet¸pise me polu kalì posostìsqedìn ti perissìtere apì ti sunart sei elègqou kai m�lista me polÔ mikrìteroarijmì dokim¸n se sqèsh me ton aplì exeliktikì algìrijmo kai ton mimhtikì algìrijmome apotreptik  anaz thsh.H je¸rhsh megalÔterou plhjusmoÔ ìso auxanìtan o bajmì duskol�a tou probl -mato. H aÔxhsh th tim  th suqnìthta diastaÔrwsh apì 60% se 100% epaixeshmantikì rìlo sta apotelèsmata, en¸ ant�jeta h aÔxhsh th suqnìthta met�llaxhapì 1% se 20% ta diaforopo�hse ìqi shmantik�, p�nta ìmw pro th jetik  kateÔjunsh.Dhlad , aux�nonta thn tuqaiìthta tou algor�jmou aux jhke h pijanìthta entopismoÔ



292 Kef�laio 8 : Sumper�smata - Prot�seith olik� bèltisth lÔsh mìno sthn per�ptwsh pou h antikeimenik  sun�rthsh  tanèntona mh grammik , diaforetik� mei¸jhke h apotelesmatikìthta tou algor�jmou.Mimhtikì algìrijmo me kateujunìmenh topik  anaz thshO algìrijmo autì parous�ase polÔ kal  ep�dosh, kur�w w pro thn apotelesmati-kìthta all� kai w pro thn apodotikìthta. Kai se aut n thn mèjodo e�nai profanèìti me qr sh mikroÔ megèjou plhjusmoÔ apaite�tai mikrìtero arijmì dokim¸n gia tonentopismì th bèltisth lÔsh, kai sunep¸ belti¸netai shmantik� h apodotikìthta toualgor�jmou. H mèjodo antimet¸pise me kalì posostì sqedìn ti perissìtere apìti sunart sei elègqou. H qr sh th kateujunìmenh topik  anaz thsh sto stadioth arqikopo�hsh tou plhjusmoÔ se sunduasmì me ti rujm�sei twn upolo�pwn para-mètrwn apebhke apìluth epark  gia thn ant�metwpish problhm�twn pou exet�sthkansthn paroÔsa diatrib . H qr sh th kateujunìmenh topik  anaz thsh auxhse thnapotelesmatikìthta th mejìdou kaj¸ antimetwpisthkan sthn pleioyhf�a twn peri-pt¸sewn oi adunam�e diafug  apì ti korufogrammè.Par�llhloi Mimhtiko� AlgìrijmoiSthn kateÔjunsh th aÔxhsh kur�w th apodotikìthta kai th belt�wsh th apo-telesmatikìthta twn euretik¸n kai exelektik¸n mejìdwn mesw th parallhlopo�hshbr�skontai arketo� apì tou ereunhtè tou q¸rou. Se ìle ti peript¸sei pou exe-t�sthkan sta pla�sia th diatrib  o sunolikì plhjusmì lÔsewn epimer�zetai seom�de, se k�je mia apì ti opo�e h exèlixh g�netai anex�rthta, en¸ kat� diast matapragmatopoie�tai antallag  plhrofori¸n pr�gma to opo�o kajist� efikt  thn par�l-lhlh ulopo�hsh tou.



8.1 : Apotelèsmata 293Oi tre� apì ti mejìdou ma PMA1-PMA3 parousi�zoun omoiogèneia w pro toualgor�jmou, en¸ sthn PMA4 fa�netai apì ta apotelèsmata ìti h ulopo�hsh eteroge-n¸n exeliktik¸n kai euretik¸n mejìdwn se mia genik  kai kat�nemhmènh arqitektonik aut  th peiramatik  sustoiq�a eterogen¸n stajm¸n ergas�a br�sketai sthn kateÔ-junsh th belt�wsh ìqi mìno th apodotikìthta all� kai th apotelesmatikìthta.E�nai mia nèa prosèggish tou probl mato olik  beltistopo�hsh, èqonta w b�shmia apotelesmatik  sÔnjesh ide¸n parmènwn apì epimèrou mejodolog�e. H efarmo-g  mhqanism¸n topik  anazhthsh eqei euergetik� apotelèsmata sthn poiìthta twnapotelesm�twn all� apaite� polÔ upologistikì qrìno k�ti pou meta thn parallhlo-po�hsh antistajm�zetai. Sto ep�pedo th parallhlopo�hsh se sustoiq�a efarmìzoumeto programmatistikì montèlo suntonisth - ergazìmeno pou o suntonist  qwr�zei tonplhjusmì se nhs�de kai autè dianèmontai me to montèlo th dunamik  dianom .Ulopo�hsh PMA1H mèjodo PMA1 antimet¸pise me sqetik  epituq�a arket� apì ta probl mata. Apai-t jhke h je¸rhsh megalÔterou plhjusmoÔ ìso auxanìtan o bajmì duskol�a touprobl mato. 'Etsi, en¸  tan epark  m�a kai mìno nhs�da gia thn eÔresh tou elaq�-stou th didi�stath Rozenbrock kai th Extended Rozenbrock, apait jhkan tèsserinhs�de gia thn ep�lush twn �diwn probl matwn sti 10 diast�sei, en¸ oi 4 nhs�deden  tan eparke� gia thn ep�lush twn probl matwn Penalty II, Rastrigin, Powel badly

scaled me ikanopoihtik  axiopist�a. H taqÔthta th mejìdou parous�ase shmantikèdiaforè, an�loga me to bajmì duskol�a tou ek�stote probl mato kai  tan profa-n¸ an�logh tou arijmoÔ twn epexergast¸n.



294 Kef�laio 8 : Sumper�smata - Prot�seiUlopo�hsh PMA2Sta apotelèsmata parathroÔme ìti h PMA2 e�nai ligotero apotelesmatik  apì ti upì-loipe trei ulopoi sei. O kajorismì twn geitonik¸n lusewn apaite� mia diadikas�adiakritopo�hsh tou efiktoÔ q¸rou k�ti to opo�o k�nei ton argì stajmì ergas�a natelei¸nei p�nta teleuta�o kai na up�rqei èna shmantikì qrìno adr�neia gia toutaqÔterou stajmoÔ ergas�a. O qrìno ìmw epikoinwn�a e�nai me mikrè apokl�seiper�pou o �dio efìson diathroÔme to mègejo plhjusmoÔ stajerì. Oi qeirìtere epi-dìsei prokÔptoun gia polu mikrè kai meg�le nhs�de k�ti to opo�o ofe�letai sto ìtio qrìno pou apaite�tai apì thn diadikas�a th antallag  atìmwn exart�tai apì tonarijmì twn nhs�dwn kai oi upologismo� qrei�zontai ligìtero qrìno.Ulopo�hsh PMA3Apì ta apotelèsmata g�netai fanerì ìti h mèjodo parous�ase polÔ kal  ep�dosh, kur�-w w pro thn apotelesmatikìthta all� kai w pro thn apodotikìthta. Sugkekrimèna,entìpise lÔsei th t�xh tou 95% gia 5 apì ti sunart sei elègqou. H mh suqn  me-tan�steush bohj� sthn apofug  th prìwrh sÔgklish tou sunìlou twn plhjusm¸n.H qr sh th kateujunìmenh topik  anaz thsh dhmiourge� nèe elpidofìre perioqèanaz thsh lÔsewn (bl. sq mata 5.11). Autì e�nai arket� shmantikì genik�, kajìtiautè oi lÔsei arqik� e�nai topikè. 'Otan o nèo plhjusmì e�nai epituq  ston ag¸nagia epib�wsh , diad�detai arg�. Kai se aut n thn mèjodo e�nai profanè ìti me qr sh mi-kroÔ megèjou plhjusmoÔ apaite�tai mikrìtero arijmì dokim¸n gia ton entopismì thbèltisth lÔsh, kai sunep¸ belti¸netai shmantik� h apodotikìthta tou algor�jmou.E�nai profanè ìti me qr sh mikrou megèjou plhjusmoÔ apaite�tai mikrìtero arijmì



8.1 : Apotelèsmata 295dokim¸n gia ton entopismì th bèltisth lush, kai sunep¸ belti¸netai shmantik� hapodotikìthta tou algor�jmou. H mejodo aut  br ke sqetik� kalè lÔsei sta pro-bl mata ma.Ulopo�hsh PMA4Apì ta apotelèsmata fa�netai ìti h PMA4 antimet¸pise me megalh epituq�a apì 80% ∼

100% ta perissìtera apì ta probl mata. Fa�netai ìti h mejodo e�nai pr�gmati mia sqe-tik� kaluterh mèjodo apì aut  tou aploÔ exeliktikoÔ algor�jmou, afoÔ antimet¸piseme kalÔtero posostì sqedìn ti perissìtere apì ti sunart sei elègqou (me exa�re-sh thn 10-diastath Extended Rozenbrock kai thn Powel badly scaled). Apait jhke hje¸rhsh megalÔterou plhjusmoÔ ìso auxanìtan o bajmì duskol�a tou probl mato.PlhjusmìArqik� h apìdosh twn montèlwn me mègejo plhjusmoÔ 100 e�nai kaluterh apì thnapìdosh �llwn megej¸n plhjusmoÔ, all� sun jw kajhl¸netai o algìrijmo se to-pik� el�qista. H qr sh meg�lwn tim¸n gia to mègejo plhjusmoÔ den sunep�getai seìle ti peript¸sei kalÔtera apotelèsmata kai ektì toÔtou èqei san apotèlesma thnaÔxhsh tou upologistikoÔ qrìnou. Mia meg�lh tim  gia to mègejo plhjusmoÔ mpore�na qrhsimopoihje� gia na belti¸sei thn apìdosh, dhlad  ìtan up�rqei diajèsimo qrì-no, en¸ mia mikr  tim  apaite�tai ìtan o stìqo e�nai h kal  apìdosh, dhlad  ìtan taapotelèsmata apaitoÔntai se sÔntomo qrìno.Oi meg�loi plhjusmo� dhmiourgoÔn probl mata kaj¸ kinoÔntai arg� prì th bèltisthlÔsh kai dhmiourgoÔn polloÔ apogìnou se k�je geni� me apotèlesma na qrei�zontai



296 Kef�laio 8 : Sumper�smata - Prot�seipollè epanal yei. Pollè forè odhgoÔn se pio akrib  lÔsh all� den d�noun p�ntath kalÔterh ap�nthsh se èna prìblhma. O lìgo gia autì e�nai ìti suqn� me th qr shmeg�lou plhjusmoÔ o algìrijmo parablèpei mia lÔsh me sun�rthsh kìstou �nw toumèsou ìrou h opo�a br�sketai se mia sten  koruf . Apì thn �llh pleur� oi polÔ mikro�plhjusmo� odhgoÔn se pr¸imh sÔgklish. H me�wsh tou plhjusmoÔ odhge� se me�wshth poikilìthta twn atìmwn me apotèlesma o algìrijmo na mhn èqei th dunatìthtana y�xei se meg�lo tm ma tou ped�ou anaz thsh kai na pagideute� se topik� mègista.To bèltisto mègejo tou plhjusmoÔ ousiastik� exart�tai apì to prìblhma pou prèpeina lÔsoume kai to e�do th mejodolog�a.Mèjodo Antik�tastashTo montèlo olik  antikat�stash kai to montèlo stajer  antikat�stash. Pio sug-kekrimèna sth mèjodo genealogik  antikat�stash se k�je geni� o plhjusmì anti-kaj�statai olìklhro en¸ sth deÔterh per�ptwsh mìno èna mèro autoÔ. Sthn pleionì-thta twn peript¸sewn h mèjodo genealogik  antik�tastash apaitouse perissìteroupologistikì qrìno apì ìti h stajer  antikat�stashAnasunduasmì kai Met�llaxhH mèjodo pou akolouje�tai gia to stadio tou anasunduasmou kai th met�llaxhepidr� shmantik� sto fort�o epikoinwn�a enì par�llhlou mimhtikoÔ algìrijmou pouprèpei na antall�xei ta stoiqe�a aut�. O mhqanismì tou anasunduasmoÔ den efarmì-zetai sun jw se ìla ta zeug�ria twn atìmwn pou èqoun epilege� gia anaparagwg .E�n den efarmoste� h mèjodo aut , oi apìgonoi genniountai me apl  antigraf  twn



8.1 : Apotelèsmata 297goni¸n. Ta kalÔtera apotelèsmata ta èdwse o euretikì algìrijmo. To kuri¸teroprotèrhma tou telest  autoÔ sunep¸ e�nai oti odhge� sth kalÔterh kateÔjunsh ana-z thsh. Ep�sh sumb�llei sthn akr�beia th lÔsh pou br�skei o algìrijmo. H tim th suqnìthta met�llaxh e�nai antistrìfw an�logh tou megèjou plhjusmoÔ. Omhqanismì th met�llaxh bohj� ton mimhtikì algìrijmo na diafèugei apì ta topik�akrìtata, parèqonta mia epiplèon sunist¸sa tuqaiìthta sth diadikas�a th exèlixh.Istorikì ExèlixhMe thn kat�graf  tou istorikoÔ exèlixh o qrìno epikoinwn�a aux�netai. Oi mikrètimè tou plhjusmoÔ aux�noun thn epib�runsh th diaepexergastik  epikoinwn�a, en¸oi meg�le timè parèqoun qamhl  isorrop�a fort�ou. 'Otan to istorikì exèlixh qrhsi-mopoie�tai w phg  plhrofori¸n, tìte to istorikì autì ja prèpei na diathre�tai stajerìkai k�je mon�da epexergas�a prèpei na mpore� na èqei prìsbash se autì, ìtan e�naiapara�thto. To upologistikì kìsto th prìsbash aut  e�nai uyhlì, ìson afor�thn epikoinwn�a, ìpoia teqnik  kai an qrhsimopoihje� gia na pragmatopoihje�.Metan�steush'Otan oi upoplhjusmo� epikoinwnoÔn arai� èqoun thn dunatìthta na ereun soun diafo-retikè perioqè tou q¸rou lÔsewn kai na diajètoun diaforetikè perioqè tou q¸roulÔsewn kai na diajètoun diaforetikè plhrofor�e. 'Otan autè oi plhrofor�e eis�-gontai se �llou upoplhjusmoÔ, oi opo�oi èqoun sugkl�nei prìwra se k�poio topikìbèltisto, tou bohjoÔn na xefÔgoun kai na suneq�soun thn anaz thsh tou olikoÔ bèl-tistou. H qr sh th topik  anaz thsh bohj� epiplèon ston na mhn qrhsimopoioÔme



298 Kef�laio 8 : Sumper�smata - Prot�seimeg�lo posostì metan�steush alla kai ston na mhn èqoume ap¸leia th poikil�a tougenetikoÔ ulikoÔ.Nhs�de kai Arijmì Epexergast¸nOi qeirìtere epidìsei prokÔptoun gia polu mikrè kai meg�le nhs�de k�ti to opo�ompore� na exhghje� me dÔo trìpou:a) mìno k�poia mèrh tou algor�jmou èqoun poluplokìthta Θ(n2) en¸ to upìloipo èqeiqamhlìterh poluplokìthta kai kat� sunèpeia mìno orismèna tm mata tou algor�jmouephre�zoun ti timè tou qrìnou.b) o qrìno pou apaite�tai apì thn diadikas�a th antallag  atìmwn exart�tai apì tonarijmì twn nhs�dwn kai oi upologismo� qrei�zontai ligìtero qrìno.Apì ti kathgor�e efarmog¸n pou diereun jhkan, dÔo e�nai autè pou parous�asan tomegalÔtero bajmì duskol�a. Sthn pr¸th ent�ssontai probl mata me ep�pedh epif�neiaapìkrish. Se aut� up�rqei meg�lh duskol�a ston entopismì th dieÔjunsh belt�wshth antikeimenik  sun�rthsh, h opo�a epidein¸netai me thn aÔxhsh tou pl jou twnmetablht¸n elegqou. Sth deÔterh kathgor�a an koun probl mata pou parousi�zounmeg�lh duskol�a sti timè twn paramètrwn kai poll� topik� akrìtata.EfarmogèTa pragmatik� probl mata pou epilusame mporoÔn na qarakthristoÔn antiproswpeuti-k� probl mata beltistopo�hsh me periorismoÔ. Ta probl mata aut� aforoÔsan tonqronoprogrammatismì paragwg  apì mon�de hlektrikoÔ reÔmato kai to examhnia�opanepisthmiakì wrolìgio prìgramma. Ta probl mata aut� mporoÔn na jewrhjoun w



8.2 : Prot�sei gia mellontik  èreuna 299èna bajmì prwtotupa.To prìgramma gia ton qronoprogrammatismì paragwg  apì mon�de hlektrikoÔ reÔ-mato e�nai m�a prìtuph efarmog  pou mpore� na epektaje� kai na kalÔyei ti an�gkemeg�lwn etairi¸n hlektrodìthsh, me sqetik� eÔkolo trìpo. Autì mpore� na g�nei methn e�sodo twn arqik¸n metablht¸n pou apaitoÔntai gia th melèth tou probl mato thk�je etair�a.Emfane� e�nai oi dunatìthte twn mejìdwn ma kai sthn ep�lush tou automatopoihmènouwrolog�ou progr�mmato majhm�twn san bohjhtik¸n ergale�wn, twn sugkekrimènwnulopoi sewn. Autì pou epitugq�netai me thn qr sh twn mejìdwn topik  anaz th-sh e�nai h uperp dhsh topik¸n bèltistwn, en¸ idia�tera shmantikì e�nai h melèth toutrìpou me ton opo�o allhlepidroÔn oi periorismo� metaxÔ tou.
8.2 Prot�sei gia mellontik  èreunaSthn enìthta aut  ja k�noume merikè prot�sei gia mellontik  ergas�a gÔrw apì thnbelt�wsh twn mejìdwn ma. To basikìtero meionèkthma twn mejìdwn ma e�nai to me-g�lo pl jo twn paramètrwn pou prèpei na rujmistoÔn ètsi ¸ste na e�nai bèltisth hapìdosh tou. H bèltisth rÔjmish twn paramètrwn twn algor�jmwn e�nai kai aut  ènadÔskolo prìblhma beltistopo�hsh kai epomènw o qr sth ja prèpei na sumbibaste�me mia perioq  tim¸n pou ja d�nei kal� apotelèsmata.Endiafèron ja  tan na epekte�nei kane� thn parap�nw ulopo�hsh se upologismoÔ plèg-mato pou perièqoun epimèrou sustoiq�e stajm¸n ergas�a me eterogèneia ìqi mìno



300 Kef�laio 8 : Sumper�smata - Prot�seiw pro ti taqÔthte twn stajm¸n ergas�a kai twn algor�jmwn pou trèqoun all�kai w pro to d�ktuo epikoinw�a, to leitourgikì sÔsthma, ti taqÔthte mn mh, titaqÔthte poluep�pedwn diktÔwn klp.Mia allh ep�sh exelissìmenh ta teleuta�a dÔo qrìnia mejodol�a e�nai kai aut  thbeltistopo�hsh me apoik�e yhfiak¸n murmhgki¸n. Ja  tan endiafèron an k�poioepiqeiroÔse na sundu�sei euretikè teqnikè ìpw th prosomoioÔmenh anìpthsh kaith apotreptik  anaz thsh sto st�dio th epanarqikopo�hsh tou plhjusmoÔ kat�th dhmiourg�a anex�rthtwn apoiki¸n murmhgki¸n (distributed colonies) h opo�e ja dia-nèmontai se mia sustoiq�a stajm¸n ergas�a.E�dame ìti oi ulopo�hsei èqoun to meionèkthma th uyhl  epib�runsh epikoinwn�a.To prìblhma autì mpore� na exaleifje� apì mia mèjodo proepexergas�a dianom  plh-jusm¸n, ìpou oi upoplhjusmo� topojetoÔntai se èna apì tou stajmoÔ ergas�a ètsi¸ste h diafor� an�mesa sto mègejo tou upoplhjusmoÔ sto mikrìtero kai megalÔterostajmì ergas�a na elaqistopoie�tai.H diereÔnhsh diadikasi¸n autìmath rÔjmish orismènwn paramètrwn eisìdou th me-jodolog�a PMA2 pou perigr�fhkan ìpw oi suntelestè tou qronodiagr�mmato anì-pthsh ja mporoÔse na sumb�llei tìso sthn me�wsh th parèmbash tou qr sth stieswterikè diergas�e tou algor�jmou PMA2 ìso kai sthn exagwg  pio axiìpistwnapotelesm�twn me upologistikì fort�o.



Par�rthma AþLogismikì PARAMENOAS

Aþ.1 Odhgì Egkat�stash tou sunodeutikoÔlogismikoÔAþ.1.1 Odhg�e gia thn egkat�stashH biblioj kh PARAMENOAs mpore� na egkatastaje� se èna meg�lo arijmì susthm�twn kaiarqitektonik¸n. Gia thn kalÔterh katanìhsh twn epìmenwn paragr�fwn k�noume ti ex paradoqe. Me to PARAMENOASDIRECTORY anaferìmaste ston kat�logo pou perièqeiìlo to logismikì, me to MPIINCDIR anaferìmaste ston kat�logo pou perièqei to arqe�okefal�da mpi.h, en¸ o kat�logo MPILIBDIR perièqei thn biblioj kh libmpi.a.H biblioj kh PARAMENOAS bas�zetai ston k¸dika th biblioj kh parSA[122℄, th tro-popoihmènh èkdosh th bibliojhkh PGAPack [132℄ kaj¸ kai �llwn programm�twn [27℄.'Eqei sqediaste� gia par�llhle arqitektonikè kai apaite�tai h egkat�stash th biblioj kh301



302 Kef�laio Aþ : Logismikì PARAMENOASdiepaf  per�smato mhnum�twn MPI. H teleuta�a èkdosh e�nai aut  pou d�detai sth dieÔ-junsh http://paramenoas.sourceforge.net/.Sta sqedia ma gia to proseqè mèllon e�nai naprosjèsoume kai k¸dika gia apoik�e yhfiak¸n murmhgki¸n ant colony optimization.Aþ.1.2 Egkat�stash th Biblioj khSe pr¸th f�sh ja prèpei na
• Elègqete an
• e�nai egkatesthmèno to pakèto gcc2.96-cpp kaj¸ kai to gcc-g77

• an èqoun oriste� oi kat�logoi MPIINCDIR,paramenoas/example, paramenoas/includesta arqe�a kefal�da .Dhmiourge�te èna katalogo sthn perioq  sa me to ìnoma paramenoas. Sthn sunèqeiaaposumpièzete to arqe�o pou up�rqei sto C mèsa ston kat�logo pou dhmiourg sate me tientolè:
• gzip -d paramenoas.tar.gz

• tar -xvf paramenoas.tarSthn sunèqeia dhmiorgoÔntai oi upokat�logoi lib kai include pou perièqoun ta arqe�a bi-bliojhk¸n kai kefal�dwn ant�stoiqa. Ta basik� arqe�a twn bibliojhk¸n e�nai th morf 
libparMEME$(OPERATINGSYSTEM)$(OS VERSION).a. Ston kat�logo src èqoume taarqe�a me ton phga�o k¸dika tou PARAMENOAS.O upokat�logo example perièqei para-de�gmata efarmog¸n. Tèlo up�rqei kai �llo èna kat�logo o cfg me arqe�a rujm�sewn .



Aþ.1 : Odhgì Egkat�stash tou sunodeutikoÔ logismikoÔ 303Sthn sunèqeia qrhsimopoie�tai h entol  configure gia na dhmiourg soume ta arqe�a makefilesw ex :
configure -arch ARCH TYPEìpou to ìrisma ARCH TYPE pa�rnei ti parak�tw timè
• linux gia aploÔ upologistè pou trèqoun leitourgikì sÔsthma Linux.
• irix gia Silicon Graphics stajmoÔ ergas�a.H pl rh sÔntaxh th entol  configure e�nai :

configure -arch ARCH_TYPE [-cc CC] [-cflags CFLAGS] [-f77 F2C] [-debug]

[-mpiinc MPI_INCLUDE_DIRECTORY] [-mpilib MPI_LIBRARY] [-help]

ìpou
• CC einai o C metaglwttist  (Eqei proepileqje� o g++ ).
• CFLAGS di�fora or�smata pou apaitoÔntai apo ton metaglwttist  pou epilèxame.
• F2C o metatropèa programm�twn Fortran77 se gl¸ssa C

• -debug sthn per�ptwsh pou jèloume kat� thn metagl¸tissh twn programmatwn ma meth qr sh tou flag -g na g�netai kai h diadikas�a th aposfalmatwsh.
• MPI INCLUDE DIRECTORY o kat�logo pou perièqei ta arqe�a kefal�da tou MPI.
• MPI LIBRARY o kat�logo pou perièqei ta arqe�a twn bibliojhk¸n tou MPI.



304 Kef�laio Aþ : Logismikì PARAMENOASAn den qrhsimopoi soume ta flags MPI INCLUDE DIRECTORY kai MPI LIBRARY tìteegkaj�statai to logismikì ma mono sthn seiriak  tou ekdoq .Sthn sunèqeia plhkrologoÔme thn entol  make install kai or�zoume sto path ma ton kat�-logo /paramenoas/man kai me thn entol 
setenv MANPATH ”$MANPATH” ”:/home/username/paramenoas/man”.Sth sunèqeia elègqoume an eqei g�nei h diasÔndesh twn bibliojhk¸n tou MPI libmpi.a,libsocket.a,

libnsl.a kai th biblioj kh libparMemetic.a Sunoy�zonta d�noume ta parak�tw dÔo para-de�gmata egkat�stasewnSeiriak  Egkat�stash se sust mata Linux

tar xvf /home/username/paramenoas.tar

configure -arch linux -debug

make install

/home/username/paramenoas/examples/c/maxbit

Par�llhlh Egkat�stash se sust mata Linux

configure -arch linux -mpiinc /usr/local/mpi/include \

-mpilib /usr/local/mpi/lib/libmpi.a

make install

mpirun -np 18 /home/username/paramenoas/examples/c/maxbit



Aþ.2 : 'Ena aplì prìgramma ston PARAMENOAS 305Aþ.2 'Ena aplì prìgramma ston PARAMENOASAþ.2.1 Seiriak  Ekdoq 
#include "paramenoas.h"

double evaluate (PMAContext *dma, int p, int pop);

int main(int argc, char **argv)

{

PMAContext *dma;

dma = PMACreate(&argc,argv, PMA_DATATYPE_BINARY,100, PMA_MAXIMIZE);

PMASetUserFunction(dma, PMA_USERFUNCTION_LOCALSEARCH, GuidedLocalSearch);

PMASetup(dma);

PMAEvaluate(dma, PMA_OLDPOP,evaluate, NULL);

PMAFitness(dma,PMA_OLDPOP);

while(!PMADone(dma,NULL)){

PMASelect (dma, PMA_OLDPOP);

PMARunMutationAndCrossover(dma, PMA_OLDPOP,PMA_NEWPOP);

PMAEvaluate(dma, PMA_NEWPOP, evaluate, NULL);

PMAFitness(dma, PMA_NEWPOP);

PMAUpdateGeneration(dma, NULL);

PMAPrintReport(dma, stdout, PMA_OLDPOP);

}

PMADestroy(dma);

return(0);

}

Aþ.2.2 Par�llhlh Ekdoq 
#include "paramenoas.h"

double evaluate (PMAContext *dma, int p, int pop);

int main(int argc, char **argv)

{

PMAContext *dma;

int rank, numislands;

MPI_Init(&argc,&argv);

MPI_Comm_rank(MPI_COMM_WORLD, &rank);

dma = PMACreate(&argc,argv, PMA_DATATYPE_BINARY,100, PMA_MINIMIZE);

PMASetUserFunction(dma, PMA_USERFUNCTION_LOCALSEARCH, GuidedLocalSearch);

if (rank == 0){
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printf("Number of islands?");

scanf("%d", &numislands);

}

MPI_Bcast(&numislands, 1, MPI_INT,0, MPI_COMM_WORLD);

PMASetup(dma);

PMAEvaluate(dma, PMA_OLDPOP,evaluate, NULL);

if ( rank ==0 )

PMAFitness(dma,PMA_OLDPOP);

while(!PMADone(dma,NULL)){

if (rank ==0 ) {

PMASelect (dma, PMA_OLDPOP);

PMARunMutationAndCrossover(dma, PMA_OLDPOP,PMA_NEWPOP);

}

PMAEvaluate(dma, PMA_NEWPOP, evaluate, NULL);

if (rank == 0)

PMAFitness(dma, PMA_NEWPOP);

PMAUpdateGeneration(dma, NULL);

if (rank ==0)

PMAPrintReport(dma, stdout, PMA_OLDPOP);

}

PMADestroy(dma);

MPI_Finalize();

return(0);

}

Aþ.3 Kur�w prìgramma gia ta majhmatik� pro-bl mata th diatrib  PARAMENOAS

#include <paramenoas.h>

#include <objfuncion.h>

#include <mpi.h>

#include <mpe.h>



Aþ.3 : Kur�w prìgramma gia ta majhmatik� probl mata th diatrib  PARAMENOAS307

#ifndef M_PI

#define M_PI 3.14159265354

#endif

void printResultInterpretation(PMAContext *, int);

int NumCoords[3] = { 10, 20, 10 };

double Lower[3] = { -512.0, -5.12, -512.0 };

double Upper[3] = { 511.0, 5.11, 511.0 };

/*******************************************************************

* user main program *

*******************************************************************/

void main( int argc, char **argv )

{

int testnum; /* the DeJong test to run */

PMAContext *dma;

int maxiter; /* the maximum number of iterations */

int rank;

double l[20], u[20]; /* for initializing lu ranges */

int i;

MPI_Init(&argc, &argv);

testnum = 1;

maxiter = 100;

for (i=0; i<20; i++) {

l[i] = Lower[testnum];

u[i] = Upper[testnum];

}

dma = PMACreate(&argc, argv, PMA_DATATYPE_REAL,

NumCoords[testnum], PMA_MINIMIZE);

PMASetRandomSeed(dma, 1);

PMASetRealInitRange(dma, l, u);

PMASetMaxGAIterValue(dma, maxiter);

PMASetPrintOptions(dma, PMA_REPORT_OFFLINE);
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PMASetPrintOptions(dma, PMA_REPORT_STRING);

PMASetPrintOptions(dma, PMA_REPORT_WORST);

PMASetPrintOptions(dma, PMA_REPORT_AVERAGE);

PMASetPrintOptions(dma, PMA_REPORT_ONLINE);

PMASetCommunicator(dma, MPI_COMM_WORLD);

PMASetUp(dma);

MPE_Init_log();

MPI_Comm_rank(MPI_COMM_WORLD, &rank);

if (rank == 0) {

MPE_Describe_state(1, 2, "Broadcast", "red:vlines3");

MPE_Describe_state(3, 4, "Receive", "blue:gray3");

MPE_Describe_state(5, 6, "Send", "green:light_gray");

MPE_Describe_state(7, 8, "Compute", "yellow:gray");

}

MPE_Start_log();

cout << "Starting example program" << endl;

MA_Initializer start;

MA_Problem p;

\\ the starter is used to read the Configurationfile SA.cfg and to set up

\\ the choosen solver

MA_Solver *sp = start.ReadConfigFile(argc,argv,p);

if ( sp != NULL )

{

sp->Runalgorithm(); \\ Run the algorithm selected via the configuration file

if (testnum == 1) PMARun(dma, f1, MPI_COMM_WORLD);

if (testnum == 2) PMARun(dma, f2, MPI_COMM_WORLD);

if (testnum == 3) PMARun(dma, f3, MPI_COMM_WORLD);

if (testnum == 4) PMARun(dma, f4, MPI_COMM_WORLD);

if (testnum == 5) PMARun(dma, f5, MPI_COMM_WORLD);

if (testnum == 6) PMARun(dma, f6, MPI_COMM_WORLD);

if (testnum == 7) PMARun(dma, f7, MPI_COMM_WORLD);

if (testnum == 8) PMARun(dma, f8, MPI_COMM_WORLD);

if (testnum == 9) PMARun(dma, f9, MPI_COMM_WORLD);

if (testnum == 10) PMARun(dma, f10, MPI_COMM_WORLD);

if (testnum == 11) PMARun(dma, f11, MPI_COMM_WORLD);

if (testnum == 12) PMARun(dma, f12, MPI_COMM_WORLD);

if (testnum == 13) PMARun(dma, f13, MPI_COMM_WORLD);

if (testnum == 14) PMARun(dma, f14, MPI_COMM_WORLD);
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delete sp;

}

PMADestroy(dma);

MPI_Finalize();

}}
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MPI Datatype PMABuildDatatype(PMAContext *dma, int p, int pop)
void PMAChange(PMAContext *dma, int p, int pop)
int PMACheckStoppingConditions(PMAContext *dma)
int PMACheckSum(PMAContext *dma, int p, int pop)
void PMAClearDebugLevel(PMAContext *dma, int level)
void PMAClearDebugLevelByName(PMAContext *dma, char *funcname)
void PMACopyIndividual(PMAContext *dma, int pi, int popl, int p2, int pop2)
PMAContext * PMACreate(int *argc, char **argv, int datatype, int len, int maxormin)
void PMACrossover(PMAContext *dma, int pi, int p2, int popl, int cl, int c2, int pop2)
void PMADebugPrint(PMAContext *dma, int level, char *funcname, char *msg, int datatype, void *data)
void PMADestroy(PMAContext *dma)
int PMADone(PMAContext *dma, MPLComm comm)
int PMADuplicate(PMAContext *dma, int p, int popl, int pop2, int n)
void PMAEncodeIntegerAsBinary(PMAContext *dma, int p, int pop, int start, int end, int val)
void PMAEncodeIntegerAsGrayCode(PMAContext *dma, int p, int pop, int start, int end, int val)
void PMAEncodeRealAsBinary

(PMAContext *dma, int p, int pop, int start, int end, double low, double high, double val)
void PMAEncodeRealAsGrayCode

(PMAContext *dma, int p, int int start, int end, double low, double high, double val)
void PMAError(PMAContext *dma, char *msg, int level, int datatype, void *data)
void PMAEvaluate(PMAContext *dma, int pop, double(*f) (PMAContext *, int, int), MPLComm comm)
void PMAFitness(PMAContext *dma, int popindex)
int PMAGetBestIndex(PMAContext *dma, int pop)
int PMAGetBinaryAllele(PMAContext *dma, int p, int pop, int i)
double PMAGetBinarylnitProb (PMAContext *dma)
char PMAGetCharacterAllele(PMAContext *dma, int p, int pop, int i)
MPI Comm PMAGetCommunicator(PMAContext *dma)
double PMAGetCrossoverProb (PMAContext *dma)
int PMAGetCrossoverType(PMAContext *dma)
int PMAGetDataType(PMAContext *dma)
double PMAGetEvaluation(PMAContext *dma, int p, int pop)
int PMAGetEvaluationUpToDateFlag(PMAContext *dma, int p, int pop)
double PMAGetFitness(PMAContext *dma, int p, int pop)
double PMAGetFitnessCmaxValue(PMAContext *dma)
int PMAGetFitnessMinType(PMAContext *dma)
int PMAGetFitnessType(PMAContext *dma)
int PMAGetGAIterValue(PMAContext *dma)
int PMAGetIntegerAllele(PMAContext *dma, int p, int pop, int i)
int PMAGetIntegerFromBinary(PMAContext *dma, int p, int pop, int start, int end)
int PMAGetIntegerFromGrayCode(PMAContext *dma, int p, int pop, int start, int end)
int PMAGetIntegerInitType(PMAContext *dma)
double PMAGetMaxFitnessRank(PMAContext *dma)
int PMAGetMaxGAIterValue(PMAContext *dma)
int PMAGetMaxIntegerInitValue(PMAContext *dma, int i)
double PMAGetMaxMachineDoubleValue(PMAContext *dma)
int PMAGetMaxMachineIntValue(PMAContext *dma)
double PMAGetMaxRealInitValue(PMAContext *dma, int i)
int PMAGetMinIntegerInitValue(PMAContext *dma, int i)
double PMAGetMinMachineDoubleValue(PMAContext *dma)
int PMAGetMinMachineIntValue(PMAContext *dma)
double PMAGetMinRealInitValue(PMAContext *dma, int i)
int PMAGetMutationAndCrossoverFlag(PMAContext *dma)
int PMAGetMutationBoundedFlag(PMAContext *dma)
int PMAGetMutationIntegerValue(PMAContext *dma)
int PMAGetMutationOrCrossoverFlag(PMAContext *dma)
double PMAGetMutationProb (PMAContext *dma)
double PMAGetMutationRealValue(PMAContext *dma)
int PMAGetMutationType(PMAContext *dma)P�naka Aþ.1: TÔpoi kai sunart sei tou PARAMENOAS
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MPI Datatype PMABuildDatatype(PMAContext *dma, int p, int pop)
void PMAChange(PMAContext *dma, int p, int pop)
int PMACheckStoppingConditions(PMAContext *dma)
int PMACheckSum(PMAContext *dma, int p, int pop)
void PMAClearDebugLevel(PMAContext *dma, int level)
void PMAClearDebugLevelByName(PMAContext *dma, char *funcname)
void PMACopyIndividual(PMAContext *dma, int pi, int popl, int p2, int pop2)
PMAContext * PMACreate(int *argc, char **argv, int datatype, int len, int maxormin)
void PMACrossover(PMAContext *dma, int pi, int p2, int popl, int cl, int c2, int pop2)
void PMADebugPrint(PMAContext *dma, int level, char *funcname, char *msg, int datatype, void *data)
void PMADestroy(PMAContext *dma)
int PMADone(PMAContext *dma, MPLComm comm)
int PMADuplicate(PMAContext *dma, int p, int popl, int pop2, int n)
void PMAEncodeIntegerAsBinary(PMAContext *dma, int p, int pop, int start, int end, int val)
void PMAEncodeIntegerAsGrayCode(PMAContext *dma, int p, int pop, int start, int end, int val)
void PMAEncodeRealAsBinary

(PMAContext *dma, int p, int pop, int start, int end, double low, double high, double val)
void PMAEncodeRealAsGrayCode

(PMAContext *dma, int p, int int start, int end, double low, double high, double val)
void PMAError(PMAContext *dma, char *msg, int level, int datatype, void *data)
void PMAEvaluate(PMAContext *dma, int pop, double(*f) (PMAContext *, int, int), MPLComm comm)
void PMAFitness(PMAContext *dma, int popindex)
int PMAGetBestIndex(PMAContext *dma, int pop)
int PMAGetBinaryAllele(PMAContext *dma, int p, int pop, int i)
double PMAGetBinarylnitProb (PMAContext *dma)
char PMAGetCharacterAllele(PMAContext *dma, int p, int pop, int i)
MPI Comm PMAGetCommunicator(PMAContext *dma)
double PMAGetCrossoverProb (PMAContext *dma)
int PMAGetCrossoverType(PMAContext *dma)
int PMAGetDataType(PMAContext *dma)
double PMAGetEvaluation(PMAContext *dma, int p, int pop)
int PMAGetEvaluationUpToDateFlag(PMAContext *dma, int p, int pop)
double PMAGetFitness(PMAContext *dma, int p, int pop)
double PMAGetFitnessCmaxValue(PMAContext *dma)
int PMAGetFitnessMinType(PMAContext *dma)
int PMAGetFitnessType(PMAContext *dma)
int PMAGetGAIterValue(PMAContext *dma)
int PMAGetIntegerAllele(PMAContext *dma, int p, int pop, int i)
int PMAGetIntegerFromBinary(PMAContext *dma, int p, int pop, int start, int end)
int PMAGetIntegerFromGrayCode(PMAContext *dma, int p, int pop, int start, int end)
int PMAGetIntegerInitType(PMAContext *dma)
double PMAGetMaxFitnessRank(PMAContext *dma)
int PMAGetMaxGAIterValue(PMAContext *dma)
int PMAGetMaxIntegerInitValue(PMAContext *dma, int i)
double PMAGetMaxMachineDoubleValue(PMAContext *dma)
int PMAGetMaxMachineIntValue(PMAContext *dma)
double PMAGetMaxRealInitValue(PMAContext *dma, int i)
int PMAGetMinIntegerInitValue(PMAContext *dma, int i)
double PMAGetMinMachineDoubleValue(PMAContext *dma)
int PMAGetMinMachineIntValue(PMAContext *dma)
double PMAGetMinRealInitValue(PMAContext *dma, int i)
int PMAGetMutationAndCrossoverFlag(PMAContext *dma)
int PMAGetMutationBoundedFlag(PMAContext *dma)
int PMAGetMutationIntegerValue(PMAContext *dma)
int PMAGetMutationOrCrossoverFlag(PMAContext *dma)
double PMAGetMutationProb (PMAContext *dma)
double PMAGetMutationRealValue(PMAContext *dma)
int PMAGetMutationType(PMAContext *dma)P�naka Aþ.2: TÔpoi kai sunart sei tou PARAMENOAS
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int PMAGetNoDuplicatesFlag(PMAContext *dma)
int PMAGetNumProcs(PMAContext *dma, MPLComm comm)
int PMAGetNumReplaceValue(PMAContext *dma)
int PMAGetOptDirFlag(PMAContext *dma)
double PMAGetPTournamentProb(PG AContext *dma)
int PMAGetPopReplaceType(PMAContext *dma)
int PMAGetPopSize(PMAContext *dma)
int PMAGetPrintFrequencyValue(PMAContext *dma)
int PMAGetRandomInitFlag(PMAContext *dma)
int PMAGetRandomSeed(PMAContext *dma)
int PMAGetRank(PMAContext *dma, MPLComm comm)
double PMAGetRealAllele(PMAContext *dma, int p, int pop, int i)
double PMAGetRealFromBinary(PG AContext *dma, int p, int pop,

int start, int end, double lower, double upper)
double PMAGetRealFromGrayCode(PG AContext *dma, int p,

int pop, int start, int end, double lower, double upper)
int PMAGetRealInitType(PMAContext *dma)
double PMAGetRestart AlleleChangeProb (PG AContext *dma)
int PMAGetRestartFlag(PMAContext *dma)
int PMAGetRestartFrequencyValue(PMAContext *dma)
int PMAGetSelectType(PMAContext *dma)
int PMAGetSortedPopIndex(PMAContext *dma, int n)
int PMAGetStoppingRuleType(PMAContext *dma)
int PMAGetStringLength(PMAContext *dma)
double PMAGetUniformCrossoverProb (PG AContext *dma)
int PMAGetWorstIndex(PMAContext *dma, int pop)
double PMAHammingDistance(PMAContext *dma, int popindex)
double PMAMean(PMAContext *dma, double *a, int n)
int PMAMutate(PMAContext *dma, int p, int pop)
void PMAPrintContextVariable(PMAContext *dma, FILE *fp)
void PMAPrintIndividual(PMAContext *dma, FILE *fp, int p, int pop)
void PMAPrintPopulation(PG AContext *dma, FILE *fp, int pop)
void PMAPrintReport(PMAContext *dma, FILE *fp, int pop)
void PMAPrintString(PMAContext *dma, FILE *file, int p, int pop)
void PMAPrintVersionNumber(PMAContext *dma)
double PMARandom01(PMAContext *dma, int newseed)
int PMARandomFlip(PMAContext *dma, double p)
double PMARandomGaussian(PMAContext *dma, double mean, double sigma)
int PMARandomInterval(PMAContext *dma, int start, int end)
double PMARandomUniform(PMAContext *dma, double start, double end)
int PMARank(PMAContext *dma, int p, int *order, int n)
void PMAReceiveIndividual(PMAContext *dma, int p, int pop, int source,

int tag, MPI Comm comm, MPI Status *status)
void PMARestart(PMAContext *dma, int source-pop, int destpop)
Int PMARound(PMAContext *dma, double x)
void PMARun(PMAContext *dma, double(*evaluate)(PMAContext *c, int p, int pop))
void PMARunGM(PMAContext *dma, double(*f)(PMAContext *, int, int), MPLComm comrn)
void PMARunMutationAndCrossover(PMAContext *dma, int oldpop, int newpop)
void PMARunMutationOrCrossover(PMAContext *dma, int oldpop, int newpop)
void PMASelect(PMAContext *dma, int popix)P�naka Aþ.3: TÔpoi kai sunart sei tou PARAMENOAS
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int PMAGetNoDuplicatesFlag(PMAContext *dma)
int PMAGetNumProcs(PMAContext *dma, MPLComm comm)
int PMAGetNumReplaceValue(PMAContext *dma)
int PMAGetOptDirFlag(PMAContext *dma)
double PMAGetPTournamentProb(PG AContext *dma)
int PMAGetPopReplaceType(PMAContext *dma)
int PMAGetPopSize(PMAContext *dma)
int PMAGetPrintFrequencyValue(PMAContext *dma)
int PMAGetRandomInitFlag(PMAContext *dma)
int PMAGetRandomSeed(PMAContext *dma)
int PMAGetRank(PMAContext *dma, MPLComm comm)
double PMAGetRealAllele(PMAContext *dma, int p, int pop, int i)
double PMAGetRealFromBinary(PG AContext *dma, int p, int pop,

int start, int end, double lower, double upper)
double PMAGetRealFromGrayCode(PG AContext *dma, int p,

int pop, int start, int end, double lower, double upper)
int PMAGetRealInitType(PMAContext *dma)
double PMAGetRestart AlleleChangeProb (PG AContext *dma)
int PMAGetRestartFlag(PMAContext *dma)
int PMAGetRestartFrequencyValue(PMAContext *dma)
int PMAGetSelectType(PMAContext *dma)
int PMAGetSortedPopIndex(PMAContext *dma, int n)
int PMAGetStoppingRuleType(PMAContext *dma)
int PMAGetStringLength(PMAContext *dma)
double PMAGetUniformCrossoverProb (PG AContext *dma)
int PMAGetWorstIndex(PMAContext *dma, int pop)
double PMAHammingDistance(PMAContext *dma, int popindex)
double PMAMean(PMAContext *dma, double *a, int n)
int PMAMutate(PMAContext *dma, int p, int pop)
void PMAPrintContextVariable(PMAContext *dma, FILE *fp)
void PMAPrintIndividual(PMAContext *dma, FILE *fp, int p, int pop)
void PMAPrintPopulation(PG AContext *dma, FILE *fp, int pop)
void PMAPrintReport(PMAContext *dma, FILE *fp, int pop)
void PMAPrintString(PMAContext *dma, FILE *file, int p, int pop)
void PMAPrintVersionNumber(PMAContext *dma)
double PMARandom01(PMAContext *dma, int newseed)
int PMARandomFlip(PMAContext *dma, double p)
double PMARandomGaussian(PMAContext *dma, double mean, double sigma)
int PMARandomInterval(PMAContext *dma, int start, int end)
double PMARandomUniform(PMAContext *dma, double start, double end)
int PMARank(PMAContext *dma, int p, int *order, int n)
void PMAReceiveIndividual(PMAContext *dma, int p, int pop, int source,

int tag, MPI Comm comm, MPI Status *status)
void PMARestart(PMAContext *dma, int source-pop, int destpop)
Int PMARound(PMAContext *dma, double x)
void PMARun(PMAContext *dma, double(*evaluate)(PMAContext *c, int p, int pop))
void PMARunGM(PMAContext *dma, double(*f)(PMAContext *, int, int), MPLComm comrn)
void PMARunMutationAndCrossover(PMAContext *dma, int oldpop, int newpop)
void PMARunMutationOrCrossover(PMAContext *dma, int oldpop, int newpop)
void PMASelect(PMAContext *dma, int popix)P�naka Aþ.4: TÔpoi kai sunart sei tou PARAMENOAS
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int PMASelectNextIndex(PMAContext *dma)
void PMASendIndividual(PMAContext *dma, int p, int pop, int dest, int tag, MPLComm comm)
void PMASendReceiveIndividual(PMAContext *dma, int send p,

int send pop, int dest, int send tag, int recv p, int recv pop,
int source, int recv tag, MPLComm comm, MPI Status *status)

void PMASetBinaryAllele(PMAContext *dma, int p, int pop, int i, int val)
void PMASetBinaryInitProb(PMAContext *dma, double probability)
void PMASetCharacterAllele(PMAContext *dma, int p, int pop, int i, char value)
void PMASetCharacterInitType(PMAContext *dma, int value)
void PMASetCommunicator(PMAContext *dma, MPLComm comm)
void PMASetCrossoverProb(PMAContext *dma, double crossover prob)
void PMASetCrossoverType(PMAContext *dma, int crossover type)
void PMASetDebugLevel(PMAContext *dma, int level)
void PMASetDebugLevelByName(PMAContext *dma, char *funcname)
void PMASetEvaluation(PMAContext *dma, int p, int pop, double val)
void PMASetEvaluationUpToDateFlag(PMAContext *dma, int p, int pop, int status)
void PMASetFitnessCmaxValue(PMAContext *dma, double val)
void PMASetFitnessMinType(PMAContext *dma, int fitnesstype)
void PMASetFitnessType(PMAContext *dma, int fitnesstype)
void PMASetIntegerAllele(PMAContext *dma, int p, int pop, int i, int value)
void PMASetIntegerInitPermute(PMAContext *dma, int min, int max)
void PMASetIntegerInitRange(PMAContext *dma, int *min, int *max)
void PMASetMaxFitnessRank(PMAContext *dma, double fitnessrankmax)
void PMASetMaxGAIterValue(PMAContext *dma, int maxiter)
void PMASetMaxNoChangeValue(PMAContext *dma, int maxnochange)
void PMASetMaxSimilarityValue(PMAContext *dma, int maxsimilarity)
void PMASetMutationAndCrossoverFlag(PMAContext *dma, int flag)
void PMASetMutationBoundedFlag(PMAContext *dma, int val)
void PMASetMutationIntegerValue(PMAContext *dma, int val)
void PMASetMutationOrCrossoverFlag(PMAContext *dma, int flag)
void PMASetMutationProb(PMAContext *dma, double mutationprob)
void PMASetMutationRealValue(PMAContext *dma, double val)
void PMASetMutationType(PMAContext *dma, int mutation-type)
void PMASetNoDuplicatesFlag(PMAContext *dma, int nodup)
void PMASetNumReplaceValue(PMAContext *dma, int pop-replace)
void PMASetPTournamentProb(PMAContext *dma, double ptournamentprob)
void PMASetPopReplaceType(PMAContext *dma, int pop-replace)
void PMASetPopSize(PMAContext *dma, int popsize)
void PMASetPrintFrequencyValue(PMAContext *dma, int printfreq)
void PMASetPrintOptions(PMAContext *dma, int option)
void PMASetRandomInitFlag(PMAContext *dma, int RandomBoolean)
void PMASetRandomSeed(PMAContext *dma, int seed)
void PMASetRealAllele(PMAContext *dma, int p, int pop, int i, double value)
void PMASetRealInitPercent(PMAContext *dma, double *median, double *percent)
void PMASetRealInitRange(PMAContext *dma, double *min, double *max)
void PMASetRestartAlleleChangeProb(PMAContext *dma, double prob)
void PMASetRestartFlag(PMAContext *dma, int val)
void PMASetRestartFrequencyValue(PMAContext *dma, int numiter)
void PMASetSelectType(PMAContext *dma, int select-type)
void PMASetStoppingRuleType(PMAContext *dma, int stoprule)
void PMASetUniformCrossoverProb(PMAContext *dma, double uniformcrossprob)
void PMASetUp(PMAContext *dma)
void PMASetUserFunction(PMAContext *dma, int constant, void *f)
void PMASortPop(PMAContext *dma, int pop)
double PMAStddev(PMAContext *dma, double *a, int n, double mean)
void PMAUpdateGeneration(PMAContext *dma, MPLComm comm)
void PMAUsage(PMAContext *dma)P�naka Aþ.5: TÔpoi kai sunart sei tou PARAMENOAS
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int PMASelectNextIndex(PMAContext *dma)
void PMASendIndividual(PMAContext *dma, int p, int pop, int dest, int tag, MPLComm comm)
void PMASendReceiveIndividual(PMAContext *dma, int send p,

int send pop, int dest, int send tag, int recv p, int recv pop,
int source, int recv tag, MPLComm comm, MPI Status *status)

void PMASetBinaryAllele(PMAContext *dma, int p, int pop, int i, int val)
void PMASetBinaryInitProb(PMAContext *dma, double probability)
void PMASetCharacterAllele(PMAContext *dma, int p, int pop, int i, char value)
void PMASetCharacterInitType(PMAContext *dma, int value)
void PMASetCommunicator(PMAContext *dma, MPLComm comm)
void PMASetCrossoverProb(PMAContext *dma, double crossover prob)
void PMASetCrossoverType(PMAContext *dma, int crossover type)
void PMASetDebugLevel(PMAContext *dma, int level)
void PMASetDebugLevelByName(PMAContext *dma, char *funcname)
void PMASetEvaluation(PMAContext *dma, int p, int pop, double val)
void PMASetEvaluationUpToDateFlag(PMAContext *dma, int p, int pop, int status)
void PMASetFitnessCmaxValue(PMAContext *dma, double val)
void PMASetFitnessMinType(PMAContext *dma, int fitnesstype)
void PMASetFitnessType(PMAContext *dma, int fitnesstype)
void PMASetIntegerAllele(PMAContext *dma, int p, int pop, int i, int value)
void PMASetIntegerInitPermute(PMAContext *dma, int min, int max)
void PMASetIntegerInitRange(PMAContext *dma, int *min, int *max)
void PMASetMaxFitnessRank(PMAContext *dma, double fitnessrankmax)
void PMASetMaxGAIterValue(PMAContext *dma, int maxiter)
void PMASetMaxNoChangeValue(PMAContext *dma, int maxnochange)
void PMASetMaxSimilarityValue(PMAContext *dma, int maxsimilarity)
void PMASetMutationAndCrossoverFlag(PMAContext *dma, int flag)
void PMASetMutationBoundedFlag(PMAContext *dma, int val)
void PMASetMutationIntegerValue(PMAContext *dma, int val)
void PMASetMutationOrCrossoverFlag(PMAContext *dma, int flag)
void PMASetMutationProb(PMAContext *dma, double mutationprob)
void PMASetMutationRealValue(PMAContext *dma, double val)
void PMASetMutationType(PMAContext *dma, int mutation-type)
void PMASetNoDuplicatesFlag(PMAContext *dma, int nodup)
void PMASetNumReplaceValue(PMAContext *dma, int pop-replace)
void PMASetPTournamentProb(PMAContext *dma, double ptournamentprob)
void PMASetPopReplaceType(PMAContext *dma, int pop-replace)
void PMASetPopSize(PMAContext *dma, int popsize)
void PMASetPrintFrequencyValue(PMAContext *dma, int printfreq)
void PMASetPrintOptions(PMAContext *dma, int option)
void PMASetRandomInitFlag(PMAContext *dma, int RandomBoolean)
void PMASetRandomSeed(PMAContext *dma, int seed)
void PMASetRealAllele(PMAContext *dma, int p, int pop, int i, double value)
void PMASetRealInitPercent(PMAContext *dma, double *median, double *percent)
void PMASetRealInitRange(PMAContext *dma, double *min, double *max)
void PMASetRestartAlleleChangeProb(PMAContext *dma, double prob)
void PMASetRestartFlag(PMAContext *dma, int val)
void PMASetRestartFrequencyValue(PMAContext *dma, int numiter)
void PMASetSelectType(PMAContext *dma, int select-type)
void PMASetStoppingRuleType(PMAContext *dma, int stoprule)
void PMASetUniformCrossoverProb(PMAContext *dma, double uniformcrossprob)
void PMASetUp(PMAContext *dma)
void PMASetUserFunction(PMAContext *dma, int constant, void *f)
void PMASortPop(PMAContext *dma, int pop)
double PMAStddev(PMAContext *dma, double *a, int n, double mean)
void PMAUpdateGeneration(PMAContext *dma, MPLComm comm)
void PMAUsage(PMAContext *dma)P�naka Aþ.6: TÔpoi kai sunart sei tou PARAMENOAS
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Population size 100 PMASetPopSize
Copied for population replacement PMA POPREPL BEST PMASetPopReplacementType
Stopping rule PMA STOP MAXITER PMASetStoppingRuleType
Maximum iterations 1000 PMASetMaxGAIterValue
Maximum no change iters 100 PMASetMaxNoChangeValue
Max. population homogeneity before stopping 95 PMASetMaxSimilarityValue
Number of new strings to generate 10 PMASetNumReplaceValue
Apply mutation and crossover PMA FALSE PMASetMutationAndCrossoverFlag
Apply mutation or crossover PMA.TRUE PMASetMutationOrCrossoverFlag
Crossover type PMA CROSSOVER TiOPT PMASetCrossoverType
Probability of crossover 0.85 PMASetCrossoverProb
Uniform crossover bias 0.6 PMASetUniformCrossoverProb
Mutation type (Real strings) PMA MUTATION GAUSSIAN PMASetMutationType
Mutation type (Integer strings) PMA MUTATION PERMUTE PMASetMutationType
Mutation type (Character strings) Same as initialization PMASetCharacterlnitType
Mutation probability 1/L PMASetMutationProb
Real mutation constant 0.1 PMASetMutationRealValue
Integer mutation constant 1 PMASetMutationlntegerValue
Mutation range bounded PMA.TRUE PMASetMutationBoundedFlag
Select type PMA SELECT TOURNAMENT PMASetSelectType
Probabilistic binary tournament parameter 0.6 PMASetPTournamentProb
Use restart operator PMA FALSE PMASetRestartFlag
Restart frequency 50 PMASetRestartFrequencyValue
Restart allele mutation rate 0.5 PMASetRestartAlleleChangeProb
Allow duplicate strings PMA FALSE PMASetNoDuplicatesFlag
Fitness type PMA FITNESS RAi PMASetFitnessType
Fitness type for minimization PMA FITNESSMIN CMAX PMASetFitnessMinType
Multiplier for minimization problems 1.01 PMASetCMaxValue
Parameter MAX in fitness by ranking 1.2 PMASetMaxFitnessRank
Frequency of statistics printing 10 PMASetPrintFrequencyValue
Print strings PMA FALSE PMASetPrintOptions
Print offline statistics PMA FALSE PMASetPrintOptions
Print online statistics PMA FALSE PMASetPrintOptions
Print best string PMA FALSE PMASetPrintOptions
Print worst string PMA FALSE PMASetPrintOptions
Print Hamming distance PMA FALSE PMASetPrintOptions
Randomly initialize population PMA TRUE PMASetRandomlnitFlag
Probability of initializing a bit to one 0.5 PMASetBinarylnitProb
How to initialize real strings Range PMASetreallnitRange
Real initialization range [0,1] PMASetReallnitRange
How to initialize integer strings Permutation PMASetlntegerlnitPermute
Integer initialization range [0,L 1] PMASetlntegerlnitPermute
How to initialize character strings PMA CINIT LOiER PMASetCharacterlnitFlag
Seed random number with clock PMA TRUE PMASetRandomSeed
Default MPI communicator MPI COMM WORLD PMASetCommunicator
L is the string lengthP�naka Aþ.7: Prokajorismène timè gia ton PARAMENOAS
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Population size 100 PMASetPopSize
Copied for population replacement PMA POPREPL BEST PMASetPopReplacementType
Stopping rule PMA STOP MAXITER PMASetStoppingRuleType
Maximum iterations 1000 PMASetMaxGAIterValue
Maximum no change iters 100 PMASetMaxNoChangeValue
Max. population homogeneity before stopping 95 PMASetMaxSimilarityValue
Number of new strings to generate 10 PMASetNumReplaceValue
Apply mutation and crossover PMA FALSE PMASetMutationAndCrossoverFlag
Apply mutation or crossover PMA.TRUE PMASetMutationOrCrossoverFlag
Crossover type PMA CROSSOVER TiOPT PMASetCrossoverType
Probability of crossover 0.85 PMASetCrossoverProb
Uniform crossover bias 0.6 PMASetUniformCrossoverProb
Mutation type (Real strings) PMA MUTATION GAUSSIAN PMASetMutationType
Mutation type (Integer strings) PMA MUTATION PERMUTE PMASetMutationType
Mutation type (Character strings) Same as initialization PMASetCharacterlnitType
Mutation probability 1/L PMASetMutationProb
Real mutation constant 0.1 PMASetMutationRealValue
Integer mutation constant 1 PMASetMutationlntegerValue
Mutation range bounded PMA.TRUE PMASetMutationBoundedFlag
Select type PMA SELECT TOURNAMENT PMASetSelectType
Probabilistic binary tournament parameter 0.6 PMASetPTournamentProb
Use restart operator PMA FALSE PMASetRestartFlag
Restart frequency 50 PMASetRestartFrequencyValue
Restart allele mutation rate 0.5 PMASetRestartAlleleChangeProb
Allow duplicate strings PMA FALSE PMASetNoDuplicatesFlag
Fitness type PMA FITNESS RAi PMASetFitnessType
Fitness type for minimization PMA FITNESSMIN CMAX PMASetFitnessMinType
Multiplier for minimization problems 1.01 PMASetCMaxValue
Parameter MAX in fitness by ranking 1.2 PMASetMaxFitnessRank
Frequency of statistics printing 10 PMASetPrintFrequencyValue
Print strings PMA FALSE PMASetPrintOptions
Print offline statistics PMA FALSE PMASetPrintOptions
Print online statistics PMA FALSE PMASetPrintOptions
Print best string PMA FALSE PMASetPrintOptions
Print worst string PMA FALSE PMASetPrintOptions
Print Hamming distance PMA FALSE PMASetPrintOptions
Randomly initialize population PMA TRUE PMASetRandomlnitFlag
Probability of initializing a bit to one 0.5 PMASetBinarylnitProb
How to initialize real strings Range PMASetreallnitRange
Real initialization range [0,1] PMASetReallnitRange
How to initialize integer strings Permutation PMASetlntegerlnitPermute
Integer initialization range [0,L 1] PMASetlntegerlnitPermute
How to initialize character strings PMA CINIT LOiER PMASetCharacterlnitFlag
Seed random number with clock PMA TRUE PMASetRandomSeed
Default MPI communicator MPI COMM WORLD PMASetCommunicator
L is the string lengthP�naka Aþ.8: Prokajorismène timè gia ton PARAMENOAS
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Par�rthma BþK¸dika efarmog¸n kaiDedomèna
Bþ.1 Qronoprogrammatismì paragwg  staj-m¸n hl. enèrgeia
#define MAX_NUM_DEHSTATIONS 5 /* Maximum number of DEH Electical_Stations. */

#define MAX_NUM_JOB_TYPES 3 /* Maximum number of jobsynthrisis types. */

/* Declare non-simlib global variables. */

#include <stdio.h>

#include <mpi.h>

#include <paramenoas.h>

#include <math.h>

#include <stdlib.h>

#include <sys/time.h>

#include <assert.h>

#include <memory.h>

#include <stdio.h>

extern void ftiaxe_graphos(int, int);

#define NXPROB 20

#define NYPROB 20
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#define STEPS 50 /* number of time steps */

#define MAXWORKER 8 /* maximum number of worker tasks */

#define MINWORKER 3 /* minimum number of worker tasks */

#define BEGIN 1 /* message type */

#define Graphos1 2 /* message type */

#define Graphos2 3 /* message type */

#define NONE 0 /* indicates no graphos */

#define DONE 4 /* message type */

#define MASTER 0 /* taskid of first process */

struct Parms {

float cx;

float cy;

} alloo = {0.1, 0.1};

int main(argc,argv)

int argc;

char *argv[];

{

void proteraiothta_synthrisis(), prtdat(), update();

float u[2][NXPROB][NYPROB]; /* array for grid */

int taskid, /* this task’s unique id */

numworkers, /* number of worker processes */

numtasks, /* number of tasks */

averow,rows,offset,extra, /* for sending rows of data */

dest, source, /* to - from for message send-receive */

graphos1,graphos2, /* graphos tasks */

msgtype, /* for message types */

rc,start,end, /* misc */

i,kaysimox,dapanesgiay,iz,it; /* loop variables */

MPI_Status status;

/**************************************************************************

* subroutine update

****************************************************************************/

void update(int start, int end, int ny, float *u1, float *u2)

{

int kaysimox, dapanesgiay;

for (kaysimox = start; kaysimox <= end; kaysimox++)

for (dapanesgiay = 1; dapanesgiay <= ny-2; dapanesgiay++)
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*(u2+kaysimox*ny+dapanesgiay) =

*(u1+kaysimox*ny+dapanesgiay) +

alloo.cx * (*(u1+(kaysimox+1)*ny+dapanesgiay) +

*(u1+(kaysimox-1)*ny+dapanesgiay) -

2.0 * *(u1+kaysimox*ny+dapanesgiay)) +

alloo.cy * (*(u1+kaysimox*ny+dapanesgiay+1) +

*(u1+kaysimox*ny+dapanesgiay-1) -

2.0 * *(u1+kaysimox*ny+dapanesgiay));

}

void proteraiothta_synthrisis(int nx, int ny, float *u) {

int kaysimox, dapanesgiay;

for (kaysimox = 0; kaysimox <= nx-1; kaysimox++)

for (dapanesgiay = 0; dapanesgiay <= ny-1; dapanesgiay++)

*(u+kaysimox*ny+dapanesgiay) = (float)(kaysimox * (nx - kaysimox

- 1) * dapanesgiay * (ny - dapanesgiay - 1));

}

void server(void);

void client(void);

int rank, size;

int main(int argc, char **argv)

{

int i;

int err;

C aC;

int lenc[2];

MPI_Aint locc[2];

MPI_Datatype typc[2];

MPI_Aint baseaddr;

\\ Initialize MPI

err = MPI_Init(&argc, &argv);

err = MPI_Comm_rank(MPI_COMM_WORLD, &rank);

err = MPI_Comm_size(MPI_COMM_WORLD, &size);

\\ Make the C MPI type

MPI_Address(&aC, &baseaddr);

lenc[0] = 1;

MPI_Address(&aC.longitude, &locc[0]);

locc[0] -= baseaddr;
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typc[0] = MPI_FLOAT;

lenc[1] = 1;

MPI_Address(&aC.latitude, &locc[1]);

locc[1] -= baseaddr;

typc[1] = MPI_FLOAT;

MPI_Type_struct(2, lenc, locc, typc, &MPI_C);

MPI_Type_commit(&MPI_C);

/* First, find out my taskid and how many tasks are running */

rc = MPI_Init(&argc,&argv);

rc= MPI_Comm_size(MPI_COMM_WORLD,&numtasks);

rc= MPI_Comm_rank(MPI_COMM_WORLD,&taskid);

if (rc != 0)

printf ("error initializing MPI and obtaining task ID information\n");

else

printf ("mpi_heat2D MPI task ID = %d\n", taskid);

numworkers = numtasks-1;

if (taskid == MASTER)

{

/************************* master code *******************************/

/* Check if numworkers is within range - quit if not */

if ((numworkers > MAXWORKER) || (numworkers <

MINWORKER))

{

printf("MP_PROCS needs to be between %d and %d for this

exercise\n",

MINWORKER+1,MAXWORKER+1);

MPI_Finalize();

}

/* Initialize grid */

printf("Grid size: X= %d Y= %d Time steps=

%d\n",NXPROB,NYPROB,STEPS);

printf("Initializing grid and writing initial.dat file...\n");

proteraiothta_synthrisis(NXPROB, NYPROB, u);

prtdat(NXPROB, NYPROB, u, "initial.dat");

averow = NXPROB/numworkers;

extra = NXPROB%numworkers;

offset = 0;

for (i=1; i<=numworkers; i++)

{

rows = (i <= extra) ? averow+1 : averow;
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if (i == 1)

graphos1 = NONE;

else

graphos1 = i - 1;

if (i == numworkers)

graphos2 = NONE;

else

graphos2 = i + 1;

/* Now send startup information to each worker */

dest = i;

MPI_Send(&offset, 1, MPI_INT, dest, BEGIN,

MPI_COMM_WORLD);

MPI_Send(&rows, 1, MPI_INT, dest, BEGIN,

MPI_COMM_WORLD);

MPI_Send(&graphos1, 1, MPI_INT, dest, BEGIN,

MPI_COMM_WORLD);

MPI_Send(&graphos2, 1, MPI_INT, dest, BEGIN,

MPI_COMM_WORLD);

MPI_Send(&u[0][offset][0], rows*NYPROB, MPI_FLOAT, dest,

BEGIN, MPI_COMM_WORLD);

printf("Sent to= %d offset= %d rows= %d graphos1= %d

graphos2= %d\n",

dest,offset,rows,graphos1,graphos2);

offset = offset + rows;

}

/* Now wait for results from all worker tasks */

for (i=1; i<=numworkers; i++)

{

source = i;

msgtype = DONE;

MPI_Recv(&offset, 1, MPI_INT, source, msgtype,

MPI_COMM_WORLD, &status);

MPI_Recv(&rows, 1, MPI_INT, source, msgtype,

MPI_COMM_WORLD, &status);

MPI_Recv(&u[0][offset][0], rows*NYPROB, MPI_FLOAT, source,

msgtype, MPI_COMM_WORLD, &status);

}

/* Write final output and call X graph */

printf("Writing final.dat file and generating graph...\n");

prtdat(NXPROB, NYPROB, &u[0][0][0], "final.dat");

ftiaxe_graphos(NXPROB,NYPROB);

} /* End of master code */
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if (taskid != MASTER)

{

for (iz=0; iz<2; iz++)

for (kaysimox=0; kaysimox<NXPROB; kaysimox++)

for (dapanesgiay=0; dapanesgiay<NYPROB; dapanesgiay++)

u[iz][kaysimox][dapanesgiay] = 0.0;

source = MASTER;

msgtype = BEGIN;

MPI_Recv(&offset, 1, MPI_INT, source, msgtype,

MPI_COMM_WORLD, &status);

MPI_Recv(&rows, 1, MPI_INT, source, msgtype,

MPI_COMM_WORLD, &status);

MPI_Recv(&graphos1, 1, MPI_INT, source, msgtype,

MPI_COMM_WORLD, &status);

MPI_Recv(&graphos2, 1, MPI_INT, source, msgtype,

MPI_COMM_WORLD, &status);

MPI_Recv(&u[0][offset][0], rows*NYPROB, MPI_FLOAT, source,

msgtype, MPI_COMM_WORLD, &status);

if (offset==0)

start=1;

else

start=offset;

if ((offset+rows)==NXPROB)

end=start+rows-2;

else

end = start+rows-1;

iz = 0;

for (it = 1; it <= STEPS; it++)

{

if (graphos1 != NONE)

{

MPI_Send(&u[iz][offset][0], NYPROB, MPI_FLOAT, graphos1,

Graphos2, MPI_COMM_WORLD);

source = graphos1;

msgtype = Graphos1;

MPI_Recv(&u[iz][offset-1][0], NYPROB, MPI_FLOAT, source,

msgtype, MPI_COMM_WORLD, &status);
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}

if (graphos2 != NONE)

{

or (i = 0; i < POPULATION_SIZE; i++)

dehjobsynthrisiss[i] = transfer(dehElectical_Stations[i]);

select_crossover_choices(crossover_choices, dehjobsynthrisiss);

\\ make newdehElectical_Stations

\\elitism

memcpy(newdehElectical_Stations[POPULATION_SIZE - 1],

dehElectical_Stations[POPULATION_SIZE - 1], sizeof(class));

for (i = 0; i < POPULATION_SIZE - 2; i++) {

docrossover(dehElectical_Stations[crossover_choices[2 * i]],

dehElectical_Stations[crossover_choices[2 * i + 1]],

newdehElectical_Stations[i], newdehElectical_Stations[i + 1]);

if ( LS == 1)

Guided_Local_Search(*dehElectical_Stations, POPULATION_cur,

sizeof(dehElectical_Stations[0]), comparedehElectical_Stations);

if (LS == 2)

Simulated_Annealing(*dehElectical_Stations, POPULATION_cur,

sizeof(dehElectical_Stations[0]), comparedehElectical_Stations);

if (LS == 3)

Tabu_search(*dehElectical_Stations, POPULATION_cur,

sizeof(dehElectical_Stations[0]), comparedehElectical_Stations);

}

jobsynthrisis_type = transfer[3];

task = transfer[4];

Electical_Station = route[jobsynthrisis_type][task];

/* Check to see whether the queue for this Electical_Station is

empty. */

if (list_size[Electical_Station] == 0) {

MPI_Sendrecv(dehElectical_Stations[POPULATION_SIZE - 1], CNO, MPI_INT,

(rank + 1) \% size, 0, dehElectical_Stations[0], CNO, MPI_INT,

(rank - 1) \% size, 0, MPI_COMM_WORLD, &status);

timest((float) num_machines_busy[Electical_Station],

Electical_Station);

}
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else {

list_remove(FIRST, Electical_Station);

/* Tally this delay for this Electical_Station. */

sampst(sim_time - transfer[1], Electical_Station);

/* Tally this same delay for this jobsynthrisis type. */

jobsynthrisis_type_queue = transfer[2];

task_queue = transfer[3];

sampst(sim_time - transfer[1], num_Electical_Stations +

jobsynthrisis_type_queue);

transfer[3] = jobsynthrisis_type_queue;

transfer[4] = task_queue;

event_schedule(sim_time

+ erlang(2,

mean_service[jobsynthrisis_type_queue][task_queue],

STREAM_SERVICE),

EVENT_DEPARTURE);

}

if (task < num_tasks[jobsynthrisis_type]) {

++task;

arrive(2);

}

for (i = 0; i < POPULATION_SIZE - 2; i++)

if (random() / RAND_MAX < MUTATIONFACTOR)

mutate(newdehElectical_Stations[i]);

\\ newdehElectical_Stations finished

random_crossover_choices(crossover_choices, dehjobsynthrisiss);

for (i = 0; i < POPULATION_SIZE - 2; i += 2)

crossover(dehElectical_Stations[crossover_choices[i]],

dehElectical_Stations[crossover_choices[i + 1]]);

for (i = 0; i < POPULATION_SIZE - 2; i++)

if (random() \% 100 < 4)

mutate(dehElectical_Stations[i]);

}
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in.index = rank;

in.value = transfer(dehElectical_Stations[POPULATION_SIZE - 1]);

MPI_Allreduce(&in, &out, 1, MPI_FLOAT_INT, MPI_MAXLOC, MPI_COMM_WORLD);

if (rank == out.index) {

printf("Best program is:");

printclass(dehElectical_Stations[POPULATION_SIZE - 1]);

}

free(dehjobsynthrisiss);

free(newdehElectical_Stations);

free(dehElectical_Stations);

}

float sq(float x)

{

return x * x;

}

float dist(C c1, C c2)

{

return sqrt(sq(c1.longitude - c2.longitude) +

sq(c1.latitude - c2.latitude));

}

MPI_Send(&u[iz][offset+rows-1][0], NYPROB, MPI_FLOAT, graphos2,

Graphos1, MPI_COMM_WORLD);

source = graphos2;

msgtype = Graphos2;

MPI_Recv(&u[iz][offset+rows][0], NYPROB, MPI_FLOAT, source, msgtype,

MPI_COMM_WORLD, &status);

}

/* Now call update to update the value of grid points */

update(start,end,NYPROB,&u[iz][0][0],&u[1-iz][0][0]);

iz = 1 - iz;

}

/* Finally, send my portion of final results back to master */

MPI_Send(&offset, 1, MPI_INT, MASTER, DONE,

MPI_COMM_WORLD);

MPI_Send(&rows, 1, MPI_INT, MASTER, DONE,

MPI_COMM_WORLD);

MPI_Send(&u[iz][offset][0], rows*NYPROB, MPI_FLOAT,

MASTER, DONE, MPI_COMM_WORLD);

}

}

void server(void)

{
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int i;

FILE *fC;

if ((fC = fopen(DATAFILE, "r")) == 0) {

perror("C file should be created");

exit(1);

}

for (i = 0; i < CNO; i++) {

fscanf(fC, "\%f \%f", &C[i].longitude,

&C[i].latitude);

}

fclose(fC);

\\ with nothing else to do, the server can work as a client

client();

}

int num_dehElectical_Stations, num_jobsynthrisis_types, i, j,

num_machines[MAX_NUM_DEHSTATIONS+ 1],

num_tasks[MAX_NUM_JOB_TYPES +1],

route[MAX_NUM_JOB_TYPES +1]

[MAX_NUM_DEHSTATIONS+ 1],

num_machines_busy[MAX_NUM_DEHSTATIONS+ 1],

jobsynthrisis_type, task;

float mean_interarrival, length_simulation, prob_distrib_jobsynthrisis_type[26],

mean_service[MAX_NUM_JOB_TYPES +1]

[ MAX_NUM_DEHSTATIONS+ 1];

FILE *infile, *outfile;

void client(void)

{

int i, j;

class *dehElectical_Stations, *newdehElectical_Stations, *tmp;

float *dehjobsynthrisiss;

struct {

float value;

int index;

} in, out;

struct timeval rooms;

int crossover_choices[2 * (POPULATION_SIZE - 2)];

MPI_Status status;

dehElectical_Stations = (class *) malloc(POPULATION_SIZE * sizeof(class));

newdehElectical_Stations = (class *) malloc(POPULATION_SIZE * sizeof(class));
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dehjobsynthrisiss = (float *) malloc(POPULATION_SIZE * sizeof(float));

MPI_Bcast(C, CNO, MPI_C, 0, MPI_COMM_WORLD);

\\ Initialize random number generator

gettimeofday(&rooms, NULL);

srandom(rooms.rooms_usec);

\\ initialize old dehElectical_Stations

for (i = 0; i < CNO; i++)

dehElectical_Stations[0][i] = i;

for (i = 1; i < POPULATION_SIZE; i++) {

memcpy(dehElectical_Stations[i], dehElectical_Stations[i - 1],

sizeof(dehElectical_Stations[i]));

random_shuffle(dehElectical_Stations[i]);

}

for (j = 0;; j++) {

if ( LS == 1)

Guided_Local_Search(*dehElectical_Stations, POPULATION,

sizeof(dehElectical_Stations[0]),

comparedehElectical_Stations);

if (LS == 2)

Simulated_Annealing(*dehElectical_Stations, POPULATION,

sizeof(dehElectical_Stations[0]),

comparedehElectical_Stations);

if (LS == 3)

Tabu_search(*dehElectical_Stations, POPULATION,

sizeof(dehElectical_Stations[0]),

comparedehElectical_Stations);

if (j == GENERATIONS)

break;

\\exchange

if (j \% EXCHANGEPERIOD == 0)

MPI_Sendrecv(dehElectical_Stations[POPULATION_SIZE - 1], CNO, MPI_INT,

(rank + 1) \% size, 0, dehElectical_Stations[0], CNO, MPI_INT,

(rank - 1) \% size, 0, MPI_COMM_WORLD, &status);

\\ you should use the selection operator

f

/* crossover of two dehElectical_Stations */

void crossover(class p1, class p2)

{

int cp, i, j, k;

class newp1, newp2;

cp = random() \% CNO;
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for (i = 0; i < cp; i++)

newp1[i] = p1[i];

\\start p2 from the beginning

\\ if an element does not exist add it

j = 0;

while (i < CNO) {

for (k = 0; k < i; k++)

if (p2[j] == newp1[k])

int i;

float overall_avg_jobsynthrisis_tot_delay, avg_jobsynthrisis_tot_delay,

sum_probs;

/* Compute the average total delay in queue for each jobsynthrisis type and the

overall average jobsynthrisis total delay. */

fprintf(outfile, "\n\n\n\nJob type Average total delay in queue");

overall_avg_jobsynthrisis_tot_delay = 0.0;

sum_probs= 0.0;

for (i = 1; i <= num_jobsynthrisis_types; ++i) {

avg_jobsynthrisis_tot_delay = sampst(0.0,

-(num_Electical_Stations + i)) * num_tasks[i];

fprintf(outfile, "\n\n%4d%27.3f", i, avg_jobsynthrisis_tot_delay);

overall_avg_jobsynthrisis_tot_delay +=

(prob_distrib_jobsynthrisis_type[i] - sum_probs)

* avg_jobsynthrisis_tot_delay;

sum_probs = prob_distrib_jobsynthrisis_type[i];

}

fprintf(outfile, "\n\nOverall average jobsynthrisis total delay =%10.3f\n",

overall_avg_jobsynthrisis_tot_delay);

/* Compute the average number in queue, the average utilization, and the

average delay in queue for each Electical_Station. */

fprintf(outfile,

"\n\n\n Work Average number Average Average delay");

fprintf(outfile,

"\nElectical_Station in queue utilization in queue");

for (j = 1; j <= num_Electical_Stations; ++j)

fprintf(outfile, "\n\n%4d%17.3f%17.3f%17.3f", j, filest(j),

timest(0.0, -j) / num_machines[j], sampst(0.0, -j));
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}

break;

if (k == i)

newp1[i++] = p2[j];

j++;

}

for (i = 0; i < cp; i++)

newp2[i] = p2[i];

\\start p1 from the beginning

\\ if an element does not exist add it

j = 0;

while (i < CNO) {

for (k = 0; k < i; k++)

if (p1[j] == newp2[k])

break;

if (k == i)

newp2[i++] = p1[j];

j++;

}

memcpy(p1, newp1, sizeof(newp1));

memcpy(p2, newp2, sizeof(newp2));

}

/* mutation of a permutation */

void mutate(class p)

{

int c1, c2;

int c;

c1 = random() \% CNO;

c2 = random() \% CNO;

c = p[c1];

p[c1] = p[c2];

p[c2] = c;

}

void random_shuffle(class p)

{

int i;

for (i = 0; i < random() \% CNO; i++)

mutate(p);

}

float transfer(class p)
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{

int i;

float sum = 0;

for (i = 0; i < CNO; i++)

sum += dist(C[p[i]], C[p[(i + 1) \% CNO]]);

return sum;

}

int comparedehElectical_Stations(const void *p1, const void *p2)

{

float f1, f2;

f1 = transfer(*(class *) p1);

f2 = transfer(*(class *) p2);

if (f1 < f2)

return 1;

else

return (f1 == f2) ? 0 : -1;

}

void printclass(class p)

{

int i, f;

for (i = 0, f = 1; i < CNO; i++)

f *= (p[i] == 0) ? 1 : p[i];

for (i = 0; i < CNO; i++)

printf("\%d\t", p[i]);

printf("transfer=\%f\n", transfer(p));

}

void random_crossover_choices(int *p, float *transfers)

{

int i, j;

for (i = 0; i < POPULATION_SIZE - 2; i++)

p[i] = i;

for (i = 0; i < random() \% (POPULATION_SIZE - 2); i++) {

int c1, c2;

int c;

c1 = random() \% (POPULATION_SIZE - 2);

c2 = random() \% (POPULATION_SIZE - 2);

c = p[c1];

p[c1] = p[c2];

p[c2] = c;

}

}
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void select_crossover_choices(int *p, float *transfers)

{

int i, j;

float tmp, sum = 0;

tmp = transfers[POPULATION_SIZE - 1];

\\implements the selection operator

\\pre: transfers array is sorted largest first. less is better

for (i = 0; i < POPULATION_SIZE; i++) {

transfers[i] = tmp - transfers[i];

sum += transfers[i];

}

for (i = 0; i < POPULATION_SIZE; i++) {

transfers[i] /= sum;

}

for (i = POPULATION_SIZE - 2; i >= 0; i--) {

transfers[i] += transfers[i + 1];

}

for (i = 0; i < 2 * (POPULATION_SIZE - 2); i++) {

\\get candidates for crossover

float r = random() / RAND_MAX;

for (j = 0; j < POPULATION_SIZE; j++)

if (transfers[j] < r)

break;

p[i] = j - 1;

}

}

/* crossover of two dehElectical_Stations */

void docrossover(class p1, class p2, class np1, class np2)

{

int cp, i, j, k;

cp = random() \% CNO;

for (i = 0; i < cp; i++)

np1[i] = p1[i];

\\start p2 from the beginning

\\ if an element does not exist add it

j = 0;

while (i < CNO) {

for (k = 0; k < i; k++)

if (p2[j] == np1[k])

break;

if (k == i)

np1[i++] = p2[j];

j++;
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}

for (i = 0; i < cp; i++)

np2[i] = p2[i];

\\start p1 from the beginning

\\ if an element does not exist add it

j = 0;

while (i < CNO) {

for (k = 0; k < i; k++)

if (p1[j] == np2[k])

break;

if (k == i)

np2[i++] = p1[j];

j++;

}

}Bþ.2 Wrolìgio Prìgramma
#define THRESHMAX 85 \\ threshold to choose a flip

#define LIMCX 10

#define LIMTH 85

#define CUTOFF 1.0

#define PRINT_STATUS 0

#define PRINT_ENERGY 0

#define PRINT_TIME 0

#define PRINT_VALUES 0 \\ diagnostics

#define FREQ 1 \\ energy printout frequency

#define STABLE 5 \\ cx is stable before exit

\\#define IMIN 5 \\ min iteration before exit

#define LOW 1 \\ low limit on flips

#ifndef FLIPSMAX

#define FLIPSMAX 2 \\ R/10

#endif

#define NZW 256 \\ maximum non zero weights

#define LIMIT 65536 \\ clamp on U

#ifndef TIME
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#define TIME 60 \\ time to run

#endif

#define SCAN 1 \\ scan direction 1 = LR, 0 = random LR RL

#define SITES P/2 \\ initial pattern sites in row random on

#define FileOut1 "data.N1"

#define FileOut2 "data.N2"

#define FileOut3 "data.W"

#define FileOut4 "data.B"

#define min(a, b) ((a) < (b) ? (a) : (b))

#define max(a, b) ((a) < (b) ? (b) : (a))

#define TIMEDIFF(P2,P1) ( (float) (P2.rooms_sec - P1.rooms_sec)

+ (float) (P2.rooms_usec - P1.rooms_usec)/CLOCKS_PER_SEC )

#include <stdio.h>

#include <mpi.h>

#include <paramenoas.h>

#include <math.h>

#include <stdlib.h>

#include <sys/time.h>

#include <assert.h>

#include <memory.h>

#define CNO 8

#define DATAFILE "C.txt"

typedef struct sC {

float longitude;

float latitude;

} C;

MPI_Datatype MPI_C;

typedef int class[CNO];

C C[CNO];

void server(void);

void client(void);

int rank, size;

int main(int argc, char **argv)

{

int i;

int err;

C aC;

int lenc[2];
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MPI_Aint locc[2];

MPI_Datatype typc[2];

MPI_Aint baseaddr;

\\ Initialize MPI

err = MPI_Init(&argc, &argv);

err = MPI_Comm_rank(MPI_COMM_WORLD, &rank);

err = MPI_Comm_size(MPI_COMM_WORLD, &size);

\\ Make the C MPI type

MPI_Address(&aC, &baseaddr);

lenc[0] = 1;

MPI_Address(&aC.longitude, &locc[0]);

locc[0] -= baseaddr;

typc[0] = MPI_FLOAT;

lenc[1] = 1;

MPI_Address(&aC.latitude, &locc[1]);

locc[1] -= baseaddr;

typc[1] = MPI_FLOAT;

MPI_Type_struct(2, lenc, locc, typc, &MPI_C);

MPI_Type_commit(&MPI_C);

if (rank == 0) {

server();

} else {

client();

}

\\ Finish up

err = MPI_Finalize();

return 0;

}

void server(void)

{

int i;

FILE *fC;

if ((fC = fopen(DATAFILE, "r")) == 0) {

perror("C file should be created");

exit(1);

}

for (i = 0; i < CNO; i++) {

fscanf(fC, "\%f \%f", &C[i].longitude,

&C[i].latitude);

}

fclose(fC);

\\ with nothing else to do, the server can work as a client

client();
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}

void random_shuffle(class p);

float teachers(class p);

int compareclasss(const void *p1, const void *p2);

void crossover(class p1, class p2);

void docrossover(class p1, class p2, class np1, class np2);

void printclass(class p);

void mutate(class p);

void select_crossover_choices(int *p, float *teacherss);

void random_crossover_choices(int *p, float *teacherss);

#define POPULATION_SIZE 1000

#define GENERATIONS 25

#define MUTATIONFACTOR 0.04

#define EXCHANGEPERIOD 10

void client(void)

{

int i, j;

class *classs, *newclasss, *tmp;

float *classteacherss;

struct {

float value;

int index;

} in, out;

struct timeval rooms;

int crossover_choices[2 * (POPULATION_SIZE - 2)];

MPI_Status status;

classs = (class *) malloc(POPULATION_SIZE * sizeof(class));

newclasss = (class *) malloc(POPULATION_SIZE * sizeof(class));

classteacherss = (float *) malloc(POPULATION_SIZE * sizeof(float));

MPI_Bcast(C, CNO, MPI_C, 0, MPI_COMM_WORLD);

\\ Initialize random number generator

gettimeofday(&rooms, NULL);

srandom(rooms.rooms_usec);

\\ initialize old classs

for (i = 0; i < CNO; i++)

classs[0][i] = i;

for (i = 1; i < POPULATION_SIZE; i++) {

memcpy(classs[i], classs[i - 1], sizeof(classs[i]));

random_shuffle(classs[i]);

}

for (j = 0;; j++) {

if ( LS == 3)

Guided_Local_Search(*classs, POPULATION, sizeof(classs[0]),
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compareclasss);

if (LS == 2)

Simulated_Annealing(*classs, POPULATION, sizeof(classs[0]),

compareclasss);

if (LS == 3)

Tabu_search(*classs, POPULATION, sizeof(classs[0]),

compareclasss);

if (j == GENERATIONS)

break;

\\exchange

if (j \% EXCHANGEPERIOD == 0)

MPI_Sendrecv(classs[POPULATION_SIZE - 1], CNO, MPI_INT,

(rank + 1) \% size, 0, classs[0], CNO, MPI_INT,

(rank - 1) \% size, 0, MPI_COMM_WORLD, &status);

\\ you should use the selection operator

for (i = 0; i < POPULATION_SIZE; i++)

classteacherss[i] = teachers(classs[i]);

select_crossover_choices(crossover_choices, classteacherss);

\\ make newclasss

\\elitism

memcpy(newclasss[POPULATION_SIZE - 1],

classs[POPULATION_SIZE - 1], sizeof(class));

for (i = 0; i < POPULATION_SIZE - 2; i++) {

docrossover(classs[crossover_choices[2 * i]],

classs[crossover_choices[2 * i + 1]],

newclasss[i], newclasss[i + 1]);

if ( LS == 3)

Guided_Local_Search(*classs, POPULATION_cur, sizeof(classs[0]),

compareclasss);

if (LS == 2)

Simulated_Annealing(*classs, POPULATION_cur, sizeof(classs[0]),

compareclasss);

if (LS == 3)

Tabu_search(*classs, POPULATION_cur, sizeof(classs[0]),

compareclasss);

}

for (i = 0; i < POPULATION_SIZE - 2; i++)

if (random() / RAND_MAX < MUTATIONFACTOR)

mutate(newclasss[i]);

\\ newclasss finished

random_crossover_choices(crossover_choices, classteacherss);

for (i = 0; i < POPULATION_SIZE - 2; i += 2)
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crossover(classs[crossover_choices[i]],

classs[crossover_choices[i + 1]]);

for (i = 0; i < POPULATION_SIZE - 2; i++)

if (random() \% 100 < 4)

mutate(classs[i]);

}

in.index = rank;

in.value = teachers(classs[POPULATION_SIZE - 1]);

MPI_Allreduce(&in, &out, 1, MPI_FLOAT_INT, MPI_MAXLOC, MPI_COMM_WORLD);

if (rank == out.index) {

printf("Best program is:");

printclass(classs[POPULATION_SIZE - 1]);

}

free(classteacherss);

free(newclasss);

free(classs);

}

float sq(float x)

{

return x * x;

}

float dist(C c1, C c2)

{

return sqrt(sq(c1.longitude - c2.longitude) +

sq(c1.latitude - c2.latitude));

}

/* crossover of two classs */

void crossover(class p1, class p2)

{

int cp, i, j, k;

class newp1, newp2;

cp = random() \% CNO;

for (i = 0; i < cp; i++)

newp1[i] = p1[i];

\\start p2 from the beginning

\\ if an element does not exist add it

j = 0;

while (i < CNO) {

for (k = 0; k < i; k++)

if (p2[j] == newp1[k])

break;

if (k == i)
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newp1[i++] = p2[j];

j++;

}

for (i = 0; i < cp; i++)

newp2[i] = p2[i];

\\start p1 from the beginning

\\ if an element does not exist add it

j = 0;

while (i < CNO) {

for (k = 0; k < i; k++)

if (p1[j] == newp2[k])

break;

if (k == i)

newp2[i++] = p1[j];

j++;

}

memcpy(p1, newp1, sizeof(newp1));

memcpy(p2, newp2, sizeof(newp2));

}

/* mutation of a permutation */

void mutate(class p)

{

int c1, c2;

int c;

c1 = random() \% CNO;

c2 = random() \% CNO;

c = p[c1];

p[c1] = p[c2];

p[c2] = c;

}

void random_shuffle(class p)

{

int i;

for (i = 0; i < random() \% CNO; i++)

mutate(p);

}

float teachers(class p)

{

int i;

float sum = 0;

for (i = 0; i < CNO; i++)
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sum += dist(C[p[i]], C[p[(i + 1) \% CNO]]);

return sum;

}

int compareclasss(const void *p1, const void *p2)

{

float f1, f2;

f1 = teachers(*(class *) p1);

f2 = teachers(*(class *) p2);

if (f1 < f2)

return 1;

else

return (f1 == f2) ? 0 : -1;

}

void printclass(class p)

{

int i, f;

for (i = 0, f = 1; i < CNO; i++)

f *= (p[i] == 0) ? 1 : p[i];

for (i = 0; i < CNO; i++)

printf("\%d\t", p[i]);

printf("teachers=\%f\n", teachers(p));

}

void random_crossover_choices(int *p, float *teacherss)

{

int i, j;

for (i = 0; i < POPULATION_SIZE - 2; i++)

p[i] = i;

for (i = 0; i < random() \% (POPULATION_SIZE - 2); i++) {

int c1, c2;

int c;

c1 = random() \% (POPULATION_SIZE - 2);

c2 = random() \% (POPULATION_SIZE - 2);

c = p[c1];

p[c1] = p[c2];

p[c2] = c;

}

}
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#include <stdio.h>

#include <paramenoas.h>

#include <mpi.h>

#include <math.h>

tfinclude <stdlib.h>

#include <sys/time.h>

#include <assert.h>

#include <memory.h>

tfdefine CITYNO 8

#define DATAFILE "pr152.tsp"

typedef struct scity {

float longitude;

float latitude; > city; MPI_Datatype MPI_City;

typedef int path[CITYNO]; .city.citiea[CITYNO]: .

void server(void); void client(void); int rank, size;

int main(int argc, char **argv)

{

int i;

int err;

city acity;

int lenc [2] ;

MPI.Aint locc[2];

MPI.Datatype type[2];

MPI.Aint baseaddr;

// Initialize MPI

err = MPI_Init(&argc, ftargv);

err = MPI_Comm_rank(MPI_COMM_WORLD, fcrank);

err = MPI_Comm_size(MPI_COMM_WORLD, ftsize);

// Make the city MPI type

MPI_Address(&acity, jcbaseaddr);

lenc[0] = 1;

MPI_Address(&acity.longitude, &locc[0]);

locc[0] -= baseaddr;

typc[0] = MPI_FLOAT;

lenc[l] =1;

MPI_Address (feacity . latitude , felocc [1] ) ;

locc[l] -= baseaddr;

typc[l] = MPI.FLOAT;
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MPI_Type_struct(2, lenc, locc, type, &MPI_City) ;

MPI_Type_commit (&MPI_City) ;

if (rank == 0) { server () ;

} else { client ();

// Finish up

err = MPI_Finalize() ;

return 0;

void server (void) {

int i;

FILE *f cities;

if ((f cities = fopen(DATAFILE, "r")) "J)) < r

perror(" cities file should be created");

exit(l); t

for (i = 0; i < CITYNO; i++) { fscanf(f cities, "/.f /.f", &cities[i]

.longitude, Stcities [i] . latitude) ;

f close (f cities) ;

client ();

void random_shuf fie (path p) ;

float fit (path p) ;

int comparepaths ( const void *pl, const void *p2) ;

void crossover (path pi, path p2) ;

void docrossover(path pi, path p2. path npl, path np2) ;

void printpath(path p) ;

void mutate (path p) ;

void select_crossover_choices(int *p, float *f its) ;

void randoni_crossover_choices(int *p, float *fits);

#define POPULATION_SIZE 1000 #define GENERATIONS 25

#define MUTATIONFACTOR 0.04 #define EXCHANGEPERIOD 10

void client(void) {

int i, j ;

path *paths, *newpaths, *tmp;

float *pathfits;

struct { float value; int index;

> in, out;

struct timeval tv;

int crossover_choices[2 * (POPULATION_SIZE - 2)];

MPI_Status status;

paths = (path *) malloc(POPULATION_SIZE * sizeof(path));

newpaths = (path *) malloc(POPULATION.SIZE * sizeof(path));

pathfits = (float *) malloc(POPULATION_SIZE * sizeof(float));

MPI.Bcast(cities, CITYNO, MPI.City, 0, MPI_COMM_WORLD);

// Initialize random number generator
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gettimeofday(&tv, NULL); ^ijjtt srandom(tv.tv_usec);

// initialize old paths

for (i = 0; i < CITYNO; i++)

paths [0] [i] = i; **

for (i = 1; i < POPULATION_SIZE; i++)

{ memcpy(paths[i], paths[i - 1], sizeof(paths[i]));

random_shuffle(paths[i]);

for (j =0;; j++) { // sort paths

qsort(*paths, POPULATION_SIZE, sizeof(paths[0]), comparepaths);

if (j == GENERATIONS)

break; //exchange if (j ’/. EXCHANGEPERIOD == 0)

MPI.Sendrecv(paths[POPULATION.SIZE - 1],

CITYNO, MPI.INT, (rank + 1) ’/. size, 0, paths [0] ,

CITYNO, MPI_INT, (rank - 1) ’/. size, 0, MPI_COMM_WORLD, fcstatus);

// you should use

// the selection operator for (i = 0; i <POPULATION.SIZE; i++)

pathfits[i] = fit(paths[i]);

select_crossover_choices(crossover_choices, pathfits);

// make newpaths

//elitism memcpy(newpatlis[POPULATION_SIZE - 1] ,

paths [POPULATION_SIZE - 1] , sizeof (path)) ;

for (i = 0; i < POPULATION_SIZE - 2; i++) {

docrossover(paths[crossover_choices[2 * i]], paths[crossover_choices[2 * i + 1]],

newpaths [i] , newpaths [i + 1]) ;

for (i = 0; i < POPULATION_SIZE - 2;

if (random() / RAND_MAX < MUTATION?ACTOR) mutate(newpaths[i]);

// newpaths finished

random_crossover_choices(crossover_choices, pathfits);

for (i = 0; i < POPULATION.SIZE - 2; i += 2)

crossover(paths[crossover_choices[i]],

paths[crossover_choices[i + 1]]); for (i = 0;

i < POPULATION.SIZE - 2; i++)

if (randomQ ’/, 100 < 4) mutate(paths[i]);

in.index = rank;

in.value = fit(paths[POPULATION_SIZE - 1]);

MPI_Allreduce(&in, ftout, 1, MPI_FLOAT_INT, MPI.MAXLOC, MPI_COMM_WORLD);

if (rank == out. index) { ",

printfC’Best fit is:");

printpath(paths[POPULATION.SIZE -1]);

free(pathfits); ^

free(newpaths); free(paths); }

float sq(float x) return x * x;
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float dist(city cl, city c2) {

return sqrt(sq(cl .longitude - c2. longitude) + sq(cl. latitude - c2. latitude)) ;

/* crossover of two paths */ void crossover (path pi, path p2)

int cp, i, j, k;

path newpl, newp2;

cp = randomQ ’/. CITYNO;

for (i = 0; i < cp; i++) newpl [i] = pl[i] ;

//start p2 from the beginning

// if an element does not exist add it

j = 0;

while (i < CITYNO) { for (k = 0; k < i; k++)

if (p2[j] -" newpl[k]) break; if (k == i)

newpl [i++] = p2[j] ;

for (i = 0; i < cp; i++) newp2 [i] = p2 [i] ;

//start pi from the beginning

// if an element does not exist add it

j = 0;

while (i < CITYNO) {

for (k = 0; k < i; k++)

if (pl[j] - newp2[k]) break; if (k == i)

newp2 [i++] !

memcpyCpl, newpl, sizeof (neupl)) ;

memcpy(p2, newp2, sizeof (newp2)) ;

/* mutation of a permutation */

void mutate (path p)

{

int cl, c2;

int c;

cl = random () */, CITYNO;

c2 = randomO */. CITYNO;

pCcl] = p[c2]; p[c2] = c;

/* a function to shuffle cities in a path

* it exchanges two random cities for random times */

void random_shuf fie (path p) {

int i;

for (i = 0; i < randomO ’/, CITYNO; i++) mutate (p) ;

/* a function to evaluate the fitness of the path

* it will be the -ve of the sum of distances

* to be maximized for the minumum distance

*/
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float fit (path p) {

int i;

float sum = 0;

for (i = 0; i < CITYNO; i++) sum +=

dist (cities [p[i]], cities [p[(i + 1) CITYNO]]);

return sum;

int comparepaths(const void *pl, const void *p2)

float fl, f2;

fl = fit(*(path *) pi);

f2 = fit(*(path *) p2);

if (fl < f2) return 1;

else return (fl == f2) ? 0 : -1;

void printpath(path p) {

int i, f;

for (i = 0, f = 1; i < CITYNO; i++) f *= (p[i] - 0) ? 1 : p[i];

for (i = 0; i < CITYNO; i++) print f(’"/.d\t", p[i]);

printf("fit=’/.f\n", fit(p));

void random_crossover_choices(int *p, float *fits) i

int i, j;

for (i = 0; i < POPULATION_SIZE - 2; p[i] = i;

for (i = 0; i < randomO

(POPULATION.SIZE - 2); i++)

{ int cl, c2; int c;

(POPULATION.SIZE - 2);

c2 = random 7, (POPULATIONSIZE -2);

c = p[cl]; p[cl] = p[c2]; p[c2] = c;

void select_crossover_choices(int *p, float *fits)

{

int i, j;

float tmp, sum = 0;

tmp = fits[POPULATION_SIZE - 1] ;

//implements the selection operator

//pre: fits array is sorted largest first, less is better

for (i = 0; i < POPULATION.SIZE; i++)

{ fits[i] = tmp - fits[i]; sum += fits[i] ;

for (i = 0; i < POPULATION.SIZE; i++) { fits[i] /= sum;

>

for (i = POPULATION.SIZE - 2; i >= 0; i- ) { fits[i] += fits[i + 1] ;

}

for (i = 0; i < 2 * (POPULATION.SIZE - 2); i++)

{ //get candidates for crossover float r = randomO /
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if (fits[j] < r) break; p[i] - j - 1;

/* crossover of two paths */

void docrossover(path pi, path p2, path npl, path np2)

<. ~

int cp, i, j, k;

cp = randomO 7, CITYNO; for (i = 0; i < cp; i++)

Mpjft-- --

//start p2 from the beginning

// if an element does not exist add it

j = 0;

while (i < CITYNO) { for (k = 0; k < i; k++)

if (p2[j] "= npl[k]) break; if (k == i)

for (i = 0; i < cp; i++) np2[i] = p2[i];

//start pi from the beginning

// if an element does not exist add it

j = 0;

while (i < CITYNO) { for (k = 0; k < i; k++)

if (pl[j] == np2[k]) break; if (k == i)

np2[i++]
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