
Alex�ndreio Teqnologikì Ekpaideutikì 'Idruma Jessalon�khSqol  Teqnologik¸n Efarmog¸nTm ma Plhroforik 
PERIBALLON ANAPTUXHSKAIGRAFIKHS ANAPARASTASHSEXELIKTIKWN ALGORIJMWN

Spoudast : Anast�sio Skarlat�dhEishght : Dr. Panagi¸th Adam�dh

Jessalon�kh, IoÔnio 2006



ii



iiiAfier¸netai stou gone� mou,gia thn ag�ph, th sumpar�stas  toukai thn eukair�a pou mou èdwsanna pragmatopoi sw to ìneirì mou,na spoud�sw Plhroforik .

Euqarist�eEuqarist¸ jerm� ton kajhght  mou k. P. Adam�dh, gia thn polÔtimh bo jei�tou, thn kajod ghs  tou kai thn �risth sunergas�a ma kaj' ìlh thn pore�ath paroÔsa ptuqiak  ergas�a.



iv



Perieqìmena
Kat�logo Sqhm�twn ix1 Eisagwg  xv2 Exeliktiko� Algìrijmoi 172.1 Giat� oi Exeliktiko� Algìrijmoi . . . . . . . . . . . . . . . . . 172.2 Ti e�nai oi Exeliktiko� Algìrijmoi . . . . . . . . . . . . . . . . 192.2.1 Dom  enì ExeliktikoÔ Algìrijmou . . . . . . . . . . . 212.3 Genetikoi Algìrijmoi . . . . . . . . . . . . . . . . . . . . . . . 232.4 Anapar�stash . . . . . . . . . . . . . . . . . . . . . . . . . . . 242.4.1 Duadik  Anapar�stash . . . . . . . . . . . . . . . . . . 252.4.2 Anapar�stash Akera�wn . . . . . . . . . . . . . . . . . 262.4.3 Anapar�stash Kinht  Upodiastol  . . . . . . . . . . 262.4.4 Anapar�stash Met�jesh . . . . . . . . . . . . . . . . 272.5 Sun�rthsh Poiìthta . . . . . . . . . . . . . . . . . . . . . . . 272.6 Arqikopo�hsh . . . . . . . . . . . . . . . . . . . . . . . . . . . 272.7 Plhjusmì . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282.8 Anasunduasmì . . . . . . . . . . . . . . . . . . . . . . . . . . 282.8.1 Telestè AnasunduasmoÔ gia Duadik  Anapar�stash . 282.8.2 Telestè AnasunduasmoÔ gia Anapar�stash Kinht Upodiastol  . . . . . . . . . . . . . . . . . . . . . . . 292.8.3 Telestè AnasunduasmoÔ gia Anapar�stash Akera�wn 312.8.4 Telestè AnasunduasmoÔ gia Anapar�stash Met�jesh 31

v



vi PERIEQ�OMENA2.9 Met�llaxh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 332.9.1 Telestè Met�llaxh gia Duadik  Anapar�stash . . . 342.9.2 Telestè Met�llaxh gia Anapar�stash Kinht  Upo-diastol  . . . . . . . . . . . . . . . . . . . . . . . . . 352.9.3 Telestè Met�llaxh gia Anapar�stash Akera�wn . . 352.9.4 Telestè Met�llaxh gia Anapar�stash Met�jesh . 352.10 Epilog  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 362.10.1 Epilog  me analog�a th poiìthta tou atìmou . . . . . 362.10.2 Rank Roulette Wheel . . . . . . . . . . . . . . . . . . . 392.10.3 Tournament Selection . . . . . . . . . . . . . . . . . . . 392.11 Fusik  Epilog  . . . . . . . . . . . . . . . . . . . . . . . . . . 402.11.1 Epilog  w pro thn hlik�a . . . . . . . . . . . . . . . . 402.11.2 Epilog  w pro thn tim  poiìthta . . . . . . . . . . . 412.12 Sunj kh TermatismoÔ . . . . . . . . . . . . . . . . . . . . . . . 413 Grafik  Anapar�stash Genetik¸n Algìrijmwn 433.1 Grafik  apeikìnish th sunolik  pore�a tou GA . . . . . . . 443.1.1 Di�gramma kalÔterh kai mèsh tim  tou GA . . . . . . 443.1.2 Apeikìnish tim¸n tou kalÔterou atìmou . . . . . . . . . 443.2 Grafik  apeikìnish th kat�stash tou GA . . . . . . . . . . . 463.2.1 Timè poiìthta ìlwn twn atìmwn . . . . . . . . . . . . 463.2.2 Timè twn atìmwn . . . . . . . . . . . . . . . . . . . . . 474 Perigraf  Apait sewn Perib�llonto 515 Ulopo�hsh 555.1 Sqed�ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 565.1.1 Perib�llon an�ptuxh kai bohjhtikè biblioj ke . . . 565.1.2 Dunatìthte . . . . . . . . . . . . . . . . . . . . . . . . 605.2 H biblioj kh GAJLib . . . . . . . . . . . . . . . . . . . . . . . 645.2.1 Qrwmìswma . . . . . . . . . . . . . . . . . . . . . . . . 645.2.2 Anapar�stash . . . . . . . . . . . . . . . . . . . . . . . 645.2.3 SÔsthma Rujm�sewn . . . . . . . . . . . . . . . . . . . 655.2.4 Arqe�o Evolution History . . . . . . . . . . . . . . . . . 675.3 H efarmog  GAJVis . . . . . . . . . . . . . . . . . . . . . . . 705.3.1 Mhqanismì diaqe�rish twn Epekt�sewn . . . . . . . . 715.3.2 RÔjmish kai Ektèlesh Peiram�twn . . . . . . . . . . . . 715.3.3 Grafik  Anapar�stash Dedomènwn . . . . . . . . . . . 736 Sumper�smata kai Peraitèrw An�ptuxh 75



PERIEQ�OMENA viiAþ Odhg�e Egkat�stash 77Aþ.1 Metagl¸ttish phga�ou k¸dika kai egkat�stash . . . . . . . . 78Aþ.2 Egkat�stash metaglwttismènou k¸dika . . . . . . . . . . . . . 79Aþ.3 Egkat�stash Epekt�sewn . . . . . . . . . . . . . . . . . . . . 79Bþ Odhg�e qr sh 81Bþ.1 Ektèlesh Genetik¸n Algor�jmwn . . . . . . . . . . . . . . . . 81Bþ.2 Diagr�mmata sto GAJVis . . . . . . . . . . . . . . . . . . . . 82Gþ Parade�gmata Qr sh 85Gþ.1 Parade�gmata qr sh th biblioj kh
GAJLib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85Gþ.1.1 Sunart sei . . . . . . . . . . . . . . . . . . . . . . . . 85Gþ.1.2 Par�deigma elaqistopo�hsh sun�rthsh . . . . . . . . 86Gþ.1.3 To prìblhma me ti sfhkofwliè . . . . . . . . . . . . . 91Bibliograf�a 97



viii PERIEQ�OMENA



Kat�logo Sqhm�twn
2.1 Prìblhma beltistopo�hsh. . . . . . . . . . . . . . . . . . . . . 182.2 Prìblhma montelopo�hsh   anagn¸rish sust mato . . . . . 192.3 Prìblhma prosomo�wsh . . . . . . . . . . . . . . . . . . . . . 192.4 Exeliktikì kÔklo . . . . . . . . . . . . . . . . . . . . . . . . 212.5 Qrwmìswma . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252.6 Qrwmìswma duadik  anapar�stash . . . . . . . . . . . . . . 262.7 Qrwmìswma me anapar�stash akera�wn . . . . . . . . . . . . . 262.8 Qrwmìswma me anapar�stash kinht  upodiastol  . . . . . . 272.9 Qrwmìswma me anapar�stash met�jesh . . . . . . . . . . . . 272.10 Telest  single point anasunduasmoÔ . . . . . . . . . . . . . . 292.11 Telest  N Point anasunduasmoÔ, me n = 2. . . . . . . . . . . 292.12 Telest  uniform anasunduasmoÔ . . . . . . . . . . . . . . . . 302.13 Telestè anasunduasmoÔ anapar�stash kinht  upodiastol  322.14 PMX pr¸to st�dio . . . . . . . . . . . . . . . . . . . . . . . . 332.15 PMX deÔtero st�dio . . . . . . . . . . . . . . . . . . . . . . . 332.16 PMX teleuta�o st�dio . . . . . . . . . . . . . . . . . . . . . . 342.17 Telest  Cycle Recombination . . . . . . . . . . . . . . . . . 342.18 Telest  met�llaxh duadik  anapar�stash . . . . . . . . . 342.19 Inversion Mutation . . . . . . . . . . . . . . . . . . . . . . . . 362.20 Swap Mutation . . . . . . . . . . . . . . . . . . . . . . . . . . 362.21 Cost Roulette Wheel kai Stochastic Universal Sampling . . . . 38

ix



x KAT�ALOGOS SQHM�ATWN3.1 Disdi�stato di�gramma mèsh kai kalÔterh tim  poiìthtatou plhjusmoÔ gia ìle ti geniè tou GA. . . . . . . . . . . . 453.2 Disdi�stato di�gramma eikìna . . . . . . . . . . . . . . . . . . 463.3 trisdi�stato di�gramma shme�wn/epif�neia . . . . . . . . . . . 473.4 Disdi�stato di�gramma me ti timè poiìthta ìlwn twn atìmwnenì plhjusmoÔ . . . . . . . . . . . . . . . . . . . . . . . . . . 473.5 Disdi�stato di�gramma eikìna gia ìle ti timè twn gonid�wn 483.6 Disdi�stato di�gramma kalÔterwn, mèswn gonid�wn . . . . . . . 483.7 trisdi�stato di�gramma shme�wn/epif�neia apì ènan olìklhroplhjusmì . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495.1 Di�gramma T�xewn, qrwmìswma kai gon�dia. . . . . . . . . . . . 655.2 Di�gramma T�xewn, anaparast�sei. . . . . . . . . . . . . . . . 665.3 RÔjmish kai ektèlesh. . . . . . . . . . . . . . . . . . . . . . . 675.4 Arqe�o Evolution History. . . . . . . . . . . . . . . . . . . . . 685.5 Oi dÔo tÔpoi Evolution History arqe�wn. . . . . . . . . . . . . 695.6 Genetic Algorithm Java Visualization application . . . . . . . 715.7 Wizard rujm�sewn . . . . . . . . . . . . . . . . . . . . . . . . . 725.8 Di�gramma pragmatikoÔ qrìnou . . . . . . . . . . . . . . . . . 725.9 Grafik  anapar�stash dedomènwn . . . . . . . . . . . . . . . . 74Bþ.1 Par�juro epilog  tÔpou arqe�ou EH . . . . . . . . . . . . . . 82Bþ.2 Par�juro wizard . . . . . . . . . . . . . . . . . . . . . . . . . 83Bþ.3 H efarmog  GAJVis kat� thn ektèlesh enì GA . . . . . . . . 84Bþ.4 Epilog  uposunìlou apì to sÔnolo twn gene¸n. . . . . . . . . 84Bþ.5 Diaqe�rish qrwm�twn . . . . . . . . . . . . . . . . . . . . . . . 84Gþ.1 Diagramma mèsh kai kal terh tim , sun�rthsh Rastrigin . . 89Gþ.2 Di�gramma mèsh kai kalÔterh tim , prìblhma me ti sfhko-fwliè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96



Per�lhyh
H Exeliktik  Upologistik  (EU) e�nai èna q¸ro th Epist mh twnUpologist¸n, o opo�o mime�tai basikè arqè twn diadikasi¸n th biologik Exèlixh. O q¸ro autì, apotele�tai apì èna sÔnolo exeliktik¸n upolo-gistik¸n montèlwn, ta opo�a anafèrontai me ton ìro Exeliktiko� Algìrijmoi(EA). Oi algìrijmoi auto� efarmìzontai w m�a genetik  mèjodo ep�lush pro-blhm�twn, pou exereune� to q¸ro lÔsewn tou probl mato, èqonta w stìqoton entopismì kal¸n lÔsewn. To montèlo sto opo�o epikentrwnìmaste e�-nai oi Genetiko� Algìrijmoi, oi opo�oi apoteloÔn thn perissìtero diadedomènhmorf  EA. Sth shmerin  tou morf , diajètoun èna pl jo apì diaforeti-kè domè dedomènwn pou anaparistoÔn ti pijanè lÔsei tou probl mato,kaj¸ kai èna meg�lo arijmì apì diaforetikoÔ genetikoÔ telestè. H po-lÔplokh leitourg�a tou, se sunduasmì me thn plhj¸ra twn paramètrwn pouapaitoÔn, kajist� dÔskolh thn katanìhsh tou trìpou anaz thsh. Stìqoth ptuqiak  ergas�a, e�nai h kataskeu  enì eÔqrhstou perib�llonto giathn ep�lush problhm�twn me GA, kaj¸ kai h grafik  melèth twn dedomènwnpou par�gontai apì thn epanalambanìmenh diadikas�a th exèlixh.
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Abstract

The Evolutionary Computation (EC) is a field of Computer Science that
imitates the basic principles of the biological evolutionary process. The field
consists of a variety of evolutionary computational models, referred as Evo-
lutionary Algorithms (EA). EA are typically applied as a genetic problem
solving method, searching a problem space in order to locate good solutions.
We focus on the Genetic Algorithms (GA) model which constitutes the most
common variation of EA. Nowadays, GA employs both a number of different
data structures which represent the problem’s potential solutions and a great
number of different genetic operators. Their complexity in combination with
the numerous required parameters, makes them difficult to understand. The
aim of this dissertation is the development of an easy to use framework for
solving problems using GA, and also for the visualization of the produced
data from the iterative process of evolution.
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xiv KAT�ALOGOS SQHM�ATWN



1Eisagwg 
H Exeliktik  Upologistik , e�nai èna q¸ro th Epist mh twn Upo-logist¸n pou xek�nhse apì ta mèsa tou 20ou ai¸na kai parousi�zei èntonoereunhtikì endiafèron. Genikìtera o q¸ro autì apotele�tai apì èna sÔnoloexeliktik¸n upologistik¸n montèlwn, ta opo�a anafèrontai me ton ìro Exeli-ktiko� Algìrijmoi (EA). To antike�meno me to opo�o asqoloÔntai oi EA, e�nai hep�lush dÔskolwn problhm�twn anaz thsh kai beltistopo�hsh. Autì ìmwpou tou k�nei na xeqwr�zoun apì �llou algìrijmou, e�nai o trìpo me tonopo�o leitourgoÔn, o opo�o e�nai empneusmèno apì ti arqè th biologik exèlixh. Pio sugkekrimèna apoteloÔn stoqastikè mejìdou anaz thsh oiopo�e diereunoÔn polÔplokou q¸rou, prosomoi¸nonta teqnikè fusik exèlixh (Holland 1975).Ant�jeta me �lle mejìdou anaz thsh, oi EA diathroÔn èna pl jo apìdomè dedomènwn, me ti opo�e anaparistoÔn ti pijanè lÔsei tou probl ma-to. H diereÔnhsh sto q¸ro pragmatopoie�tai me thn ekmet�lleush twn kal¸nlÔsewn, me stìqo ton entopismì �llwn kalÔterwn. Me ton trìpo autì, oiEA esti�zoun thn èreuna pro ti katallhlìtere perioqè tou q¸rou.Parìla aut�, h poluplokìthta twn EA kai h plhj¸ra twn diaforeti-k¸n sunduasm¸n exeliktik¸n mejìdwn, kajist� dÔskolh thn katanìhsh thsumperifor� tou mhqanismoÔ anaz thsh. O qr sth br�sketai antimètwpomprost� se èna meg�lo arijmì paramètrwn kai diaforetik¸n epilog¸n, pouèqoun na k�noun me thn est�ash twn pijan¸n lÔsewn, me ton tÔpo twn dom¸ndedomènwn kai me ton trìpo me ton opo�o diatar�ssontai oi timè tou.Antike�meno aut  th ptuqiak  ergas�a, e�nai h kataskeu  enì peri-b�llonto gia thn an�ptuxh kai thn grafik  anapar�stash twn Genetik¸nAlgìrijmwn (GA), pou apotele� thn perissìtero diadedomènh morf  twn EA

xv



xvi KEF�ALAIO 1. EISAGWG�Hkai anaptÔqjhke to 1975 apì ton John Holland. To perib�llon th ergas�-a qwr�zetai se dÔo tm mata, m�a biblioj kh an�ptuxh GA kai m�a efarmo-g  gia thn grafik  melèth tou. O stìqo th biblioj kh e�nai h paroq enì oloklhrwmènou plais�ou ep�lush problhm�twn me GA. Ant�jeta me �l-le ulopoi sei bibliojhk¸n, h sugkekrimènh prospaje� na prosfèrei pollèdunatìthte kai eukol�e ston qr sth, en¸ tautìqrona paramènei epekt�simhse ìla ta ep�ped� th. Epiplèon shmantikì rìlo sthn sqed�ash kai thn ulo-po�hsh th biblioj kh katèqoun oi par�gonte th dunatìthta ektèlesh sediaforetikè arqitektonikè H/U kai th taqÔthta. Gia ton lìgo autì h bi-blioj kh anaptÔqjhke me thn gl¸ssa programmatismoÔ Java TM kai o pur nath biblioj kh qrhsimopoie� thn biblioj kh Javolution.'Oson afor� to deÔtero tm ma, anaptÔqjhke m�a efarmog  grafik  anapa-r�stash, h opo�a prosfèrei ston qr sth èna eÔqrhsto grafikì perib�llongia thn melèth kai thn efarmog  twn GA. 'Etsi ¸ste na dieukolÔnetai h èreunakai h katanìhsh th sumperifor� tou algor�jmou. H efarmog  ekmetalleÔe-tai to gegonì ìti kat� thn epanalhptik  diadikas�a th exèlixh, e�nai dunatìna exaqje� meg�lo ìgko plhrofori¸n, mèsw twn opo�wn mporoÔme na melet -soume thn sunolik  pore�a th exèlixh kaj¸ kai thn memonwmènh kat�stashtou GA. Gia thn ep�teuxh ìlwn aut¸n, h efarmog  bas�zetai sth qr sh twn bi-bliojhk¸n VisAD kai JChart2D gia thn disdi�stath kai trisdi�stath grafik anapar�stash twn dedomènwn.Sto deÔtero kef�laio parousi�zetai h jewr�a twn EA ìpou epikentrwnì-maste stou GA. Anafèrontai oi pio sunhjismène anaparast�sei tou, oimèjodoi epilog , ta qarakthristik� kai oi dunatìthte twn telest¸n tou.Ousiastik� to kef�laio autì apotele� to jewrhtikì upìbajro th biblioj -kh.Sto tr�to kef�laio parousi�zetai èna sÔnolo apì teqnikè grafik  ana-par�stash twn GA. Stìqo tou e�nai h melèth kai katanìhsh th sumperifo-r� tou algìrijmou, me kÔrio qarakthristikì th dunatìthta efarmog  tousto sÔnolo twn anaparast�sewn pou anafèrontai sto deÔtero kef�laio.Sto tètarto kef�laio perigr�fontai oi apait sei tou perib�llonto, pouja prèpei na plhroÔn h biblioj kh kai h efarmog . Oi apait sei autè afo-roÔn thn dom  kai thn upost rixh twn diaforetik¸n stoiqe�wn pou sunjètounènan GA, thn epektasimìthta kai ti grafikè dunatìthte tou perib�llonto.Sto pèmpto kef�laio parousi�zetai h sqed�ash kai h ulopo�hsh tou peri-b�llonto. Anafèrontai ta qarakthristik� kai oi dunatìthte th biblioj khkai th efarmog , kaj¸ kai o trìpo leitourg�a tou.Sto èkto kef�laio anafèrontai ta sumper�smata apì thn ulopo�hsh touperib�llonto kaj¸ kai ta shme�a sta opo�a mpore� na g�nei peraitèrw èreuna.Diatup¸nontai di�fore prot�sei belt�wsh kai prosj kh nèwn dunatot -twn th paroÔsa sqed�ash.



xviiOloklhr¸nonta thn ergas�a, sta parat mata A, B kai G pou akoloujoÔn,d�nontai ant�stoiqa oi odhg�e egkat�stash kai qr sh, kaj¸ kai h parou-s�ash merik¸n paradeigm�twn qr sh. Diatup¸netai h mejodolog�a ep�lushtwn sunant sewn Ackley, Rastrigin kai Sphere, kaj¸ kai èna par�deigmaprobl mato anaz thsh.



16 KEF�ALAIO 1. EISAGWG�H



2Exeliktiko� Algìrijmoi
2.1 Giat� oi Exeliktiko� AlgìrijmoiApì ta mèsa tou 20ou ai¸na èna apì ta jèmata pou parousi�zoun ènto-no endiafèron sti epist me twn majhmatik¸n kai twn upologist¸n, e�nai han�ptuxh algìrijmwn gia thn autìmath ep�lush problhm�twn. Oi epist mo-ne parathroÔn ti lÔsei pou d�nei h fÔsh kai ti qrhsimopoioÔn w phg èmpneush gia ti èreunè tou. To anjr¸pino mualì kai h diadikas�a th bio-logik  exèlixh, apoteloÔn ta basikìtera shme�a sta opo�a epikentr¸nontaioi melète tou. Apì thn melèth tou anjr¸pinou mualoÔ odhgoÔmaste stontomèa twn teqnht¸n neurwnik¸n diktÔwn, en¸ apì thn melèth th biologik exèlixh twn eid¸n ston tomèa twn Exeliktik¸n Algìrijmwn (EA).H ragda�a efarmog  twn hlektronik¸n upologist¸n se ìlou tou epi-sthmonikoÔ kai efarmosmènou tome�, èqei odhg sei sthn an�gkh gia thnautìmath ep�lush twn problhm�twn, me ta opo�a asqoloÔntai. O rujmì èreu-na kai an�ptuxh pollè forè den mpore� na antepexèljei sti apaitoÔmenean�gke. Autì èqei w apotèlesma th me�wsh tou diajèsimou qrìnou gia thnan�lush kai thn sqed�ash tou apaitoÔmenou algìrijmou. Par�llhla, h po-luplokìthta twn problhm�twn pro ep�lush oloèna kai aux�netai. Me polÔsuqnì fainìmeno na qrei�zontai anazht sei lÔsewn mèsa s' èna polÔ meg�loq¸ro lÔsewn, o opo�o mpore� na mhn e�nai stajerì kai na metab�lletai. S'autè ti peript¸sei apaite�tai dunatìthta prosarmog  tou algìrijmou.Me b�sh ta prohgoÔmena odhgoÔmaste sthn an�gkh an�ptuxh algìrij-mwn oi opo�oi den ja prèpei na e�nai exeidikeumènoi se sugkekrimèna probl ma-ta, kai sugqrìnw na mhn usteroÔn se apìdosh. Dhlad  na efarmìzontai sediaforetikoÔ tÔpou probl mata qwr� ep�pone tropopoi sei kai tautìqrona17



18 KEF�ALAIO 2. EXELIKTIKO�I ALG�ORIJMOIna d�noun kalè lÔsei (ìqi apara�thta th bèltisth) mèsa se èna logikì qro-nikì perij¸rio. Oi EA e�nai èna sÔnolo apì algìrijmou, oi opo�oi bas�zontaisti �die sqediastikè arqè kai diajètoun autè ti dunatìthte.Epiplèon up�rqei kai èna tr�to k�nhtro to opo�o phg�zei p�sw apì k�jeepist mh. Oi fusikè diadikas�e th exèlixh apoteloÔn antike�meno episth-monik  èreuna kai melèth me stìqo thn pl rh katanìhs  tou. Apì au-t n thn optik  gwn�a, oi EA mporoÔn na apotelèsoun èna diaforetikì trìpoefarmog  peiram�twn se sqèsh me th paradosiak  biolog�a. H diadikas�a thexèlixh mpore� na prosomoiwje� kai na epanalhfje� upì diaforetikè sunj -ke s' ènan   perissìterou upologistè ìpou ekatommÔria geneè mporoÔn naanaptuqjoÔn mèsa se sqetik� mikrì qrìno.Parak�tw ja upode�xoume thn apotelesmatikìthta th exèlixh sthn pro-sèggish th autìmath ep�lush problhm�twn pou an koun se diaforetikoÔtome�. Pr¸ta ap' ìla se èna sÔsthma parathroÔme tr�a basik� stoiqe�a, tieisìdou, ti exìdou kai èna eswterikì montèlo pou en¸nei ta dÔo prohgoÔ-mena stoiqe�a. 'Otan lème ìti gnwr�zoume to montèlo, ennooÔme ìti katèqoumethn gn¸sh tou trìpou leitourg�a tou sust mato. Sthn per�ptwsh aut  e�naidunatì na upolog�soume thn èxodo gia opoiad pote e�sodo. 'Etsi mporoÔme nadiaqwr�soume trei tÔpou problhm�twn me b�sh ta stoiqe�a pou gnwr�zoume.1. S' èna prìblhma beltistopo�hsh (sq ma 2.1) gnwr�zoume to montèlo kaithn èxodo. Autì to opo�o anazhtoÔme e�nai h e�sodo pou odhge� sthnepijumht  èxodo. Gia par�deigma mporoÔme na anafèroume to gnwstìprìblhma tou periodeÔonto pwlht , ìpou anazhtoÔme thn suntomìterhdiadrom  metaxÔ enì pl jou pìlewn. Gnwr�zoume to montèlo, dhlad ti apost�sei gia k�je diadrom . K�je diadrom  apotele� thn e�sodokai to sunolikì m ko th periode�a apotele� thn èxodo.
Sq ma 2.1: Prìblhma beltistopo�hsh.2. S' èna prìblhma montelopo�hsh   anagn¸rish sust mato, oi e�sodoikai oi èxodoi e�nai gnwsto� (sq ma 2.2). Gia par�deigma ston kentrikìp�naka tou qrhmatisthr�ou, parathroÔme ton genikì de�kth w èxodo kaiw e�sodo di�forou �llou de�kte ìpw h tim  tou qrusoÔ, h diafor�



2.2. TI E�INAI OI EXELIKTIKO�I ALG�ORIJMOI 19dolar�ou eurì k.t.l. Stìqo ma e�nai na broÔme èna montèlo to opo�o nasundèei ti eisìdou me thn èxodo. Sunep¸, me b�sh ta gnwst� dedo-mèna tou pareljìnto mporoÔme na problèyoume thn pore�a tou de�kthgia ta nèa dedomèna.
Sq ma 2.2: Prìblhma montelopo�hsh   anagn¸rish sust mato3. Tèlo, s' èna prìblhma prosomo�wsh gnwr�zoume to montèlo kai tieisìdou, all� qreiazìmaste na upolog�soume ti exìdou (sq ma 2.3).W antiproswpeutikì par�deigma mporoÔme na anafèroume èna hlektro-nikì kÔklwma pou leitourge� w f�ltro apokop  qamhl¸n suqnot twnapì èna s ma. To montèlo apotele�tai apì ti exis¸sei pou perigr�-foun th leitourg�a tou sugkekrimènou kukl¸mato. Gia opoiad potee�sodo, to montèlo mpore� na upolog�sei thn èxodo. K�nonta qr shautoÔ tou montèlou mporoÔme na sugkr�noume di�fora sqèdia kuklwm�-twn qwr� na ta ulopoi soume kai na ta metr soume, dhlad  me to trìpoautì èqoume m�a taqÔterh kai fjhnìterh diadikas�a.

Sq ma 2.3: Prìblhma prosomo�wsh2.2 Ti e�nai oi Exeliktiko� AlgìrijmoiOi EA e�nai algìrijmoi empneusmènoi apì ti arqè th Darb�neia jewr�ath Exèlixh. E�nai �mesoi, algìrijmoi anaz thsh kai beltistopo�hsh me eu-rÔ f�sma efarmog¸n. ApoteloÔn m�a stoqastik  kai epanalhptik  diadikas�a,



20 KEF�ALAIO 2. EXELIKTIKO�I ALG�ORIJMOIkat� thn opo�a diathroÔn èna pl jo apì profane� lÔsei tou probl mato.Epiplèon èqoun m�a diadikas�a epilog  basismènh sthn poiìthta twn lÔsewnkai se {k�poious}genetikoÔ telestè. Up�rqoun arketè ulopoi sei EA, oiopo�e an kai diafèroun metaxÔ tou, bas�zontai sti �die arqè. Oi kuriìterekathgor�e e�nai oi ex :1. Exeliktikè Strathgikè (Evolution Strategies), prot�jhkan apìtou Rechenberg kai Schwefel. ApoteloÔn algìrijmou oi opo�oi mi-moÔntai ti arqè ti fusik  epilog  gia thn ep�lush problhm�twnbeltistopo�hsh paramètrwn. LeitourgoÔn me dianÔsmata pragmatik¸narijm¸n pou ekfr�zoun ti profane� lÔsei.2. Genetikì Programmatismì (Genetic Programming), prot�jh-ke apì ton Koza. Qrhsimopoie�tai gia thn anaz thsh tou kalÔterouprogr�mmato upologist  to opo�o epilÔei èna sugkekrimèno prìblhma.3. Exeliktikì Programmatismì (Evolutionary Programming), pro-t�jhke apì ton Fogel, e�nai m�a teqnik  anaz thsh sto q¸ro mikr¸nmhqan¸n peperasmènwn katast�sewn (finite-state machines).4. Genetiko� Algìrijmoi (Genetic Algorithms), prot�jhke apì ton
Holland. ApoteloÔn ton dhmofilèstero tÔpo EA kai qrhsimopoioÔntaikur�w gia thn ep�lush problhm�twn beltistopo�hsh paramètrwn. Oiprofane� lÔsei pou diathroÔn èqoun thn dom  m�a seir� arijm¸n(paradosiak� duadik¸n) kai ep�nw s' autè efarmìzontai oi genetiko�telestè tou anasunduasmoÔ kai th met�llaxh.Oi Exeliktiko� Algìrijmoi energoÔn se èna sÔnolo apì �toma (individuals),to opo�o onom�zetai plhjusmì (population) P (t) = {xt

1, x
t
2...x

t
n}. K�je �to-mo x e�nai m�a dom  h opo�a anaparist� m�a pijan  lÔsh tou probl mato,dhlad  èna shme�o sto q¸ro twn pijan¸n lÔsewn. Par�llhla to �tomo periè-qei kai k�poia gn¸sh gia tou kanìne tou perib�llonto tou probl mato.Ep�sh se k�je èna �tomo tou plhjusmoÔ antistoiq�zetai m�a tim  pou ekfr�zeito mètro th poiìthta (fitness value) pou diajètei to �tomo sto sugkekri-mèno perib�llon. To perib�llon autì tupopoie�tai kai kwdikopoie�tai mèswth sun�rthsh poiìthta (fitness function). H dhmiourg�a m�a nèa geni�(generation), proèrqetai apì thn efarmog  enì kanìna epilog  (selection)kai k�poiwn telest¸n (operators), ìpw o anasunduasmì (recombination)kai h met�llaxh (mutation). Kat� thn epilog  ta �toma tou plhjusmoÔ meuyhl  tim  poiìthta epilègontai gia na efarmostoÔn ep�nw sth dom  tou oitelestè anasunduasmoÔ kai met�llaxh. H diereÔnhsh ston q¸ro pragma-topoie�tai apì thn efarmog  twn telest¸n, h opo�a diatar�ssei th dom  twnatìmwn ¸ste na prokÔyoun nèa �toma, sunep¸ nèa shme�a ston q¸ro.
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procedure EA
begin

t=0
initialize P(t)
evaluate P(t)

while(termination condition is not satisfied) do
begin

t=t+1
select P(t) from P(t-1)
alter P(t)
evaluate P(t)

end
end

Sq ma 2.4: Exeliktikì kÔklo2.2.1 Dom  enì ExeliktikoÔ AlgìrijmouAn�loga me ti apait sei tou probl mato, oi EA ulopoioÔntai me diafo-retikì trìpo. Pio sugkekrimèna, mporoÔn na diafèroun sth dom  dedomènwntou atìmou, stou telestè, sthn arqikopo�hsh tou plhjusmoÔ (na e�nai dh-lad  e�te tuqa�a, e�te na proèrqetai apì dedomèna), sti paramètrou tou al-gìrijmou (ìpw mègejo plhjusmoÔ, pijanìthte efarmog  telest¸n k.t.l)k.a. Parìla aut�, ìloi oi EA moir�zontai m�a koin  arq : o plhjusmì apì ta�toma uf�statai k�poiou metasqhmatismoÔ kat� thn di�rkeia th diadikas�ath exèlixh. H p�esh pou dhmiourge�tai apì to perib�llon prokale� th fusik epilog  me apotèlesma thn aÔxhsh th poiìthta tou plhjusmoÔ.



22 KEF�ALAIO 2. EXELIKTIKO�I ALG�ORIJMOIKat� thn diadikas�a th exèlixh up�rqoun dÔo dun�mei oi opo�e diamor-f¸noun to sÔsthma th exèlixh:1. Oi genetiko� telestè (anasunduasmì kai met�llaxh), me tou opo�oudhmiourge�tai h apara�thth anomoiomorf�a ston plhjusmì.2. Kai h epilog , h opo�a pièzei pro thn kateÔjunsh omoiogèneia touplhjusmoÔ.'Oloi oi EA diajètoun èna pl jo stoiqe�wn, diadikas�e kai telestè taopo�a prèpei na oristoÔn, kai e�nai ta ex :1. Anapar�stash (Representation), or�zei thn dom  dedomènwn kai thn kw-dikopo�hsh th plhrofor�a tou atìmou.2. Sun�rthsh poiìthta (Fitness, Objective function), me thn bo jeia au-t  ektim�tai h poiìthta tou k�je atìmou ston plhjusmì.3. Plhjusmì (Population), e�nai h dom  dedomènwn pou perièqei èna sÔ-nolo apì �toma th �dia gen�a.4. Mhqanismì epilog  gonèwn (Parent Selection Mechanism), gia thnepilog  ton gonèwn pou ja summetèqoun sth diadikas�a th dhmiourg�atwn apogìnwn.5. Genetiko� telestè (Genetic Operators), oi opo�oi diaforopoioÔn ta �to-ma kai pragmatopoie�tai h anaz thsh.6. Fusik  epilog  (Natural Selection), gia thn epilog  ton atìmwn pou jasummetèqoun sthn epìmenh geni�.7. Arqikopo�hsh (Initialization) tou plhjusmoÔ.8. Sunj kh termatismoÔ (Termination Condition) tou EA.



2.3. GENETIKOI ALG�ORIJMOI 232.3 Genetikoi AlgìrijmoiOi Genetiko� Algìrijmoi (GA) anaptÔqjhkan apì ton John Holland to1975 kai èginan gnwsto� apì ton majht  tou ton David Goldberg [1℄ to 1989.ApoteloÔn thn gnwstìterh ulopo�hsh twn Exeliktik¸n Algìrijmwn. Para-dosiak� qrhsimopoioÔsan w dom  dedomènwn gia thn anapar�stash twn me-tablht¸n sumboloseirè apì duadik� yhf�a. Parìla aut� pollè efarmogètwn GA èqoun epikentrwje� se diaforetikè anaparast�sei, ìpw dianÔsmataarijm¸n kinht  upodiastol , graf mata, ekfr�sei Lisp k.a.Oi GA diajètoun ìla ta qarakthristik� twn EA, efìson an koun sthn�dia oikogèneia. Met� thn arqikopo�hsh tou plhjusmoÔ, epilègontai oi go-ne� p�nw stou opo�ou efarmìzontai oi genetiko� telestè, ètsi ¸ste naparaqjoÔn nèa �toma, oi apìgonoi. Ta �toma me thn kalÔterh tim  poiìthta(fitness, objective value) epilègontai gia thn epìmenh geni�. Stou GA oi ge-netiko� telestè e�nai dÔo, o anasunduasmì   diastaÔrwsh (recombination  
crossover) kai h met�llaxh (mutation).To jewrhtikì upìbajro twn GA e�nai diaforetikì ap' autì twn Exeliktik¸nStrathgik¸n (ES) kai tou ExeliktikoÔ ProgrammatismoÔ (EP). O Hollandepikentr¸netai sth Jewr�a twn Sqhm�twn (Schema Theorem), ìpou èna sq -ma jewre�tai w èna sÔnolo apì �toma sta opo�a h dom  tou tairi�zei me ènaprìtupo.H anaz thsh pragmatopoie�tai apì tou genetikoÔ telestè, me kÔrio te-lest  ton anasunduasmì. 'Oson afor� ton telest  th met�llaxh, sunhj�ze-tai na d�netai el�qisth pijanìthta efarmog , to ant�jeto dhlad  ti ES kaiton EP. Aut  h �poyh èqei anajewrhje� kai to endiafèron pro ton telest th met�llaxh èqei auxhje�. 'Eqei apodeiqje� peiramatik� ìti h met�llaxhe�nai èna arket� apotelesmatikì telest  (Schaffer and Eshelman 1991).Parak�tw anafèrontai ta pleonekt mata kai ta meionekt mata pou parou-si�zoun oi GA:

• Pleonekt mata1. Beltistopoie� me metablhtè pou e�nai suneqe�   diakritè.2. Efarmìzei anaz thsh se poll� shme�a tou q¸rou tautìqrona.3. E�nai apotelesmatikì se probl mata me meg�lo pl jo metablh-t¸n.4. Mpore� na ekmetalleute� par�llhla sust mata.5. Parèqei ìqi mìno m�a, all� èna pl jo apì profane� lÔsei.6. Leitourge� me arijmhtik� kai peiramatik� dedomèna   me analutikèsunart sei.



24 KEF�ALAIO 2. EXELIKTIKO�I ALG�ORIJMOI7. MporoÔn na allhlepidroÔn me ton qr sth kat� thn ektèlesh.8. EÔkolh sunergas�a me �lle mejìdou.
• Meionekt mata1. Den epistrèfoun p�nta th bèltisth lÔsh mèsa se peperasmènoqronikì di�sthma.2. Qrei�zontai rujm�sei se pollè paramètrou ¸ste na èqoun ika-nopoihtik  apìdosh.3. ApaitoÔn meg�lh upologistik  isqÔ.4. Den e�nai kalÔterh mèjodo gia ep�lush problhm�twn sta opo�-a èqoun anaptuqje� exeidikeumènoi upologistiko� algìrijmoi. Oiexeidikeumènoi algìrijmoi e�nai taqÔteroi kai br�skoun thn bèlti-sth lÔsh.2.4 Anapar�stashPrwtarqikì st�dio ulopo�hsh enì GA e�nai o orismì th anapar�sta-sh (representation), ètsi ¸ste na diasundèsoume ton {pragmatikì kìsmo}touprobl mato, me ton {kìsmo tou GA}. Ta antike�mena pou anaparistoÔn ti pi-janè lÔsei ston {pragmatikì kìsmo}apoteloÔn ton fainìtupo (phenotype),en¸ h kwdikopo�hs  tou, dhlad  ta �toma tou plhjusmoÔ apoteloÔn ton go-nìtupo (genotype). 'Omw polÔ suqn� h antisto�qish aut  mpore� na mhn e�naiapara�thth. E�nai polÔ pijanì h dìm  twn atìmwn tou plhjusmoÔ na apo-tele� tautìqrona ton fainìtupo tou probl mato. Sunep¸ h anaz thsh napragmatopoie�tai sto q¸ro tou fainotÔpou.Stou GA ta �toma tou plhjusmoÔ onom�zontai ep�sh qrwmos¸mata (chromosome).K�je qrwmìswma (sq ma 2.5) e�nai m�a dom  dedomènwn pou perièqei èna sÔ-nolo metablht¸n. Oi metablhtè autè onom�zontai gon�dia (genes) kai periè-qoun ti timè (alleles). Pragmatikì kìsmo GAQ¸ro pijan¸n lÔsewn Q¸ro fainotÔpou Q¸ro gonìtupouTim  enì stoiqe�ou Tim  AlleleJèsh stoiqe�ou Jèsh Locus, geneE�nai shmantikì na toniste� pw o ìro anapar�stash qrhsimopoie�tai medÔo ermhne�e. 'Alle forè ekfr�zei thn antisto�qish metaxÔ fainìtupoukai gonìtupou, dhlad  thn kwdikopo�hsh. Kai �lle forè ekfr�zei th dom dedomènwn tou qrwmos¸mato.



2.4. ANAPAR�ASTASH 25H swst  epilog  th anapar�stash gia èna sugkekrimèno prìblhma, jew-re�tai kr�simh kai apotele� èna apì ta duskolìtera tm mata sqed�ash tou GA.SÔmfwna me thn dom  kai tou kanìne pou or�zei h anapar�stash or�zontaioi genetiko� telestè pou ja efarmostoÔn. Oi telestè prèpei na uposthr�-zoun thn qrhsimopoioÔmenh anapar�stash, dhlad  na mporoÔn na leitourgoÔnkai na par�goun sumbatè lÔsei. Oi anaparast�sei pou parousi�zontai stiepìmene paragr�fou apoteloÔn ti perissìtero gnwstè kai suqnìtera qrh-simopoioÔmene. Parìla aut�, se pragmatikè efarmogè e�nai polÔ pijanì naqrei�zetai h kataskeu  �llwn eidik¸n anaparast�sewn kai telest¸n.
Sq ma 2.5: Qrwmìswma2.4.1 Duadik  Anapar�stashH pr¸th anapar�stash pou èqei qrhsimopoihje� stou GA, e�nai h duadik anapar�stash. O gonìtupo èqei th morf  th sumboloseir� apì duadik�yhf�a (bit-strings). Kat� thn qr sh th duadik  anapar�stash, kaloÔma-ste na or�soume to m ko pou ja èqei h sumboloseir�, kaj¸ kai ton trìpokwdikopo�hsh tou q¸rou tou fainìtupou. Sth per�ptwsh pou to prìblhmadiajètei fainìtupo pou mpore� na ekfraste� �mesa apì m�a duadik  sumbo-loseir� den t�jetai jèma kwdikopo�hsh kai apokwdikopo�hsh. E�nai ìmwsunhjismèno na qrhsimopoie�tai h duadik  anapar�stash se probl mata memh duadik  plhrofor�a. Gia par�deigma se m�a duadik  sumboloseir� m kou160 bits mporoÔn na perigrafoÔn pènte arijmo� kinht  upodiastol  (floating

point) twn 32 bits.H duadik  anapar�stash emfan�zei probl mata ìtan efarmìzetai se po-ludi�stata probl mata me meg�lh arijmhtik  akr�beia. Gia par�deigma, èstw
100 metablhtè kinht  upodiastol , me apaitoÔmenh akr�beia èxh dekadik¸nyhf�wn kai me ped�o orismoÔ [−500, 500]. Sthn per�ptwsh aut  to m ko thduadik  sumboloseir� anèrqetai sta 3000 yhf�a kai o q¸ro anaz thshtou gonìtupou apotele�tai apì 101000 timè. H apìdosh tou GA e�nai polÔqamhl , exait�a tou meg�lou q¸rou anaz thsh. Ep�sh e�nai polÔ pijanì(ìpw sumba�nei kai me to par�deigma) o q¸ro anaz thsh na perièqei kai



26 KEF�ALAIO 2. EXELIKTIKO�I ALG�ORIJMOItimè oi opo�e den e�nai swstè, dhlad  na mhn an koun sto ped�o orismoÔtwn metablht¸n (se ep�pedo fainìtupou). Autì sumba�nei ìtan to m ko touq¸rou tou fainotÔpou den e�nai dÔnamh tou dÔo. Epiplèon h qr sh algìrijmwnapokwdikopo�hsh tou gonìtupou epibarÔnoun se arketì bajmì thn taqÔth-ta tou GA. Gia tou parap�nw lìgou e�nai protimìtero, ìtan e�nai dunatì,h qr sh �llwn anaparast�sewn me dom  pou e�nai parìmoia me th fÔsh touprobl mato (pq di�nusma akèraiwn arijm¸n).
Sq ma 2.6: Qrwmìswma duadik  anapar�stash2.4.2 Anapar�stash Akera�wnSthn anapar�stash aut  k�je �tomo perièqei èna di�nusma apì akèraiouarijmoÔ. E�nai qr simh gia probl mata sta opo�a o fainìtupo apotele�taiapì akèraiou arijmoÔ, ètsi ¸ste na mhn qrei�zetai h efarmog  algìrijmwnapokwdikopo�hsh ìpw sumba�nei me thn per�ptwsh th duadik  anapar�sta-sh. K�je stoiqe�o tou dianÔsmato br�sketai mèsa se èna orismèno di�sthmatim¸n kai k�je telest  pou efarmìzetai, energe� kai par�gei timè pou an -koun mìno s' autì. Me to trìpo autì apofeÔgetai h emf�nish lÔsewn pouden an koun sto q¸ro anaz thsh.
Sq ma 2.7: Qrwmìswma me anapar�stash akera�wn2.4.3 Anapar�stash Kinht  Upodiastol Sthn anapar�stash kinht  upodiastol  k�je qrwmìswma apotele�taiapì èna di�nusma arijm¸n kinht  upodiastol . Parìlo poÔ h akr�beia twnarijm¸n exart�tai apì thn arqitektonik  tou sust mato, h taqÔthta e�naipolÔ megalÔterh kai h ulopo�hsh kalÔterh. Epiplèon h anapar�stash kinht upodiastol  e�nai ikan  na diaqeiriste� apotelesmatik�, qwr� na elattwje�h taqÔthta ektèlesh, probl mata me meg�lo q¸ro anaz thsh. Ant�jeta, hduadik  anapar�stash ja prèpei na mei¸sei thn akr�beia twn tim¸n th ¸stena diathr sei ikanopoihtik  apìdosh. Omo�w me thn anapar�stash akera�wn,k�je stoiqe�o tou dianÔsmato br�sketai mèsa se èna orismèno di�sthma tim¸nkai oi telestè energoÔn mìno mèsa s' autì.



2.5. SUN�ARTHSH POI�OTHTAS 27
Sq ma 2.8: Qrwmìswma me anapar�stash kinht  upodiastol 2.4.4 Anapar�stash Met�jeshSti anaparast�sei pou èqoun anaferje� to di�nusma tou qrwmos¸matoperièqei arijmoÔ oi opo�oi mporoÔn na emfanistoÔn perissìtero apì m�a for�p�nw s' autì. Up�rqoun ìmw probl mata (p.q to prìblhma tou periodeÔontopwlht ) pou èqoun w periorismì, sto k�je qrwmìswma na emfan�zontai m�amìno for� arijmo� pou an koun se m�a sugkekrimènh sullog  arijm¸n. Stipeript¸sei autè ma endiafèrei h seir� me thn opo�a topojetoÔntai ta gon�diasto qrwmìswma kai ìqi h tim  pou perièqoun. Oi genetiko� telestè giathn anapar�stash met�jesh (permutation) e�nai kataskeuasmènoi me b�shton periorismì autì, ¸ste na energoÔn sth seir� twn gonid�wn kai ìqi sthnallag  twn tim¸n tou.

Sq ma 2.9: Qrwmìswma me anapar�stash met�jesh
2.5 Sun�rthsh PoiìthtaH sun�rthsh poiìthta pa�zei ton rìlo tou perib�llonto. Efarmìzetaise ìla ta �toma tou plhjusmoÔ kai ta apotelèsmat� tou diamorf¸noun tib�sei th epilog . Kat� thn efarmog  th, apod�dei to mètro th poiìthtatou atìmou sÔmfwna me ti timè tou fainìtupou.2.6 Arqikopo�hshMe thn arqikopo�hsh eis�gontai oi arqikè timè tou plhjusmoÔ, oi opo�ee�nai sumbatè me thn anapar�stash pou èqei oriste�. Sun jw oi timè autèe�nai tuqa�e kai par�gontai apì k�poia genn tria tuqa�wn arijm¸n (Random
Number Generator). E�nai ìmw dunatì, oi arqikè timè na mhn e�nai tuqa�e,all� na proèrqontai apì up�rqonta peiramatik� dedomèna   apì apotelèsmatak�poiou �llou algìrijmou.



28 KEF�ALAIO 2. EXELIKTIKO�I ALG�ORIJMOI2.7 PlhjusmìO rìlo tou plhjusmoÔ e�nai na perièqei ti pijanè lÔsei (�toma) toupro ep�lush probl mato. E�nai sun jw m�a apl  dom  dedomènwn (p�naka,sundedemènh l�sta) me monadik  par�metro to mègejo tou, dhlad  to pl jotwn atìmwn pou ja perièqei.2.8 AnasunduasmìO anasunduasmì ekmetalleÔetai thn plhrofor�a apì dÔo (  perissìte-ra) �toma pou èqoun epileqje� (gone�) apì ton plhjusmì. Dhmiourge� ènan  perissìterou apogìnou sundu�zonta ta qarakthristik� twn gonèwn. Hleitourg�a tou sthr�zetai sth pijanìthta dhmiourg�a kalÔterwn lÔsewn apìton sunduasmì �llwn sqetik� kal¸n. Up�rqoun poik�le ulopoi sei tele-st¸n anasunduasmoÔ oi opo�e diafèroun me b�sh thn anapar�stash kai thfÔsh tou probl mato.Parak�tw sumbol�zoume me C1 = (c1
1, c

1
2, ..., c

1
n) kai C2 = (c2

1, c
2
2, ..., c

2
n)ta dÔo qrwmos¸mata pou èqoun epileqje� apì ton plhjusmì, sta opo�a jaefarmoste� o telest  tou anasunduasmoÔ. 'Opou c1

i kai c2
i to i-ostì gon�diotou C1 kai C2 qrwmos¸mato ant�stoiqa, me iǫ[1, n] kai n �so me to pl jotwn gonid�wn tou qrwmos¸mato.2.8.1 Telestè AnasunduasmoÔ gia Duadik  Ana-par�stash

Single PointApotele� ton pr¸to telest  anasunduasmoÔ pou anaptÔqjhke, ìpou apìta qrwmos¸mata twn dÔo gonèwn (C1 kai C2) dhmiourgoÔntai dÔo apìgonoime qrwmos¸mata H1 = (c1
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n).'Opou i èna tuqa�o arijmì sto di�sthma [1, n] kai or�zei to shme�o kop th plhrofor�a.

N PointSton telest  autì, o anasundiasmì pragmatopoie�tai me n shme�a kop .Gia par�deigma jètoume n = 2, tìte epilègontai shme�a kop . 'Estw i, j dÔotuqa�oi arijmo�, me i < j kai i, jǫ[1, n], tìteH1 = (c1
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1, ...c
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n) e�nai oi dÔo apìgonoi.
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Sq ma 2.10: Telest  single point anasunduasmoÔ

Sq ma 2.11: Telest  N Point anasunduasmoÔ, me n = 2.
UniformOi timè sto k�je gon�dio twn dÔo apogìnwn epilègontai tuqa�a apì titimè twn ant�stoiqwn gonid�wn twn gonèwn. Dhlad , Hk = (cλ

1 , ..., c
λ
n), me

k = 1, 2 kai λ = 1   2.2.8.2 Telestè AnasunduasmoÔ gia Anapar�sta-sh Kinht  Upodiastol Sthn anapar�stash kinht  upodiastol  isqÔoun oi telestè ti duadik anapar�stash pou èqoun anaferje� prohgoumènw. 'Omw sthn per�ptwshaut , oi telestè energoÔn sto fainìtupo kai ìqi sto gonìtupo ìpw sumba�-
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Sq ma 2.12: Telest  uniform anasunduasmoÔnei me thn duadik  anapar�stash. To prìblhma pou emfan�zoun, e�nai ìti kat�thn efarmog  tou den eis�getai k�poia nèa plhrofor�a. Pio sugkekrimèna,oi timè pou d�nontai sto plhjusmì kat� thn arqikopo�hsh diathroÔntai kaisti epìmene geneè, to mìno pou all�zei e�nai oi sunduasmo� tou, dhlad h jèsh tou. Gia thn eisagwg  nèwn tim¸n ston plhjusmì, oi prosegg�seiautè sthr�zontai oloklhrwtik� ston telest  th met�llaxh.Gia na xeperaste� to prìblhma autì anaptÔqjhkan nèoi telestè anasun-duasmoÔ, oi opo�oi èqoun thn dunatìthta na eis�goun kainoÔrie timè ener-g¸nta ep�nw sto fainìtupo, me b�sh thn plhrofor�a twn gonèwn, ìpwsumba�nei me tou telestè sunduasmoÔ sth duadik  anapar�stash. Para-k�tw perigr�fontai oi gnwstìteroi telestè anasunduasmoÔ anapar�stashkinht  upodiastol .
FlatDhmiourge�tai èna apìgono H = (h1, h2, ...hi, hi+1, ...hn), me hi m�a tu-qa�a tim  apì to di�sthma [cmin

i , cmax
i ], ìpou cmin

i = min(c1
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2
i ) kai cmax
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max(c1
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ArithmeticalDhmiourgoÔntai dÔo apìgonoi, Hk = (hk
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2, ...h
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n) me h1
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i , ìpou k = 1, 2, h2

i = λc2
i + (1 − λ)c1

i kai λ èna tuqa�oarijmì sto [0, 1].
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Extended LineDhmiourge�tai èna mìno apìgono H = (h1, h2, ...hi, hi+1, ...hn), me hi =

cmin
i + α(cmax

i − cmin
i ) ìpou α èna tuqa�o arijmì sto [−0.25, 1.25], cmin

i =
min(c1

i , c
2
i ) kai cmax

i = max(c1
i , c

2
i ).

AverageDhmiourge�tai èna apìgono H = (h1, h2, ...hi, hi+1, ...hn) me hi =
c1
i + c2

i

2
.

BLX-aDhmiourge�tai èna apìgono H = (h1, h2, ...hi, hi+1, ...hn) me hi èna tu-qa�o arijmì sto di�sthma [cmin
i − Iα, cmax

i + Iα], ìpou cmin
i = min(c1

i , c
2
i ),

cmax
i = max(c1

i , c
2
i ), I = cmax

i − cmin
i kai α m�a stajer�. ParathroÔme ìti o

BLX-a me α = 0.0 e�nai isodÔnamo me ton Flat.
Heuristic'Estw ìti o gonèa C1 èqei kalÔterh tim  poiìthta apì ton C2. Tìtedhmiourge�tai èna apìgono H = (h1, h2, ...hi, hi+1, ...hn) me hi = r(c1

i − c2
i )+

c1
i ìpou r èna tuqa�o arijmì sto di�sthma [0, 1].2.8.3 Telestè AnasunduasmoÔ gia Anapar�sta-sh Akera�wnSti anaparast�sei ìpou k�je gon�dio èqei w tim  akèraio arijmì, e�naifanerì pw mporoÔme na qrhsimopoi soume parìmoiou telestè anasundua-smoÔ me autoÔ th duadik  anapar�stash. All� den up�rqei k�poio nìhmaqr sh twn telest¸n pou kataskeu�sthkan gia thn anapar�stash kinht upodiastol , diìti den mporoÔn na d¸soun apotèlesma me akèraie timè.2.8.4 Telestè AnasunduasmoÔ gia Anapar�sta-sh Met�jesh

PMXO telest  PMX (Partially Mapped Crossover), dhmiourge� dÔo apìgo-nou apì tou dÔo gone� pou èqoun epileqje� me ta parak�tw b mata:
• Epilègetai èna uposÔnolo tou qrwmos¸mato, dialègonta tuqa�a dÔoshme�a. G�netai antallag  twn uposunìlwn, ètsi ¸ste oi apìgonoi na
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Sq ma 2.13: Telestè anasunduasmoÔ anapar�stash kinht  upodiastol èqoun thn morf  pou emfan�zetai sto sq ma, ìpou me x sumbol�zoumeta �gnwsta gon�dia.
• Met� se k�je apìgono eis�gontai ta upìloipa gon�dia, pou e�nai diafo-retik� apì ta gon�dia tou uposunìlou.
• Tèlo pragmatopoie�tai anatallag  twn gon�diwn pou den eis qjhsansto prohgoÔmeno st�dio.O PMX ekmetaleÔetai ti omoiìthte pou èqoun na k�noun me thn tim  kai thnjèsh twn gon�diwn.

CycleO telest  autì dhmiourge� dÔo apìgonou apì dÔo gone�. Kat� thnefarmog  tou diaqwr�zei ta gon�dia sqhmat�zonta kÔklou. 'Ena kÔklo
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Sq ma 2.14: PMX pr¸to st�dio
Sq ma 2.15: PMX deÔtero st�dioe�nai èna uposÔnolo apì gon�dia, ìpou k�je gon�dio emfan�zetai na antistoiq�-zetai me �llo gon�dio tou �diou kÔklou metaxÔ twn dÔo gonèwn. Oi apìgonoidhmiourgoÔntai me thn enall�x epilog  twn kÔklwn. H diadikas�a sqhmatismoÔkÔklou leitourge� w ex :1. Xek�nhse me thn pr¸th aqrhsimopo�hth jèsh gonid�ou tou pr¸tou gonèa.2. Antisto�qise me to gon�dio ant�stoiqh jèsh tou deÔterou gonèa.3. Antisto�qise me to �dio gon�dio tou pr¸tou gonèa.4. Eis gage autì to gon�dio ston kÔklo.5. Epanèlabe ta b mata 2 èw 4 mèqri na ft�sei sto gon�dio tou b mato1 tou pr¸tou gonèa.2.9 Met�llaxhO telest  th met�llaxh tropopoie� auja�reta èna   perissìtera gon�diatou epilegmènou qrwmos¸mato, me skopì na aux sei thn anomoiomorf�a touplhjusmoÔ. Me ton trìpo autì apotrèpei thn prìwrh sÔgklhsh tou GA,diasfal�zonta par�llhla thn pijanìthta exètash opoioud pote shme�ou stoq¸ro anaz thsh.
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Sq ma 2.16: PMX teleuta�o st�dio

Sq ma 2.17: Telest  Cycle RecombinationParak�tw, sumbol�zoume me C = (c1, ..., ci, ..., cn) to qrwmìswma pou epilè-qjhke gia na efarmoste� ep�nw sto ci gon�diì tou o telest  th met�llaxh.To apotèlesma th met�llaxh ja e�nai èna gon�dio me nèa tim  c
′

i, dhlad  ènanèo qrwmìswma C
′

= (c1, ..., c
′

i, ..., cn).2.9.1 Telestè Met�llaxh gia Duadik  Anapa-r�stashStou GA me duadik  anapar�stash o telest  th met�llaxh pou efar-mìzetai, e�nai o bit flip. Ston telest  autì, sto qrwmìswma epilègetai tuqa�aèna gon�dio kai h tim  tou antistrèfetai, dhlad  to 1 g�netai 0 kai to ant�-strofo.
Sq ma 2.18: Telest  met�llaxh duadik  anapar�stash



2.9. MET�ALLAXH 352.9.2 Telestè Met�llaxh gia Anapar�stash Ki-nht  Upodiastol 
Uniform RandomSthn per�ptwsh aut , to c

′

i e�nai èna tuqa�o arijmì apì to di�sthma
[ai, bi], ìpou ai, bi e�nai ant�stoiqa to èlaqisto kai to mègisto ìrio th tim tou ci.
Non-Uniform Random'Estw t h trèqousa geni� kai gmax o mègisto arijmì epanal yewn. Tìteo telest  autì èqei apotèlesma:

c
′

i =

{

ci + △(t, bi − ci) an r=0
ci −△(t, ci − ai) an r=1ìpou △(t, y) = y(1 − r(1− t

gmax
)b

), me r èna tuqa�o arijmì �so me 0   1 kai
b m�a stajer� pou or�zetai apì ton qr sth kai dhl¸nei to bajmì ex�rthshsto pl jo twn epanal yewn. H sun�rthsh △(t, y) d�nei apotèlesma stodi�sthma [0, y].
CreepO telest  autì leitourge� prosjètonta m�a mikr  jetik    arnhtik tim  se èna tuqa�o gon�dio, dhlad  c

′

i = ci + (bi, ai)r, ìpou r èna tuqa�oarijmì apì to di�sthma [−1, 1] kai ai, bi to el�qisto kai mègisto epitreptììrio tou ci gon�diou.2.9.3 Telestè Met�llaxh gia Anapar�stash Ake-ra�wnSthn per�ptwsh th anapar�stash akèraiwn arijm¸n, oi telestè met�l-laxh e�nai oi Uniform Random kai non-Uniform Random pou anafèrjhkansti prohgoÔmene paragr�fou.2.9.4 Telestè Met�llaxh gia Anapar�stash Me-t�jesh
InversionO telest  autì epilègei me tuqa�o trìpo dÔo gon�dia tou qrwmos¸matokai antall�ssei ti jèsei tou.
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Sq ma 2.19: Inversion Mutation

SwapEd¸ epilègontai dÔo shme�a me tuqa�o trìpo kai antistrèfetai h seir� methn opo�a emfan�zontai ta gon�dia tou qrwmos¸mato mèsa s' aut�.
Sq ma 2.20: Swap Mutation2.10 Epilog O telest  th epilog  diafèrei apì tou prohgoÔmenou kaj¸ den dh-miourge� kainoÔrie lÔsei. Skopì tou e�nai h epilog  twn sqetik� kal¸nlÔsewn, me b�sh thn tim  th poiìthta twn atìmwn tou plhjusmoÔ th �diageni�.2.10.1 Epilog  me analog�a th poiìthta tou atì-mouM�a apì ti strathgikè pou akoloujoÔntai gia thn epilog  twn gonèwn,e�nai h mèjodo twn analogi¸n me b�sh thn poiìthta twn atìmwn. Sthr�zetaisthn idèa ìti ta �toma me thn kalÔterh tim  poiìthta ja prèpei na èqounmegalÔterh pijanìthta epilog . Ed¸ h epilog  qwr�zetai se dÔo st�dia,



2.10. EPILOG�H 37to pr¸to èqei na k�nei me thn kataskeu  twn posost¸n epilog  gia ìla ta�toma pou summetèqoun kai to deÔtero me ton algìrijmo epilog .'Oson afor� to pr¸to st�dio, dhmiourge�tai èna merolhptikì troqìme jèsei pou antistoiq�zontai sta �toma tou plhjusmoÔ, oi opo�e èqounmègejo an�logo th poiìthta tou atìmou. 'Estw ìti jèloume na epilèxoume
λ �toma apì èna plhjusmì P = (C1, ..., CN) atìmwn, ìpou ta �tom� toue�nai taxinomhmèna apì thn kalÔterh pro thn qeirìterh tim  poiìthta , oipijanìthte epilog  dhmiourgoÔntai w ex :

• Upolog�zetai h sunolik  tim  poiìthta tou plhjusmoÔ.
F =

λ
∑

i=1

f(Ci), me i ∈ [1, λ], ìpou f(Ci) h poiìthta tou i-ostoÔ atìmou.
• Upolog�zetai h pijanìthta epilog  Pi gia k�je �tomo Ci.

Pi =
f(Ci)

F

• Tèlo upolog�zetai h ajroistik  pijanìthta qi gia k�je �tomo Ci.
qi =

λ
∑

j=1

PjSthn mèjodo aut  parathre�tai ìti, ta �toma me ti kalÔtere timè poiìthtakatalamb�noun polÔ sÔntoma ton plhjusmì exait�a th meg�lh pijanìthtaepilog . Gia ton lìgo autì, e�nai polÔ pijanì o GA na sugkl�nei prìwra sek�poio topikì bèltisto tou probl mato.Gia to deÔtero st�dio up�rqoun dÔo algìrijmoi epilog  gonèwn pou ba-s�zontai sti pijanìthte pou upolog�sthkan prohgoumènw.
Cost Roulette WheelH diadikas�a epilog  pragmatopoie�tai me to gÔrisma tou troqoÔ λ forè.K�je for� epilègetai èna �tomo w ex :

• 'Estw r èna tuqa�o arijmì apì to di�sthma [0, 1].
• An r ≤ q1, tìte epilègetai to pr¸to �tomo. Diaforetik� epilègetai to

i-ostì �tomo ìpou isqÔei qi−1 < r ≤ qi, i ∈ [2, λ].
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Sq ma 2.21: Arister� Cost Roulette Wheel, dexi� Stochastic Universal Sampling

Stochastic Universal SamplingO algìrijmo autì prosomoi¸nei thn Cost Roulette Wheel me th diafor�ìti up�rqoun λ �sa katanemhmènoi de�kte gÔro apì ton troqì, ètsi ¸ste mem�a mìno peristrof  na pragmatopoie�tai h epilog . Apì aut  th diadikas�ato pl jo twn epilog¸n k�je qrwmos¸mato Ci, or�zetai metaxÔ ⌊piN⌋ kai
⌈piN⌉. Ulopoie�tai w ex :

• 'Estw r èna tuqa�o arijmì apì to di�sthma tim¸n [0, 1
N

]

• Gia ìso isqÔei r ≤ qi, tìte epilègetai to i-ostì �tomo kai o arijmì raux�netai kat� 1/N .
• H diadikas�a epanalamb�netai èw ìtou epileqjoÔn λ �toma sunolik�.Klim�kwsh PoiìthtaPèran tou probl mato th prìwrh sÔgklish tou GA pou anafèrjhkeprohgoumènw emfan�zontai kai �lla dÔo meionekt mata. Se peript¸sei ìpouoi timè poiìthta twn atìmwn diafèroun el�qista metaxÔ tou, oi pijanìth-te epilog  pou upolog�zontai e�nai sqedìn �se. Sunep¸ h epilog  g�netaiperissìtero tuqa�a. Epiplèon, o mhqanismì epilog  sumperifèretai diafore-tik� sthn �dia sun�rthsh poiìthta ìtan all�zei h kl�maka twn tim¸n. Gia naxeperastoÔn ta probl mata aut�, efarmìzontai diadikas�e pou metab�llounthn tim  th poiìthta ìlwn twn atìmwn tou plhjusmoÔ, e�nai oi ex :1. Windowing. Apì thn tim  poiìthta k�je atìmou afaire�tai h tim  poiì-thta tou qeirìterou.

f
′

(Ci) = f(Ci) − fmin



2.10. EPILOG�H 392. Linear Scaling. H tim  poiìthta metab�lletai grammik�, ìpou oi timètwn paramètrwn α, β epilègontai apì ton qr sth.
f

′

(Ci) = αf(Ci) + β3. Sigma Scaling. H tim  poiìthta metab�lletai sÔmfwna me thn mèshtim  kai thn tupik  apìklish tou plhjusmoÔ.
f

′

(Ci) = max(f(Ci) + (f − c ∗ σ), 0.0)'Opou c èna akèraio arijmì mikroÔ megèjou (sun jw apì to di�-sthma 1 èw 5), f h mèsh tim  kai σ h tupik  apìklish.4. Power Law. Me thn mèjodo aut , h tim  poiìthta uy¸netai se dÔnamhkont� sto èna (pq. 1.005).
f

′

(Ci) = (f(Ci))
k2.10.2 Rank Roulette WheelO telest  autì e�nai parìmoio me ton telest  epilog  Cost Roulette

Wheel, me mình diafor� ton trìpo upologismoÔ twn pijanot twn epilog ,dhlad  diafèrei sto pr¸to st�dio. Ed¸ h pijanìthta upolog�zetai me b�shthn jèsh (rank) pou katèqei to qrwmìswma ston taxinomhmèno (w pro thntim  poiìthta) plhjusmì.
Pi =

λ − i + 1
∑λ

i=1 i2.10.3 Tournament SelectionOi telestè epilog  pou èqoun parousiaste� mèqri stigm  qrei�zontaiplhrofor�e apì olìklhro ton plhjusmì, o opo�o ja prèpei na e�nai taxinomh-mèno w pro thn tim  poiìthta. Epiplèon, ìtan o plhjusmì e�nai meg�loumegèjou   e�nai katanemhmèno (se k�poio par�llhlo sÔsthma), h apìkth-sh aut¸n twn plhrofori¸n se sunduasmì me thn taxinìmhsh tou plhjusmoÔkatanal¸nei arket  epexergastik  isqÔ. Par�llhla emfan�zontai meionekt -mata pou èqoun anaferje� sti prohgoÔmene paragr�fou, ìpw h prìwrhsÔgklish tou GA.Se ant�jesh loipìn me ti parap�nw duskol�e o telest  Tournament
Selection den qrei�zetai plhrofor�e apì ìlo ton plhjusmì, all� oÔte pro�-pojètei na e�nai taxinomhmèno o plhjusmì. Epiplèon e�nai aplì sthn ulo-po�hsh kai gr goro sth leitourg�a tou. Leitourge� w ex :
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• Epilègontai tuqa�a κ �toma apì ton plhjusmì, me κ ≥ 2.
• Apì ta κ �toma, epilègetai to �tomo me thn kalÔterh tim  poiìthta.
• H diadikas�a epanalamb�netai èw ìtou epileqjoÔn kai ta λ �toma pouapaitoÔntai.2.11 Fusik  Epilog O telest  fusik  epilog  (Natural Selection)   telest  antikat�-stash asqole�tai me thn kataskeu  th epìmenh geni� apì ta dedomèna thtrèqousa kai twn apogìnwn th. E�nai to teleuta�o b ma pou pragmatopoie�o GA se k�je epan�lhyh. Genikìtera, èqoun anaptuqje� arketè mèjodoi giath dhmiourg�a thn epìmenh geni�, oi opo�e qrhsimopoioÔn w basikì mètroepilog  thn hlik�a   thn tim  poiìthta twn atìmwn.'Otan èrqetai h stigm  th fusik  epilog , ston GA èqei sqhmatiste� ènasÔnolo apì �toma pou pro lje apì ta prohgoÔmena b mata. To sÔnolo autì,apotele�tai apì µ �toma th trèqousa geni� t kai apì tou λ apogìnou tou.Ep�sh anex�rthta th mejìdou epilog , mpore� na efarmoste� o elitismì(elitism), sÔmfwna me ton opo�o to �tomo me thn kalÔterh tim  poiìthtakrate�te p�ntote ston plhjusmì. Sunep¸ diathre�tai h kalÔterh lÔsh, èwìtou breje� akìma kalÔterh.2.11.1 Epilog  w pro thn hlik�aSthn sugkekrimènh per�ptwsh p�ntote kratoÔntai oi apìgonoi ston plh-jusmì th nèa geni� kai antikajistoÔn to ant�stoiqo pl jo th trèqousageni�. Autì epitugq�netai me dÔo trìpou:1. Antikat�stash tou qeirìterou. Ta λ qeirìtera �toma tou plhjusmoÔth trèqousa geni�, epilègontai gia na katal�boun th jèsh tou oi

λ apìgonoi. Sth per�ptwsh ìpou oi apìgonoi e�nai ìso ìlo o plhju-smì, dhlad  isqÔei λ = µ, tìte antikajist¸ntai ìla ta �toma apì touapogìnou.2. Tuqa�a antikat�stash. H antikat�stash twn atìmwn tou plhjusmoÔapì tou apogìnou tou pragmatopoie�tai me tuqa�o trìpo. Dhlad epilègontai tuqa�a ta l �toma pou ja egkatale�youn ton plhjusmì kaithn jèsh tou katalamb�noun oi apìgonoi.



2.12. SUNJ�HKH TERMATISMO�U 412.11.2 Epilog  w pro thn tim  poiìthtaAnt�jeta me thn epilog  w pro thn hlik�a, h epìmenh geni� epilègetaiapì ta �toma twn apogìnwn kai tou trèqonto plhjusmoÔ. Krit rio epilog e�nai h tim  poiìthta. Ep�nw sto montèlo autì mporoÔn na efarmostoÔnteqnikè tou telest  epilog , pou èqoun parousiaste� sth par�grafo 2.10.1. Tournament. Apì to sÔnolo twn atìmwn (apìgonoi kai trèqousa geni�)epilègetai èna mikrì uposÔnolo k atìmwn kai to �tomo me thn qeirìterhtim  poiìthta apomakrÔnetai. H diadikas�a aut  epanalamb�netai èwìtou parame�noun µ �toma.2. GENITOR. Apì to sÔnolo ìlwn twn atìmwn (λ+µ) apomakrÔnontai ta
λ qeirìtera �toma. Parìla aut� h mèjodo aut  mpore� na odhg sei tonGA se prìwrh sÔgklish, kaj¸ ton kateujÔnei mìno pro ta up�rqontapoiotikìtera �toma.2.12 Sunj kh TermatismoÔO GA ektele�tai epanalhptik� èw ìtou ikanopoihje� h sunj kh   ikano-poihjoÔn oi sunj ke termatismoÔ pou èqoun oriste�. Sun jw h sunj khtermatismoÔ or�zetai apì to prìblhma, wstìso oi perissìtero sunhjismènee�nai h ex :1. Mègisto pl jo epanal yewn.2. Mègisto qrìno ektèlesh tou GA.3. H mh belt�wsh th poiìthta tou kalÔterou atìmou gia èna prokajori-smèno pl jo gene¸n.4. H eÔresh th bèltisth   m�a apodekt  lÔsh.
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3Grafik  Anapar�stash Genetik¸nAlgìrijmwn
Sto prohgoÔmeno kef�laio asqolhj kame me th jewre�a twn GA. Wstìso,to jewrhtikì montèlo apì mìno tou mpore� na apodeiqje� dÔskolo   na mhneparke� gia th melèth kai th katanìhs  tou. 'Opw èqei proanaferje�, ènaGA diathre� èna pl jo profan¸n lÔsewn (�toma) kaj' ìlh th di�rkeia twnepanal yewn (geniè). Autì to qarakthristikì ma d�nei dunatìthte kata-graf  meg�lou ìgkou dedomènwn, pou èqoun na k�noun me ìlh th pore�a toualgìrijmou kaj' ìlh thn efarmog  tou se èna prìblhma. Ep�sh e�nai gnw-stì ìti èna di�gramma mpore� na sundu�zei pollè plhrofor�e maz� kai nati emfan�zei me katanohtì trìpo. Gia tou parap�nw lìgou, parousi�zetaièntono endiafèron sthn eÔresh mejìdwn grafik  anapar�stash pou èqounstìqo thn exagwg  kai thn melèth qr simwn plhrofori¸n apì thn efarmog twn GA.'Eqonta w gn¸mona to sÔnolo twn dedomènwn pou par�gontai apì ènanGA, parak�tw ja asqolhjoÔme me mejìdou pou aforoÔn thn exagwg  kai thnanapar�stash qr simwn plhrofori¸n, pou e�nai anex�rthte apì to prìblhma.Apì ti mejìdou autè, èqoume th dunatìthta na sqhmat�soume eikìne ìqimìno gia thn sunolik  pore�a tou GA, all� kai gia thn kat�stash twn atìmwntou plhjusmoÔ opoiasd pote geni�. 'Ole oi mèjodoi pou ja parousiastoÔn,èqoun epileqje� me b�sh th qrhsimìthta all� kai thn dunatìthta na efar-mìzontai se ìle ti anaparast�sei pou èqoun anaferje� sto prohgoÔmenokef�laio.Ta stoiqe�a pou sugkratoÔn ta dedomèna th exèlixh, e�nai to �tomo kaio plhjusmì. Epiplèon mporoÔme na qwr�soume thn plhrofor�a se dÔo om�-de me b�sh to qronikì eÔro sto opo�o anafèrontai (m�a geni�   èna pl jo43



44KEF�ALAIO3. GRAFIK�HANAPAR�ASTASHGENETIK�WNALG�ORIJMWNgene¸n). W pr¸th om�da, diakr�noume thn {Pore�a tou GA}, h opo�a sug-kentr¸nei ti plhrofor�e pou ekfr�zoun thn sunolik  eikìna tou GA. Tadedomèna pou apaitoÔntai sugkentr¸nontai apì ìle   apì èna uposÔnolo tigene¸n. 'Oson afor� th deÔterh om�da, thn anafèroume w {Kat�stash touGA}kai ta dedomèna pou apaitoÔntai proèrqontai apì m�a mìno geni�. 'Etsiloipìn, me ti dÔo autè om�de mporoÔme na melet soume ìlh thn diadika-s�a th exèlixh pou sunèbh apì èna GA ¸ste na epiluje� èna sugkekrimènoprìblhma.3.1 Grafik  apeikìnish th sunolik  po-re�a tou GASth kathgor�a aut  melet�me th sunolik  eikìna tou algìrijmou. Tadedomèna ta opo�a qrei�zontai e�nai ta ex :1. H tim  th poiìthta tou kalÔterou atìmou gia k�je geni�.2. 'Ole ti timè twn gonid�wn tou kalÔterou atìmou.3. 'Ole ti timè poiìthta apì ìla ta upìloipa �toma tou plhjusmoÔ giaìle ti geniè.3.1.1 Di�gramma kalÔterh kai mèsh tim  touGAH perissìtero qrhsimopoioÔmenh mèjodo grafik  melèth tou GA, e�naito disdi�stato di�gramma mèsh kai kalÔterh tim  poiìthta tou plhju-smoÔ gia ìle ti geniè. 'Opw fa�netai sthn eikìna 3.1, apì to di�grammaautì d�netai h sunolik  eikìna th sÔgklish tou GA. Ep�sh, e�nai sunhji-smèno na apeikon�zetai tautìqrona kai h plhrofor�a th qeirìterh tim  touplhjusmoÔ, wstìso h meg�lh diafor� tim¸n metaxÔ th qeirìterh kai thkalÔterh tim  poiìthta, èqei w apotèlesma thn katastrof  th an�lushtou diagr�mmato.3.1.2 Apeikìnish tim¸n tou kalÔterou atìmou'Eqonta ti timè twn gonid�wn tou kalÔterou atìmou tou plhjusmoÔ apììle ti geniè, ma d�netai h dunatìthta na sqhmat�soume m�a antiproswpeu-tik  eikìna gia thn prìodo th anaz thsh se ep�pedo gonid�ou. Dhlad ,asqoloÔmaste me ti metablhtè tou probl mato kai ìqi me th tim  poiìth-ta tou atìmou. Me th mèjodo aut , parathroÔme ti allagè twn tim¸n kai
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Sq ma 3.1: Disdi�stato di�gramma mèsh kai kalÔterh tim  poiìthta touplhjusmoÔ gia ìle ti geniè tou GA. Me kìkkino e�nai h kalÔterh tim  kai mepr�sino h qeirìterh. Ston orizìntio �xona e�nai oi geniè kai ston k�jeto h tim poiìthta
tou sunduasmoÔ twn gonid�wn, apì ta opo�a apoktoÔntai kalè lÔsei. Opio aplì trìpo gia thn apeikìnish aut¸n twn dedomènwn e�nai èna di�grammame ti grafikè parast�sei twn tim¸n twn gonid�wn se k�je geni�. Wstìso,e�nai emfanè ìti to sugkekrimèno di�gramma den e�nai eÔqrhsto kaj¸ e�naidÔskolo na xeqwr�soun ìle oi grafikè parast�sei, me apotèlesma na mhng�netai katanohtì. Gia ton lìgo autì e�nai protimìtero na anaparast soumeti plhrofor�e autè me perissìtero katanohtì trìpo, se dÔo   trei dia-st�sei. Se dÔo diast�sei, ìpw fa�netai sto sq ma 3.2, qrhsimopoioÔmeto di�gramma eikìna (image plot), or�zoume ston �xona x′x ti epanal yei(geniè) kai ston y′y thn jèsh sthn opo�a an kei to gon�dio. H tim  pou pe-rièqei èna gon�dio se m�a sugkekrimènh geni�, antistoiq�zetai kai apeikon�zetaime èna sugkekrimèno qr¸ma. To di�gramma autì eÔkola metafèretai se treidiast�sei (sq ma 3.3), arke� h tim  tou gonid�ou na antistoiqhje� me ton �xo-na z′z pou apeikon�zei ti timè. Kai sti dÔo mejìdou, oi timè twn gonid�wnpou antistoiq�zontai sta qr¸mata kai ston �xona z′z, kuma�nontai metaxÔ thel�qisth kai mègisth tim  pou èqei emfaniste� sunolik� se ìla ta gon�dia.Tèlo, me ta diagr�mmata aut� parathroÔme thn katanom  kai ti enallagètwn tim¸n pou sumba�noun sta gon�dia tou kalÔterou qrwmos¸mato.
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Sq ma 3.2: Disdi�stato di�gramma eikìna, ston orizìntio �xona apeikon�zontaioi geniè kai ston k�jeto ta gon�dia. Me ta qr¸mata apeikon�zontai oi timè twngonid�wn3.2 Grafik  apeikìnish th kat�stash touGAFeÔgonta apì thn sunolik  ekt�mhsh tou GA, epikentrwnìmaste sthnan�lush plhrofori¸n pou perior�zontai se ènan mìno plhjusmì. Ta dedomènapou apaitoÔntai gia thn parat rhsh enì olìklhrou plhjusmoÔ m�a orismènhgeni�, e�nai ta ex :1. Oi timè poiìthta ìlwn twn atìmwn tou plhjusmoÔ.2. Oi timè twn gonid�wn gia k�je �tomo tou plhjusmoÔ.3.2.1 Timè poiìthta ìlwn twn atìmwnGia na melet soume thn anomoiomorf�a tou plhjusmoÔ, qreiazìmaste titimè poiìthta ìlwn twn atìmwn. O idanikìtero trìpo apeikìnish, e�naièna di�gramma pou antistoiq�zei ti timè poiìthta me ìla ta �toma tou plh-jusmoÔ, ìpw upodeiknÔetai sthn eikìna 3.4. Par�llhla me thn diadoqik prospèlash twn gene¸n, parathroÔme th diat rhsh   th me�wsh th anomoio-morf�a, kaj¸ sugkr�noume tou plhjusmoÔ.
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Sq ma 3.3: Arister�, trisdi�stato di�gramma shme�wn. Dexi� trisdi�stato di�-gramma epif�neia. ApoteloÔn epèktash tou diagr�mmato 3.2.
Sq ma 3.4: Disdi�stato di�gramma me ti timè poiìthta ìlwn twn atìmwn enìplhjusmoÔ. Arister� e�nai h arqik  geni� kai dexi� h 50h geni�.3.2.2 Timè twn atìmwnMe th grafik  apeikìnish twn tim¸n twn gonid�wn apì ta �toma tou plhju-smoÔ m�a sugkekrimènh geni�, mporoÔme na melet soume plhrofor�e pouaforoÔn thn katanom  twn atìmwn, ti diaforè pou parousi�zoun metaxÔtou kai thn sÔgklish twn tim¸n tou se orismène perioqè tou q¸rou, apìti opo�e d�nontai kal� apotelèsmata. Diakr�noume dÔo kathgor�e, sth pr¸-th melet�me ìla ta �toma tou plhjusmoÔ, en¸ sth deÔterh sugkr�noume tokalÔtero �tomo me ton upìloipo plhjusmì. Sto shme�o autì prèpei na ton�-soume ìti o ìgko th plhrofor�a pou qrei�zetai e�nai polÔ meg�lo kaj¸apaitoÔntai dedomèna apì ìle ti timè twn gonid�wn ìlwn twn atìmwn touplhjusmoÔ apì ìle ti geniè pou èqoun dhmiourghje� apì ton GA.'Oson afor� thn pr¸th kathgor�a èqoume dÔo diagr�mmata, èna disdi�sta-to kai èna trisdi�stato, ta opo�a e�nai parìmoia me aut� th paragr�fou 3.1.2.



48KEF�ALAIO3. GRAFIK�HANAPAR�ASTASHGENETIK�WNALG�ORIJMWNSto disdi�stato di�gramma eikìna (eikìna 3.5), o �xona x′x anaparist� thjèsh tou atìmou ston plhjusmì kai ston �xona y′y ta gon�dia. Oi timè twngonid�wn tou k�je atìmou antistoiq�zontai kai apeikon�zontai me qr¸mata. Taqr¸mata diabajm�zontai apì to mple pou antistoiqe� sthn qamhlìterh tim pro to kìkkino pou antistoiqe� sthn uyhlìterh tim . To trisdi�stato di�-gramma bas�zetai sto disdi�stato, me monadik  prosj kh ton �xona z′z stonopo�o antistoiq�zontai arijmhtik� oi timè twn gonid�wn (eikìna 3.3).Gia thn deÔterh kathgor�a, me thn opo�a sugkr�noume ton plhjusmì me tokalÔtero �tomì tou, qrhsimopoioÔme èna disdi�stato di�gramma ìpw fa�netaisthn eikìna 3.6. Ston �xona x′x èqoume ta gon�dia kai ston �xona y′y titimè tou. Sqhmat�zontai dÔo grafikè parast�sei pou ekfr�zoun ti timètou kalÔterou atìmou kai ti mèse timè ìlou tou upìloipou plhjusmoÔ.
Sq ma 3.5: Disdi�stato di�gramma eikìna gia ìle ti timè twn gonid�wn, apìènan olìklhro plhjusmì. Arister�, h arqik  geni� kai dexi�, h penthkost  geni�.
Sq ma 3.6: Disdi�stato di�gramma. Me kìkkino e�nai oi timè twn gonid�wn toukalÔterou kai me pr�sino h mèsh tim  twn gonid�wn ìlou tou upìloipou plhjusmoÔ.
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Sq ma 3.7: Arister  st lh, trisdi�stato di�gramma shme�wn kai dexi� st lhtrisdi�stato di�gramma epif�neia, gia ìle ti timè twn gonid�wn, apì ènan olìklh-ro plhjusmì. Apeikon�zontai h arqik  geni�, h geni� 15 kai 30.
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4Perigraf  Apait sewn Perib�llonto
Sta prohgoÔmena kef�laia, parousi�same to jewrhtikì montèlo twn GA,kaj¸ kai èna sÔnolo apì genikeumène grafikè mejìdou melèth twn apo-telesm�twn kai th sumperifor� tou. Wstìso h jewrhtik  melèth apì mìnhth den eparke� gia thn katanìhsh tou trìpou leitourg�a tou GA. H ergas�aaut  den perior�zetai mìno sth jewrhtik  parous�ash per� an�ptuxh kai gra-fik  anapar�stash twn GA, all� èqei w kÔrio stìqo thn ulopo�hsh ìlwntwn jem�twn pou anaptÔqjhkan sta prohgoÔmena kef�laia. Dhlad , thnkataskeu  enì oloklhrwmènou perib�llonto an�ptuxh GA me dunatìthtegrafik  anapar�stash twn dedomènwn pou prokÔptoun apì thn efarmog tou algìrijmou se èna sugkekrimèno prìblhma.Prwtarqikì st�dio gia thn sqed�ash enì progr�mmato   m�a biblioj khe�nai h sullog  twn apait sewn. Parak�tw d�nontai oi apait sei:1. To perib�llon na apotele�tai apì m�a biblioj kh GA kai apì m�a efar-mog  grafikoÔ perib�llonto pou ja axiopoie� thn biblioj kh.2. Anex�rthth apì thn arqitektonik  tou sust mato (Cross-platform).H biblioj kh kai h efarmog  ja prèpei na mporoÔn na leitourgoÔn sesust mata ta opo�a diafèroun sthn arqitektonik  (pq. PowerPC, x86,

sparc, mips ka.) kai sto leitourgikì tou sÔsthma. (pq. Linux, Solaris,
IRIX, MacOS X, Windows k.a).3. Kentrikì sÔsthma rujm�sewn tou GA. O GA na parametropoie�tai apìèna mìno arqe�o rujm�sewn, to opo�o me thn seir� tou, prèpei na e�naieÔkolo sth qr sh, katanohtì apì ton �njrwpo (human readable) kaina èqei dunatìthte epèktash. 51



52 KEF�ALAIO 4. PERIGRAF�H APAIT�HSEWN PERIB�ALLONTOS4. H biblioj kh na e�nai epekt�simh. Dhlad  na d�netai h dunatìthta sug-graf  k¸dika, apì ton programmatist -qr sth, me ton opo�o ja epe-kte�nontai oi leitourg�e th biblioj kh. H dunatìthta aut  ja prèpeina isqÔei se ìla ta ep�peda tou GA (pq. Telestè met�llaxh, anasun-duasmoÔ, epilog  k.a), me eÔkolo trìpo, qwr� na qrei�zetai h tropo-po�hsh tou k¸dika th �dia th biblioj kh.5. H sqed�ash na e�nai antikeimenostrafe� (object-oriented). Opìte, kr�-netai apara�thto na ulopoihje� se m�a sÔgqronh antikeimenostraf  gl¸s-sa programmatismoÔ.6. TaqÔthta. E�nai polÔ shmantikì h ektèlesh tou algìrijmou na e�naigr gorh, kaj¸ kat� th leitourg�a tou diathre�tai èna meg�lo pl joapì domè dedomènwn (gon�dia, �toma, plhjusmì, ka.) oi opo�e diar-k¸ tropopoioÔntai apì pollè epanalambanìmene majhmatikè pr�-xei. Par�llhla g�netai katagraf  twn dom¸n dedomènwn (qrwmos¸-mata, plhjusmì) tou GA, opìte ekteloÔntai pollè entolè eisìdou-exìdou (I/O).7. Anaparast�sei. Na uposthr�zontai ìle oi anaparast�sei pou èqounanaferje�. Dhlad  duadik  anapar�stash (binary representation), ana-par�stash met�jesh (permutation), anapar�stash akera�wn (integer
reperesentation) kai kinht  upodiastol  (floating point representa-
tion).8. Telestè epilog . Omo�w, na uposthr�zontai ìloi oi telestè epilo-g  pou èqoun parousiaste� sto deÔtero kef�laio.9. Genetiko� telestè. Omo�w, na uposthr�zontai ìloi oi genetiko� tele-stè pou perigr�fthkan sto deÔtero kef�laio.10. Na up�rqei h dunatìthta k�je stoiqe�o tou GA na parametropoie�taimemonwmèna kai apì grafikì perib�llon.11. O programmatist  na èqei thn dunatìthta na parakolouje� ton algì-rijmo mèso gegonìtwn (events), ètsi ¸ste na xèrei ìle ti katast�seitou kai na mpore� na epèmbei   na ektelèsei leitourg�e metaxÔ aut¸n.12. Grafikè parast�sei. 'Ole oi grafikè parast�sei pou èqoun parou-siaste� sto tr�to kef�laio, dhlad  th pore�a kai th kat�stash touGA.13. Oi trisdi�state grafikè parast�sei na epitaqÔnontai apì to ulikì(hardware) tou sust mato.



5314. H efarmog  ja prèpei na axiopoie� pl rw ti dunatìthte th biblio-j kh. Na up�rqei pl rh parametropo�hsh ìlwn twn stoiqe�wn thbiblioj kh se morf  wizard. Epiplèon na qrhsimopoie�tai to �dio sÔ-sthma rujm�sewn me thn biblioj kh.15. Ikanìthte fìrtwsh kai parametropo�hsh twn epekt�sewn th biblio-j kh pou èqoun grafte� apì ton qr sth, apì to grafikì perib�llon.16. Kat� thn ektèlesh tou algìrijmou na up�rqei allhlep�drash me tonqr sth. Dhlad  na emfan�zetai èna di�gramma kalÔterh - mèsh ti-m  se pragmatikì qrìno, ¸ste o qr sth na enhmer¸netai �mesa giathn exèlixh. Epiplèon, o qr sth mpore� na stamat�ei proswrin� tonalgìrijmo, me dunatìthte prìsbash se ìla ta diagr�mmata.17. Dunatìthte exagwg  se arqe�a eikìnwn, e�te ègqrwma e�te se apoqr¸-sei tou gkri.18. Dunatìthta exagwg  twn dedomènwn se arqe�a CSV (Comma Separa-
ted Values), ètsi ¸ste na mporoÔn na qrhsimopoihjoÔn apì progr�mmatagia peraitèrw statistik  melèth.Pèran twn apait sewn pou anafèrame parap�nw, ènan akìma periorismìpou jètoume gia thn ulopo�hsh th ergas�a e�nai h qr sh bohjhtik¸n biblio-jhk¸n, oi opo�e prèpei na e�nai anoiktoÔ k¸dika (open source) me eleÔjerh�deia qr sh.
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5Ulopo�hsh
O stìqo th ergas�a e�nai h kataskeu  enì perib�llonto gia thn an�-ptuxh Genetik¸n Algìrijmwn kai th grafik  melèth twn apotelesm�twn kaith diadikas�a exèlixh. O qr sth mèsw tou perib�llonto autoÔ ja mpore�na epilÔei probl mata me GA kaj¸ kai na to epekte�nei eÔkola, an�loga meti an�gke tou. Ta dedomèna ta opo�a par�gontai apì ton GA, ja mporoÔnna melethjoÔn me grafikì trìpo mèsa apì to �dio to perib�llon. Gia toulìgou autoÔ kr�jhke apara�thto to perib�llon na qwriste� se dÔo tm mata,èna gia thn an�ptuxh kai èna gia thn grafik  melèth.'Oson afor� to pr¸to tm ma anaptÔqjhke m�a oloklhrwmènh biblioj khGenetik¸n Algìrijmwn, h opo�a onom�zetai GAJLib (apì ta arqik� Genetic

Algorithms Java Library). H biblioj kh sqedi�sthke me skopì na e�nai eÔqrh-sth, eÔkola epekt�simh kai na akolouje� austhr� to jewrhtikì montèlo, ètsiìpw autì parousi�sthke sto tr�to kef�laio. Shmantikì rìlo sth sqed�ashkatèqei to jèma th taqÔthta. H biblioj kh sqedi�sthke kai ulopoi jhkeme me tètoio trìpo, ètsi ¸ste na prosfèrei ìla aut� ta qarakthristik� qwr�na ustere� ston tomèa th taqÔthta.Genik� oi efarmogè grafik  anapar�stash (Software Visualization) ba-s�zontai sti arqè th tupograf�a, twn sqed�wn kai thn montèrna allhle-p�drash metaxÔ anjr¸pou kai upologist , me stìqo na dieukolÔnoun ton�njrwpo na katanoe� kai na qrhsimopoie� apodotik� ton H/U. H grafik  apei-kìnish d�nei th dunatìthta sto qr sth, na allhlepidr� kai na parathre� tadedomèna me perissìtero fusikì trìpo. 'Etsi loipìn gia to deÔtero tm ma thergas�a anaptÔqjhke h efarmog  GAJVis (apì ta arqik� Genetic Algorithm
Java Visualization), me thn opo�a o qr sth èqei th dunatìthta na melet�eita apotelèsmata kai ìlh thn pore�a th exèlixh enì GA.55



56 KEF�ALAIO 5. ULOPO�IHSH5.1 Sqed�ashGia thn an�ptuxh aut  th ergas�a qrhsimopoi jhkan orismène biblio-j ke anoiktoÔ k¸dika. Me m�a anaz thsh sto Diad�ktuo mpore� opoiosd po-te na breje� mprost� se m�a plhj¸ra apì biblioj ke pou exuphretoÔn �diouskopoÔ. Parìla aut�, oi kuriìtere diaforè pou emfan�zoun metaxÔ touden e�nai mìno h gl¸ssa programmatismoÔ me thn opo�a anaptÔssontai, al-l� h filosof�a, h sqed�ash, oi dunatìthte kai h poiìthta kataskeu  tou.Epiplèon, pèra apì ti diaforè pou èqoun �mesh   èmmesh sqèsh me thnulopo�hs  tou, shmantikì krit rio epilog  apotele� h �deia qr sh me thnopo�a d�nontai. 'Etsi loipìn oi biblioj ke ja prèpei na e�nai sta prìtupa touanoiktoÔ k¸dika me eleÔjerh �deia qr sh, toul�qiston gia ta pla�sia miaptuqiak  ergas�a.5.1.1 Perib�llon an�ptuxh kai bohjhtikè biblio-j keGl¸ssa programmatismoÔPrwtagwnistikì rìlo sthn an�ptuxh m�a efarmog  katèqei h gl¸ssaprogrammatismoÔ. H gl¸ssa programmatismoÔ ephre�zei thn efarmog  seìla ta ep�peda. E�nai aut  h opo�a ephre�zei èw èna bajmì thn sqed�ash.Parèqei dunatìthte ston programmatist , mèsw th gl¸ssa kai twn biblio-jhk¸n th. Ep�sh h gl¸ssa kajor�zei kai thn sumbatìthta se diaforetikèplatfìrme susthm�twn (pq. i386/Linux, Sparc/Solaris). Sto shme�o autìupogramm�zetai kai h apa�thsh na mpore� na ektele�tai h efarmog  se pollèplatfìrme. Genikìtera up�rqoun dÔo prosegg�sei, h m�a e�nai h efarmog na mpore� na metafr�zetai me sqetik� el�qiste metatropè se k�je m�a plat-fìrma xeqwrist�, ìpw gia par�deigma sumba�nei me tou GNU compilers (pq
GCC, GCJ) kai ti biblioj ke tou. H �llh prosèggish e�nai na gr�fetai ok¸dika se m�a gl¸ssa h opo�a ektele�tai se perib�llon diermhneut , apì toopo�o kajor�zetai h sumbatìthta.Sthn ergas�a aut  h gl¸ssa programmatismoÔ pou epilèqjhke e�nai h Ja-
va 2 th Sun Microsystems. Prìkeitai gia m�a sÔgqronh antikeimenostraf gl¸ssa programmatismoÔ pou ektele�tai se perib�llon diermhneut  me m�apragmatik� ploÔsia biblioj kh. P�sw apì thn gl¸ssa up�rqei èna olìklhro
framework me isqurì diermhneut  pou e�nai se jèsh na k�nei beltistopoi seikat� ton qrìno ektèlesh th efarmog . H Java den e�nai apl¸ m�a gl¸ssaprogrammatismoÔ, all� m�a platfìrma (Java Platform, Standard Edition) pouprosfèrei èna oloklhrwmèno perib�llon an�ptuxh kai ektèlesh se prosw-pikoÔ upologistè kai exuphrethtè. Pio sugkekrimèna qrhsimopoi jhke to



5.1. SQED�IASH 57pakèto an�ptuxh Java Development Kit 5.0 to opo�o perièqei ton metaglwt-tist , ti biblioj ke kai to perib�llon ektèlesh (Java Runtime Enviro-
ment). Sthn èkdosh aut  emfan�sthkan gia pr¸th for� ta Generics kai ta
Annotations ta opo�a qrhsimopoi jhkan eurèw. Ta Generics parapèmpounsta prìtupa (Templates) th gl¸ssa C++, me parìmoia sÔntaxh all� mediaforetik  filosof�a. Me ta Annotations mporoÔn na eisaqjoÔn metadedo-mèna (metadata) sti kl�sei, ta opo�a mporoÔn na e�nai diajèsima akìma kaikat� to qrìno ektèlesh (run-time) th efarmog .TaqÔthta'Opw èqei epishmanje� arketè forè sthn ergas�a, oi EA e�nai arket�apaithtiko� algìrijmoi. Kat� thn leitourg�a tou algìrijmou se k�je epa-nalhptik  diadikas�a dhmiourg�a geni�, sqhmat�zontai kai katastrèfontaisth mn mh, gon�dia, qrwmos¸mata kai �lle bohjhtikè domè. Epiplèon m�aapì ti apait sei pou èqei teje� e�nai h taqÔthta ektèlesh tou algìrijmou.Parìlo pou h platfìrma th Java diajètei gr goro perib�llon ektèlesh,wstìso apì mình th jewre�tai anepark  gia efarmogè pragmatikoÔ qrì-nou, exait�a th èlleiyh tou nteterminismoÔ, dhlad  tou aprìbleptou qrìnouektèlesh. Gia par�deigma, o Garbage Collector (GC), o opo�o afaire� ta an-tike�mena ta opo�a den qrei�zontai me autìmato trìpo, mpore� na pag¸sei thnefarmog  gia orismèna qronik� diast mata. M�a tètoia sumperifor� fusik�den e�nai apodekt  ston kìsmo twn efarmog¸n pragmatikoÔ qrìnou. Gia naxeperastoÔn ta probl mata aut� èqoun anaptuqje� di�fore ulopoi sei eiko-nik¸n mhqan¸n Java (Java Virtual Machines, pq. JVM me Concurrent GC).Epiplèon èqei oloklhrwje� èna nèo prìtupo gia Java pragmatikoÔ qrìnou,to RTSJ (Real-Time Specification Java, JSR-001). Dustuq¸, oi proana-ferje�se lÔsei epitugq�noun ton apaitoÔmeno nteterminismì me kìsto thntaqÔthta. Gia par�deigma, to montèlo diaqe�rish mn mh pou problèpei to
RTSJ, apaite� polloÔ elègqou kat� ton qrìno ektèlesh. Tèlo, èna �llomeionèkthma e�nai ìti qrei�zetai diaforetik  ulopo�hsh th JVM.Up�rqei kai m�a tr�th lÔsh gia thn antimet¸pish twn problhm�twn pouaforoÔn thn taqÔthta kai thn èlleiyh tou nteterminismoÔ kat� ton qrìnoektèlesh. H biblioj kh Javolution e�nai anoiktoÔ k¸dika kai h mình mèqristigm  lÔsh pou plhre� to prìtupo RTSJ gia ìle ti JVM. O GC leitourge�ìtan sth mn mh pragmatopoie�tai katanom  (allocation), gia par�deigma kat�th dhmiourg�a kai thn arqikopo�hsh enì antike�menou   thn diagraf  tou.Epomènw, an ta {nèa}ètoima gia qr sh antike�mena up�rqoun, den qrei�ze-tai na pragmatopoihje� katanom  sth mn mh. Gia na epiteuqje� autì arke� naup�rqei m�a dom  h opo�a ja apojhkeÔei kai ja anakukl¸nei ta antike�mena taopo�a paÔoun na qrei�zontai, dhlad  aut� pou o GC ja diègrafe. Kai k�je



58 KEF�ALAIO 5. ULOPO�IHSHfor� pou ja qrei�zetai èna nèo antike�meno, ant� na dhmiourghje�, apl¸ naepistrafe� èna  dh up�rqwn apì aut n thn dom . Me ton trìpo autì aux�ne-tai shmantik� h taqÔthta ektèlesh th efarmog , diìti den diakìptetai apìton GC. Epiplèon h biblioj kh aut  den perior�zetai w ed¸, prosfèrei ènasÔnolo apì domè dedomènwn, XML analutè (parsers) kai �lle enallakti-kè ulopoi sei ap' autè th Java kai oi opo�e e�nai kat� polÔ taqÔtere,apì dÔo (2) èw kai pènte (5) forè. DieukolÔnei ton programmatismì par�l-lhlwn susthm�twn kai mpore� na ekteleste� se opoiad pote platfìrma apìthn aploÔsterh J2ME CLDC 1.0 gia mikrè suskeuè qwr� GC èw kai thnteleuta�a èkdosh th J2EE (Java 2 Enterprise Edition).Grafik  anapar�stashGia thn grafik  anapar�stash twn dedomènwn se dÔo kai trei diast�sei,ìpw èqoun perigrafe� sto 3o kef�laio , qrhsimopoi jhkan oi biblioj ke
VisAD kai JChart2D. To VisAD (Visualization for Algorithm Development)e�nai m�a biblioj kh pou èqei anaptuqje� exolokl rou se Java gia thn grafik par�stash kai an�lush arijmhtik¸n dedomènwn. Qrhsimopoi jhke gia ìlata diagr�mmata pou apeikon�zoun thn pore�a kai thn kat�stash tou GA. Hbiblioj kh aut  diajètei ta ex  qarakthristik�:1. 'Eqei ulopoihje� se gl¸ssa Java, gia dunatìthte anexart tou plat-fìrma ektèlesh kai upost rixh katanemhmènh leitourg�a (mèso Ja-

va RMI).2. Parèqei èna genikì majhmatikì montèlo to opo�o uposthr�zei opoiasd -pote morf  arijmhtik� dedomèna. To montèlo autì, mpore� na moiraste�se diktuakì perib�llon metaxÔ diaforetik¸n phg¸n dedomènwn.3. Diajètei èna genikì montèlo grafik  anapar�stash pou uposthr�zeidisdi�stata kai trisdi�stata diagr�mmata, pollaplè ìyei dedomènwn,�mesh diaqe�rish, eikonik  pragmatikìthta k.a. To grafikì montèloautì, èqei ulopoihje� se Java3D kai Java2D, kaj¸ kai sto sÔsthmaeikonik  pragmatikìthta ImmersaDesk.4. E�nai epekt�simh. Mpore� o programmatist  eÔkola na gr�yei dikètou kl�sei pou prosjètoun epiplèon dunatìthte.5. Mpore� na qrhsimopoihje� apì Java Applet.6. Mpore� na qrhsimopoihje� �mesa apì thn script gl¸ssa Jython.



5.1. SQED�IASH 59To VisAD gia na emfan�sei ta trisdi�stata diagr�mmata apaite� th biblioj kh
Java3D. To Java3D e�nai m�a polÔ isqur  biblioj kh gia thn dhmiourg�a tris-di�statwn grafik¸n sto perib�llon th Java, pou dhmiourg jhke apì thn �diathn Sun Microsystems. Wstìso s mera e�nai eleÔjerh kai anoiktoÔ k¸dikabiblioj kh. Se leitourgik� tÔpou Unix ta grafik� epitaqÔnontai apì to ulikìmèsw tou OpenGL en¸ sta Microsoft Windows mèsw Direct3D   OpenGL.'Oson afor� ta disdi�stata diagr�mmata qrhsimopoie� to Java2D, to opo�oe�nai biblioj kh dianusmatik¸n grafik¸n kai sumperilamb�netai sthn kajie-rwmènh biblioj kh th Java. To VisAD èqei anaptuqje� apì programmatistètwn:

• SSEC Visualization Project tou panepisthm�ou Wisconsin-Madison, tm -ma Space Science and Engineering

• Unidata Program Center

• National Center of Metereology

• National Center of Supercomputer Applications

• Austrian Bureau of Metereology

• National Center for Atmosphere Research

• Canadian National Research CouncilTo JChart2D e�nai m�a minimalistik  biblioj kh anoiktoÔ k¸dika, gia thnapeikìnish apl¸n diagramm�twn se pragmatikì qrìno. Sthn ptuqiak  ergas�aqrhsimopoie�tai gia thn grafik  apeikìnish th mèsh kai kalÔterh tim ,kat� ton qrìno ektèlesh tou GA.Grafikì perib�llon'Olo to grafikì perib�llon sthr�zetai sto Swing to opo�o e�nai mèrotou perib�llonto th Java. To Swing e�nai sqediastik� m�a kajar� anti-keimenostraf  biblioj kh an�ptuxh grafikoÔ perib�llonto, h opo�a e�naianex�rthth arqitektonik  sust mato. Perièqei meg�lo pl jo apì susta-tik� stoiqe�a (components) pou sunerg�zontai metaxÔ tou kai leitourgoÔnme ton �dio trìpo se ìla ta leitourgik� sust mata. Epiplèon h epikoinwn�-a ìlwn twn stoiqe�wn tou Swing pragmatopoie�tai asÔgqrona me gegonìta(events). To qarakthristikì autì dieukolÔnei polÔ ton programmatist  naanaptÔxei polÔploka grafik� perib�llonta. Tèlo, to Swing prosfèrei du-natìthte parametropo�hsh th emf�nis  tou (Swing look and feel), gia



60 KEF�ALAIO 5. ULOPO�IHSHton lìgo autì qrhsimopoi jhke h eleÔjerh biblioj kh Synthetica (http:
//www.javasoft.de/jsf/public/products/synthetica), ètsi ¸ste hefarmog  na diajètei se ìla ta leitourgik� sust mata thn �dia grafik  em-f�nish.5.1.2 Dunatìthte'Eqonta w b�sh ti apait sei pou anafèrjhkan sto prohgoÔmeno kef�-laio, ti bohjhtikè biblioj ke kai to perib�llon an�ptuxh, parousi�zoumeti dunatìthte th biblioj kh GAJLib kai th efarmog  GAJVis.Dunatìthte th GAJLibParak�tw parousi�zontai oi dunatìthte th biblioj kh GAJLib:1. Arqitektonik  me b�sh ta prìtupa tou Real-Time Specification for Java

(RTSJ).2. Anapar�stash (Representation).
i. Duadik 
ii. Akèraiwn arijm¸n (Integer kai Long, dhlad  32 kai 64 bits ant�-stoiqa)
iii. Kinht  upodiastol  (Float kai Double, dhlad  32 kai 64 bitsant�stoiqa)
iv. Met�jesh3. Telestè anasunduasmoÔ (Recombination).
i. Geniko� telestè anasunduasmoÔ (isqÔoun gia ìle ti anaparast�-sei)

• Single Point

• N Point

• Uniform

ii. Telestè anasunduasmoÔ met�jesh
• PMX

• Cycle

iii. Telestè anasunduasmoÔ gia duadik  anapar�stash
• Bit Single Point
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• Bit N Point

• Bit Uniform

iv. Telestè anasunduasmoÔ gia anaparast�sei kinht  uposdiasto-l 
• BLX-a

• Flat

• Arithmetical

• Extended Line

• Heuristic

• Average4. Telestè met�llaxh (Mutation)
i. Geniko� telestè met�llaxh

• Random

ii. Telestè met�llaxh gia anapar�stash met�jesh
• Swap

• Inversion

iii. Telestè met�llaxh gia duadik  anapar�stash
• Bit-Flip

iv. Telestè met�llaxh gia anapar�stash arijm¸n kinht  upodiasto-l 
• Creep

• Non-Uniform5. Epilog  (Selection)
i. Tournament

ii. Rank Roulette Wheel

iii. Cost Roulette Wheel

iv. Stochastic Universal Sampling

v. Random6. Klim�kwsh Poiìthta (Fitness Scale)
i. Windowing

ii. Linear Scaling
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iii. Sigma Scaling

iv. Power Law7. Sunj ke termatismoÔ
i. Aplè sunj ke termatismoÔ

• KalÔterh tim  (Best Fitness). Dhlad  ìtan èna �tomo touplhjusmoÔ apokt sei tim  kalÔterh   �sh th tim  pou èqeioriste�, tìte h sunj kh ikanopoie�tai.
• Mègisto pl jo epanal yewn (Max Iterations) tou GA.
• Mègisto qrìno ektèlesh (Max Execution Time) tou GA, sedeuterìlepta.

ii. SÔnjete sunj ke termatismoÔ
• AND G�netai alhj  ìtan ikanopoioÔntai ìle oi sunj ke pouperièqei.
• OR G�netai alhj  ìtan ikanopoie�tai toul�qisto m�a sunj kh.
• XOR G�netai alhj  ìtan ikanopoie�tai mìno m�a sunj kh.8. Arqikopo�hsh PlhjusmoÔ (Population Initialization)

i. Tuqa�a (Random). Oi timè epilègontai tuqa�a apì m�a katanom ,
Uniform, Gaussian, Cauchy   k�poia �llh pou èqei ulopoihje� apìton programmatist , kataskeu�zonta dhlad  èna Random Number
Generator.

ii. Prosarmosmènh (Custom). Oi timè or�zontai me ton trìpo pou epi-jume� o programmatist . E�nai o monadikì trìpo me ton opo�omporoÔn na eisaqjoÔn arqikè timè ìtan qrhsimopoie�tai h anapa-r�stash met�jesh.9. Arqe�o rujm�sewn basismèno sthn XML10. Ergale�a
i. GNUPlot writer. Exagwg  twn apotelesm�twn (mèsh kai kalÔterhtim ) se ASCII arqe�o pou diab�zetai apì to prìgramma GNUPlotkaj¸ kai autìmath dhmiourg�a tou script pou qrei�zetai gia naemfaniste� to di�gramma.
ii. Console writer. Ta apotelèsmata (mèsh kai kalÔterh tim ) tup¸-nontai sto termatikì.
iii. Binary decoders. 'Ena sÔnolo apì mejìdou gia thn eÔkolh apo-kwdikopo�hsh twn atìmwn th duadik  anapar�stash.
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iv. Random number generators. 'Ena sÔnolo apì genn trie tuqa�wnarijm¸n.11. Evolution History File. Arqe�o katagraf  ìlwn twn dedomènwn poupar�gontai kat� thn di�rkeia ektèlesh tou GA.12. EÔkolh parakoloÔjhsh tou GA, mèso gegonìtwn (events).13. EÔkola epekt�simh. O programmatist  mpore� na epekte�nei thn biblio-j kh se ìla ta ep�peda tou GA.Dunatìthte tou GAJVisParak�tw parousi�zontai oi dunatìthte th efarmog  GAJVis:1. Grafik  apeikìnish th Pore�a tou GA
i. Di�gramma kalÔterh kai mèsh tim  tou GA
ii. Disdi�stath apeikìnish tim¸n tou kalÔterou atìmou
iii. Trisdi�stath apeikìnish tim¸n tou kalÔterou atìmou2. Grafik  apeikìnish th Kat�stash tou GA
i. Timè poiìthta ìlwn twn atìmwn
ii. Disdi�stath apeikìnish twn gonid�wn twn atìmwn
iii. Trisdi�stath apeikìnish twn gonid�wn twn atìmwn
iv. Mèse timè twn gonid�wn maz� me ti timè twn kalÔterwn3. Di�gramma pragmatikoÔ qrìnou me ti timè tou kalÔterou kai tou mèsoukat� thn di�rkeia ektèlesh tou GA.4. Dunatìthta proswrin  paÔsh tou GA me �mesh prìsbash se ìla tadedomèna pou èqoun katagrafe�.5. Configuration Wizard. O qr sth mpore� eÔkola na dhmiourg sei ènaGA, mèsa apì eÔqrhste diadikas�e pou prosfèrontai apì to grafikìperib�llon.6. Autìmath fìrtwsh twn epekt�sewn th GAJLib kai twn sunart sewnpoiìthta sto perib�llon, ètsi ¸ste na up�rqei prìsbash apì ton Con-
figuration Wizard.7. Exagwg  dedomènwn se arqe�o CSV gia melèth twn apotelesm�twn apì�lla progr�mmata.



64 KEF�ALAIO 5. ULOPO�IHSH8. Exagwg  ìlwn twn grafik¸n apeikon�sewn se arqe�a eikìna tÔpou
JPEG, PNG kai BMP

5.2 H biblioj kh GAJLib5.2.1 QrwmìswmaSto ep�kentro tou GA e�nai to qrwmìswma. To qrwmìswma antiprosw-peÔei m�a pijan  lÔsh kai apotele�tai apì èna pl jo gonid�wn. Sth biblio-j kh GAJLib to qrwmìswma perièqei thn tim  poiìthta (me m�a metablht tÔpou double) kai èna p�naka apì gon�dia. K�je gon�dio e�nai èna antike�menopou perièqei m�a tim  kai sto opo�o antistoiq�zetai èna epitreptì eÔro tim¸n(Domain). To qrwmìswma mpore� na perièqei opoiod pote tÔpo   sunduasmìgonid�wn, autì kajor�zetai apì thn anapar�stash tou GA. To qrwmìswma kaiìle oi ulopoi sei twn gonid�wn pou d�nontai mèsa apì th biblioj kh, e�naikataskeuasmèna sÔmfwna me ta prìtupa twn real-time antikeimènwn, ìpwaut� or�zontai sth biblioj kh Javolution. H biblioj kh epitrèpei ston pro-grammatist  na dhmiourg sei dikè tou diaforetikè ulopoi sei gonid�wn kaiqrwmoswm�twn.5.2.2 Anapar�stashGia thn ep�lush problhm�twn me GA, to pr¸to pr�gma pou kaloÔmastena apofas�soume, e�nai h anapar�stash. E�nai aut  oi opo�a ephre�zei ìla tastoiqe�a tou GA, akìmh kai thn sun�rthsh poiìthta. Apì thn pleur� th bi-blioj kh h anapar�stash (sq ma 5.2) apotele� ton akrogwnia�o l�jo. Mèswth anapar�stash dhmiourgoÔntai ta qrwmos¸mata, kaj¸ e�nai aut  h opo�-a or�zei th dom  twn dedomènwn tou. Pollo� genetiko� telestè exart¸ntaiapì thn anapar�stash, diìti tropopoioÔn ti timè twn gonid�wn.Apì thn anapar�stash mporoÔme na or�soume ta gon�dia tou qrwmos¸ma-to, e�te èna pro èna, e�te mazik� (ìtan isqÔoun ta �dia gia ìla). Dhlad  tontÔpo dedomènwn tou, to epitreptì eÔro tim¸n kai thn akr�beia se dekadik�yhf�a. 'Omw pèran tou orismoÔ th dom  dedomènwn tou qrwmos¸mato,to antike�meno th anapar�stash e�nai upeÔjuno gia thn apoj keush   thnfìrtwsh tou qrwmos¸mato se arqe�o. Sqedìn ìla ta stoiqe�a tou GA qrei�-zontai plhrofor�e apì thn anapar�stash gia na leitourg soun.
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Sq ma 5.1: Di�gramma T�xewn, qrwmìswma kai gon�dia.5.2.3 SÔsthma Rujm�sewnQarakthristikì gn¸risma twn GA e�nai o meg�lo arijmì twn rujm�sewnpou qrei�zontai kat� ton sqediasmì tou. Pèra apì ti basikè rujm�sei,ìpw gia par�deigma h pijanìthta met�llaxh   to mègejo tou plhjusmoÔ,prèpei na oristoÔn ta stoiqe�a tou GA. W stoiqe�o tou GA, or�zoume k�jegenetikì telest , telest  epilog , anapar�stash kai genikìtera k�je on-tìthta tou GA kai th biblioj kh, pou èqei parous�a sto arqe�o rujm�sewn.K�je stoiqe�o mpore� na èqei diaforetikè paramètrou   na mhn èqei kajì-lou. Epiplèon up�rqei h per�ptwsh èna stoiqe�o na perièqei �lla upostoiqe�a,ta opo�a ki aut� me th seir� tou na qrei�zontai rujm�sei. Par�llhla e�naipolÔ pijanì, merik� apì aut� na qrei�zontai plhrofor�e apì �lla stoiqe�a,me ta opo�a den èqoun �mesh sqèsh (sqèsh stoiqe�o-upostoiqe�o). E�nai po-lÔ shmantikì èna arqe�o rujm�sewn na paramènei ìso to dunatìn katanohtìapì ton �njrwpo. Dhlad  na diab�zetai kai na tropopoie�tai qwr� na e�naiapara�thth h qr sh k�poiou eidikoÔ progr�mmato. P�nw sti idèe autèbas�zetai h sqed�ash tou sust mato rujm�sewn th biblioj kh GAJLib, to
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Sq ma 5.2: Di�gramma T�xewn, anaparast�sei.opo�o apotele�tai apì dÔo tm mata, to arqe�o rujm�sewn kai ton mhqanismìparametropo�hsh.To arqe�o rujm�sewn e�nai ousiastik� h eikìna twn �diwn twn stoiqe�wn thbiblioj kh. Sthr�zetai sto prìtupo th XML (eXtended Metadata Langua-
ge) ètsi ¸ste na e�nai katanohtì apì ton �njrwpo, euèlikto kai epekt�simo.H XML e�nai èna uposÔnolo th SGML (Standard Generalized Markup Lan-
gage) kai sunist�tai apì to W3C (World Wide Web Consortium), w m�agenikoÔ skopoÔ gl¸ssa s mansh (markup language) gia thn kataskeu  �l-lwn exeidikeumènwn, ikan¸n gia thn perigraf  dedomènwn. H XML e�nai ènatrìpo perigraf  twn dedomènwn, en¸ tautìqrona mpore� na perièqei ta �diata dedomèna, ìpw sumba�nei me m�a b�sh dedomènwn. Gia na perigr�yei thnplhrofor�a qrhsimopoie� ènnoie basismène se ke�meno, oi opo�e efarmìzon-tai se dendrik  morf . H ierarq�a me sth opo�a emfan�zontai oi shm�nseith XML e�nai panomoiìtuph me ti S-ekfr�sei (S-expressions) th gl¸ssa
LISP, oi opo�e perigr�foun dendrikè domè, ìpou mèsa s' autè k�je kìm-bo èqei to dika�wma na diajètei ti dikè tou paramètrou. Gia tou lìgouautoÔ kr�jhke apara�thth h qr sh th XML gia to arqe�o rujm�sewn.O mhqanismì parametropo�hsh sth biblioj kh den apotele� èna enia�otm ma rujm�sewn, all� perissìtero sthr�zetai se m�a apokentrwmènh logik .SÔmfwna me thn opo�a k�je stoiqe�o e�nai to �dio upeÔjuno gia to pèrasmakai thn kataq¸rish twn paramètrwn tou. Pio sugkekrimèna qrhsimopoie�tai omhqanismì seiriakopo�hsh (serialization) antikeimènou apì th biblioj kh Ja-
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volution se XML. Parìla aut�, o mhqanismì prosfèrei èna kentrikì shme�osto opo�o kataqwroÔntai ìla ta stoiqe�a. E�nai upeÔjuno kai gia thn metaxÔantallag  plhrofor�a apì anex�rthta stoiqe�a, ìtan autì e�nai epijumhtì.En¸ par�llhla elègqei to sÔnolo twn rujm�sewn kai e�nai upeÔjuno gia thnapoj keush   thn epanafor� tou se arqe�o XML. Parak�tw perigr�fontaita tr�a st�dia (sq ma 5.3) tou mhqanismoÔ parametropo�hsh tou GA:1. Arqikopo�hsh - Kataq¸rhsh Stoiqe�wn. Sto pr¸to st�dio to arqe�orujm�sewn diab�zetai an� stoiqe�o. K�je stoiqe�o fort¸netai kai ruj-m�zetai me b�sh ti paramètrou pou or�zei mìno to arqe�o. 'Otan olo-klhr¸netai epituq¸ h diadikas�a aut , to stoiqe�o kataqwre�tai se m�aenia�a dom . An to trèqon stoiqe�o qrei�zetai plhrofor�e apì k�poio  k�poia �lla, tìte shmei¸netai ètsi ¸ste sto tr�to st�dio na klhje�xan�.2. Arqikopo�hsh Diaqeirist  Gegonìtwn. Sto st�dio autì fort¸netai odiaqeirist  gegonìtwn ètsi ¸ste na e�nai diajèsimo. 'Osa apì ta stoi-qe�a qrei�zontai na enhmer¸nontai apì k�poia gegonìta kat� ton qrìnoektèlesh tou GA, dhl¸nontai ston diaqeirist .3. Antallag  Plhrofori¸n. 'Osa stoiqe�a èqoun shmeiwje� sto pr¸tost�dio kaloÔntai xan� ¸ste na zht soun ti plhrofor�e pou qrei�zon-tai (pq. tÔpo anapar�stash) apì ta upìloipa.

Sq ma 5.3: RÔjmish kai ektèlesh.5.2.4 Arqe�o Evolution HistoryKat� thn leitourg�a tou GA, o ìgko twn dedomènwn pou par�gontai apìthn epanalhptik  diadikas�a th exèlixh e�nai arket� meg�lo. Sunep¸ giana g�nei efikt  h melèth tou ja prèpei na katagrafoÔn se morf  arqe�ou.



68 KEF�ALAIO 5. ULOPO�IHSHDÔo e�nai ta shme�a ta opo�a qr zoun idia�terh shmas�a, h taqÔthta se I/Okai to mègejo tou arqe�ou. Pio sugkekrimèna kat� th diadikas�a katagra-f , ekteloÔntai entolè I/O, oi opo�e mporoÔn na epibarÔnoun tìso polÔton algìrijmo, ¸ste na meiwjoÔn dramatik� oi epid¸sei tou. Ep�sh, dedo-mènou ìti o ìgko twn plhrofori¸n e�nai meg�lo, ta mìna stoiqe�a sta opo�amporoÔme na esti�soume thn prosoq  ma, e�nai h morf  (format) me thn opo�aapojhkeÔontai oi plhrofor�e kai h eswterik  sqed�ash tou arqe�ou.To arqe�o Evolution History e�nai m�a apl  morf  duadikoÔ arqe�ou gia thnapoj keush ìlwn twn dedomènwn pou par�gontai kat� thn di�rkeia ektèleshtou GA. Apì ta dedomèna aut� mporoÔme na ex�goume ta diagr�mmata pouaforoÔn thn pore�a kai thn kat�stash tou GA, ìpw aut� parousi�sthkan sto3o kef�laio. To arqe�o qwr�zetai se dÔo tm mata (sq ma 5.4), thn kefal�da(header) kai ta dedomèna tou EA gia ìle ti geniè pou exel�qjhkan. Hkefal�da tou arqe�ou perièqei sta pr¸ta 11 bytes ton t�tlo, thn èkdosh kaiton tÔpo tou arqe�ou. To upìloipo komm�ti, perièqei èna ped�o me to mègejotou arqe�ou rujm�sewn se bytes kai èna �llo ped�o me olìklhro to arqe�orujm�sewn. 'Etsi me ta dedomèna th kefal�da epitugq�netai h anagn¸rishtou arqe�ou kai o tÔpo th anapar�stash

Sq ma 5.4: Arqe�o Evolution History.Diakr�noume dÔo tÔpou arqe�wn, ènan aplì (TYPE SIMPLE) pou periè-qei mìno ta dedomèna th pore�a tou GA gia lìgou oikonom�a, kai ènanoloklhrwmèno (TYPE FULL). Opìte to deÔtero tm ma tou arqe�ou pou pe-rièqei ta dedomèna tou EA, diamorf¸netai an�loga me ton tÔpo. Sthn apl morf , ìpw diakr�netai sto sq ma 5.5 ta dedomèna pou kataqwroÔntai sek�je geni� e�nai oi timè poiìthta ìlwn twn atìmwn tou plhjusmoÔ kai olì-



5.2. H BIBLIOJ�HKH GAJLIB 69klhro to kalÔtero qrwmìswma pou èqei breje�. Sthn oloklhrwmènh morf ,ìpw apeikon�zetai sto sq ma 5.5, ta dedomèna pou kataqwroÔntai se k�jegeni� e�nai olìklhra ta qrwmos¸mata ìlwn twn atìmwn tou plhjusmoÔ, meteleuta�o to kalÔtero.

Sq ma 5.5: Oi dÔo tÔpoi Evolution History arqe�wn.Apì to sq ma 5.5, parathroÔme ìti sto arqe�o to perieqìmeno tou qrw-mos¸mato diaforopoie�tai. 'Opw gnwr�zoume, o tÔpo twn dedomènwn stoeswterikì twn gonid�wn or�zetai apì thn anapar�stash. To stoiqe�o pougnwr�zei olìklhrh th dom  tou qrwmos¸mato, e�nai h anapar�stash. Gia tonlìgo autì, k�je anapar�stash e�nai ep�sh upeÔjunh gia ton trìpo me tonopo�o apojhkeÔontai kai diab�zontai oi plhrofor�e autè (sq ma 5.2).Gia thn kataskeu  tou arqe�ou Evolution History qrhsimopoie�tai to pa-kèto Java NIO (New Input Output), ètsi ¸ste na epitugq�netai h mègisthdunat  taqÔthta apì to perib�llon th JVM. To shmantikìtero pou pro-sfèrei autì to pakèto, e�nai to I/O kat� tm mata (block). Dhlad  oi I/Oleitourg�e, efarmìzontai (ìtan e�nai dunatì) se meg�la tm mata dedomènwn



70 KEF�ALAIO 5. ULOPO�IHSHme èna mìno b ma, ant� enì byte   qarakt ra k�je for�. Sunep¸ me thqr sh tou Java NIO pakètou mei¸netai to pl jo twn I/O.'Oson afor� thn morf  me thn opo�a katagr�fontai oi plhrofor�e, èqei dh anaferje� ìti epilèqjhke h duadik  morf  (binary format). Me th dua-dik  morf , h plhrofor�a (p.q. h tim  th poiìthta tou qrwmos¸mato)den qrei�zetai na kwdikopoihje� se �llo tÔpo (p.q. ASCII anapar�stash).Dhlad  den e�nai apara�thth h kwdikopo�hsh kai h apokwdikopo�hsh th plh-rofor�a, me apotèlesma na kerd�zoume taqÔthta. Epiplèon katafèrnoume namhn epibarÔnoume ki �llo to mègejo tou arqe�ou, diìti e�n kataqwroÔsamethn plhrofor�a se ASCII morf , ja qreiazìmastan perissìtera bytes gia naperigr�youme èna arijmì se sqèsh me th fusik  tou morf  (native format).Up�rqei bèbaia kai ant�logo sth qr sh arqe�wn duadik  morf . H mor-f  anapar�stas  tou e�nai katanoht  mìno apì ton H/U. Gia thn an�gnwshtwn plhrofori¸n tou, o mìno trìpo e�nai h qr sh eidikeumènwn program-m�twn, to ant�jeto dhlad  me to arqe�o rujm�sewn. Fusik� oi stìqoi twndÔo arqe�wn e�nai pantel¸ diaforetiko�. 'Omw to parap�nw meionèkthma xe-perniètai eÔkola, kaj¸ h sqed�ash tou arqe�ou e�nai anoikt  kai tautìqronapolÔ apl . Epomènw mporoÔn na graftoÔn polÔ eÔkola progr�mmata pou naanagnwr�zoun thn morf  tou Evolution History arqe�ou.5.3 H efarmog  GAJVisH efarmog  GAJVis apotele� èna perib�llon grafik  anapar�stashkai melèth tou sunìlou tou GA. Sumplhr¸nei th biblioj kh GAJLib, k�non-ta perissìtero eÔkolh th qr sh twn GA. Mèsa apì to perib�llon autì, oqr sth èqei th dunatìthta, na ektelèsei ta peir�mat� tou kai na melet seita apotelèsmata akìmh kai kat� th di�rkeia th exèlixh. Oi plhrofor�eapeikon�zontai se dÔo kai trei diast�sei, me pollè dunatìthte grafik exereÔnhsh. Epiplèon o qr sth mpore� na rujm�sei ìla ta stoiqe�a tou GA,all� kai twn dik¸n tou ulopoi sewn, mèsa apì èna eÔqrhsto kai dunamikìgrafikì perib�llon.Gia na g�noun pragmatikìthta ìla ta parap�nw, qrei�sthke na anaptuqje�èna mhqanismì diaqe�rish twn epekt�sewn th biblioj kh GAJLib, ènadi�gramma pragmatikoÔ qrìnou, arket� diagr�mmata pou apeikon�zoun ìla tadedomèna tou Evolution History, èna dunamikì wizard kai poll� componentspou qar�zoun sthn efarmog  perissìterh euqrhst�a. Genikìtera h efarmog qrhsimopoie� ìle ti dunatìthte th biblioj kh kai bas�zetai ep�nw stoarqe�o Evolution History.
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Sq ma 5.6: Genetic Algorithm Java Visualization application5.3.1 Mhqanismì diaqe�rish twn Epekt�sewnSto ep�pedo th rÔjmish kai ektèlesh twn peiram�twn, to shmantikìterorìlo katèqei o mhqanismì diaqe�rish twn epekt�sewn. E�nai èna eswteri-kì mhqanismì, sÔmfwna me ton opo�o ìle oi epekt�sei tou qr sth (p.q.telestè sunduasmoÔ, sunart sei poiìthta k.a), emfan�zontai ston wizardtwn rujm�sewn. M�lista, sthn per�ptwsh ìpou oi epekt�sei autè apaitoÔnrujm�sei apì to grafikì perib�llon, ja prèpei na ulopoioÔn ta kat�llhla
Interfaces kai Annotations th biblioj kh. Me ton trìpo autì, emfan�zon-tai ta grafik� components twn epekt�sewn, ètsi ¸ste h parametropo�hshtou na g�netai mèsa sto �dio to perib�llon. Ep�sh o qr sth ja prèpei naèqei sugkentr¸sei ti epekt�sei mèsa se arqe�a Jar kai na ta topojet seisto kat�logo extensions. 'Etsi loipìn kat� thn ekk�nhsh th efarmog ,ano�gontai ìla ta arqe�a tÔpou Jar kai sar¸nontai ìle oi kl�sei, ¸ste naanagnwristoÔn autè pou epekte�noun thn biblioj kh.5.3.2 RÔjmish kai Ektèlesh Peiram�twnH rÔjmish twn peiram�twn apì to grafikì perib�llon, bas�zetai stonmhqanismì diaqe�rish twn epekt�sewn pou perigr�yame prohgoumènw. Hefarmog  GAJVis diajètei èna wizard (eikìna 5.7), o opo�o leitourge� medunamikì trìpo. Genik� se èna wizard, sunant�me èna sÔnolo apì kartèle,oi opo�e emfan�zontai me k�poia seir�. H seir� aut  all�zei an�loga me tiepilogè th prohgoÔmenh kartèla. Epiplèon, e�nai dunatì to perieqìmenom�a kartèla, na ephre�zetai apì ta dedomèna twn prohgoÔmenwn.Me ton trìpo autì leitourge� kai o wizard th efarmog . 'Omw to idia�-



72 KEF�ALAIO 5. ULOPO�IHSHtero qarakthristikì pou diajètei, e�nai h dunamik  emf�nish twn perieqomènwntou. Dhlad  an�loga me to epilegìmeno stoiqe�o tou GA, all�zei to perie-qìmeno th kartèla, ètsi ¸ste na emfan�zontai oi idia�tere rujm�sei toustoiqe�ou. Gia ti rujm�sei autè kai ton èlegqì tou, e�nai upeÔjuno to �dioto stoiqe�o, ìpw sumba�nei kai me ti paramètrou sto XML arqe�o rujm�sewnth biblioj kh GAJLib. Kat� thn eisagwg  twn paramètrwn se k�je stoi-qe�o e�nai dunat  h emf�nish opoud pote antikeimènou th biblioj kh Swing.

Sq ma 5.7: Wizard rujm�sewn

Sq ma 5.8: Di�gramma pragmatikoÔ qrìnou



5.3. H EFARMOG�H GAJVIS 73Met� thn diadikas�a twn rujm�sewn akolouje� h ektèlesh tou GA, h opo�aektele�tai apì thn biblioj kh GAJLib. Kat� thn di�rkeia th ektèlesh,o qr sth mpore� na parakolouj sei se pragmatikì qrìno thn pore�a thexèlixh, mèsa apì èna di�gramma (eikìna 5.8) pou apeikon�sei thn mèsh kaithn kalÔterh tim  tou plhjusmoÔ an� geni�. Epiplèon o qr sth mpore� nastamat sei proswrin� thn ektèlesh tou algìrijmou kai na melet sei ìla tadiagr�mmata th �Pore�a tou GA� kai th �Kat�stash tou GA�.5.3.3 Grafik  Anapar�stash DedomènwnH efarmog  sqedi�sthke ètsi ¸ste na ekmetalleÔetai pl rw thn dom tou Evolution History th biblioj kh GAJLib. Apeikon�zei ìle ti grafi-kè mejìdou pou parousi�sthkan sto 3o kef�laio, me ton plèon eÔqrhstotrìpo. 'Oson afor� to jèma th euqrhst�a kataskeu�sthkan components,ìpou merik� apì aut� bas�zontai sta  dh up�rqonta twn SWING kai Vi-
sAD. Epiplèon gia apodotikìterh leitourg�a th efarmog , arket� tm mat�th ekteloÔntai se xeqwrist� n mata epexergas�a (Threads) kai h prìsba-sh sta dedomèna tou arqe�ou e�nai tuqa�a prospèlash. Pio sugkekrimènao mhqanismì me ton opo�o to arqe�o fort¸netai sth mn mh proèrqetai apìthn biblioj kh GAJLib. O mhqanismì autì ekmetalleÔetai apotelesmatik�th mn mh tou sust mato, kaj¸ leitourge� me skopì na elatt¸sei ìso todunatì to pl jo twn entol¸n I/O.H grafik  anapar�stash (eikìna 5.9) qwr�zetai se dÔo om�de, thn {Pore�-a tou GA}kai thn {Kat�stash tou GA}. Kat� thn qr sh tou progr�mmato, oqr sth èqei thn dunatìthta na melet sei ta apotelèsmata me grafikì trìpo,mèsw disdi�statwn kai trisdi�statwn diagramm�twn,   na perihghje� me �mesotrìpo sta arijmhtik� dedomèna. Epiplèon oi plhrofor�e autè mporoÔn naexaqjoÔn se arqe�a eikìna   se arqe�o dedomènwn tÔpou CSV.
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Sq ma 5.9: Grafik  anapar�stash dedomènwn



6Sumper�smata kai Peraitèrw An�ptuxh
Sta prohgoÔmena kef�laia parousi�same thn jewr�a twn EA, epikentr¸-nonta thn prosoq  ma stou GA. Asqolhj kame me thn grafik  melèthtou, apeikon�zonta th dom  twn lÔsewn kai ti perioqè tou q¸rou stiopo�e epikentr¸netai h exereÔnhsh, me stìqo thn eukolìterh katanìhsh thsumperifor� tou algìrijmou. Tèlo, sqedi�sthke kai kataskeu�sthke m�-a biblioj kh kai m�a efarmog  pou pragmatopoioÔn ìla aut�. 'Etsi loipìnoloklhr¸nonta thn ergas�a aut , jewroÔme apara�thto na anaptÔxoume tasumper�smata kai ti idèe gia peraitèrw belt�wsh kai prosj kh nèwn duna-tot twn.H biblioj kh sqediastik� kai leitourgik� br�sketai kont� sto jewrhtikì-majhmatikì montèlo twn GA. To gegonì autì ofe�letai sthn kajar� anti-keimenostraf  sqed�ash h opo�a mime�tai to majhmatikì montèlo. Se sqèshme �lle up�rqouse biblioj ke katafèrnei na uposthr�zei tautìqrona kaime ton �dio trìpo qr sh pollè diaforetikè anaparast�sei. Par�llhlad�nei thn dunatìthta ston programmatist  na mporèsei na thn epekte�nei seìla ta ep�ped� th. Ta dunat� qarakthristik� th e�nai h meg�lh plhj¸ragenetik¸n telest¸n, to sÔsthma rujm�sewn, h gr gorh taqÔthta ektèleshtou GA kai h dunatìthta ektèlesh se diaforetikè arqitektonikè H/U su-sthm�twn. 'Omw den periorizìmaste ed¸. To perib�llon epiplèon prosfèreikai m�a efarmog  grafikoÔ perib�llonto h opo�a epekte�nei ti dunatìthteth biblioj kh. Me thn efarmog  aut , o qr sth èqei thn dunatìthta narujm�sei kai na ektelèsei ta peir�mat� tou apì grafikì perib�llon, kaj¸ ep�-sh kei na melet sei ta apotelèsmata kai th sumperifor� tou GA. Sunep¸,o sunduasmì th biblioj kh kai th grafik  efarmog , dieukolÔnei thnan�ptuxh kai thn melèth twn GA, en¸ tautìqrona bohj�ei se meg�lo bajmìsthn katanìhsh th diadikas�a th exèlixh.75



76 KEF�ALAIO 6. SUMPER�ASMATA KAI PERAIT�ERW AN�APTUXHParìlo pou dìjhke idia�terh èmfash sti dunatìthte kai sthn taqÔthta,to perib�llon epikentr¸netai mìno stou seiriakoÔ GA. Pèran twn seiria-k¸n up�rqoun kai oi par�llhloi GA, oi opo�oi èqoun w stìqo thn taqÔterhektèlesh kai thn apotelesmatikìterh anaz thsh lÔsewn. Epiplèon h gl¸ssaprogrammatismoÔ ìpw anafèrame e�nai h Java. H gl¸ssa aut  parèqei toidanikì perib�llon gia efarmogè par�llhlh kai katanemhmènh epexergas�-a. 'Opw èqei parousiaste� sto 2o kef�laio, up�rqoun ki �lle mejodolog�-e EA, sunep¸ to perib�llon mpore� na epektaje� s' autè (p.q. ExeliktikèStrathgikè). Sth per�ptwsh aut  ja prèpei na uposthriqjoÔn diaforeti-kè anaparast�sei, tìso sto ep�pedo th biblioj kh ìso kai sto ep�pedoth efarmog , ìpw gia par�deigma dèndrikè domè dedomènwn (GenetikìProgrammatismì).Kle�nonta, èna pragmatikì prìblhma mpore� na apaite� thn belt�wsh pe-rissìterwn tou enì krithr�wn. Gia thn ep�lush tètoiwn problhm�twn èqounanaptuqje� pollè diaforetikè morfè GA pollapl¸n krithr�wn (Multiple
Objective GA). H biblioj kh ja mporoÔse na epektaje� kai na uposthr�xeiep�lush problhm�twn beltistopo�hsh pollapl¸n krithr�wn.



AþOdhg�e Egkat�stash
Sto CD egkat�stash perièqetai o phga�o k¸dika kai h metaglwtti-smènh (se bytecode) èkdosh tou perib�llonto. O qr sth mpore� e�te nametaglwtt�sei ton k¸dika e�te na qrhsimopoi sei thn ètoimh èkdosh. H biblio-j kh GAJLib kai h efarmog  GAJVis qrei�zontai gia thn metagl¸ttish kaithn ektèles  tou toul�qiston to Java 2 SDK 5.0 SE (prote�netai na qrhsimo-poie�tai p�ntote h teleuta�a èkdosh) to opo�o mpore� na breje� sthn dieÔjunsh

http://java.sun.com/javase/downloads/ kai oi parak�tw biblioj ke:
• Javolution v3.7.10 (http://www.javolution.org).
• VisAD v2.0 [build date Wed Feb 15 14:21:41 CST 2006] (http://www.ssec.wisc.edu/ bil-

lh/visad.html).
• JChart2D v1.03 (http://jchart2d.sourceforge.net).
• Java3D 1.4.0 (https://java3d.dev.java.net).
• JAMA 1.0.2 (http://math.nist.gov/javanumerics/jama/).
• Synthetica LnF 1.3 (http://www.javasoft.de/jsf/public/products/synthetica).
• TableLayout (https://tablelayout.dev.java.net).
• JavaHelp 2.0 02 (http://java.sun.com/products/javahelp/).Epiplèon gia thn eukolìterh metagl¸ttish prote�netai h qr sh tou Apache

Ant (http://ant.apache.org/), èkdosh 1.6.5 kai �nw.77



78 PAR�ARTHMA Aþ. ODHG�IES EGKAT�ASTASHSAþ.1 Metagl¸ttish phga�ou k¸dika kai eg-kat�stashO phga�o k¸dika th ptuqiak  up�rqei ston kat�logo ProjectGAJ,ìpou perièqei ta ex :
• Kat�logo GAJLib. Perièqei ton phga�o k¸dika th biblioj kh GA-

JLib ston upokat�logo src, kaj¸ kai ìle ti metaglwttismène kl�-sei ston upokat�logo classes.
• Kat�logo GAJLib examples. Perièqei ton phga�o k¸dika twn para-deigm�twn th biblioj kh GAJLib ston upokat�logo src, kaj¸ kaiìle ti metaglwttismène kl�sei ston upokat�logo classes.
• Kat�logo GAJVis. Perièqei ton phga�o k¸dika th efarmog  GAJVisston upokat�logo src, kaj¸ kai ìle ti metaglwttismène kl�seiston upokat�logo classes.
• Kat�logo GAJVis help. Perièqei ti odhg�e qr sh tou GAJVis semorf  JavaHelp.
• Ta arqe�a build.xml kai projectgaj.properties tou Apache Ant.
• Kat�logo libs. Perièqei ìle ti biblioj ke pou qrei�zontai ta GAJ-

Vis kai GAJLib.
• Kat�logo scripts. Perièqei ta arqe�a kelÔfou gia leitourgik� tÔpou

UNIX kai Windows.Gia thn metagl¸ttish th biblioj kh GAJLib kai th efarmog  GAJ-
Vis, o programmatist  e�nai eleÔjero na qrhsimopoi sei opoiod pote pe-rib�llon an�ptuxh (p.q. Idea IntelliJ, Netbeans, Eclipse k.a)   akìma kaik�poion aplì sunt�kth keimènwn ìpw o vi se leitourgik� sust mata UNIX.Epiplèon, gia megalÔterh eukol�a sth metagl¸ttish sunist�tai h qr sh touergale�ou Apache Ant. To Apache Ant e�nai èna ergale�o automatopoihmènhkataskeu  gia to perib�llon th Java, ìpw ta make, gnumake, nmake k.a.H qr sh tou èqei kajierwje� kai uposthr�zetai sqedìn apì ìla ta gnwst�perib�llonta an�ptuxh. 'Etsi loipìn, me thn pro�pìjesh ìti èqoume egkata-st sei to Ant, gia thn metagl¸ttish tou k¸dika pragmatopoioÔme ta ex :

• Apì to Command Line Interface (CLI) tou leitourgikoÔ sust mato,metaferìmaste mèsa ston kat�logo ProjectGAJ.
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• Sth sunèqeia ekteloÔme to Ant, d�nonta apl¸ thn entol  ant f build.xml

dist. Sto shme�o autì metaglwtt�zontai h biblioj kh GAJLib, h efar-mog  GAJVis kai ta parade�gmata GAJLib examples. Sth sunèqeiadhmiourge�tai o kat�logo GAJ kai mèsa se autìn antigr�fontai oi bi-blioj ke, h efarmog  kai ta parade�gmata se morf  Jar arqe�wn. Tèloantigr�fontai kai ta bohjhtik� script ektèlesh th efarmog .Sunep¸, me m�a mìno entol  kataskeu�zetai olìklhrh h dianom  tou peri-b�llonto. 'Oson afor� thn egkat�stash aplì antigr�foume ton kat�logo
GAJ ìpou epijumoÔme, arke� na front�soume na èqoume dikai¸mata an�gnwshkai eggraf .Aþ.2 Egkat�stash metaglwttismènou k¸-dikaEfìson èqoume egkatesthmèna ston upologist  ma to Java2 SDK 5.0
SE kai to Java3D 1.4.0, mporoÔme na proqwr soume sthn diadikas�a th eg-kat�stash. Gia thn egkat�stash apl¸ antigr�foume ton kat�logo GAJapì to CD th ptuqiak  ston sklhrì d�sko tou sust mato kai front�zoumena èqoume dikai¸mata an�gnwsh ìlwn twn arqe�wn tou.Aþ.3 Egkat�stash Epekt�sewnGia ti epekt�sei sunist�tai h kataskeu  tou se morf  arqe�ou jar.Ston kat�logo ext ja prèpei na perièqontai oi epekt�sei e�te se morf 
jar e�te se morf  arqe�wn class. Epiplèon ja prèpei na dhlwjoÔn sto c-
lasspath th efarmog . Gia ta leitourgik� sust mata tÔpou UNIX kai Win-
dows arke� na dhl¸soume to classpath sto ped�o GAJLIB EXT (p.q. GA-
JLIB EXT=“ext/gajlib examples.jar” ) mèsa sta arqe�a kelÔfou, ta opo�ad�nontai maz� me thn efarmog . Dhlad  ta arqe�a gajvis, evolve kai ehinfo giaperib�llon kelÔfou Bash twn leitourgik¸n susthm�twn tÔpou UNIX kai
gajvis.bat, evolve.bat kai ehinfo.bat gia ta Windows.
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BþOdhg�e qr sh
Bþ.1 Ektèlesh Genetik¸n Algor�jmwnMèsa ston kat�logo th efarmog  up�rqoun ta progr�mmata kelÔfou
evolve, gajvis kai ehinfo gia leitourgik� tÔpou UNIX me kèlufo bash. Epi-plèon up�rqoun kai ta ant�stoiqa arqe�a me kat�lhxh .bat gia leitourgik�
Windows.Gia thn ektèlesh GA se perib�llon kelÔfou qrhsimopoie�tai to script
evolve   evolve.bat. Me evolve -h tup¸netai o sÔntomo odhgì qr sh ìpwfa�netai parak�tw:
GAJLib v0.1 (2005-2006)
Anastasios Skarlatidis

Usage:
evolve -f=<file> [--disable-all-writers] [-type=<simple or full>] conf.xml
or evolve [--disable-all-writers] file.xml
or evolve -check [--disable-all-writers] file.xml
or evolve -h
Where file.xml is a GAJLib XML configuration file.

Options:
-h Display usage information.
-f=<file> Store Evolutionary History data into the specified

<file>.
-type=<simple or full> Specify Evolutionary History file type

(Default type=simple).
--disable-all-writers Disable all the configuration’s specified IWriter

implementations.
-check Check if the configuration file (conf.xml) is correct.'Estw ìti to arqe�o rujm�sewn onom�zetai conf.xml. Tìte gia na ekte-lèsoume ton GA plhktrologoÔme evole conf.xml. An ìmw jèloume na kata-grafoÔn oi plhrofor�e th exèlixh se èna arqe�o Evolution History (EH)81



82 PAR�ARTHMA Bþ. ODHG�IES QR�HSHSme onomas�a out.eh, tìte plhktrologoÔme evolve -f=out.eh conf.xml. Sto sh-me�o autì ja prèpei na ton�soume ìti, gia na ektelèsoume èna prìblhma japrèpei na to èqoume dhl¸sei sto ped�o GAJLIB EXT tou arqe�ou evolve ’h
evolve.bat. Epiplèon oi kl�sei   to arqe�o jar tou probl mato, prèpei nabr�skontai mèsa ston kat�logo ext.MporoÔme na ektelèsoume èna prìblhma apì to grafikì perib�llon. Pr¸-ta ap' ìla qrei�zetai na to dhl¸soume sto ped�o GAJLIB EXT tou arqe�ou
gajvis   gajvis.bat, ti kl�sei   to arqe�o jar tou probl mato, ta opo�a japrèpei na br�skontai ston kat�logo ext. Sth sunèqeia ekteloÔme to script
gajvis (  gajvis.bat) kai ano�goume èna arqe�o rujm�sewn epilègonta File →
Open Configuration. An to arqe�o rujm�sewn e�nai swstì ja emfaniste� topar�juro dialìgou (eikìna Bþ.1) apì to opo�o epilègoume ton tÔpo tou EHarqe�ou.

Sq ma Bþ.1: Par�juro epilog  tÔpou arqe�ou EHSto grafikì perib�llon èqoume thn dunatìthta na ektelèsoume èna prì-blhma qwr� na apaite�tai h sÔntaxh arqe�ou rujm�sewn. Autì epitugq�netai methn qr sh tou wizard. Epilègoume File→New GA kai emfan�setai o wizard(eikìna Bþ.2) dhmiourg�a rujm�sewn. Met� thn ektèlesh tou probl mato,mporoÔme na ex�goume ti rujm�sei pou epilèxame se èna arqe�o rujm�sewn
GAJLib XML, epilègonta File→Save Configuration.Tèlo to script ehinfo (  ehinfo.bat) dèqetai w par�metro èna arqe�o EHkai tup¸nei bohjhtikè plhrofor�e gi' autì.Bþ.2 Diagr�mmata sto GAJVisParak�tw ja parousi�soume ton trìpo qr sh twn diagramm�twn thefarmog  GAJVis (eikìna Bþ.3). Se k�je di�gramma èqoume thn dunatìthtana ektelèsoume ti parak�tw enèrgeie:

• Exagwg  eikìna. Epilègoume File→Export Image kai èqoume thn du-natìthta na epilèxoume trei tÔpou eikìna, PNG, JPEG kai BMP.
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Sq ma Bþ.2: Par�juro wizard

• Megèjunsh. Diathr¸nta to pl ktro Ctrl piesmèno, pièzoume to ari-sterì koump� tou pontikioÔ kai metakinoÔme to pont�ki pro ta ep�nw.
• Sm�krunsh. Diathr¸nta to pl ktro Ctrl piesmèno, pièzoume to ariste-rì koump� tou pontikioÔ kai metakinoÔme to pont�ki pro ta k�tw.
• Metak�nhsh olìklhrou tou diagr�mmato. Diathr¸nta to pl ktro Altpiesmèno, pièzoume to aristerì koump� tou pontikioÔ kai metakinoÔme topont�ki pro thn kateÔjunsh pou epijumoÔme.
• Peristrof  trisdi�statou diagr�mmato. Pièzoume to aristerì koum-p� tou pontikioÔ kai metakinoÔme to pont�ki pro thn kateÔjunsh pouepijumoÔme.
• Emf�nish tim¸n sto shme�o pou br�sketai to pont�ki. Aplì diathroÔmepiesmèno to mesa�o koump� tou pontikoÔ kai to metakinoÔme pro thnkateÔjunsh pou epijumoÔme.
• MporoÔme na metakinhjoÔme ston epìmeno   ton prohgoÔmeno plhjusmìme ta koumpi� Previous kai Next antisto�qw.
• MporoÔme na perioristoÔme se èna uposÔnolo tou diagr�mmato, ìpwfa�netai sthn eikìna Bþ.4.
• Na tropopoi soume ta qr¸mata tou diagr�mmato (eikìna Bþ.5).
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Sq ma Bþ.3: H efarmog  GAJVis kat� thn ektèlesh enì GA
Sq ma Bþ.4: Epilog  uposunìlou apì to sÔnolo twn gene¸n.

Sq ma Bþ.5: Diaqe�rish qrwm�twn



GþParade�gmata Qr sh
Gþ.1 Parade�gmata qr sh th biblioj kh

GAJLibMaz� me thn ptuqiak  ergas�a d�nontai kai merik� parade�gmata qr sh thbiblioj kh. Sthn efarmog  br�skontai mèsa ston kat�logo ext, sto arqe�o
gajlib examples.jar. Ta parade�gmata perièqoun dokimastikè sunart sei,sti opo�e kale�tai o GA na entop�sei to olikì bèltisto.Gþ.1.1 Sunart seiSun�rthsh AckleyH sun�rthsh Ackley [22℄ e�nai èna prìblhma elaqistopo�hsh. Arqik� hsun�rthsh e�qe oriste� mìno gia dÔo diast�sei, all� argìtera genikeÔthke seN diast�sei [2℄. Tupik�, to prìblhma mpore� na perigrafe� w h eÔresh enìdianÔsmato −→x = (x1, x2, . . . , xN), me xiǫ[−30, 30], to opo�o elaqistopoie� thnparak�tw ex�swsh:
F (~x) = −20 · exp(−0.2
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~x∗ = (0, ..., 0)T ; f(x∗) = 0 ; n = 3085



86 PAR�ARTHMA Gþ. PARADE�IGMATA QR�HSHSSun�rthsh RastriginH genikeumènh sun�rthsh Rastrigin (sun�rthsh Gþ.2) e�nai èna tupikì pa-r�deigma mh-grammik  polukìrufh sun�rthsh (non-linear multimodal fu-
nction). Arqik� prot�jhke apì ton Rastrigin [23℄ w m�a sun�rthsh dÔodiast�sewn kai argìtera genikeÔthke apì ton Mühlenbein et al [24℄. H su-n�rthsh aut  apotele� dÔskolo prìblhma, exait�a tou meg�lou q¸rou tim¸nkai tou meg�lou pl jou topik¸n el�qistwn. H sun�rthsh èqei poluplokì-thta O(n · ln(n)), ìpou n e�nai h di�stash tou probl mato. H epif�neiath sun�rthsh or�zetai apì ti exwterikè metablhtè A kai ω, oi opo�eelègqoun to pl�to kai thn suqnìthta diamìrfwsh ant�sto�qa.

F (~x) = A · n +
n

∑

i=1

x2
i − A · cos(ω · xi) (Gþ.2)

A = 10 ; ω = 2 · π ; xi ∈ [−5.12, 5.12]H bèltisth lÔsh th sun�rthsh e�nai to di�nusma ~x∗ = (0, ..., 0) me F (~x∗) = 0.Sun�rthsh SphereH sun�rthsh Sphere qrhsimopoi jhke kat� thn an�ptuxh th jewr�a twnES [20℄. Ep�sh e�nai h pr¸th apì ti dokimastikè sunart sei pou qrhsimo-poi jhkan apì ton De Jong [21℄ gia thn ekt�mhsh twn GA.
F (~x) =

n
∑

i=1

x2
i (Gþ.3)

~x∗ = (0, ..., 0)T ; f(x∗) = 0 ; n = 30; xiǫ[−5.12, 5.12]Gþ.1.2 Par�deigma elaqistopo�hsh sun�rthshSthn prohgoÔmenh par�grafo parousi�sthkan oi dokimastikè sunart -sei pou d�nontai w parade�gmata. Gia na de�xoume ton trìpo qr sh thbiblioj kh, parak�tw ja asqolhjoÔme me thn elaqistopo�hsh th sun�rth-sh Rastrigin me n = 20. To pr¸to b ma gia thn ep�lush enì probl matome GA, e�nai h epilog  th anapar�stash. H sugkekrimènh sun�rthsh mpo-re� na epiluje� e�te me duadik  anapar�stash e�te me anapar�stash arijm¸nkinht  upodiastol . To par�deigma autì ja to epilÔsoume kai me ti dÔoanaparast�sei.



Gþ.1. PARADE�IGMATA QR�HSHS THS BIBLIOJ�HKHS GAJLIB 87A' trìpo Anapar�stash arijm¸n kinht  upodiastol H anapar�stash e�nai kinht  upodiastol , me k�je qrwmìswma na èqei 20gon�dia ta opo�a dèqontai timè apì −5.12 èw 5.12. Sth sunèqeia qrei�zetaina grafte� k¸dika gia thn sun�rthsh poiìthta. O k¸dika e�nai o parak�tw:
package examples.functions;

import gr.teithe.it.ga.IChromosome;
import gr.teithe.it.ga.eval.AbstractMinimizationEvaluator;
import gr.teithe.it.ga.representation.DoubleRepresentation;
import gr.teithe.it.ga.representation.genes.DoubleGene;
import gr.teithe.it.ga.representation.genes.IGene;
import gr.teithe.it.util.annotations.Require;

@Require(value = DoubleRepresentation.class)
public final class RastriginFunction extends AbstractMinimizationEvaluator {

public void evaluate(IChromosome c) {

IGene[] genes = c.getGenes();
double fitness = 0.0;
double curr = 0.0;

for (int i = 0; i < genes.length; i++) {
curr = ((DoubleGene) genes[i]).getValue();
fitness += (Math.pow(curr, 2)

- 10.0 * Math.cos(2.0 * Math.PI * curr)) + 10.0;
}
c.setFitnessValue(fitness);

}
} Gia na dhl¸soume ìti e�nai prìblhma elaqistopo�hsh, apl¸ h kl�sh japrèpei na epekte�nei thn afhrhmènh (abstract) kl�sh AbstractMinimizationE-
valuator. Qrei�zetai mìno m�a mèjodo na ulopoihje� apì ton programmatist (public void evaluate(IChromosome c)), apì thn opo�a d�netai èna qrwmìsw-ma gia ekt�mhsh th poiìtht� tou. Apì to qrwmìswma èqoume prìsbash stagon�di� tou (IGene[] c.getGenes()), apì ta opo�a diab�zoume ti timè tou kaijètoume thn tim  poiìthta tou qrwmos¸mato. (c.setFitnessValue(double va-
lue)). Tèlo eis�gonta to Annotation @Require(value = Class), dhl¸noumeìti h sugkekrimènh t�xh apaite� anapar�stash arijm¸n kinht  upodiastol .To epìmeno b ma e�nai h sÔntaxh tou arqe�ou rujm�sewn, sÔmfwna me toopo�o epilègoume ìla ta stoiqe�a tou GA. 'Estw ìti jèloume ti ex  rujm�sei:

• Mègejo plhjusmoÔ �so me 200.
• Pijanìthta anasunduasmoÔ 0.9.
• Pijanìthta met�llaxh 0.4.
• Na qrhsimopoihje� elitismì.
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• Na qrhsimopoihje� gia anasunduasmì o telest  BLX-a me tim  α = 0.5.
• Gia met�llaxh na qrhsimopoihje� o telest  Creep Mutation.
• Gia epilog  h mèjodo Tournament Selection me arijmì upoy fiwn qrw-moswm�twn 10.
• H anapar�stash na e�nai arijm¸n kinht  upodiastol  me arijmì gonid�-wn 20 se k�je qrwmìswma. K�je qrwmìswma dèqetai timè apì −5.12èw kai 5.12.
• H sunj kh termatismoÔ na e�nai 2000 geniè to polÔ   qrìno ektèlesh

5 deuterìlepta.
• Ta apotelèsmata na tup¸nontai sthn ojình.Opìte sÔmfwna me ta parap�nw to arqe�o rujm�sewn ja èqei thn parak�twmorf :

<?xml version="1.0" encoding="UTF-8"?>
<gr.teithe.it.ga.configuration.Configurator

xmlns:j="http://javolution.org" xmlns:t="http://www.it.teithe.gr"
xmlns:g="java:gr.teithe.it.ga">

<Title value="Rastrigin Double"/>
<PopulationSize value="200"/>
<RecombinationProbability value="0.9"/>
<MutationProbability value="0.4"/>
<UseElitism value="true"/>
<Recombinator j:class="gr.teithe.it.ga.operators.real64.BLXaRecombinator"

Alpha="0.5"/>
<Mutator j:class="gr.teithe.it.ga.operators.real64.CreepMutator"/>
<NaturalSelector j:class="gr.teithe.it.ga.selectors.DefaultNaturalSelector"/>
<Selector j:class="gr.teithe.it.ga.selectors.TournamentSelector"

Candidates="10"/>
<Evaluator j:class="examples.functions.RastriginFunction"/>
<Initializer j:class="gr.teithe.it.ga.RandomInitializer">

<Random j:class="gr.teithe.it.util.random.DefaultRandomGenerator"/>
</Initializer>
<Representation j:class="gr.teithe.it.ga.representation.DoubleRepresentation"

Length="20">
<Domain j:class="gr.teithe.it.ga.Domain" Type="java.lang.Double"

LowerBound="-5.12" UpperBound="5.12"/>
</Representation>
<TerminationCondition j:class="gr.teithe.it.ga.termination.OrCondition">

<TerminationCondition j:class="gr.teithe.it.ga.termination.MaxIterations"
Iterations="2000"/>

<TerminationCondition j:class="gr.teithe.it.ga.termination.MaxExecutionTime"
Time="5"/>

</TerminationCondition>
<Writer j:class="gr.teithe.it.ga.audit.ConsoleWriter"/>

</gr.teithe.it.ga.configuration.Configurator>Parathr¸nta to arqe�o, e�nai faner  h ierarqik  dom  tou kai h eÔkolhepektasimìtht� tou. Oi genikè rujm�sei tou GA (p.q. Title, PopulationSize



Gþ.1. PARADE�IGMATA QR�HSHS THS BIBLIOJ�HKHS GAJLIB 89k.a) br�skontai sthn arq  kai met� akoloujoÔn oi dhl¸sei kai oi rujm�seitwn stoiqe�wn tou GA.'Ena stoiqe�o tou GA diajètei èna ìnoma, ìpw Recombinator, olìklhro to
classpath th t�xh (j:class=”gr.teithe.it.ga.operators.real64.BLXaRecombinator”)kai proairetik� ti paramètrou tou (pq Alpha=”0.5”).E�nai dunatì na oriste� gia to k�je gon�dio diaforetikì ped�o tim¸n, sthnper�ptwsh aut  ja prèpei na dhlwjoÔn xeqwrist� ìla ta ped�a gia ìla tagon�dia. 'Otan ìmw to ped�o tim¸n e�nai to �dio se ìla ta gon�dia, arke� m�a mìnod lwsh. Tèlo o GA mpore� na ekteleste� e�te apì to grafikì perib�llon,e�te mèsw th entol  evolve (evolve.bat se perib�llon Windows).

Sq ma Gþ.1: Diagramma mèsh kai kal terh tim , sun�rthsh RastriginB' trìpo Duadik  anapar�stashGia thn ep�lush tou probl mato me duadik  anapar�stash h prosèggishe�nai parìmoia. Parak�tw d�netai o phga�o k¸dika th sun�rthsh Rastrigingia thn duadik  anapar�stash:
package examples.functions;

import gr.teithe.it.ga.IChromosome;
import gr.teithe.it.ga.eval.AbstractMinimizationEvaluator;
import gr.teithe.it.ga.representation.BinaryRepresentation;
import gr.teithe.it.ga.representation.genes.BinaryGene;
import gr.teithe.it.ga.representation.genes.IGene;
import gr.teithe.it.util.BinaryUtils;

import gr.teithe.it.util.annotations.Require;

@Require(value = BinaryRepresentation.class)
public final class RastriginFunctionBinary extends AbstractMinimizationEvaluator {
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public void evaluate(IChromosome c) {

IGene[] genes = c.getGenes();
double fitness = 0.0;
double curr = 0.0;

for (int i = 0; i < genes.length; i++) {
curr = BinaryUtils.parseDouble((BinaryGene) genes[i]);
fitness += (Math.pow(curr, 2) - 10.0 * Math.cos(2.0 * Math.PI * curr)) + 10.0;

}
c.setFitnessValue(fitness);

}
} EÔkola diapist¸netai pw oi diaforè e�nai h tim  sto Annotation @Re-
quire kai h qr sh th bohjhtik  t�xh BinaryUtils me thn opo�a mporoÔmena apokwdikopoioÔme thn duadik  tim  k�je gonid�ou. Epiplèon, jètonta giatelest  anasunduasmoÔ ton anasunduasmì enì shme�ou, gia met�llaxh thn
BitFlip met�llaxh kai thn akr�beia twn arijm¸n se 8 dekadik� yhf�a, to arqe�orujm�sewn diatup¸netai w ex :
<?xml version="1.0" encoding="UTF-8"?>
<gr.teithe.it.ga.configuration.Configurator

xmlns:j="http://javolution.org" xmlns:t="http://www.it.teithe.gr"
xmlns:g="java:gr.teithe.it.ga">

<Title value="Rastrigin Binary"/>
<PopulationSize value="200"/>
<RecombinationProbability value="0.9"/>
<MutationProbability value="0.1"/>
<UseElitism value="true"/>
<Recombinator

j:class="gr.teithe.it.ga.operators.binary.BitSinglePointRecombinator"/>
<Mutator j:class="gr.teithe.it.ga.operators.binary.BitFlipMutator"/>
<NaturalSelector j:class="gr.teithe.it.ga.selectors.DefaultNaturalSelector"/>
<Selector j:class="gr.teithe.it.ga.selectors.TournamentSelector" Candidates="10"/>
<Evaluator j:class="examples.functions.RastriginFunctionBinary"/>
<Initializer j:class="gr.teithe.it.ga.RandomInitializer">

<Random j:class="gr.teithe.it.util.random.DefaultRandomGenerator"/>
</Initializer>
<Representation j:class="gr.teithe.it.ga.representation.BinaryRepresentation"

Length="20">
<Domain j:class="gr.teithe.it.ga.Domain" Type="java.lang.Double"

LowerBound="-5.12" UpperBound="5.12" Precision="8"/>
</Representation>
<TerminationCondition j:class="gr.teithe.it.ga.termination.OrCondition">

<TerminationCondition j:class="gr.teithe.it.ga.termination.MaxIterations"
Iterations="2000"/>

<TerminationCondition j:class="gr.teithe.it.ga.termination.MaxExecutionTime"
Time="5"/>

</TerminationCondition>
<Writer j:class="gr.teithe.it.ga.audit.ConsoleWriter"/>

</gr.teithe.it.ga.configuration.Configurator>



Gþ.1. PARADE�IGMATA QR�HSHS THS BIBLIOJ�HKHS GAJLIB 91Gþ.1.3 To prìblhma me ti sfhkofwlièParak�tw ja epilÔsoume èna prìblhma to opo�o proèrqetai apì to m�jhmatwn Eufu¸n Susthm�twn, pou did�sketai sto èbdomo ex�mhno tou tm matoPlhroforik .Ekf¸nhshMìli agor�sate èna sp�ti kai anakalÔptete ìti h sof�ta tou e�nai ge-m�th apì sfhkofwliè. Prin metakom�sete sto nèo sa sp�ti apofas�zetena exont¸sete ti sf ke. Episkèpteste to kat�sthma th perioq  sa toopo�o diajètei entomoktìna all� br�sketai mìno tr�a (3) doqe�a tÔpou {entomo-bìmbas}ta opo�a èqoun sugkekrimènh akt�na dr�sh kai prèpei na topojeth-joÔn polÔ kont� sth fwli� gia na exont¸soun ti sf ke pou br�skontaimèsa. Dustuq¸ ta 3 doqe�a den e�nai arket� na exont¸soun ìle ti sf keth sof�ta. Eutuq¸ h tÔqh sa bohj�ei kai br�skete:1. èna q�rth pou �fhse o prohgoÔmeno idiokt th kai o opo�o perigr�feithn jèsh pou br�skontai oi fwliè ìpw ep�sh kai ton arijmì sfhk¸npou diajètei k�je fwli� (qrhsimopoi¸nta èna p�naka 100×100, P�naka1). Arijmì fwli� Arijmì Sfhk¸n 'Axona Q 'Axona U1 100 25 652 200 23 83 327 7 134 440 95 535 450 3 36 639 54 567 650 67 788 678 32 49 750 24 7610 801 66 8911 945 84 412 967 34 232. èna tÔpo p�nw sto doqe�o {entomo-bìmbas}o opo�o d�nei thn sqèshapìstash apì thn fwli� kai tou posostoÔ twn sfhk¸n oi opo�e exon-t¸nontai (Ex�. Gþ.4).
K = n ∗

dmax

20 ∗ d + 0.00001
(Gþ.4)
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K: Pl jo sfhk¸n pou ja skotwjoÔn se m�a fwli�
n: Pl jo uparqìntwn sfhk¸n se aut  th fwli�
d: Apìstash bìmba apì aut  th fwli�.
dmax: H mègisth apìstash metaxÔ dÔo fwli¸n (141.42 gia ton q�rthtou P�naka 1, me diast�sei 100 × 100)H apìstash metaxÔ dÔo jèsewn tou q�rth upolog�zetai apì thn ex�swshGþ.5:

d =
√

(x1 − x2)2 + (y1 − y2)2 (Gþ.5)Stìqo e�nai na breje� h kalÔterh dunat  topojèthsh twn doqe�wn ètsi¸ste na exontwje� o megalÔtero arijmì sfhk¸n.Upode�xei:1. Gia na bre�te pìse sunolik� sf ke skìtwse m�a bìmba ja prèpei naupolog�sete pìse skìtwse se ìle ti fwliè. Gia ton upologismì tousunìlou twn sfhk¸n pou skot¸nei m�a �entomo-bìmba� ja qrhsimopoi -sete thn ex�swsh Gþ.6.
T =

n
∑

i=1

Ki (Gþ.6)ìpou:
K: Pl jo sfhk¸n pou ja skotwjoÔn se m�a fwli�
n: Pl jo fwli¸n2. Kai oi trei {entomo-bìmbes}den mporoÔn na skot¸soun se m�a fwli�perissìtere sf ke apì ìse sunolik� up�rqoun se aut . E�n dhlad m�a bìmba èqei skot¸sei ìle ti sf ke k�poia fwli�, tìte afoÔ denup�rqoun �lle sf ke se aut  th fwli�, oi �lle dÔo den ja skot¸-soun oÔte m�a se aut  th fwli�.3. H lÔsh pou ja d¸sete na leitourge� gia opoiad pote jèsh twn fwli¸n.Mhn thn perior�zete mìno sti jèsei tou parap�nw q�rth tou P�naka1, all� na mpore� na leitourge� kai gia �llou p�nake.LÔshTo sugkekrimèno prìblhma mpore� na luje� e�te me duadik  anapar�stash,e�te me anapar�stash akera�wn arijm¸n. Parak�tw ja parousi�soume mìnothn lÔsh me akèraia anapar�stash, kaj¸ h lÔsh me thn duadik  anapar�-stash e�nai parìmoia.



Gþ.1. PARADE�IGMATA QR�HSHS THS BIBLIOJ�HKHS GAJLIB 93Gia thn lÔsh qrei�sthkan na kataskeuastoÔn tèsseri kl�sei, h Wa-
spBombsIntEvaluator pou e�nai h sun�rthsh poiìthta, h eswterik  (inner)kl�sh WaspBombsIntEvaluator.GUIConf pou e�nai h grafik  rÔjmish th su-n�rthsh poiìthta, h WaspsNestLoader pou e�nai upeÔjunh gia thn fìrtwshtou arqe�ou me ti suntetagmène kai h WaspsNest, e�nai m�a t�xh sqediasmènhme ta prìtupa pragmatikoÔ qrìnou th biblioj kh Javolution kai perièqei tisuntetagmène th fwli� kai ton arijmì twn sfhk¸n. H anapar�stash touqrwmos¸mato e�nai èxh (6) gon�dia pou perièqoun ti suntetagmène (akèraietimè) topojèthsh twn bomb¸n. Parak�tw d�netai o k¸dika th sun�rthshpoiìthta:
package examples.wasps;

import gr.teithe.it.util.annotations.*;
import gr.teithe.it.ga.representation.*;
import gr.teithe.it.ga.eval.AbstractMinimizationEvaluator;
import gr.teithe.it.ga.IChromosome;
import gr.teithe.it.ga.configuration.IGUIConfigurator;
import javolution.util.FastList;
import javolution.realtime.LocalContext;
import javolution.xml.*;
import javax.swing.*;
import java.io.*;
import java.awt.event.*;

@Require( value = IntegerRepresentation.class)
@GUIConfiguration(value = WaspBombsIntEvaluator.GUIConf.class)
public final class WaspBombsIntEvaluator extends AbstractMinimizationEvaluator {

private static final String ATTR_DATA_FILE = "DataFile";

public static final XmlFormat<WaspBombsIntEvaluator> XML =
new XmlFormat<WaspBombsIntEvaluator>(WaspBombsIntEvaluator.class) {
public void format(WaspBombsIntEvaluator waspBombsIntEvaluator,

XmlElement xmlElement) {
xmlElement.setAttribute(ATTR_DATA_FILE,waspBombsIntEvaluator.file.getAbsolutePath());

}

public WaspBombsIntEvaluator parse(XmlElement xmlElement) {
return new WaspBombsIntEvaluator(new File(

xmlElement.getAttribute(ATTR_DATA_FILE, "nests.dat")));
}

};

private FastList<WaspsNest> list=null;
private WaspNestsLoader loader=null;
private File file = null;
private static final double dmax = 141.42;

public WaspBombsIntEvaluator(File file){
super();

if(file==null)
this.file = new File("nests.dat");

else
this.file = file;
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try {

loader = new WaspNestsLoader(file);
} catch (FileNotFoundException e) {

e.printStackTrace();
}
try {

list = loader.load();
} catch (IOException e) {

e.printStackTrace();
}

}

public void evaluate(IChromosome c) {
IGene[] genes = c.getGenes();
try{

LocalContext.enter();
FastList<WaspsNest> currList= FastList.newInstance();
for (FastList.Node<WaspsNest> n = list.head(), end = list.tail();

(n = n.getNext()) != end;) currList.addLast(n.getValue().copy());

double fitness = 0.0;
double k;

for(int i=0; i<genes.length; i+=2){
k = 0.0;
int bombX = ((IntegerGene) genes[i]).getValue();
int bombY = ((IntegerGene) genes[i+1]).getValue();
for(WaspsNest node: currList){

k = node.numberOfWasps*(WaspBombsIntEvaluator.dmax /
((20*distance(bombX, bombY, node.x, node.y))

+0.00001));
if(node.numberOfWasps!=0){

if(k>node.numberOfWasps) node.numberOfWasps=0;
else node.numberOfWasps-=k;

}
}

}

for(WaspsNest node: currList){
fitness+=node.numberOfWasps;

}
c.setFitnessValue(fitness);

}finally{
LocalContext.exit();

}
}

private final double distance(int x1, int y1, int x2, int y2){
return Math.sqrt(Math.pow(x1-x2,2)+Math.pow(y1-y2, 2));

}

public final static class GUIConf extends JPanel implements
IGUIConfigurator<WaspBombsIntEvaluator> {

private final JButton btnOpenFile = new JButton("Open File");
private final JFileChooser fileChooser = new JFileChooser();
private File file = null;

public GUIConf(){
fileChooser.setDialogTitle("Open wasp nests file");
btnOpenFile.addActionListener(new ActionListener() {

public void actionPerformed(ActionEvent e) {
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if(fileChooser.showOpenDialog(null) ==
JFileChooser.APPROVE_OPTION){

file = fileChooser.getSelectedFile();
}

}
});
add(btnOpenFile);

}

public JComponent getJComponent() {
return this;

}

public WaspBombsIntEvaluator getConfiguredType() {
return new WaspBombsIntEvaluator(file);

}
}Parathr¸nta ton k¸dika diapist¸noume ìti e�nai prìblhma elaqistopo�hshtou pl jou twn sfhk¸n, gia ton lìgo autì h t�xh th sun�rthsh poiìthtaepekte�nei thn t�xh AbstractMinimizationEvaluator. Se k�je kl sh th me-jìdou evaluate(IChromosome c) d�netai m�a proswrin  l�sta me ti fwliè (hl�sta epanaqrhsimopoie�tai me b�sh tou mhqanismoÔ tou Javolution) h opo�aqrhsimopoie�tai gia thn ekt�mhsh th poiìthta tou qrwmos¸mato.To antike�meno XmlFormat ulopoie�tai apeuje�a kat� thn d lws  tou,ètsi ¸ste apì ti mejìdou format kai parse na or�zei o programmatist ton trìpo me ton opo�o ja s¸zetai kai ja fort¸netai ant�stoiqa, h t�xh
WaspBombsIntEvaluator sto arqe�o rujm�sewn. Me ton trìpo autì o pro-grammatist  dhl¸nei kai qeir�zetai ti dikè tou paramètrou.H eswterik  t�xh GUIConf ulopoie� to inteface IGUIConfigurator kai oskopì th e�nai, ìtan to prìblhma epileqje� apì ton wizard tou grafikoÔperib�llonto na emfaniste� èna par�juro apì to opo�o o qr sth epilègeito arqe�o me ti fwliè twn sfhk¸n. Tèlo gia na g�nei antilhpt  aut  h t�xhapì ton wizard prèpei na oriste� to Annotation @GUIConfiguration.Sunep¸, me b�sh ta parap�nw to arqe�o rujm�sewn ja e�nai to parak�tw:
<?xml version="1.0" encoding="UTF-8"?>
<gr.teithe.it.ga.configuration.Configurator xmlns:j="http://javolution.org"

xmlns:t="http://www.it.teithe.gr" xmlns:g="java:gr.teithe.it.ga">
<Title value="Wasp Bombs Problem"/>
<PopulationSize value="100"/>
<RecombinationProbability value="0.9"/>
<MutationProbability value="0.4"/>
<UseElitism value="false"/>
<Recombinator j:class="gr.teithe.it.ga.operators.SinglePointRecombinator"/>
<Mutator j:class="gr.teithe.it.ga.operators.RandomMutator"/>
<NaturalSelector j:class="gr.teithe.it.ga.selectors.DefaultNaturalSelector"/>
<Selector j:class="gr.teithe.it.ga.selectors.TournamentSelector" Candidates="7"/>
<Evaluator j:class="examples.wasps.WaspBombsIntEvaluator" DataFile="nests.dat"/>
<Initializer j:class="gr.teithe.it.ga.RandomInitializer">
<Random j:class="gr.teithe.it.util.random.DefaultRandomGenerator"/>

</Initializer>
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<Representation j:class="gr.teithe.it.ga.representation.IntegerRepresentation"

Length="6">
<Domain j:class="gr.teithe.it.ga.Domain" Type="java.lang.Integer" LowerBound="1"
UpperBound="100"/>

</Representation>
<TerminationCondition j:class="gr.teithe.it.ga.termination.MaxIterations"

Iterations="1000"/>
<Writer j:class="gr.teithe.it.ga.audit.ConsoleWriter"/>

</gr.teithe.it.ga.configuration.Configurator>

Sq ma Gþ.2: Di�gramma mèsh kai kalÔterh tim , prìblhma me ti sfhkofwliè
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1989.[2℄ Thomas Bäck. Evolutionary Algorithms in Theory and Prac-
tice. Oxford University Press, 1996[3℄ A.E. Eiben, J.E. Smith. Introduction to Evolutionary Com-
puting (Natural Computing Series). Springer, 2003.[4℄ William M. Spears. Evolutionary Algorithms, The Role of
Mutation and Recombinarion. Springer, 2000.[5℄ Zbigniew Michlewicz. Genetic Algorithms + Data Structures
= Evolution Programs 3ed. Springer, 1996.[6℄ David A. Coley. An Introduction to Genetic Algorithms for
Scientists and Engineers. World Scientific, 1997.[7℄ Randy L. Haupt, Sue Ellen Haupt. Practical Genetic Algori-
thms 2ed. Wiley-Interscience, 2004.[8℄ Melanie Mitchell. An Introduction to Genetic Algorithms.
MIT Press, 1998. 97
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