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OZET

GENETIK ALGORITMA VE KARINCA KOLONi ALGORITMASI iLE MELEZ
MODEL OLUSTURULARAK ERP SISTEMLERINDE KAPASITE
PLANLAMASININ YAPILMASI

Celal Bilgin
BILGI TEKNOLOJILERI — IS ZEKASI
Tez Damismani: Dog. Dr. Adem KARAHOCA

01/2013

Gilinlimiizde firmalar tiim siireglerini kontrol altina alip, is zekas: uygulamalan ile
otonom kontroller olusturmak istemektedir. Bu noktada sistemin en temelinde
vazgecilmez olan erp programlaridir. Erp programlari verilerin olustugu ve saklandigi
en tabandaki sistemdir. Is zekas: uygulamalar1 olusan verileri yorumlayip belirlenen
kararlar1 vermesi i¢in sistemi tamamlayan bir parcadir.

Uretim yapan firmalar, iiretim hattin1 dogru planlayabilmesi i¢in, maliyet basta olmak
tizere verimlilik, sipariglerin zamaninda yetismesi gibi bircok kisiti saglanmalari
gerekmektedir. Kapasite planlama; igerisinde operasyonlar arast gecikmeler,
makinalarin bosta kalmasi, islerin {iretim hatlarina dogru dagitilmasi, sipariglerin
zamaninda hazir olmasi, kurulum siireleri, aktivite maliyetleri, stokta bulundurma
maliyeti ve benzeri bir ¢ok maliyet kaynaginin dogru dagitilmas: ve/veya kullanilmasi
gibi karmasik bir yap1 bulunduran bir optimizasyon problemidir.

Genetik algoritmalar: ve karinca koloni algoritmalari ile yapilmis kapasite planlama
problemlerinin ¢o6ziimleri literatiirde mevcuttur. Genetik algoritmalar bir ¢éziim
poplilasyonu olusturmak ve bu popiilasyonu her jenerasyonda daha iyiye gotiirme
konusunda bir altyapt saglarken, karinca koloni algoritmasi siralama problemlerinin
¢Ozlimiinde bir alt yap1 saglamaktadir.

Bu tezin amaci firmalarda kapasite planlama problemini ¢ézerken genetik algoritma ve
karinca koloni algoritmasindan melez bir model olusturup, amag fonksiyonu tanimlarina
gore bir ¢oziim kiimesi olusturmaktir. Coziim testleri i¢in Java 7.0 kullanilarak bir
program gelistirilmistir.

Anahtar Kelimeler: ERP, genetik algoritma, karinca koloni algoritmasi, Kapasite
planlama, optimizasyon.



ABSTRACT

SCHEDULING WITH CREATING A HYBRID MODEL OF GENETIC
ALGOROTIHM AND ANT COLONY AT ERP SYSTEMS

Celal Bilgin
INFORMATION TECHNOLOGIES — BUSINESS INTELLIGENCE
Thesis Supervisor: Assoc. Prof. Dr. Adem KARAHOCA

01/2013

Todays companies demand to take control all processes and build autonomous systems
using business intelligence applications. The ERP programs are the essential
frameworks to meet these demands. ERP systems integrate internal and external
management information across an organization, while business intelligence process
and evaluate these collected data.

In order to schedule a production line, the companies need to provide constraints such
as costing, efficiency and preparing orders on time. Scheduling is an optimization
problem including complex systems like tardiness, idle times, distributing operations to
production line, activity costs, set-up times and earliness stocks.

There are solutions about scheduling reported in literature using genetic algorithms and
ant colony optimization. While genetic algorithms generate a solution population and
improve it on each generation, ant colony algorithms are based on the solving of
ordering problems.

The aim of this study is to design a hybrid model of genetic and ant colony algorithms
in solving schedule problems of companies by generating a set of solutions for aim
functions. The proposed model was coded by using Java 7.0 programming language.

Keywords: ERP, genetic algorithm, ant colony, schedule ,optimization.
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1. GIRIS
Giliniimiiz firmalar1 teknolojiye adapte olarak tiim islerini bilgisayar programlari
tizerinden yiiriitmekte ve karar destek asamalarinda bu yazilimlardan destek alarak insan
hatasini en aza indirmeye calismaktadir. Bazi kararlar1 verebilmek icin sadece birkag

bilgi degil sistemin tiimiinden gelen bilgileri degerlendirmek gerekir. Bunu yapabilmek

icinde bu bilgileri iliskileri ile birlikte detayl1 bir sekilde saklamakla is bagliyor.

Enterprise Resource Planning - Kurumsal Kaynak Planlamasi (ERP) , firmalarin A’dan
Z’ye tiim siireglerini icerisine almakta ve bunlar arasindaki iliskileri yonetmektedir.
Icerisinde birgok alt sistemi ve karar destek mekanizmasim1 barmdirmaktadir.
Departmanlar ve bolimler arasindaki veri akislarini ve iletisimi kontrollii hale
getirmektedir. Icerisinde bizi en cok ilgilendiren modiiller ise MRP II ve kapasite

planlamadir.

Kapasite planlama; amag¢ fonksiyonunda c¢ok fazla parametre olan karmasik bir
problemdir. Yoneylem arastirmalari; amag¢ fonksiyonu olan ve bu amaca ulasmak igin
belirli kisitlar1 goz 6niinde bulundurdugumuz bir problem ¢dzme yontemidir. Giinlimiiz
bilgisayarlarinin hiz ve etkinliginden faydalanarak bu problemleri daha hizli ¢6zebilmek

icin ¢esitli yontemler gelistirilmistir.

Genetic Algorithm - Genetik Algoritma, canlilarin dogal seleksiyonu ve mutasyonuna
dayali olarak optimizasyon problemlerini ¢ozmek igin ¢6ziim kiimesinde aramalar
yapan algoritmadir. Kapasite planlama, optimizasyon problemi gibi diisiindiigiimiizde

GA ‘nin ¢6zlim yontemi olan ihtiyacimizi ortaya koymaktadir.

Ant Colony Algorithm - Karinca kolonisi Algoritmasi (ACO) , meta-sezgisel (meta-
heuristic) bir algoritmadir. Karincalarin yemek arayiginda en kisa yolu nasil
bulduklarim1 formiile ederek gercek hayat problemlerinde kullanmamiz saglanmistir.
Ogzellikle siralama problemlerinde c¢ok iyi oranda basari gosterdigi icin bu ydntem

secildi.

Bu tezde amag olarak kapasite planlamasi yapilirken GA ve ACO ile hibrid bir model
olusturarak problemi ¢6zmektir. Kapasite planlamasinda isi yapacak olan is merkezleri

veya kaynaklar1 genetik algoritma tizerinde bulunurken , karinca koloni algoritmasi da



planlanmas1 gereken operasyonlart siralama yontemi ile i merkezlerine

yerlestirmektedir.

Tez igeriginde Oncelikle ERP’ye kisa bir giris yapilacak ve devamindan kapasite
planlama problemlerinin tanimlanmasi yapilacaktir. Céziimde kullandigimiz yapay zeka
yontemleri arasindan nasil se¢im yaptik ve sectifimiz yontemler hakkinda bilgiler
verilecektir. Hibrid modelin hangi kurallar dahilinde olusturuldugu ve ¢alisma prensibi
anlatildiktan sonra yazilan programa bilgi girisleri ve programin ¢alismasi hakkinda

bilgiler verilecektir. Son olarak 6rnek problemler ve ¢iktilar: paylasilacaktir.



2.  LITERATUR TARAMASI

2.1. ERP

Kurumsal Kaynak Planlamasi — Enterprise Resource Planning (ERP) veri ve islemleri
entegre etmeye calisan sistemlerdir. Veriler bir veya birden fazla veri tabaninda
saklanir. ERP sistemleri veri tabanindaki bilgileri departmanlar arasinda ve is
fonksiyonlar1 igerisinde olusturur, paylasir ve veri dongiisiinii gerceklestirir. ERP,
organizasyonlar igerisinde bilgi teknolojileri ¢oziimleri olarak en fazla adaptasyonu

saglanan sistemlerdir ( Al-Masharia,Al-Mudimigha, Zairib, 2003).

ERP’nin tarihgesine kisaca baktigimiz zaman; baslangigta sadece stoklarin yonetildigi
PIC programlar1 bulunmaktadir. Daha sonra stoklari dogru yonetebilmek i¢in Malzeme
Ihtiyag Planlamas1 (Material Resource Planning-MRP) 1960 yillarinda ortaya ¢ikmustir.
Isletmelerin malzeme ihtiyaglarini planlamak ve iiretim planlarini ¢ikarmak amaciyla
olusturulmustur. MRP ile hammadde ve diger malzeme ihtiyaclar1 planlamasi
yapildiktan sonra firma iginde iiretim planlarin1 ve isleri, kurallar dahilinde daha iyi
yonetebilmek i¢in Uretim Kaynaklar1 Planlamas1 (Manufacturing Resource Planning —
MRP Il ) ortaya ¢ikmistir. 1980’lerin basinda yazilim firmalar1 ortaya belirli bir
framework iizerinde calisan modiiler sistemler gelistirmeye basladi. Bu modiiller kendi
icinde haberlesen biiylik sistemin kiiciik sistem pargalar1 olarak isleyen programlardi.
1990 yillarinda firmalar iiretimin haricinde diger departmanlarinda sisteme entegre
olmasi ihtiyacin1 dogurdugunda ERP sistemleri ortaya cikti. insan kaynaklari, kapasite
planlamasi, miisteri iliskileri yonetimi gibi modiiller ERP igerisinde ve diger modiillere

entegre olarak sunuldu (Jacobs ve Weston, 2007 ).

ERP sistemlerinin gelecegine baktigimiz zaman ise artik yapay sinir aglar1 , karar destek
mekanizmalari, veri madenciligi ve sezgisel yontemler gibi ileri diizey fonksiyonlari

icinde barindiran ve kullanicilara alternatif bilgileri lireten sistemler haline gelmektedir.

Bircok isletme mevcut ERP uyarlamasi sonucunda ortaya c¢ikan yeniden
yapilandirilmis is fonksiyonlarina adapte olmaya calisirken diger isletmeler mevcut
ERP sistemlerini yiikseltmeye ve uygulama alanini genisletmeye caligmaktadir (Beatty
ve Williams, 2006). Gartner Research yayinladigi bir raporda mevcut ERP sistemlerinin

oldiiginii yerini yenilik¢i ve standart olusturacak yeni nesil ERP II sistemlerine



birakacagini yayinlamistir. Tedarik zinciri yonetimini ve e-ticareti i¢cinde baridiracak
olan ERP II, ortak-ticareti (collaborative-commerce - c-commerce) beraberinde
getirmistir. BoOylece isletmeler yatay ve dikey olmak flizere birbirlerine dogrudan
baglantili hale gelmistir. Miisteri Iliskileri Y&netimi (Customer Relationship
Management CRM) de bu yeni modiillere entegre oldugunda isletmeler miisterileri ile

anlik bilgi paylasimi platformuna erismis oluyorlar (F.D.Ted & Weston, Jr., 2003) .
2.1.1. ERP’NIN YENI IHTIYACLARI

SCM kendi basina ERP II ile biiyiik bir ihtiyag listesi ¢ikarmaktadir. SCM o6ncelikle
mevcut is sisteminizi tedarik zincirine entegre etmenizi gerektirir. Is dinamiginde
yapilacak hatalar SCM ile birlestiginde kamg1 etkisini (Bullwhip effect) ciddi anlamda
arttiracaktir (Moller, 2005) .

SCM, hammaddeden baglayarak miisteriye gonderilen iirline kadar planlama ve
kontrollerin yapilmasi gerekliligini sunun bir sistem ¢oziimiidiir. Bu sebeple tedarik¢i ve
miisteri iliskilerini yukar1 ve asagi dogru daha az maliyetle yonetme stratejisini ortaya

koyar.

Yazilim endiistrisi bu ihtiyaglar1 giderebilmek i¢in ERP iizerine Geligsmis planlama ve
Zamanlama (Advanced Planning and Scheduling - APS) modilii gelistirmistir. Bu
modiil, matematiksel programlamalar ve genetik algoritmalarin aritilmis bir ¢oziimii
olarak tedarik zinciri aginin igindeki pargalari birlestirmek i¢in aslinda SCM’in
merkezine oturtulmustur. APS, MRP/II ve kapasite planlamadan aldig: bilgileri gercek
zamanli yorumlayarak tedarik zinciri merkez kontroliiniin isini kolaylastirmaktadir.

Boylece kapasite planlama sistemin olmazsa olmazi durumuna gelmektedir.

Ayrica APS sistemlerinin ERP ve MES arasindaki entegrasyonu sagladigi yontemlerde
mevcuttur (Botta-Genoulaz, Millet ve Grabot, 2005 ) .Bu sayede iiretimden anlik olarak
veriler ¢ekilmekte ve daha dogru kararlar verilmektedir. Buda SCM i¢in daha dogru

terminler demektir.



Sekil 2.1 Tedarik Zinciri

Tedarikgi

Gelen Giden

Kaynak: Advanced scheduling problem using constraint programming tecniques in
SCM environment, Y.Yun , M.Gen ,2002

Isletmelerin ERP I ile ortak-ticaret alan1 olusturmalar1 ve APS kullanmalari, dogru ve
toleranslar1 yliksek olan bir kapasite planlama yapmak zorunda birakmaktadir.
Halihazirda isletmeler mevcut ERP sistemleri i¢inde kapasite planlamalarini dahi
yapmakta zorlanmaktadir. Ciinkii g6z oniinde bulundurulmasi gereken ¢ok fazla faktor
bulunmaktadir. Genel itibari ile baktigimizda kapasite planlamasi ¢ok fazla kisitt1 olan
karmasik bir optimizasyon problemidir. Ortak-ticaretin gelismesiyle siirekli olarak
sisteme siparis bilgilerinin girisleri olacaktir . Misteriler platform iizerinde siparisleri
girmeden Once teslim zamanlarmma bakmak istemektedir. Hatta buna gore tedarikgi
tercih etmektedirler. Bu sistem beraberinde hizli ve detayli, tolere edilmis teslim siireleri
ortaya c¢ikarma ihtiyacini dogurmustur. Bunu yapabilmek i¢inde ayni ozelliklerde
kapasite planlamasinin yapilmasi ihtiyact dogmustur. Statik kararlar veren bazi kapasite
planlama metodlar1 farkli durumlar1 g6z 6niinde bulunduramayacagi i¢in isletmeye en
cok faydayr saglama kuralim1 pas gecebilir. Ancak sezgisel yontemler bunu asmada

kullanilabilir.



2.2. URETIM

Isletmeler iirettikleri {iriine veya tercih ettikleri iiretim ydntemine bagl olarak farkl
iiretim stratejileri uygularlar. Uretim basit olarak ; hammaddelerin islenip satisa hazir
hale getirilmesidir. Ger¢ek yasamda isler bu kadar kolay olmamaktadir. Firmalarin bazi

tercihler yapmasi gerekmektedir. Genel olarak tiretim tipleri asagida belirtilmistir.
2.2.1. SIPARIS iCiN URETIM YAPMA (MAKE-TO-ORDER (MTO))

Genel olarak miisterilerin verdigi siparisler birbirinden farkli 6zelliklere sahiptir. Bu
sebeple miisteri siparisini verdigi anda planlamaya alinir. Siparis gelene kadar hangi
materyallere ihtiya¢ oldugu belirlenemez. Bu sebeple buradaki basari anahtari
ihtiyaglarin zamaninda gelmesi ve iretim hattint buna gore planlamasidir. Kapasite
planlamasinin gereksinimler belirlendikten sonra hemen yapilmasi gerekir. Planlamada
yapilacak hatalar veya gecikmeler {iretimin performansmi disiirecektir. MTO
sistemlerinde adaptasyonu ve entegrasyonu iyi saglanmis bir kapasite planlama maliyet

degerlerini de diisiirecektir (Choy ve dig. 2011) .
2.2.2. STOK ICIN URETIM YAPMA (MAKE-TO-STOCK (MTS))

itme yontemi olarak gdsterilen bu modelde isletme stoka iiretim yapar. Daha sonra
satiglar bu stoklar tizerinden gerceklestirilir. Bu tip organizasyonlarda kapasiteyi ve
planlamay: yonetmek bir MTO sistemine gore biraz daha kolaydir. Talepler ve ne gibi
kaynaklara ihtiya¢ oldugu bellidir. Ancak bu sistemleri yonetmesindeki zorluk, parti
blytlikligli yontemleri ve ¢ok sayida plani ayni anda planlamaktir. Bu denli biiyiik

problemleri ¢6zmek i¢in zaman ve yontemlerinde dogru se¢ilmesi gerekir.
2.2.3. SIPARISE URETME (BUILD-TO-ORDER (BTO))

Basitce bakildiginda yalin iiretim (lean manufacturing) ve cevik {iretimin (agile
manufacturing) ana karakteristiklerini barindirir. Aslinda MTO (siparis odakli) ve MTS
(tahmin odakl1) stratejilerinin ikisini de barindirir. Standart iiretilen ve miisteri
taleplerine gore degismeyecek olan komponentlerin kisa donemli tahminler yoluyla,
miisteri tercihlerine gore degisen parcalarin talep alindiktan sonra, nihai {iriiniinde bu
sebeple talep edildikten sonra iretilmesi yontemine dayanir. Bu sistemin

yuriiyebilmesini saglayan ana faktor tedarik zinciridir. Yapilan tahminler ve gelen



taleplere gore, miisteriye sunulan ¢iktidan satin alinan veya iiretilen kaynaklara kadar
detayli ve giiglii bir akisin olmasi gerekir. Ciinkii pazarda saglanacak performansi

etkileyen en 6nemli faktor tedarik zinciridir (Yimer ve Demirli, 2010) .

2.3. KAPASITE PLANLAMA (SCHEDULING )

Kapasite planlama iiretim yapan isletmeler igin iiretkenlik ve verimlilik agisindan
onemlidir. Isletmeler icin kapasite planlama yapmak hangi operasyonu, ne zaman, hangi
makine ve/veya isciler ile hangi ekipmanlar1 kullanarak gergeklestirecegine karar
vermek ve en diisik maliyet ile en kisa slirede gerceklestirmektir. Ayni zamanda

verimliligi yiikseltip maliyeti diistirmeye de odaklanir.

Kapasite planlama temel anlamda ikiye ayrilir Akis tipi — FSP (Flow Shop Problem) ve
Atolye tipi - JSP (Jobshop Problem ) (Lin ve Jia-zhen, 2009) . Ayrica Tek Makine (
single-machine) problemleri olarak bir dal daha eklenebilir (Choy ve dig. 2011) .

2.3.1. URETIM PLANLAMA YONTEMLERI
2.3.1.1. AKIS TiPi URETIM PLANLAMA (FLOW SHOP SCHEDULING)

Akis tipi tiretim planlama problemi verilen n adet ayni sirali isin verilen siireleri ile m
adet makinaya planlanmasidir (Akhshabia ve dig. 2012) . Her is sirast onceden
belirlenmis m adet isten olusur ve her makinada bir defa islem goriir. Her islem, islem
siiresince kesintiye ugramadan gerceklesir. Aralardaki tagima siireleri ithmal edildigi
varsayilir. Bir makine ayni1 anda birden fazla islemi gerceklestiremez ve bir islem ayni
anda sadece bir makinada islem goriir. Tiim isler icin makine siralar1 aynidir ve hazirlik

stireleri 6nceden bilinmektedir (Temiz, 2010 ).

Ayrica pazardaki rekabet ortamindan dolayi bir¢ok isletme, klasik iiretim sistemini daha
yeni melez akis tipi iiretim sistemlerine yiikseltmektedir. Aradaki fark ise darbogaz
olusan noktalarda isi yapan paralel makineler koymaktir. Boylece bu is noktalarinda

islemler paralel makine sayisi kadar azalacaktir (Amin-Naseri ve Beheshti-Nia, 2007 ) .



2.3.1.2. ATOLYE TiPi URETIM (JOB SHOP SCHEDULING)

Bu tip iiretimde onceden belirlenmis siralar1 belirli bir dizi operasyon gegici olarak
olusturulur. Uriinler gesitlilik gdsterir ve hepsi ayni rotaya sahip degildir. Mevcut iiretim
sisteminde bu operasyonlar kaynak kisitlar1 gbz oniinde bulundurularak planlamasi
yapilir. Operasyonlar yerlestirilirken ayni isi yapan benzer operasyon merkezlerine
farkli siireler ile yiliklenebilir. Buna Esnek Atolye tipi problem denir ( Flexible Job Shop
Problem) (Mesghouni ve dig. 2004) .

Bu tip problemlerde n tane is m adet farkli makinada islenecektir. Her is o kadar
operasyondan olusur ve hangi makinada ne kadar siirecegi belirlenmistir. Bu sebeple
cok fazla is ve makine {lizerinde kisitlar vardir. Problemin ana amag fonksiyonlarindan
birisi toplam siireci ve her is igin gereken siireyi kisaltmaktir (Qing-dao-er-ji ve
Wang, 2011).

2.3.2. KAPASITE PLANLAMA PARAMETRELERI - TERIMLERI

Kapasite planlama optimizasyonunun ic¢inde ¢ok sayida kisit ve birden fazla amag
fonksiyonu bulunur. Bu formiilleri daha anlamli hale getirmek icin fonksiyonlar

tizerinde hesaplanmis bazi parametreler bulunmaktadir.

Uygunluk; belirlenen zaman araliinda mevcut kaynagin birim zamanda ne kadar
kullanilabilir oldugunu gosterir. Uygunluk degerlerine gore yapilmamis planlama

ihtimal dahilinde degildir[16].

Takvim; planlamanin kaynaklarin uygunluk dagilimini gdsteren bir komponentidir. Her
kaynak kendine ait bir takvimi vardir ve genel takvimden kendine etki eden faktorlerde

vardir. (genel tatiller, kutlamalar gibi.)

Olasi en erken baslama; kaynaklarin uygunluguna gore belirlenen bir ise baslanabilecek
olan en erken tarth. Bunun i¢in takvim bagh kisitlar, operasyon bagimli kisitlar, makina

bagiml kisitlar ve ig¢i bagimli kisitlar olabilir.

Uygulama Penceresi ; bir igin olasi en erken baslama zamani ile en ge¢ bitis zamani
arasindaki periyodu verir. Ayn1 zamanda igin ne kadar esnetilebilecegini gosterir (CoX,

2005) .



Uygulanabilir Plan; her isin, yapilabilmesi ig¢in uygun is¢i veya makine, belirlenen
araliklarda takvime uygun kaynaklar, bagimli oldugu tiim operasyonlarin bitmis olmasi
kisitlarini saglamasidir. Miimkiin plan kisitti diger bir¢ok kisitt1 i¢inde bulundurur ve

cezai sart1 olmamalidir (Cox, 2005 ).

En Gec¢ Bitis; bir isin olasi en son bitis tarihidir. Bu tarih disaridan bir kisit olarak
verilebilir veya program icinde de hesaplanabilir. Eger program i¢inde hesaplaniyorsa
isin miimkiin plan dahilinde olmasi beklenir ancak disaridan sabit olarak veriliyorsa ve

is bu tarihe kadar planlanmaz ise uygulanabilir degildir.

Ag; tim islerin Onceliklerinin ve baglantilarinin tanimlandigi yerdir. Diiglimler ile

birbirine baglanmis bir grafik teorisidir (Cox, 2005 ).

Oncelik Baglantis1 ; iki diigiim arasindaki zaman kisit agidir. Eger B isi , A isi bitmeden
baslayamaz ise bu iki i arasinda bir dncelik baglantisi tanimlanir. Bu durumda A isi ata

, B isi de ardildir (Cox, 2005 ).

Kaynak; satin alinan ve operasyon igerisinde kullanilan hammadde veya yari mamuldiir.
Olas1 ¢oziimler kaynak ihtiyaglarina dikkat etmek zorundadir. ERP sistemlerinde bu

bilgi MRP c¢alismasindan alinir.

Toplam Uretim Siiresi(Makespan Time); planlama isleminin en erken baslama tarihi ile
en ge¢ biten igin bitis tarthi arasinda gecen siiredir. Genelde kapasite planlama

problemleri bu siireyi minimize etmeye caligir.

Toplam Operasyon Siireleri; planlanan tiim operasyonlarn siirelerinin toplamidir.
Amag fonksiyonunda minimize edilir. Atama yapilan islerin en kisa hangi makine

ve/veya is¢i tarafindan yapilmasi gerektigini amag¢lanmaktadir.

Gecikme; operasyonun olasi en erken baslama tarihinden ne kadar ge¢ basladigi
arasindaki siire farkidir. Iki tarafli etkisi vardir, bekleme maliyeti ve diger islere 6ncelik

verilmesi gerektigi.

Ortalama Gecikme Siiresi; gecikme siiresinin mevcut talebin tim operasyonlarinin

stirelerinin toplamina olan oranidir.



Bosta Kalma Stiresi; makine veya iscilerin iki operasyon arasindaki atil siiresidir.
Baslangi¢ i¢in atanacak higbir is olmadigindan ilk operasyonun beklenmesi ve son
operasyondan sonra olasi is olmadigi i¢in bu aralardaki bosta kalma siiresi dahil

edilmez.

Fason Maliyeti; mevcut isletme kapasitesinin yetersiz gelmesi veya belirlenmis
islemlerin disarida yapilmasi durumlarinda kapasiteye eklenmesi gereken maliyet

degeridir. Sonsuz kapasiteli kabul edilebilir veya olasi kapasite tanimi yapilabilir.

Erken bitirme; talebin belirlenen tarihten once arz edilmesi durumunda ortaya ¢ikacak

stokta bekletme siiresi ve maliyetini igerir.

Planlanma Yiizdesi; planlama sonucunda uygulanabilir planlamalarin, tiim planlanacak

olan islere oranlanmasidir.
2.4. GENETIK ALGORITMALAR

John H. Holland tarafindan 1975 yilindaki “Adaptation in Natural and Artificial
Systems: An Introductory Analysiswith Applications to Biology, Control, and Artificial
Intelligence” adli kitabinda bahsettigi genetik algoritma, dogadaki evrimlesmeyi ve
seleksiyonu temel alan sezgisel bir arama teknigidir. Holland, dogadaki olaylarin

sitemlere adapte edilmesi konusunu aragtirmistir.

Bu sezgisel yontem optimizasyon ve ¢oziim kiimesi arayislarinda ¢okca kullanilir. Daha

biiyiik siif olan evrimsel algoritmanin bir alt siifidir.

Evrimsel algoritmalar kompleks optimizasyon problemlerini ¢dzmek i¢in dogadaki
seleksiyonu taklit eder. Olast ¢6ziim kiimesini ic¢inde barindiran biiylik bir
popiilasyondan olusur. Biiyiik boyutlu ve karmagsik olan yavas, zorlu, kirllgan veya
mevcut analitik teknikler ile formiile edilmesi zor problemleri ¢6zmek i¢in genetik
algoritmalar ve evrimsel programlamayr yapay zeka sistemlerinin adaptasyon
davraniglarina, ¢oklu kriter ve amag fonksiyonlar1 iizerinde sistematik alternatif ¢oziim

tarayicisi olarak kullanilmasini dogurmustur (Cox, 2005 ).
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Genetik Algoritmalar kalitim, mutasyon, seleksiyon ve ¢aprazlama gibi dogadan ilham
alman tekniklerini kullanarak verilen optimizasyon probleminin ¢dziim kiimesini

olusturmaya odaklanir.
Genetik algoritmanin isleyisine gegmeden dnce kisa bir terminoloji tanimi yapilmalidir.

Alel; gen tizerinde belirli bir yerde veri tasiyan yapiya denir. Binary sunumlarda bu 0-1

olur. Problem ¢6zlimlerine gore sayilardan veya objelerden olusabilir.

Kromozom (Birey); problemin olasi ¢oziimiinii iginde barindiran alelden olusmus
yapidir. Kromozomun {iizerindeki alel sirasi problem ¢oziimlerinde 6nemlidir. Bunu

locuslar belirler.

Genom; kromozomlarin belirli bir sunum seklidir. Genelde genom bir kromozomdan
olusur ancak ¢oklu kisitlarin ve amag fonksiyonlarinin oldugu problemlerde birden fazla
kromozomdan olusabilir (Cox, 2005 ).

Locus; bir kromozomun genom iizerindeki belirli bir pozisyondur.

Popiilasyon; yapay aramanin yapildig1 tim genomlarin bulundugu topluluktur. Genetik
algoritmada yapilacak olan biitlin islemler popiilasyon iizerinde yapilir ve popiilasyona

ekleme cikarmalar yapilarak seleksiyon saglanir.

Tavlama; genetik algoritmada popiilasyonun mevcut durumunu degistirerek ¢oziime
dogru yaklagmas: islemidir. Genetik algoritmalarda bu islem i¢in mutasyon, yeni
popiilasyon olusturma ve seleksiyon islemleri ile gelecek nesiller ¢oziime dogru

yaklagtirilir (Cox, 2005 ).

Uygulanabilir Coziim; genetik algoritmalar mutlaka karsiligi miimkiin olan ¢6ziimler
bulmalidir. Aksi halde en iyi fit degeri verse bile kullanilamaz. Coziimiin miimkiin olup
olmadigin1 kisit fonksiyonlar: belirler. Kisit fonksiyonlar i¢erisinde mevcut kaynaklar

ve operasyonlar arasindaki iligkiler bulunmaktadir.

Amag Fonksiyonu; bireyin hedeflenen ¢éziime ne kadar yakin oldugunu bulmak igin
kullanilan 6l¢gme yontemidir. Tek bir fonksiyondan olusacagi gibi kolektif amag
fonksiyonu da olabilir. Genetik algoritmalar kesif odaklidir. Bu kesifte sonuca ne kadar

yakinsadig1 amag fonksiyonu ile kontrol edilir.
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Jenerasyon; genetik algoritmanin olusturdugu her yeni popiilasyon bir jenerasyon olarak
adlandirilir. Her jenerasyonda sistem yeni adaylar iiretir ve bu islem sonlandirma
kisintina kadar devam eder. Maksimum jenerasyon sayisi da ayrica parametre olarak

verilir.

Sonlandirma Kisit; genetik algoritmanin uygun ¢éziim aramay1 ne zaman sonlandirmasi
gerektigini belirten kisittir. Maksimum jenerasyon sayisinin kisit olarak verilecegi gibi
basar1 olarak kabul edilebilecek fit degeri veya algoritmanin calisma siireside kisit
olarak wverilebilir. Ayrica bu kisitlarin hepsinin verilip herhangi biri saglandiginda

durmasi da saglanabilir (Cox, 2005 ).
Genetik Algoritmanin ¢aligma prensibi temel olarak;

1- llk popiilasyonu olustur

2- Fit degerleri hesapla

3- Dogal seleksiyonu yap

4- (Caprazlama ve mutasyon yap
5- Onarim fonksiyonlarini ¢alistir.
6- Fit degerlerini hesapla

7- Sonlandirma kriteri saglaniyor mu kontrol et, eger degilse 3. asamaya geri don

Genetik algoritma; olustur ve test et paradigmasinin bir formudur. Bu metot ¢ok fazla
olas1 ¢6ziimii olusturup her birinin kabul edilebilir ¢éziimler olup olmadigini arastirir.
Dogadaki evrimi taklit ederek karmasik optimizasyon problemleri i¢in yeni ¢oziimler
ortaya ¢ikarmaya c¢alisir. Bunu yaparken her seferinde bir 6nceki jenerasyondan daha iyi

sonuglar ortaya ¢ikarmak icin genetik operatorler kullanir.
2.4.1. GEN TASARIMI

Genetik Algoritmanin verimliligini ve giliciinii kromozomun tasarimi belirler. Ciinkii
problemin nasil tanimlanacagi ve ¢oziime nasil ulagilacagi kismi bu asamada yapilir.

Hatal1 tasarimlar problemin ¢6ziim kiimesinin bulunamamasina neden olabilir.

Pelin Alkan ve Hiiseyin Basligil (2009) yaptiklari planlama ¢oziimiinde n isleri, m
makine sayisin1 belirtmek kosuluyla n X m boyutunda bir matris tanimlayarak x(i,j)

{0,1} seklinde bir kisit eklemislerdir . X. Cai ve K.N. Li (1997) farkli becerilerdeki
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is¢ilerin planlanmasi probleminin ¢6ziimii i¢in olusturduklar1 metotta makine ve isleri
ikili modda karsiliklart ¢ikarilmis ve genom tasarimi bu ikili kodlar1 barindiracak
sekilde tasarlamiglardir. Alebachew D. Yimer ve Kudret Demirli (2010) iki asamali
tedarik zinciri problemini ¢ozmek i¢in 6nerdikleri sistemde tamsayi, ondalikli say1 ve
ikili kod barindiran bir genotip kullanmiglardir. Byung Joo Park, Hyung Rim Choi ve
Hyun Soo Kim (2003) atolye tipi planlama problemlerini ¢gozerken olusturduklar1 melez
modelde is sayist j ile makine sayisi m carpimlart uzunlugunda bir gen tanimi
yapmiglardir. Bu yontemde siralama 6nemlidir ve kromozom {izerinde ki siralamaya
gore hangi isin hangi makinaya atandig1 bulunur. Li Lin ve Huo Jia-zhen (2009) celik
boru iiretimindeki planlama problemlerinin ¢6ziimii i¢in 6nerdikleri yontemde
kromozom yapisini iki yar1 béliim gibi diisiinerek ilk boliimde islerin sirasini, ikinci
bolimde ise hangi makinada yapilacagi bilgisini saklayacak sekilde
tasarlamislardir. Mostafa Akhshabi, Javad Haddadniab ve Mohammad Akhshabi
(2012) akis tipi planlama problemlerini ¢6zebilmek i¢cin tasarladiklar1 paralel
genetik algoritmada kromozom igerisinde her ise bir id vererek yerlestirilmis,
kromozomun igerisinde paralel yiiriitebilmek icin islemcilere ayirabilmeyi

saglayan -1 degeri konulmustur.
2.4.2. BASLANGIC POPULASYONU

Genetik algoritmalarda ¢6ziim kiimesinin aranacagi popiilasyonun ilk olarak
olusturulmas: gerekir. {lk popiilasyon genelde rassal yontemler ile olusturulur. Buradaki
onemli olan nokta popiilasyonun sayisidir. Eger popiilasyon sayisi kii¢iik olursa genetik
algoritma arastirmasit lokal minimum veya lokal maksimumlara takilabilir. Eger
poplilasyon sayis1 gereginden biiylik olursa ¢ok fazla islem yapmak gerekeceginden

¢Ozlimiin bulunmasi i¢in gereken siire uzayacaktir.

Manas Kumar Maiti (2008) kredi baglantili promosyon taleplerinin stok modeli ile
planlanmast i¢in kullandigr degisken popiilasyon sayist gibi algoritmalarda
kullanilabilir. Bu yontemde eger maksimum fit degeri ile ortalama fit degeri arasindaki
fark verilen parametredeki degerden daha diisiikse yeni bir jenerasyon iiretilmistir.
Ayrica yash olan bireyler oliip yerine popiilasyon biiyiikliigiinii korumak igin yeni

¢ocuklar olusturulmustur.
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2.4.3. EVRIM ( GENETIK OPERATORLER)

Popiilasyonun optimal ¢6ziime yakinsamasi i¢in uygulanan bir dizi operasyondur.
Bunun iginde seleksiyon, ¢aprazlama, mutasyon ve onarim operatorleri bulunur. Bu
sayede her yeni jenerasyonda popiilasyona yeni bireyler katilir, yasi dolan veya evrim

sonucu amagtan uzaklasan fit degere sahip birey popiilasyondan atilir.
2.4.3.1. CAPRAZLAMA

Genetik algoritmalarda yeni popiilasyonun olusturulmasi igin iki bireyden yeni bir birey
olusturulur ve buna caprazlama denir. Buradaki amag popiilasyondaki c¢esitliligi arttirip
yeni ¢oziimler olusturabilmektir. Literatiirde tek noktali, ¢ok noktali, degisken nokta
sayili, rastlantisal, tersine ¢evirme gibi ¢ok cesitli caprazlama teknikleri bulunmaktadir.
Caprazlama operatorii probleme gore belirlemek daha dogrudur. Aksi takdirde onarim

operatoriine ¢ok is diismektedir.

Amag fonksiyonu birden fazla optimizasyon igeriyorsa ¢aprazlamada buna bagli olan
kriterleri g6z 6niinde bulundurarak yeni birey iiretilebilir. Ama¢ fonksiyonlariin birisi
stireyi minimize etmek isterken digeri maliyetleri diigsiirmek istiyorsa, siireyi minimize
eden en iyileri bulup maliyeti minimize eden en iyi diger bireyleri bulup bunlardan yeni
bireyler tiiretmek her iki amag¢ fonksiyonunu optimale dogru yaklastiracaktir (Alcan ve
Basligil, 2009 ).

Cok basit bir sekilde 1-0 rassalligina dayanarak 1 ise 1. bireyden 0 ise 2. bireyden alelin
kopyalanmasi ile yeni birey olusturulabilir (Cai ve Li, 1997 ).

Ortalama caprazlama yontemi ile iki aile bireyinin alel degerlerinin ortalamasi alinarak
yeni bir birey olusturulabilir. Konveks ¢aprazlamada ise [0.05,0.45] araliginda rastgele
deger segilerek ikinci bireye agirliklandirma yapilir. Cogunlukla ilk bireyden alel alinir

(Yimer ve Demirli, 2010).
2.4.3.2. MUTASYON

Mutasyon operatorii, belirlenen oran dogrultusunda aleller {iizerinde degisiklikler
yaparak bizi yakinsayamadigimiz ¢dziimlere gétiirmek igin kullamlir. Onemli olan

mutasyon oranidir. Clinkli mutasyon orani ¢ok diisiik oldugunda gerekli optimal sonuca
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sigramalar yapamazsiniz, benzer sekilde ylikse oldugunda da optimal sonugtan
kolaylikla uzaklasabilirsiniz. Genetik algoritmalarin mutasyon oranmni belirlemek igin
cesitli bulanik mantiklar gelistirilmistir. Basit olarak eger ortalama fit degerin altinda
degerler olusuyorsa mutasyon orani arttirilir, ortalama degerin iizerinde ise mutasyon

orani distriiliir.

Kromozomun i¢indeki belirlenen orana gore alel atip sonra olmayan degerleri rastgele

tekrar koyarak yeni birey olusturma yontemleri de gelistirilmistir (Cai ve Li, 1997).

Cevirme mutasyon operatorii ise bos bir genom alip i¢ini ana bireyden belirlenen orana
gore verilerin yerlerini degistirerek yeni bireyler olusturmaktadir. Degis-tokus
caprazlama yontemi ana bireyin birebir kopyasini alip belirlenen oranda rassal olarak iki
alel seger ve bunlarin yerini degistirir. Kombine mutasyon agirliklandirma metodu ile
hangi alellerin mutasyona ugrayip ugramayacagina karar verir. Sinir mutasyon ise rassal
olarak secilen kromozomlarin belirli locuslardaki verilerin en diisiik ve en yiiksek
degerlerini alarak yeni bireye rassal olarak yiikler. Bunun amaci ¢6ziim kiimesinin

sinirlarina ulasarak cesitliligi saglamaktir (Yimer ve Demirli,2010).

Mutasyon operasyonu c¢aprazlama gibi probleme gore belirlenmelidir. Eger kromozom
icerisinde genomun belirli bir bolgesiyle veya kimlik bilgisini tagiyan bolgeleri iizerinde
mutasyon yapmak ardindan onarim operatdriiniin ¢aligmasint gerektirir. Ciinkii bu

sekildeki degisiklikler genelde uygun olmayan ¢oziimler dogurur.
2.4.3.3. ONARIM

Caprazlama ve mutasyon operasyonlari bizi optimal ¢d6ziime dogru bazen sigrama
yaparak yakinsatir. Ancak bu operatorler iyi kurgulanmadiginda ¢ok fazla gen
bozulmasina neden olmaktadir. Onarim bu sekilde bozulan kromozomlari tamir etmeye

odaklanir.

Bazen problemin dogasi geregi bozulmasi ve diizeltilmesi gerektigi durumlarda
olusabilir. Kusum Deep ve Manoj Thakur (2007) onerdikleri mutasyon operasyonu ile

daha az onarim operatorii ¢alismasini saglamislardir .

Kapasite planlama problemlerinde genom tasariminda isleri makinelere veya iscilere

yiikleme seklinde bir yapr varsa ve mutasyon atamalara yapildiginda onerilen yontem
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bazi is¢ileri veya makineleri bosta tutmak ve mutasyon sonrasi bozulmalari
kisitlamalara dikkat ederek bu bostaki is merkezlerine yiikleme yapmak Onerilen

yontemler arasindadir (Cai ve Li, 1997).

Kapasite planlama problemlerinde operasyonlarin birbirlerine bagimlilik durumlar goz
Ooniinde bulundurulmali ve bozulmalar onarilmalidir. Makinelerin isleri yapip
yapamayacagi kisitlarina gore onarim yapilmalidir. Bir isi ayn1 anda iki makinaya atama
veya ayni makinaya ayni anda iki farkli isi yiikleme hatalar1 da onarilmalidir (Choy ve
dig., 2011).

2.4.3.4. SELEKSIYON

Her jenerasyonda bir onceki nesilden gelen bireylerin tamami aktarilmaz. Cesitliligi
saglamak icin baz1 bireylerin yok olmasi ve yerine yeni bireylerin olugturulmasi gerekir.
En ¢ok kabul goren yontemlerin basinda elitizm gelir. Popiilasyonda belirlenen orandaki
en iyi bireylerin yeni jenerasyona dogrudan alinmasi yontemine dayanir. Boylece kiigiik
oranda mutasyonlar ile iyi olan bireyler daha iyi hale getirilebilir ve iyi ¢Oziimler
popiilasyonda saklanmis olur. Rulet ¢arki ve elitizmin birlikte kullanildigi yontemlerde

onerilmistir (Yimer ve Demirli,2010).

Yarisma se¢im yonteminde rastgele iki farkli birey segilir, hangisinin fit degeri amag
fonksiyonunda daha iyi ise yeni popiilasyona o aktarilir. Ayrica en iyi bireyler
aktarildiktan sonra geri kalanlarin rastgele aktarildigi tohum se¢im yontemi de

mevcuttur (Park ve dig. 2003).

Degisken popiilasyon sayisi ¢oziimlerinde yeni gelen bireylerin hepsinin popiilasyona
dahil edilmedigi, bunlar arasinda siralama yontemi ile se¢imler yapilarak popiilasyona

dahil edildigi 6neriler mevcuttur (Maiti, 2008 ).

En diisiik ve en yliksek fit degerlerine sahip bireyleri popiilasyon i¢inde tutmak, yapilan
aragtirmalara gore cesitliligi arttiriyor fakat degiskenligini algoritma iginde kontrol

etmek gerekmektedir (Elamin, 2006 ).
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Sekil 2.2 Yeni popiilasyonun olusturulmasi

En iyi n birey

Yeni Mevcut

. Popiilasyon
Popiilasyon Caprazlama : .

c% en iyi birey

Mutasyon m%
birey

Yeni n bireyi
ekle

(Cox, 2005)

2.5. KARINCA KOLONi ALGORITMASI

Dogada topluluk halinde yasayip karsilastiklari problemleri birlikte ¢dzen hayvanlar
sosyal hayvanlar olarak adlandirilir. Bu ¢esitli canlilarin birbirleri ile iletisim kurup
problem ¢ozme teknikleri incelenerek gergek diinya problemlerinin ¢oziimlerinde

kullanilmaktadir.

Karincalar bu sekilde yasamlarmi siirdiiren sosyal hayvanlardir. Karincalar gérme
yetenekleri tam olarak yoktur. Ancak buna ragmen yiyecek ile yuva arasinda en kisa
yolu her zaman bulabilmektedirler. Hatta ¢evre kosullarinda degisiklik oldugunda ve

belirledikleri yol artik en kisa yol degilse yeni kisa yolu da bulabilmektedirler.

Karincalar belirlenen yoldan gecgerken feromon adinda bir koku birakir. Bu koku belirli

bir siire kalir ve yavasca yok olur. Dogal olarak kisa olan yolda bu koku daha fazla
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kalmaktadir. Yolun ayrildig1r noktalarda karincalar feromon maddesinin yogunluguna
bakar ve bunu gz oniinde bulundurarak agirliklandirma yaptiktan sonra rassal bir karar
verir. Bunun sebebi hepsinin ayni1 yolda gitmesini engellemek ve eger kesfedilmemis

daha kisa bir yol var ise onu bulmaktir (Elamin, 2006 ).

Calisma prensibi geregi paralelizmi destekler buda daha diisiik maliyet ve zamandan
kazang saglar. Problem karmasiklagsmaya basladiginda optimal ¢éziime ulasmak bazen
uzayabilir ancak bu durum genel olarak optimizasyon problemlerinin yakinsamalarinda
karsilagilir. Paralel islemciler ile karinca koloni algoritmasinin daha hizli ¢6ziimiine dair

arastirmalar bulunmaktadir (Ling ve dig. 2009 ).

Olas1 yolun gectigi tiim noktalarin birbirlerine gére feromon degerlerinin tutuldugu bir
feromon matrisi vardir. Bu degerler karincalar tarafindan birakilir ve buharlasama

orantyla diigtirtliir.
Karinca koloni optimizasyonunun ¢alisma prensibi;

1- baslangi¢ durumunu olusturmak

2- her karinca belirlenmis veya rassal olarak belirlenen bir baslangi¢ noktasina gelir
3- feromon matrisine gore agirliklandirma yapip yol belirler

4- lokal feromon matrisini giinceller

5- fit degerleri hesaplanir

6- en iyi fit degerine gore global feromon matrisi giincellenir

7- sonlandirma kriterine ulagilamadiysa 2. agsamaya geri doniiliir

2 den baglayarak 5. Asamada dahil olmak {izere bu islemler her karinca i¢in yapilir.

Gezgin satic1 problemlerinin ¢6ziimii i¢in 1y1 bir yontemdir. Gezgin satict problemi; n
adet sehrin hepsini en kisa yolun bulunarak ziyaret edilmesidir. Karinca koloni

algoritmas1 6zellikle siralamaya dayali problemlerin ¢oziimiinde etkilidir.

Yapilan arastirmalara gore iki diiglim arasinda goriile bilirlik kurallar1 tanimlamasi
yapildiginda algoritma optimal sonuca daha hizli yaklastigi kanitlanmistir. Amag

fonksiyonuna gore bir diiglimden digerine geciste, hangisinin fit degerini amag
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fonksiyonuna uygun olarak daha fazla yaklagtiracagini bulup agirliklandirma iizerine bir
faktor daha eklenir. Amag fonksiyonunu ters yonde etkileyen diigiimlerin se¢im sansi
vardir, ama digerlerine gore daha disiktir (R.F. Tavares Neto n, M.Godinho Filho,
2011).

Karinca koloni algoritmasinin siralama iizerine getirdigi ¢6ziim planlama
problemlerinin ¢6ziimiine uyarlanmaktadir. Tek makine {izerine islerin siralanmasi
konusunda yapilmis ¢oziimler bulunmaktadir. Onerilen yontemde j isi almir ve i
sirasinda nasil olacagia karar verilir. Feromon matrisinden yola ¢ikarak bir faktor
belirlenir ve problemin basinda belirtilen o kuvveti alinir. Amag fonksiyonuna ne kadar
uygun olduguna karar verilir ve bununda 3 kuvveti alinir. Boylece arama uzayinda amag
fonksiyonuna uygun siralamanin yapilmasi igin olasilik arttirilir (Merkle ve

Middendorf, 2000).

Islerin farkli makinalar {izerine yiiklenmesi ve siralanmas1 problemlerinin ¢oziimiinde
yapilan arastirmada makinalar igin bir siiper diigim olusturulmus ve karincalarin
oncelikle buray1 ziyaret etmesi i¢in algoritma diizenlenmistir. Normal diigtimlere, sliper
diigimler tizerinden dagilan karincalar islerin hangi makinalarda yapilacagma bu
sekilde karar vermektedir (T. Keskinturk, M. B.Yildirim, M. Barut, 2010). Ayrica
global feromon glincellemesi yapilarak ¢oziime diger karincalarinda yakinsamasi

saglanmistir (Zhuo ve dig. 2007).

Gezgin satict problemlerinde yapay karincalara dogada olmayan ancak arastirmalar
sonucu davraniglarini iyilestirmek icin bir sonraki kisa yolu ve daha dnce ziyaret edilip
edilmediginin bilgisini vermemizi saglayan bazi yeni 6zellikler eklenmistir. Dorigo ve
Gambardella 6nerdikleri Yapay Karinca Sisteminde (Ant Colony System- ACS) ziyaret
edilen noktalarin olasiligin1 0 olarak hesaplamay1 ve daha kisa olan bir sonraki noktanin
uzaklik degerlerinin belli bir katsay: ile carpilarak olasiligini arttirmaya yonelik bir
gorlniirlik formiilii uygulamistir. Bu yontem ile ziyaret edilen noktalarin olasiliktan
kaldirilmasin1 ve kisa olan bir sonraki noktanin olasiligmin yiikselmesi saglanmistir

(Dorigo ve Gambardella, 1996 ) .

M-MMAS algoritmast mevcut karinca koloni algoritmasinin farkli bir yorumudur.

Mevcut karinca koloni algoritmasinin lokal aramalarin1 biraz daha genisleten, segilen
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rotanin agirliklarin1 toplayarak olusturan bir planlama yorumudur. Arastirmada
goriiniirliikk fonksiyonun degismesinin problem c¢o6ziimiindeki hizinin kiyaslanmasi

yapilmistir (Rajendran ve Ziegler, 2001).

J. Heinonen ve F. Pettersson atolye tipi planlamada 6nerdikleri yontem; mevcut karinca
koloni algoritmas1 c¢alistiktan sonra islem sonrasi algoritmasi gelistirmislerdir. Bu
algoritma ile karmasik siire hesaplamalar1 bu islem iizerinde yapilmistir. Islem sonrasi
algoritma tamamlandiktan sonra fit degerleri hesaplanir ve degerlendirilir. Boylece
karmca koloni algoritmasi karmasik siire bazli hareket etmedigi i¢in problemin optimal

sonuca ulasmasinda hiz kazanilir (Heinonen ve Pettersson, 2007).
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3. VERIi VE YONTEM

Kapasite planlama problemi sadece atdlye veya akis tipi iiretimden olusmamaktadir.
Benzer sekilde sadece liretim hatt1 veya hiicresel imalattan olusmaz. Gerg¢ek diinya
problemlerine baktigimiz zaman birgok sistemin birlesmesi ile iiretim yapilmaktadir.
Uretim sistemlerinin yalnizca birisini ele alip ¢dzmek istedigimizde problemin
karmasiklig1 ortaya ¢ikmaktadir. Bunlarin i¢ ige calistigi kompleks bir sistem gergek
diinya problemlerini ¢dzmede bize yardimci olabilir. Zaten kapasite planlamanin
karmagik ve zor olus nedeni buradan kaynaklanmaktadir. Literatiirde kapasite planlama
NP-Zor olarak tanimlanmistir. NP, belirsiz Turing Makinas1 ile ¢ok terimli zamanda
coOziilebilen karar problemlerini igeren karmasiklik smifidir. NP-Zor, en az NP
problemleri kadar zor olan problemlerin bulundugu sinifa denir (Garey ve Johnson,
1979).

Kapasite planlama problemlerini basit anlamda inceledigimizde, isi yapan merkezlerin
(isci veya makine ) iizerine yapilacak isleri hangi sirayla yiiklememiz gerektigini
bulmaktir. Siralama yapilirken MRP sisteminden gelen veriler gz Oniinde
bulundurulmalidir. MRP verilerinin igerisinde operasyonun gerceklesmesi i¢in gerekli
olan hammadde ve diger operasyonlar arasindaki iliskisi bulunmaktadir. MRP den gelen

veriler ile kapasite planlamanin ag, 6ncelik baglantis1 ve kaynak bilgileri olusturulur.

Problem ¢6zliimii icin Onerilen yontem ise Genetik Algoritma ile Karinca Koloni
algoritmasinin birlesimi ile yeni bir melez model olusturmaktir. Bu yeni modelin amact
genetik algoritma ve karinca koloni optimizasyonunun temellerini kullanarak kapasite

planlama problemlerinin ¢éziimiine uygun bir yap1 olusturabilmektir.
3.1. VERI

Onerilen ydntem Java 7 iizerinde yazilmistir. Problem proje iizerinde 3 ana paket
olusturulmustur. BaseUtils paketi iizerinde problem taniminda kullanilacak temel
yapilar yer almaktadir. Solver paketi, yapacaklari isleme gore ayrilmis simiflar
barmdirmaktadir. Main paketi ise problemi tanimlayip ¢6ziimii i¢in sistemin tetiklendigi
yerdir. BaseUtils paketi bu noktada hangi verileri sakladig1 anlatilacaktir. Solver paketi

icin detayli bilgi bulgular béliimiinde yer almaktadir.
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3.1.1. MAKINE

Kapasite planlamasmin yapilacagi is merkezleri program tizerinde Machine sinifi
icerisinde saklanmaktadir. Hangi operasyonlarin bu is merkezinde yapilabilme durumu
varsa bir liste i¢cinde tutulmaktadir. Bu makine i¢in kurulum tiplerinin arasindaki gegiste
kullanilmak {izere bir matris bulunmaktadir. Problem tanimlanirken bu matrisin
verilmesi gerekmektedir. Ayrica makineler arasinda daha kolay iletisim saglamak igin
kimlik numarast ve isim belirtilebilir. Ayrica makinelerin fason veya isletme ici
makineler olup olmadigi Onemlidir. Hesaplamalar yapilirken fason is merkezleri
kapasitesi sonsuz kabul edilebildigi durumlar vardir. Operasyonlar arasindaki gecislerde
makine bosta kalma siirelerini hesaplamaktadir ve bunu belirlenen maliyet ile

carpmaktadir. Mutasyon orani ve feremon matrisinide barindirmaktadir.
3.1.2. OPERASYONLAR

Operasyon sinifi i¢inde makine tizerindeki planlama islemine gore ne kadar zaman
alacagina dair tiim hesaplamalarin yapilmasi i¢in gerekli olan bir¢ok degisken
tanimlanmistir. Maliyete etki eden parametreleri de barindirmaktadir. Ayrica iizerinde
planlama durumunu belirten statiiler bulunmaktadir. Bazi durumlarda mevcut
operasyonlar devam edebilir ve kapasite planlamanin bunu géz 6niinde bulundurmasi
gerekir. Tamamlanma yiizdesi ve mevcut devam eden operasyon olup olmadig: bilgisi

belirtilir. Boylece ilk operasyonlar daima devam eden operasyonlar olmaktadir.
3.1.3. TLISKILER VE KAYNAKLAR

Planlama yapilirken bir operasyonun ne zaman baglayabilecegi bilgisine gerekli
kaynaklarin en ge¢ hazir oldugu zaman bulunarak ulasilir. Bir operasyonun
gerceklesmesi i¢in bagka bir operasyonun bitmis olmasi gerekebilir. MRP bize bu temel
bilgileri sunmaktadir. MRP verilerinin saklanmasi i¢in kaynaklarin tutuldugu bir yapi
olusturulmustur. Bu yapida operasyonlar arasi iligkiler, hammadde ihtiyaclari, alternatif

operasyonlar bilgisi ve siparis teslim zamanlar1 gibi bilgiler bulunmaktadir.

Ayrica planlanabilecek olan operasyonlarin bilgilerinin tutuldugu planlanabilir smnifi
olusturulmustur. Operasyonun en erken baslama siiresini, hangi makine {lizerinde ve

hangi sirada oldugu bilgileri saklanmaktadir.
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3.1.4. TEST VERILERIi

Tezin arastirmasinda kullanilmak iizere 2 farkli {iriin temel alinarak Ornek
hazirlanmistir. Bu iiriinlerin operasyonlarinin siireleri ve siralamasi Tablo 3.1 ve Tablo

3.2” de verilmistir. A irtin iki, B {irlin ise ii¢ operasyondan olusmaktadir.

Tablo 3.1 A iiriinii rotasi

A Operasyon Adi Siire(Saat) | Is Merkezi Hazirlik Tipi
Operasyon 1 7| M1,M2,M3,M4 Al
Operasyon 2 12 | M1,M2,M3,M4 A2
Tablo 3.2 B iiriinii rotasi
Operasyon Ad1 Siire(Saat) | Is Merkezi Hazirlik Tipi
Operasyon 1 7 | M1,M2,M3,M4 Bl
Operasyon 2 12 | M1,M2,M3,M4 B2
Operasyon 3 8 | M1,M2,M3,M4 B3

Is merkezlerinin hepsinin kullamilabilir olmas: karmasiklik seviyesini arttirmak
amacghdir. Operasyon alternatifleri olarak her operasyonun is merkezlerine yiiklenisi
iliskiler objesinde belirtilmistir. Her operasyonun kendine ait bir ana operasyon kodu
bulunmakta ve alternatiflerin kendine ait ayrica bir operasyon kodu bulunmaktadir. Her
alternatif tamimlamasi is merkezleri iizerine bir operasyon eklemek demektir. Ornek
olarak B iiriinii i¢in tanimlama yapilirken sisteme olas1 12 operasyon yiiklenmektedir.
Hesaplamalar yapilirken 12 operasyonda dikkate alinmaktadir. Siparis sayisinda 1 adet

eklememiz demek 12 olasi operasyon daha ekledigimiz anlamina gelir.

Problem boyutlarinin degismesi ile algoritmalarin nasil tepki verdigi bilgisine
erisebilmek i¢in ii¢ farkli veri seti hazirlanmistir. Bu veri setlerinde tirtinler belirlenmis
ve teslim tarihleri ayarlanmigtir. Test parametrelerinden ilki olan planlama baslangig
tarihi; 2013.01.01 00:00:00 olarak ayarlanmistir. X, Y ve Z olarak adlandirilan setlerin
detaylar1 Tablo 3.3, Tablo 3.4 ve Tablo 3.5’de verilmistir.
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Tablo 3.3 1. siparis listesi

Uriin

Teslim Tarihi

2013.01.02 06:00:00

2013.01.03 12:00:00

2013.01.04 08:00:00

> > W W

2013.01.05 04:00:00

Tablo 3.4 2. siparis listesi

Uriin

Teslim Tarihi

2013.01.02 06:00:00

2013.01.03 12:00:00

2013.01.04 08:00:00

2013.01.05 04:00:00

2013.01.06 10:00:00

2013.01.07 06:00:00

2013.01.08 12:00:00

2013.01.09 18:00:00

> > W > W > > W w

2013.01.10 14:00:00

24




Tablo 3.5 3. siparis listesi

Uriin

Teslim Tarihi

2013.01.02 06:00:00

2013.01.03 12:00:00

2013.01.04 08:00:00

2013.01.05 04:00:00

2013.01.06 10:00:00

2013.01.07 06:00:00

2013.01.08 12:00:00

2013.01.09 18:00:00

2013.01.10 14:00:00

2013.01.11 10:00:00

2013.01.12 06:00:00

W > W > > @ > W > > W @

2013.01.13 02:00:00

Amag fonksiyonu tizerinde sistem tasarimina dayali olarak birgok parametre verilebilir.
Kapasite problemleri ¢éziimiinde iki tipte sayisal tabanli skor olusturulabilir. Bunlarin
ilk siire tabanli, ikincisi ise maliyet tabanli. Her operasyonun ve is merkezinin iizerinde
aktivitelerin maliyetleri belirlenirse sistem fit degeri hesaplamasini1 yaparken maliyet
degerlerini de ¢ikartip amag¢ fonksiyonuna kullanima hazir hale getirecektir, aksi

durumda O olarak hesaplanmaktadir. Testler yapilirken amag¢ fonksiyonu temelinde

stireler kullanilmistir.

TotalFitness= (ScheduledPercentage)*

(Earliness - 5*DiffJobEndDelivery - 2*FlowTime - 2*IdleTimeTotal) ;

Earliness:teslimden ne kadar 6nce bitirdigi

DiffJobEndDelivery: Teslime ne kadar geciktigi

FlowTime: Toplam ¢evrim siiresi
IdleTimeTotal: atil zaman

Denklem 3.1 Amacg fonksiyonu
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Buradaki oncelikli amag¢ Earliness ile islerin teslimden Once bitmesini saglamaktir.
Ikinci olarak DiffJobEndDelivery yiiksek bir negatif katsayr verilerek onceligin
siparisin yetismesi ilkesi dogrultusunda skor hesaplamaya yonlendirilmistir. Cevrim
siiresine negatif katsayr verilmesindeki sebep islerin tiim is merkezlerine dagilmasini
saglamaktir. IdleTimeTotal ile operasyonlar arasinda bos siireleri yani makinelerin bosta
beklemelerini azaltmaya yonlendirmek icin negatif katsayr ile amag¢ fonksiyonuna
eklenmistir. ScheduledPercentage; sisteme yiiklenen toplam operasyonlarin planlanan
operasyonlar ile olan oranmi veriyor. Amag¢ fonksiyonu ana g¢arpan1 olarak
yazilmasindaki sebep alinacak en iyi puanin tiim operasyonlar ¢izelgelendiginde ortaya
cikmasini saglamaktir. SetupTime amag fonksiyonuna 6zellikle eklenmemistir. Clinkii
kurulum siireleri operasyon siirelerine etki edecek ve dolayisiyla toplam ¢evrim siiresini
uzatacaktir. Amag fonksiyonunda c¢evrim siiresi negatif faktérde oldugu i¢in algoritma

kurulum stiresini azaltmaya ¢alisacaktir.

3.2.YONTEM

Genetik algoritma yontemimizin temelini olusturmaktadir. Genetik operatorlerden
mutasyon igerisine karinca koloni optimizasyon algoritmasi entegre edilerek melez

model olusturulmustur.
3.2.1. PROBLEMIN KODLANMASI

Kapasite planlamasinin uygulanacagi her makine bir alel olarak ele alinmistir. Genom
ise bu makinelerin toplamlarindan olusmaktadir. Problemde tanimlanan tiim makineler
bir genom {lizerinde bulunmaktadir. Problem ¢6ziimiindeki yontemden Gtiirii
makinelerin sirasit 6nemli degildir. Her bir makine igerisinde planlanmasi muhtemel
olan operasyonlari barindirir. Ayrica kaynaklar genel bir iligki verisi oldugu i¢in genom

bazinda belirtilir. Makinelerin hepsi kendine 6zgii feromon matrisi barindirir.
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Sekil 3.1 Genom tasarim

Feromon Kurulum

REEE \EI] Matrisi

Kaynaklar

Makineler & iliskiler

Feromon matrisinde bir operasyondan sonra hangi operasyonun gelmesi gerektiginin
feromon degerini tutmaktadir. Kurulum matrisi ise operasyonlarin kurulumlari arasinda
gececek olan hazirlik siirelerini tutmaktadir. Hazirlik tipi n olacak sekilde nXn

matrisinde bir yapiya sahiptir.

Tablo 3.6 Kurulum Matrisi

Al A2 Bl B2 B3
Al 0 3 2 1 1
A2 2 0 3 0 3
Bl 1 1 0 2 2
B2 3 2 5 0 3
B3 2 3 4 3 0

Eger kurulumda optimizasyon yapilmak istenirse amag fonksiyonuna kurulum siirelerini
minimize edecek bir parametre daha eklemek gerekir. Ayrica karinca koloni
algoritmasinin  goriiniirliik fonksiyonunda degisiklik yapmak ¢oziime daha hizlhi
ulagmay1 saglayacaktir. Test icin tanimlanan operasyonlarin hepsinin kurulum maliyeti
15 olarak kabul edilmistir. Bu deger yukaridaki matrise gére operasyonun kurulum

stiresi belirlendikten sonra ¢arpilir ve kurulum maliyeti ilgili operasyon i¢in bulunur.
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[lk popiilasyon olusturulurken problem tanimindan yeni bir genom tiiretilir. Yeni genom
tizerinde rastlantisal siralamalar yapilir ve fit degerleri hesaplanip popiilasyon igerisine

yerlestirilir.

Yeni tiiretilecek birey sayisi, ¢caprazlama orani ile hesaplanmis birey sayisidir. En az 1
bireye karsilik gelmesi i¢in diizenleme yapilmistir. Caprazlama orani en ¢ok %50 olarak
verilmelidir. Aksi halde popiilasyon igerisinde ¢ok fazla yeni birey oldugu igin tecriibe
kazanmas1 uzun slirecek ve problem ¢oziim kiimesine yakinsamasi zorlasacaktir. Yeni
bireylerin tizerindeki makinelerin barindirdigi feromon matrisi mevcut tecriibeyi
tagtyacaktir ancak birgok makinenin tasinan tecriibelerinin entegre hale gelmesi ilk

jenerasyonda zordur.
Yapilan testlerde popiilasyon sayisi siparis sayisinin iki kati olarak verilmistir.
3.2.2. ALGORITMA

Problem ¢6ziimiinde 6ncelikle kodlama islemi yapilarak kullanilacak veriler hazirlanir.
Ik popiilasyon olusturulur ve fit degerleri hazirlanarak algoritma calismaya baslar.
Caprazlama operatorii uygulanir ve popiilasyon i¢inden en kotii olan bireyler yeni
bireyler ile yer degistirilir. Yeni bireyler ile birlikte olusan popiilasyon gen

operatorlerine tabi tutulur.

Gen operatorleri i¢inde Oncelikle evrim operatorii gerceklestirilir. Evrimin lokomotifi
olan mutasyon operatorii iki paralel katmandan olusur. Bu katmanlarin birisi karinca
koloni algoritmasi temelli, digeri ise genetik algoritmanin temel mutasyon operatoriidiir.

Olusan yeni genomlara onarim operatorii uygulanir.

Artik genom iizerindeki siralamalarin karsiliklarini bulmak igin planlama operatorii
devreye girebilir. Planlama bilgileri hesaplanir ve operasyonlarin hangi is merkezlerinde
ne zaman islem gorecegi veya goremeyecegi belirlenir. Amag¢ fonksiyonunda

kullanilacak degerler hazirlanir ve amag fonksiyonu hesaplanir.

Yineleme sayisina gore algoritma durur. Ayrica arka planda ka¢ jenerasyon iyilesme
kaydedilmeden gectigi sayilir. Belirlenen degerlere gore bu sayida durdurma kriteri

olarak kullanilir. Algoritmanin pseudo kodu asagida verilmistir.
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Sekil 3.2 Algoritma Pseudo kodu

yeni popiilasyon olustur();
planlama ve fit degerlerini hesapla();
while (iterasyon limiti)
caprazlama();
while(popiilasyon sayisi)
evrim();
onarim();
planlama();
fit degerini hesapla();
endwhile;
en iyi bireyleri sakla();
tyilesmeyi kontrol et ve gerekirse hesaplamayi bitir();
endwhile;

Sekil 3.3 Temel Algoritma

Seleksiyon

1terasy0n

Caprazlama

Rastlantisal ilk Evrim (Mutasyon)
popiilasyon

En iyi bireyleri sakla

Problem Tanimi
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3.2.3. CAPRAZLAMA OPERATORU

Caprazlama operatdrii popiilasyona yeni bireyler kazandirmak i¢in uygulanir. Algoritma
icerisinde ¢aprazlama orani parametre olarak fonksiyona verilir. Bu oran dahilinde
oncelikle ka¢ yeni birey olusmasina karar verir ve popiilasyon icinde en diisiik fit

degerine sahip yeni gelecek birey sayisi kadar mevcut birey ¢ikarilir.

Problem ¢oziimiinde genomun tasariminda is merkezleri alellere yerlestirilmisti. Is
merkezleri lizerinde operasyonlar, feromon matrisi ve planlamaya dair bazi bilgiler
bulunmaktadir. Iligkili olan operasyonlarda eger farkli is merkezlerinde farkl
siralamalar ile birlestirilerek yorumlandigi zaman daha iyi kombinasyonlar olusturabilir.
Bu fikir ile popiilasyondan secilen rastgele iki genom alinir. Yeni bos bir genom
olusturulur. Biitiin genomlarda ayni locus {izerinde ayni is merkezi bulunacagi igin olasi
¢ozlim iizerinde biiyilk bozulma yasanmadan hangi locus’a hangi bireyin is merkezi
taginacagi rastlantisal olarak belirlenir. Taginan is merkezi kendi feromon matrisi ile

taginacagi i¢in mevcut siralamayi da beraberinde getirecektir.

Bu yontem ile lokal maksimum veya minimumlardan farkli noktalara si¢ramalar
yapilmaya calisilmistir. Mevcut bireyler bulunduklar1 yerdeki lokal minimum veya
maksimumlara takilabilir ve buradan kurtulmasi feromon matrisine bagli oldugu i¢in
diisiik ihtimaldir. Is merkezleri arasinda iliskiler oldugu i¢in operasyonlarin birbirlerini
beklemesi veya alternatif operasyonlar olmasi yeni siralama ile farkli ¢oziim

olusturacaktir.
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Sekil 3.4 Caprazlama Operasyonu

1.Birey
W11 W12 W13 w14 W15

w21 W22 W23 W24 W25

Yeni Birey
W11 W22 W23 w14 W25

Eger is merkezleri bir hiicresel imalat merkezine ait ise bu merkeze ait tiim is merkezleri
bir bireyden alinarak taginmasi daha olumlu sonugclar iiretecektir. Eger sadece hiicresel

imalat merkezine ait is merkezleri planlaniyorsa buna gerek yoktur.
3.2.4. MUTASYON OPERATORU

Mutasyon operatorii genetik algoritmalarda amag fonksiyonuna uygun olarak sigramalar
yapabilmek i¢in gelistirilmistir. Baz1 kurallar dahilinde yapilan iglemlerin haricinde
¢oziim uzayinda belirli bir lokalde arama yaparken genlerin degismesi ile yeni bir
¢ozlim arayisina girmektir. Mutasyon operatorii temel teoride genlerin ilizerindeki
bilgilerin degismesi ile olur. Bu degisim sonucunda ¢dziim bireyi uygun ¢dziim
olmaktan c¢ikabilir bu sebeple onarim operatoriine ihtiya¢ duyar. Mutasyon operatorii

i¢in ¢ok cesitli yontemler vardir.

Kapasite planlama problemlerinde amacimiz is merkezleri iizerindeki isleri siraya
dizmek oldugu goz oOniinde bulunduruldugunda mutasyon operatorii operasyonlart
rastlantisal olarak se¢ip yer degistirmektedir. Segilen bir operasyonu alip farkli iki nokta
arasmma koymakta algoritma icerisinde parametreye baglanip denenmistir. Tartisma

boliimiinde bunlarin sonuglarindan bahsedilecektir.

Mutasyon islemini gerceklestirirken temel olarak ACO’dan faydalanilmistir. ACO

kullanimi bir sonraki boliimde detayli olarak anlatilacaktir.



Mutasyon igleminin en onemli parametresi mutasyon oranidir. Kullanilan algoritma
icerisinde iki parametre bulunmaktadir. MR olarak ilk parametre mutasyon oranini
vermektedir. MDR ise mutasyon oraninin her yeni jenerasyonda azaltilmasi i¢in gerekli

parametredir. Her yeni jenerasyonda asagidaki formiil ile MR belirlenir.

MR — MDR MR — MDR > MRMIN
MR { MRMIN MR — MDR < MRMIN

Denklem 3.2. Mutasyon oraninin jenerasyon bazinda degisimi

MRMIN ve MRMAX degerleri parametre olarak verilir ve en kiigilk ve en biiyiik
mutasyon oranlarini belirler. Buradaki amag her jenerasyonda iyilesmeler oldugu kabul
etmek ve mutasyon oranini azaltarak daha kiigiik hamleler ile daha iyi sonuglari
bulmaya caligmaktir. Ancak bu yontemde popiilasyon igerisindeki fit degerleri dikkate
alinmadig i¢in fit degeri diisiik ve yiiksek olan tiim genomlar ayn1 mutasyon orani ile

islem gormektedir. Bu durumu diizeltmek i¢in bir formiil gelistirilmistir.

Onerilen formiil bir dnceki jenerasyondaki biitiin fit degerlerin saklanmasi ve istatistik
bilgilerinin ¢ikarilmasma dayanmaktadir. Oncelikle popiilasyonun ortalamasi bulunur.
Popiilasyon ortalamasi hesaplanirken ortalamay1 saptiracak ug verileri engellemek icin
bayes dogrulamasi uygulanmistir. Standart sapma degeri de bulunarak secilen bireyin
bir onceki nesilde ortalamanin ne kadar altinda veya iistiinde olduguna dair bir bilgi
bulunur ve MR degerine ¢arpan olarak eklenir. Bu yontem ile ortalamanin altinda kalan
bireylere ki standart sapma ile yapilan hesaplamaya gore ne kadar uzaklastilar ise daha
fazla mutasyona ugramalarini, benzer sekilde ortalamanin {izerinde ise daha az
mutasyona ugramalart saglanmistir. Ana mutasyon oraninin kontroliinde uygulanan

yontem burada da uygulanmaistir.
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MR = MR — ((MR) ffit(genzme) — ﬂL)

MR MRMIN < MR < MRMAX
MR{MRMIN MRMIN > MR
MRMAX MR > MRMAX

Denklem 3.3 Genom bazinda mutasyon oraninin belirlenmesi

Belirli bir jenerasyondan sonra ACO uygulamak bazi durumlarda fayda
saglamamaktadir. Bu neden ile parametre olarak verilen jenerasyondan sonra ACO
mutasyonu kaldirilip sadece genetik mutasyon yapilmasi i¢in algoritma gelistirilmistir.
Istenirse popiilasyon iyilesme gosteremedigi durumlarda devreye alinabilecek sekilde
tasarlanmistir. Yani popiilasyondan daha iyi yeni bireyler daha fazla tiireyemiyorsa
sadece mutasyon yaparak aramalar1 gerceklestirmek performans acgisindan daha iyi

sonug verecektir.
3.2.5. KARINCA KOLONi OPTiMiZASYONU

GA ile olusturulan melez modelde ACO her is merkezi iizerinde ayri olarak islem
yaparak operasyonlari siraya dizmeye calisir. ACO algoritmasinin temelini olusturan
feromon matrisi i3 merkezi lizerinde bulunur. Boylece bir is merkezi iizerindeki
operasyon siralamasi ¢aprazlamaya tabi tutulsa bile tasinir ve siralama temel anlamda

korunur.

Is merkezi {izerinde ilk operasyonun nasil segilecegini hesaplayabilmek icin feromon
matrisi lizerinde bir hesaplama yapilir ancak bu hesaplama her operasyonun matriste
kendisiyle kesistigi noktadan hesaplanir ve giincellenir. Standart uygulanan yontemlerde
rastgele bir operasyon secilerek siralamaya baglanir ancak bu yontem sadece baslandig:

noktaya geri donmesi esas olan siralamalarda ise yaramaktadir.

Operasyonlar siralanirken uygulanan yontem daima bir onceki operasyon referans
aliarak bir sonraki operasyonu feromon matrisi lizerinde belirlenen agirlig: alinir. Bu
deger goriniirliik fonksiyonu ile islenir. Eger operasyon siralamada daha once yer

aldiysa 0 olarak alinir. Tiim olas1 operasyonlar i¢in bu islem yapilip degerler toplanir.
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Rastgele secilen bir degerin hangi noktaya geldigi bulunur ve operasyon siralamaya

alinir.

Bu islem sirasinda sezgisel yontemi giiclendirmek icin goriiniirliik ¢arpani iki adet
olarak belirlenmistir. Ilk goriiniirliik carpani operasyonlarn seviyelerine gore dncelik
tanimas1 esasina dayanir. ikinci goriiniirliik ise planlama baz tarihi dikkate alinarak ilgili
teslim siiresine ne kadar uzaklikta oldugudur. Bu iki kriter aslinda operasyonlarin is
merkezlerine yerlestirilirken dikkat edilen en biiyiik iki etmendir. Bu iki fonksiyon;
atolye tipi is merkezlerinde ayni operasyonlar1 yapan is merkezlerinin 6ncelikli olarak
diisiik seviyedeki isleri yapmasin1 ve hem akis hem de atdlye tipi iiretim i¢in teslim
siiresi yakin olan operasyonun daha once yapilmasini saglamaktadir. Teslim siiresi

tizerinde hesaplama yapilirken kurulum siireleri dikkate alinmamastir.

P (&))" ( - - )ﬁ

o= t(i, )7 :

Y g Lv,®> (D — (St + 0¢))
Denklem 3.4 Goriiniirliik Fonksiyonu

Zaman birimleri kapasite planlamadaki olgclitlere gore saat veya dakika olarak alinabilir.
Operasyon siirelerinin ¢ok uzun oldugu durumlarda giin olarak almabilir. O; siparisin
teslimi i¢in gereken tiim operasyonlarin, olasi toplam siirelerinin en uzunu olarak

alinmalidir. Arastirma dahilinde yapilan testlerde dakika olarak alinmistir.

Karinca sayist problem uzaymin arastirllmasinda onemli bir faktordiir. Cok sayida
olmast yapilan aramalarin daha kisa jenerasyonda sonu¢ vermesine gidebilir ancak
tyilesmeler ve yeni bireyler g6z oniinde bulunduruldugunda performans acisindan ciddi

anlamda kayba neden olacaktir.

Onerilen yontem iizerinde karinca sayisinin planlanmasi gereken operasyon sayist kadar
olmas1 Ongoriilmiistiir. Mutasyon islemi yapilacagi zaman tiim is merkezlerinde birer
karinca gezisi diizenlenir. Yani is merkezi sayisi kadar karinca bulunduklar is
merkezindeki operasyonlart siralamaya ¢alisir. Bir genom iizerinde bu islem
tamamlaninca onarim, planlama, fit deger hesaplamasi yapilir ve genom ayri bir
popiilasyonun ig¢inde tutulur. Parametre olarak verilen karinca sayisi kadar bu islem

tekrarlanir. Olusan yeni bireylerden birer kopya alinir ve genetik mutasyona tabi tutulur.
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Mutasyon operatorii bu asamada ACO’dan gelen yeni bireylerin kopyalarina uygulanir.
Amag¢ mevcut ACO ¢oziimiinlii mutasyon ile daha iyi hale getirebilmektir. Mutasyona
ugrayan kopya bireylerde olusturulan popiilasyona eklenir. Fit degerlerine gore en iyi
olan birey mutasyonun sonucu olarak gercek popiilasyona gonderilir. Karinca sayisi
kadar iglem yapilmasindaki ama¢ mevcut feromon matrisi bazli secimlerde daha fazla

olas1 durumu degerlendirmektir.

Bulunan en iyi genom sonucu ile is merkezleri tizerindeki feromon matrisleri belirlenen
buharlasma (Q) degeri ile 6nce buharlastirilir, sonra artirim (rho) degeri ile arttirilir. GA
igcerisindeki popiilasyon incelenir ve en iyi sonucu veren birey dikkate alinarak global
feromon giincellemesi yapilir. Global feromon giincellemesi Grho ile yapilir ve

buharlasma uygulanmaz.

Belirlenen parametre ile ana popiilasyon belirli bir jenerasyona ulastigi zaman ACO
feromon matrisindeki giincellemelerden &tiirii islevselligini yitirmeye baslayacagi icin

yerine sadece genetik mutasyona birakmaktadir.
Mutasyon algoritmasi basit haliyle;

1- Mutasyon uygulanacak Genomun hangi yontem ve mutasyon orani ile islenecegi
bilgisi alinir
2- Genomun bir kopyasi alinir ve mutasyon uygulanmaya baslar
a. Sadece karinca kolonisi uygulanacak ise sonrasinda birey popiilasyona
eklenir
b. Genetik mutasyon uygulanacak ise sonrasinda birey popiilasyona eklenir
c. Her iki yontemde uygulanacak ise; dnce karinca kolonisi uygulanir ve bir
kopyas1 alinip genetik mutasyona gonderilir, orijinal birey popiilasyona
eklenir. Genetik mutasyona ugrayan kopya birey popiilasyona eklenir
3- Onarim, planlama ve fit hesaplamalarindan sonra birey karsilastirilabilir hale
gelir.
4- Belirlenen mutasyon popiilasyon sayisi kadar iterasyon uygulanir ve her
iterasyon sonucu ¢ikan birey mutasyon popiilasyonuna eklenir.
5- Popiilasyon belirlenen sayiya ulasinca en iyi bireyi mutasyon sonucu olarak geri

gonderilir.
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Sekil 3.5 Mutasyon Algoritmasi

Mutasyon
Y ontemi

Karinca Genetik
Kolonisi Mutasyon

Gen. Mut.
uygulamas
1

Mutasyon
Popiilasyonuna Ekle

Onarim

En iyi bireyi Se¢ Planlama

Fit Hesaplama

Mutasyon Sonucu
Genom

Iterasyon
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3.2.6. ONARIM

Uygulanan mutasyon operasyonlart sonucunda ayni is merkezi {lizerinde yapilmasi
gereken operasyonlarin siralamalarinda bozulmalar gergeklesebilir. Bu bozulmalar

gidermek amaciyla onarim algoritmasi olusturulmustur.

Algoritma tasariminda gen iizerindeki verilerin bozulmasi engellenecek sekilde tasarim
yapilmistir. Herhangi bir verinin bozulup kaybolmasi ve yeniden olusturulmasi

gerekmemektedir. Bu sayede karmasik bir kontrol algoritmasina ihtiya¢ kalmamaktadir.

Sekil 3.6 Ornek Onarim

ORD1- ORDI1-
OP-Al OP-A2

Sekil 3.5 de goriildiigii gibi eger bir is merkezi iizerinde birbirleri ile iliskilendirilmis
operasyonlarin siralamalari, operasyon iizerinde bulunan mrp seviyesine gore uygun
degilse yer degistirilir. Ciinkiit ORD2-OP-B1 operasyonu islem géormeden ORD-OP-B2

islem goremez.

3.2.7. PLANLAMA

Genetik algoritma tasarimi yapilirken yapilan evrim operasyonlarinda zamani genin
tizerine yerlestirmek ciddi bir problemdir. Yapilan tiim hesaplamalarda mutasyonda,
caprazlamada ve ACO iizerinde zaman parametresini dikkate alarak hesaplama yapmak
performans anlaminda biiyiik kayiplara yol agar. Ciinkii bir operasyonun baslamasi ve
bitisi bir¢ok hesaplama ile belirlenir. Operasyon tatil oncesi baslamis ve bitmemis ise
tatil stiresini dikkate alacak sekilde hesaplama yapilmalidir. Ayrica bakim planlamalari,

sabit duraklama zamanlar1 gibi operasyon bitis siiresini hesaplarken dikkate alinmasi
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gereken c¢ok fazla parametre bulunmaktadir. Bu sebeple siire hesaplamalari igler siraya

dizildikten sonra planlama operatorii ile yapilmaistir.

Planlama operatorii; is merkezleri {lizerine siralanmis olan operasyonlarin kisitlar
saglayip saglamadigini kontrol ederek uygun ¢oziim olup olmadigi arastirilir. Belirlenen
baslangi¢ tarihini temel alarak is merkezleri iizerindeki ilk planlanabilir islerin en erken
baslangi¢ tarihleri alinir ve siralanir. Baslangic tarihi hesaplanirken kaynaklar ve
iligkiler sorgulanir, eger operasyonun baslamasi baska operasyonlara bagli ise bu
operasyonlarin bitis zamani, gerekli malzeme var ise bu malzemelerin tedarik zamanlari
karsilastirilir ve en gec¢ olani alinir. Tiim is merkezlerindeki planlanmamis ilk
operasyonlarin hepsi i¢in bu hesaplama yapilir. En erken baslanabilmesi olast olan
operasyon planlandi olarak isaretlenir ve siire hesaplamalar1 gerceklestirilir. Eger
operasyon yarim kalmis bir operasyonun devami ise tamamlanma orani dikkate alinir.
Operasyon planlandiktan sonra ayni islemler is merkezleri iizerinde planlanabilir hi¢gbir

is kalmadig siirece devam edilir.

Algoritma igerisinde her is merkezinin bir takvimi olmasi ve bunu hesaplamalarinda
dikkate alarak operasyon bitig siirelerini hesaplamasi saglanmistir. Takvim igerisine is
merkezlerinin c¢aligma saatleri, tatil glinleri, bakim planlar1 gibi ¢evrimdisi oldugu

zamanlarda belirtilmistir.

Planlama operatoriinden sonra operasyonlarin planlanip planlanamadig: belirlenir. Tim

operasyonlarin tarihleri hesaplanmis olur.
3.2.8. FIT HESAPLAMA

Planlama operatoriinden sonra amag¢ fonksiyonunda kullanilacak degerler artik
hesaplanabilir. Fit degeri hesaplanirken hem stire temelli degerler hem de maliyet odakl
degerler hesaplanmistir. Amag fonksiyonu isletme onceliklerine gore belirlenebilir. Tim
degerler i¢in ama¢ fonksiyonundaki katsayilar1 parametre olarak alinmistir. Eger bir
degerin faktor parametresi 0 olarak verilmis ise o degerin hesaplamalar1 iglem kaybi

olmamas1 agisindan yapilmaz.
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Planlanma orani; problem igerisinde tanimlanan operasyonlarin yiizde olarak kacinin
planlandigimni bulur. Yapilan testlerde fit degerinin ana ¢arpanlarindan biri olarak

yazilmistir.

Siparis Teslim Gecikmesi ve Erken Bulundurma Siiresi; performans kazanci i¢in ayni
anda hesaplanmistir. Bir siparigin teslim siiresi iliski olarak problem {izerinde
tanimlanmis ise operasyonun bitis tarihi ile arasinda kalan siire hesaplanir. Eger ¢ikan
fark negatif ise siparis gecikmis demektir ve siparis teslim gecikmesi degerine eklenir,
aksi durumda erken bulundurma siiresine eklenir. Her iki deger i¢in maliyet karsiliklart

ile hesaplamalar yapilabilir.

Operasyon ve kurulum maliyetleri; ayn1 anda hesaplanir. Kurulum maliyeti; mevcut
operasyonun kurulum tipi ile onceki operasyonun kurulum tipleri arasinda makine
tizerinde tanimlanmis matristen bulunan deger ile siiresi hesaplanip maliyet faktorii ile
carpilarak bulunur. Operasyonun maliyeti; makine lizerindeki birim siire ile operasyon
tizerinde makineye 6zel tanimlanmis olan birim maliyet carpilarak hesaplanir. Ayrica
hesaplanmasi1 gereken birim temelli veya tek seferlik bir maliyet var ise operasyon
icerisinde iki adet aktivite tanimlanmistir. Kurulum maliyeti de operasyon maliyetine

eklenir. Kurulum maliyeti igin ayrica deger saklanir.

Fason Maliyeti; is merkezleri tipinde fason olarak belirlenmis olan operasyonlarin

maliyetleri hesaplanarak bu degere eklenir.

Atil Zaman; iki operasyon arasinda is merkezi bosta kalmis ve operasyon planlamasi
cesitli sebeplerden dolayr gecikmis ise planlamada negatif faktor olarak sekilde
hesaplanir. Genel iiretim verimliligini etkiledigi igin yiiksek bir faktor verilir. Ilk

operasyonlar i¢in atil zaman hesaplamasi dikkate alinmamastir.

Tim Operasyonlarin Toplam Siiresi; tiim operasyonlarin gerceklesen siireleri toplanarak

genel anlamda 1§ merkezleri lizerinde toplamda ne kadar ytik oldugu hesaplanmistir.

Gecikmeler; operasyonun olast en erken basglama tarihi ile planlama sonucunda
hesaplanan baslangi¢ tarithi arasindaki fark olacak sekilde hesaplanmistir. Stokta

bekletme veya 6zel bir maliyet faktorii ile carpilarak amag fonksiyonuna eklenebilir.
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Ayrica gecikmelerin siire toplami tiim operasyonlarin siirelerine oranlanarak ortalama

gecikme siiresi hesaplanmastir.

Cevrim Zamani; is merkezleri lizerindeki en erken baslama zamani ile en geg bitis
zamani arasindaki fark olarak hesaplanmistir. Birgok kapasite planlama probleminde
minimize edildiginde is merkezleri iizerine islerin daha dengeli yliklenmesini saglar.
Aksi durumlarda maliyet temelli bir amag¢ fonksiyonunda en ucuz is merkezine isler

yetistigi miiddetce yiikleme yapabilir. Bu bazi zamanlarda istenen bir durumda olabilir.
3.2.9. DEGERLENDIRME

Fit degerleri hesaplandiktan sonra tiim popiilasyon aldiklar1 degere gore siralanir ve
aralarinda en iyi puana sahip olan bireyler en iyi popiilasyona girebiliyorsa burada
saklanir. Bunun amaci herhangi bir operatér uygulandigi anda bozulmalara maruz

kalmasini engellemektir.

Parametre olarak verilebilecegi gibi sistem icerisinde toplam jenerasyonun yarisi olarak
kabul edilen bir noktadan sonra sistem ACO algoritmasini durdurur ve sadece genetik

mutasyonu aktif hale getirir.

fyilesme olmadan gegen gecen jenerasyon sayisi ayrica hesaplanir. Ne zaman daha iyi
bir birey kesfedilirse bu deger sifirlanir. Eger popiilasyon igerisinde belirlenen sayidan
fazla jenerasyonda iyilesme kaydedilemiyorsa dongii kirilmakta ve ¢ozliim arayisi

sonlandirilmaktadir.

Testler yapilirken popiilasyon sayis1 ve mutasyon popiilasyon sayisi siparis sayisinin iki
kat1 olarak verilmistir. iterasyon sayis1 500, melez mutasyonu birakip sadece genetik
mutasyona yonelmesi i¢in iterasyon limiti 100 olarak ayarlanmigtir. Her mutasyon tipi
icin 3 set tizerinde licer defa ¢alistirilmis ve en her seferinde en iyi 3 sonug elitizim ile

alinmustir.
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4. BULGULAR

Calisma oOncelikle genetik algoritma ile baslamistir. Genetik algoritma kiiclik capli
problemleri ¢c6zmek i¢in uygun bir performansa sahip ancak problem boyutu biiyiidiik¢e
cok sayida yenileme yapilarak ¢oziime ulasilabilmektedir. Bu sebeple daha kararli
hareket edebilmek icin ACO algoritmasi mutasyon temeli olarak kullanilmistir. ACO
icerisinde rastlantisal kararlar verilirken goriiniirliik fonksiyonu sayesinde amaca daha
hizli ulagildigr gortilmistiir. Yapilan algoritma esnek tasarlanmistir ve gerektiginde
belirli operatorler devre dig1 birakilmigtir. Hangi operatdrlerin daha iyi sonuglar verdigi
bulunmak i¢in testler yapilmustir. 3 siparis setinde genetik algoritma, karinca kolonisi ve

melez model ayr1 ayri ¢alistirilmis ve sonuclar1 eklerde verilmistir.

Tablo 4.1 Test sonuclar1 skor karsilastirma tablosu

Yént_em Test 1 Test 2 Test 3

— veri

Sira 3 2 1 3 2 1 3 2 1
GA-1 126 126 126 128 128 130 | 127 | 127 129
ACO-1 127 127 128 126 126 129 | 124 | 126 128
M-1 128 129 130 128 128 129 | 124 | 124 128
GA-2 243 246 250 231 233 240 | 254 | 273 274
ACO-2 233 244 247 204 224 242 | 239 | 249 273
M-2 281 289 291 265 274 278 | 242 | 247 274
GA-3 109 147 164 160 170 177 | 146 | 148 248
ACO-3 178 184 188 123 145 220 | 149 | 171 183
M-3 306 311 338 313 325 368 | 204 | 237 350

Skor bazinda degerlendirme yaptigimiz zaman kii¢iik problemleri ¢o6zmede ufak
farkliliklarda olsa sonuglar birbirine yakin ¢ikmistir ve sonuglarda bir istikrar soz
konusudur. Cikan sonuglarin standart sapmalar1 ¢ok diisiiktiir. Orta 6lcekli bir
problemde melez yontem farkini hissettirmektedir. Ustelik bazi test sonuglarinda yalin

yontemlerde lokal maksimumlara takilmalarin 6zellikle karinca kolonisinde daha fazla
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oldugunu goriiyoruz. Problem boyutu biiyiidiikce ve karmasiklastik¢a genetik algoritma
sonuglari ortalamanin ¢ok altinda kalmakla beraber yalnizca bir iyi sonug iiretebilmistir.
Karinca kolonisi biraz daha istikrarli bir egilim gostermis ancak iyi sonug¢ bulmakta
gene basarili olamamistir. Melez yontem en iyi skoru almakla beraber son test haricinde

¢ikan sonugclar istikrarhdir.

Tablo 4.2 Test sonuglarn siire ve iterasyon karsilastirma tablosu

Yént_em Test1 Test 2 Test 3
— Veri
E.S.I. | Siire(sn) | E.S.I. | Siire(sn) | E.S.I. | Siire(sn)

GA-1 7 10 22 11 106 18
ACO-1 84 18 145 26 178 29
M-1 7 12 69 19 88 29
GA-2 20 18 85 27 195 44
ACO-2 30 83 9 120 100 131
M-2 107 130 100 130 1 82
GA-3 20 25 106 42 12 24
ACO-3 79 313 62 299 169 490
M-3 153 431 132 424 8 224

ESI: en iyi skorun bulundugu iterasyon

Kiigiik 6l¢ekli problemlerin ¢oziimlerinin bulunmasinda genetik algoritmanin tek basina
karmca kolonisinden daha iyi oldugu goriilmektedir. Melez yontem neredeyse genetik
algoritmaya yakindir ancak genetik algoritma kadar iyi degildir. Orta olcekli bir
problemde karinca kolonisi ¢ok fazla iterasyondan sonra iyi sonuglara ulasabilmektedir.
Genetik algoritma ise son testte ¢ok fazla iterasyon yapmustir. Biiyiik olgekli bir
problemde genetik algoritma en hizhilaridir. Sonrasinda karinca kolonisi takip
etmektedir. Melez yontem biiylik problemlerde ¢ok daha uzun siirmektedir. Ancak son

testte goriilmektedir ki melez yontem 8. iterasyonda en iyi sonucu bulmustur.
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Sekil 4.1 1. veri seti test sonuclari
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Grafikler dikkat edilmesi gereken nokta; eger daha sol tarafta ise daha az iterasyon
yaptig1 anlamina gelir, yukarida olmasi zaten bizim istedigimiz puanin yiiksek olmasi
anlamina gelir. Beklenti sol ve iist bolgede bulunan noktalardan se¢im yapmaktir. 1.
veri setinde genetik algoritma ile melez model birbirine yakin degerler iiretmis ama
noktalarin birbirine dikey anlamda uzak olmasi1 genetik algoritmadan ¢ikacak sonuglarin

her zaman iyi bir egilim gostermeyeceginin kanitidir.

2. veri setinde ise degerler birbirine yakin gdziikmektedir. Genetik algoritmanin ¢ok
fazla iterasyon yapan bir ¢oziimii de burada goriilmektedir. Melez model en iyi
sonuglar1 vermis ve noktalarin grafik iizerinde dikey dogrultuda birbirine yakin olmasi

kararl1 ¢oziimlerin bulundugunu gosterir.

3. veri setinde ¢ok belirgin olarak melez modelin daha iyi sonuglar verdigi goriiliir.
Genetik algoritma ve karinca koloni optimizasyonu dikeyde daha yakin degerler
cikarmistir. Iterasyon sayilarina baktiimiz zaman genetik algoritma daha diisiik
iterasyonlar ile sonucu bulmustur. Karinca koloni optimizasyonu ise daha yiiksek
iterasyonlarda benzer sonuglar1 yakalayabilmistir. Buna zaman boyutu da eklendiginde
genetik algoritma daha iyi kalmaktadir. Melez model ise diger yalin modellerden daha
iyl sonuglar iiretmistir ve Onceki veri setlerinde oldugu gibi burada da kararlilik ile
sonuca gitmistir. Melez modelin dezavantaji iterasyon sayisinin fazla olmasi ve zaman
boyutunda daha uzun stirmesidir. Ancak sistemden kararli ve iyi veriler istiyorsak bizim

i¢in ideal bir se¢im olacaktir.
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5. TARTISMA

Melez modelin ¢oziim olarak nerilmesindeki amag belirli problemlerin ¢éziimiinde
uzmanlagmis iki algoritmadan kapasite planlamasina uygun ¢6ziim iireten bir algoritma
gelistirmektir. Yapilan test sonuglarinda GA, tek basina uzun jenerasyonlar sonucunda
iyl puanlar almayr basarmistir. Ayrica GA genel olarak ¢ok istikrarli sonuglar
sunamamaktadir. Test sonuclarinda goriildiigli ilizere problem boyutlar1 biiyiidiikge

basarisiz olmaktadir.

ACO ise bulabildigi en iyi sonuglari ¢ok daha kisa yenilemede bulabilmis ancak
sonuglar kiiciik Olgekli problemlerde GA kadar iyi olmamistir. ACO islem siiresi
genetik algoritmaya gore daha uzun siirmiistiir. Bunun sebeplerinin basinda ACO
tizerinde bulunan feromon agirliklandirmasi ile rastlantisalligin saglanmasidir. Daha
erken buldugu ¢éziimii iyilestiremedigi i¢in kisintinin etkisiyle toplam jenerasyon sayisi
GA’ya gore daha azdir. Bunun sebebi feromon matrisi belirli bir noktadan sonra yeni

¢oziimler liretmekte daha kisir kalmasindan kaynaklanmaktadir.

Melez modelimizde ise ACO ilk iyilesmeleri saglamakta, lizerine genetik mutasyon
uygulanmasi ile c¢ikan ¢oziimden daha iyi ¢oziimler aramaktadir. Melez modelde
iterasyon sayis1 son test haricinde daha uzun siirmiistiir. Bunun sebebi her jenerasyonda
ACO ile belirli bir istikrarli ¢oziim saglanmakta ve sonrasinda iyilestirmeler
aranmaktadir. Bu 1yilesmeler ¢6ziim kiimesinde aranirken feromon matrisine bagiml
olmadig1 i¢in sigramalar1 daha bagimsiz ve rastlantisal yapmaktadir. Boylece lokal
maksimum veya minimumlardan uzaklasma saglanabilmektedir. Bunun dezavantaj

stire ikili mutasyondan dolayi ciddi sekilde uzamaktadir.

Mutasyonun kendine ait bir popiilasyon olusturmasi algoritmanin daha garanti bir
sekilde ilerlemesini saglamaktadir. Mevcut feromon matrisi ile yeni genom olusturulur
ancak bu olusum sirasinda ¢esitli rastlantilar sonucunda iyi bireylerden kotii bireyler
olusabilir. Benzer sekilde mevcut feromon matrisi ile ufak farklar ile ¢ok iyi bireylerde
olusabilir. Amag¢ mevcut bireye mutasyon uygularken bir defa degil mutasyon
popiilasyonu olan say1r kadar mutasyon yapip kiiciik bir popiilasyon olusturmaktir.
ACO’dan gelen bireylerin {izerinde belirlenen mutasyon orani kadar mutasyon

operatorli uygulayinca bir o kadar daha birey tiiretilmis olur. Béylece hem ACO ile
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olusturulan hem de mutasyon uygulanmis bireylerin olusturdugu popiilasyon igerisinden
en iyi birey sec¢ilip mutasyon operatoriiniin sonucu olarak dondiiriiliir. Boylelikle bir
bireyden mevcut feromon matrisi ve mutasyon orami ile olasi en iyi birey ortaya

cikarilmaya caligilir.

Kiigiik 6lgekli problemlerde genetik algoritma esit orandaki degiskenlik ile problem
¢coziimlerinde daha iyi sonuglar g¢ikarmaktadir. Bunun sebebi genetik mutasyonun
bagimsiz rastlantilar ile hareket etmesidir. Problem o0lcegi biiylidikk¢e karinca
kolonisinin daha iyi sonuglar verdigi goriilmektedir. 3. veri setinde ACO, GA
algoritmadan daha iyi sonuglar vermistir. Bunun sebebi iizerindeki goriiniirliik
fonksiyonunun segimlerdeki etkisidir. Onerilen melez model her durumda iyi sonuglar

tiretmeyi basarmistir. Ancak zaman maliyetini yiikseltmektedir.

Onemli bir noktada 6nerilen melez model igerisinde zamanin planlama fonksiyonu ile
hesaplanmas1 ve operasyonlarin yerlestirilmesi. Bu yontem ile zamanin nasil
hesaplancag:i sistem {izerinde tanimlanabilmektedir. Tatil giinleri, bakim planlari,
calisma saatleri gibi kritik bilgiler takvime yiiklenip buradan hesaplanabilir. Boylelikle
operasyon siireleri daha detayli hesaplanmakta ve gercege daha yakin sonuglar

uretmektedir.

Kullanilan mutasyon popiilasyonu 6zelligi mevcut feromon matrisini ve mevcut bireyi
en iyi ¢oziim kiimesine mevcut noktadan ne kadar yaklasabilecegini sorgulamaktadir.
Bu o6zellik sayesinde feromon matrisini veya bireyin mevcut durumunu olasilik

dahilinde kdtiiye gotiirmek yerine daha iyiye gotlirmeyi basarmistir.
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6. SONUC

Problem ¢6ziimlerinde yontem segmenin bazi kriterleri bulunmaktadir. Bunlardan en
onemlisi algoritmanin ne kadarlik bir giiven araliginda ¢éziimleri buldugudur. Gergek
hayat problemlerinde birden fazla defa algoritmanin c¢alistirilmasi s6z konusu
olmayabilir. Sadece bir kere c¢alistirrlmali ve onda da istikrarli sonuglar iiretebilir

olmalidir.

Bir diger kriterde zamandir. Algoritmanin ¢aligmasina karsilik gelen bir zaman ve iglem
maliyeti bulunmaktadir. Eger ¢ok hizli kararlarin verilmesi gerektigi durumlarda gene

giiven aralig1 dahilinde hizli olan sistemleri tercih etmek gerekmektedir.

Yapilan testlerin karsilagtirilmasinda goriilmiistiir ki; onerilen yontem zaman maliyeti
acisindan ¢ok uygun olmayabilir ancak istikrarli ve dogru sonuclar acgisindan kesinlikle
yalin yontemlerden daha iyi kalmaktadir. Problem boyutlarinin biiylimesi ile diger
yontemler belirli lokal maksimum veya minimumlara bagli kalmaktadir. Genetik
algoritma sigramalar yapmaya uygun bir yapida olsa da 6grenme ve tecriibe edinme
olmadig1 i¢in her seferinde rastlantisal kararlar vererek ¢esitli ¢ozlimleri denemektedir.
Karinca kolonisi ise feromon matrisi ile tecriibe ve Ogrenme karakteristiklerini
saglamakta ancak bir asamadan sonra ¢éziim kiimesinde bulundugu noktanin etrafini

arastirmaktadir.

Onerilen yontem ile karinca kolonisinin genetik mutasyon ile farkli ¢éziim kiimelerine
sigramalar yapmasit saglanmistir. Biiylik 6lcekli problemlerde karinca kolonisinin
goriiniirliik fonksiyonu ve tecriibe avantajlar1 ile ¢6ziim arayisinda hizli yol alinirken,
genetik mutasyon ile mevcut durum iyilestirmeleri sorgulanmaktadir. Onerilen
yontemde ayrica planlama operatorii entegre edilerek zaman parametresinin karmagik
yapisindan biraz da olsa ana yontemler ayristirilmistir. Literatiirdeki baz1 ¢éziimlerde
zaman boyutunda yerlestirmeler yapilmakta ve onarim algoritmalarina ciddi is ytki

dogurmaktadir.
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EK: TEST SONUCLARI

Genetik algoritma 1. veri seti 1. test sonuglari

Makine | Operasyon Id Baslangig Bitis Onceki Siparis Teslimi

3.126 0 16 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0

0 17 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |16

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0

1 2 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |1

2 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00

2 43 2013.01.01 09:00:00 | 2013.01.02 00:00:00 |42 2013.01.05 04:00:00

3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00

3 3 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |2

Makine | Operasyon Id Baslangic Bitis Onceki Siparis Teslimi

2.126 0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 43 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |42 2013.01.05 04:00:00

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 1 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

1 2 2013.01.01 16:00:00 | 2013.01.02 05:00:00 |1

2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 17 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |16

2 3 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |2

3 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00

3 32 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |31 2013.01.04 08:00:00




Makine | Operasyon Id Baslangig Bitis Onceki Siparis Teslimi

1.126 0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 16 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

1 17 2013.01.01 16:00:00 | 2013.01.02 05:00:00 |16

2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 3 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |2 2013.01.02 06:00:00

2 43 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |42 2013.01.05 04:00:00

3 18 2013.01.01 00:00:00 | 2013.01.01 11:00:00 |17 2013.01.03 12:00:00

3 32 2013.01.01 11:00:00 | 2013.01.02 02:00:00 |31 2013.01.04 08:00:00

Iteration:1 Best Value:109.0
Iteration:2 Best Value:110.0
Iteration:3 Best Value:115.0
Iteration:7 Best Value:126.0
Total Iteration Count:108

1. Eniyi degerin amag fonksiyon parametreleri

TotalProcessCompleteTime: 107.0 | AllOperationTardiness: 28.0 | AvgOperationsTardiness: 0.2616822429906542 | FlowTime: 30.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 15.0 | SetupCost: 810000.0 | OperationCost: 3312000.0 |

TotalOperationCost: 4122000.0 | DiffJobEndDelivery: 0.0 | Earliness: 186.0 | ScheduledPercentage: 1.0




Genetik algoritma 1. veri seti 2. test sonuglari

Makine | Operasyon Id Basglangic Bitig Onceki Siparis Teslimi
3.128 0 21 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
0 35 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |31 2013.01.04 08:00:00
1 22 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 23 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |16
1 9 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |2
2 49 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 10 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
2 11 2013.01.01 17:00:00 | 2013.01.02 05:00:00 |1
3 40 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 52 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |42 2013.01.05 04:00:00
Makine | Operasyon Id Baslangic Bitis Onceki Siparis Teslimi
2.128 0 45 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 20 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16
1 36 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 37 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00
1 9 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |2
2 27 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
2 50 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |42 2013.01.05 04:00:00
3 28 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 13 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
3 14 2013.01.01 16:00:00 | 2013.01.02 04:00:00 |1
Makine | Operasyon Id Baslangic Bitis Onceki Siparis Teslimi
1.130 0 6 2013.01.01 00:00:00 | 2013.01.01 11:00:00 |2 2013.01.02 06:00:00
0 45 2013.01.01 11:00:00 | 2013.01.01 19:00:00 |0
0 46 2013.01.01 19:00:00 | 2013.01.02 08:00:00 |42 2013.01.05 04:00:00




1 24 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
1 37 2013.01.01 09:00:00 | 2013.01.02 00:00:00 |31 2013.01.04 08:00:00
2 38 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 11 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |1

3 13 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 28 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

3 29 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |16

Iteration:1 Best Value:112.0
Iteration:4 Best Value:114.0
Iteration:10 Best Value:128.0
Iteration:22 Best Value:130.0
Total Iteration Count:123

1. Eniyi degerin amag fonksiyon parametreleri

TotalProcessCompleteTime: 107.0 | AllOperationTardiness: 20.0 | AvgOperationsTardiness: 0.18691588785046728 | FlowTime: 32.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 15.0 | SetupCost: 810000.0 | OperationCost: 3312000.0 |

TotalOperationCost: 4122000.0 | DiffJobEndDelivery: 0.0 | Earliness: 194.0 | ScheduledPercentage: 1.0




Genetik algoritma 1. veri seti 3. test sonuglari

Makine | Operasyon Id Baslangig Bitis Onceki Siparis Teslimi
3.127 0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
0 17 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |16
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 43 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |42 2013.01.05 04:00:00
2 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
3 3 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |2 2013.01.02 06:00:00
3 18 2013.01.01 09:00:00 | 2013.01.01 18:00:00 |17 2013.01.03 12:00:00
3 32 2013.01.01 18:00:00 | 2013.01.02 07:00:00 |31 2013.01.04 08:00:00
Makine | Operasyon Id Baslangic Bitig Onceki Siparis Teslimi
2.127 0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00
0 18 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |17 2013.01.03 12:00:00
1 3 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |2 2013.01.02 06:00:00
1 43 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |42 2013.01.05 04:00:00
2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
2 17 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |16
3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
Makine | Operasyon Id Baslangic Bitis Onceki Siparis Teslimi
1.129 0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0




0 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00
1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 16 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

1 17 2013.01.01 16:00:00 | 2013.01.02 05:00:00 |16

2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

3 3 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |2 2013.01.02 06:00:00
3 18 2013.01.01 09:00:00 | 2013.01.01 18:00:00 |17 2013.01.03 12:00:00
3 43 2013.01.01 18:00:00 | 2013.01.02 07:00:00 |42 2013.01.05 04:00:00

Iteration:1 Best Value:110.0
Iteration:3 Best Value:112.0
Iteration:5 Best Value:119.0
Iteration:27 Best Value:123.0
Iteration:66 Best Value:124.0
Iteration:106 Best Value:129.0
Total Iteration Count:207

TotalProcessCompleteTime: 103.0 | AllOperationTardiness: 27.0 | AvgOperationsTardiness: 0.2621359223300971 | FlowTime: 31.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 11.0 | SetupCost: 594000.0 | OperationCost: 3312000.0 |

TotalOperationCost: 3906000.0 | DiffJobEndDelivery: 0.0 | Earliness: 191.0 | ScheduledPercentage: 1.0




Genetik algoritma 2. veri seti 1. test sonuglari

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3.231 0 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

0 53 2013.01.01 22:00:00 | 2013.01.02 17:00:00 |0

0 54 2013.01.02 17:00:00 | 2013.01.03 20:00:00 |53

0 55 2013.01.03 20:00:00 | 2013.01.04 15:00:00 |54 2013.01.06 10:00:00

0 69 2013.01.04 15:00:00 | 2013.01.05 18:00:00 |68 2013.01.07 06:00:00

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00

1 94 2013.01.01 23:00:00 | 2013.01.03 11:00:00 |0

1 95 2013.01.03 11:00:00 | 2013.01.06 02:00:00 |94 2013.01.09 18:00:00

2 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

2 16 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |0

2 42 2013.01.01 23:00:00 | 2013.01.02 07:00:00 |0

2 17 2013.01.02 07:00:00 | 2013.01.02 20:00:00 |16

2 43 2013.01.02 20:00:00 | 2013.01.03 10:00:00 |42 2013.01.05 04:00:00

2 68 2013.01.03 10:00:00 | 2013.01.04 01:00:00 |0

2 106 2013.01.04 01:00:00 | 2013.01.05 16:00:00 |105 2013.01.10 14:00:00

3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

3 3 2013.01.01 22:00:00 | 2013.01.02 09:00:00 |2 2013.01.02 06:00:00

3 18 2013.01.02 09:00:00 | 2013.01.02 20:00:00 |17 2013.01.03 12:00:00

3 80 2013.01.02 20:00:00 | 2013.01.03 23:00:00 |79

3 81 2013.01.03 23:00:00 | 2013.01.04 18:00:00 |80 2013.01.08 12:00:00

0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 3 2013.01.01 08:00:00 | 2013.01.01 19:00:00 |2 2013.01.02 06:00:00
2.233 0 42 2013.01.01 19:00:00 | 2013.01.02 03:00:00 |0

0 79 2013.01.02 03:00:00 | 2013.01.02 19:00:00 |0




0 80 2013.01.02 19:00:00 | 2013.01.03 20:00:00 |79
0 81 2013.01.03 20:00:00 | 2013.01.04 15:00:00 |80 2013.01.08 12:00:00
0 55 2013.01.04 15:00:00 | 2013.01.05 10:00:00 |54 2013.01.06 10:00:00
1 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0
1 53 2013.01.01 22:00:00 | 2013.01.02 14:00:00 |0
1 43 2013.01.02 14:00:00 | 2013.01.03 05:00:00 |42 2013.01.05 04:00:00
1 32 2013.01.03 05:00:00 | 2013.01.03 18:00:00 |31 2013.01.04 08:00:00
1 54 2013.01.03 18:00:00 | 2013.01.04 19:00:00 |53
2 68 2013.01.01 00:00:00 | 2013.01.0117:00:00 |0
2 16 2013.01.01 17:00:00 | 2013.01.02 02:00:00 |0
2 17 2013.01.02 02:00:00 | 2013.01.02 16:00:00 |16
2 18 2013.01.02 16:00:00 | 2013.01.03 02:00:00 |17 2013.01.03 12:00:00
2 69 2013.01.03 02:00:00 | 2013.01.04 05:00:00 |68 2013.01.07 06:00:00
2 106 2013.01.04 05:00:00 | 2013.01.05 20:00:00 |105 2013.01.10 14:00:00
3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
3 94 2013.01.01 22:00:00 | 2013.01.03 10:00:00 |0
3 95 2013.01.03 10:00:00 | 2013.01.06 01:00:00 |94 2013.01.09 18:00:00
0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 42 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
0 43 2013.01.01 16:00:00 | 2013.01.02 07:00:00 |42 2013.01.05 04:00:00
0 69 2013.01.02 07:00:00 | 2013.01.03 09:00:00 |68 2013.01.07 06:00:00
0 54 2013.01.03 09:00:00 | 2013.01.04 10:00:00 |53
0 81 2013.01.04 10:00:00 | 2013.01.05 05:00:00 |80 2013.01.08 12:00:00
1 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 17 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |16

1. 240 1 18 2013.01.01 21:00:00 | 2013.01.02 07:00:00 |17 2013.01.03 12:00:00
1 53 2013.01.02 07:00:00 | 2013.01.03 01:00:00 |0




1 80 2013.01.03 01:00:00 | 2013.01.04 02:00:00 |79

1 55 2013.01.04 02:00:00 | 2013.01.04 21:00:00 |54 2013.01.06 10:00:00
2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 68 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0

2 3 2013.01.01 23:00:00 | 2013.01.02 10:00:00 |2 2013.01.02 06:00:00
2 105 2013.01.02 10:00:00 | 2013.01.03 09:00:00 |0

2 32 2013.01.03 09:00:00 | 2013.01.04 00:00:00 |31 2013.01.04 08:00:00
2 106 2013.01.04 00:00:00 | 2013.01.05 15:00:00 |105 2013.01.10 14:00:00
3 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

3 2 2013.01.01 15:00:00 | 2013.01.02 05:00:00 |1

3 94 2013.01.02 05:00:00 | 2013.01.0317:00:00 |0

3 95 2013.01.03 17:00:00 | 2013.01.06 08:00:00 |94 2013.01.09 18:00:00

Iteration:1 Best Value:149.0
Iteration:5 Best Value:193.0
Iteration:17 Best Value:214.0
Iteration:20 Best Value:250.0
Total Iteration Count:121

TotalProcessCompleteTime: 433.0 | AllOperationTardiness: 455.0 | AvgOperationsTardiness: 1.0508083140877598 | FlowTime: 123.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 43.0 | SetupCost: 2322000.0 | OperationCost: 1.404E7 |

TotalOperationCost: 1.6362E7 | DiffJobEndDelivery: 1.0 | Earliness: 501.0 | ScheduledPercentage: 1.0




Genetik algoritma 2. veri seti 2. test sonuglari

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
3.243 0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00
0 3 2013.01.01 23:00:00 | 2013.01.02 10:00:00 |2 2013.01.02 06:00:00
0 79 2013.01.02 10:00:00 | 2013.01.03 01:00:00 |0
0 54 2013.01.03 01:00:00 | 2013.01.04 03:00:00 |53
1 106 2013.01.04 03:00:00 | 2013.01.0517:00:00 |105 2013.01.10 14:00:00
1 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 42 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
1 17 2013.01.01 16:00:00 | 2013.01.02 05:00:00 |16
2 18 2013.01.02 05:00:00 | 2013.01.02 16:00:00 |17 2013.01.03 12:00:00
2 69 2013.01.02 16:00:00 | 2013.01.03 19:00:00 |68 2013.01.07 06:00:00
2 43 2013.01.03 19:00:00 | 2013.01.04 08:00:00 |42 2013.01.05 04:00:00
2 81 2013.01.04 08:00:00 | 2013.01.05 03:00:00 |80 2013.01.08 12:00:00
2 53 2013.01.01 00:00:00 | 2013.01.01 16:00:00 |0
2 94 2013.01.01 16:00:00 | 2013.01.03 04:00:00 |0
2 80 2013.01.03 04:00:00 | 2013.01.04 05:00:00 |79
3 55 2013.01.04 05:00:00 | 2013.01.04 23:00:00 |54 2013.01.06 10:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 68 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
3 2 2013.01.01 23:00:00 | 2013.01.02 13:00:00 |1
3 105 2013.01.02 13:00:00 | 2013.01.03 11:00:00 |0
3 95 2013.01.03 11:00:00 | 2013.01.06 00:00:00 |94 2013.01.09 18:00:00
Siparis Teslimi
0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 42 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
2. 246 0 17 2013.01.01 16:00:00 2013.01.02 05:00:00 |16
0 53 2013.01.02 05:00:00 | 2013.01.03 00:00:00 |0
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0 32 2013.01.03 00:00:00 | 2013.01.03 15:00:00 |31 2013.01.04 08:00:00

0 54 2013.01.03 15:00:00 | 2013.01.04 16:00:00 |53

0 106 2013.01.04 16:00:00 | 2013.01.06 06:00:00 |105 2013.01.10 14:00:00

1 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0

1 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1

1 3 2013.01.01 23:00:00 | 2013.01.02 08:00:00 |2 2013.01.02 06:00:00

1 18 2013.01.02 08:00:00 | 2013.01.02 19:00:00 |17 2013.01.03 12:00:00

1 95 2013.01.02 19:00:00 | 2013.01.05 10:00:00 |94 2013.01.09 18:00:00

2 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

2 31 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |0

2 69 2013.01.01 23:00:00 | 2013.01.03 00:00:00 |68 2013.01.07 06:00:00

2 105 2013.01.03 00:00:00 | 2013.01.03 22:00:00 |0

2 81 2013.01.03 22:00:00 | 2013.01.04 17:00:00 |80 2013.01.08 12:00:00

2 55 2013.01.04 17:00:00 | 2013.01.0512:00:00 |54 2013.01.06 10:00:00

3 94 2013.01.01 00:00:00 | 2013.01.02 12:00:00 |0

3 43 2013.01.02 12:00:00 | 2013.01.03 01:00:00 |42 2013.01.05 04:00:00

3 79 2013.01.03 01:00:00 | 2013.01.0317:00:00 |0

3 80 2013.01.03 17:00:00 | 2013.01.04 19:00:00 |79

Siparis Teslimi

0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 94 2013.01.01 08:00:00 | 2013.01.02 20:00:00 |0

0 18 2013.01.02 20:00:00 | 2013.01.03 07:00:00 |17 2013.01.03 12:00:00

0 54 2013.01.03 07:00:00 | 2013.01.04 08:00:00 |53

0 106 2013.01.04 08:00:00 | 2013.01.05 23:00:00 |105 2013.01.10 14:00:00

0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

1 3 2013.01.01 22:00:00 | 2013.01.02 07:00:00 |2 2013.01.02 06:00:00
1. 250 1 17 2013.01.02 07:00:00 | 2013.01.02 22:00:00 |16

1 80 2013.01.02 22:00:00 | 2013.01.03 22:00:00 |79
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1 69 2013.01.03 22:00:00 | 2013.01.05 01:00:00 |68 2013.01.07 06:00:00
1 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
2 53 2013.01.01 15:00:00 | 2013.01.02 10:00:00 |0
2 105 2013.01.02 10:00:00 | 2013.01.03 08:00:00 |0
2 55 2013.01.03 08:00:00 | 2013.01.04 03:00:00 |54 2013.01.06 10:00:00
2 81 2013.01.04 03:00:00 | 2013.01.04 22:00:00 |80 2013.01.08 12:00:00
3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 42 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
3 43 2013.01.01 16:00:00 | 2013.01.02 07:00:00 |42 2013.01.05 04:00:00
3 32 2013.01.02 07:00:00 | 2013.01.02 21:00:00 |31 2013.01.04 08:00:00
3 68 2013.01.02 21:00:00 | 2013.01.03 13:00:00 |0
3 95 2013.01.03 13:00:00 | 2013.01.06 03:00:00 |94 2013.01.09 18:00:00

Iteration:1 Best Value:96.0
Iteration:3 Best Value:170.0
Iteration:8 Best Value:207.0
Iteration:41 Best Value:213.0
Iteration:47 Best Value:231.0
Iteration:85 Best Value:240.0
Total Iteration Count:186

TotalProcessCompleteTime: 433.0 | AllOperationTardiness: 431.0 | AvgOperationsTardiness: 0.9953810623556582 | FlowTime: 128.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 43.0 | SetupCost: 2322000.0 | OperationCost: 1.404E7 |

TotalOperationCost: 1.6362E7 | DiffJobEndDelivery: 4.0 | Earliness: 516.0 | ScheduledPercentage: 1.0
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Genetik algoritma 2. veri seti 3. test sonuglari

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3. 254 0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 43 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |42 2013.01.05 04:00:00
0 31 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |0
0 69 2013.01.02 06:00:00 | 2013.01.03 07:00:00 |68 2013.01.07 06:00:00
0 105 2013.01.03 07:00:00 | 2013.01.04 06:00:00 |0
0 106 2013.01.04 06:00:00 | 2013.01.05 20:00:00 |105 2013.01.10 14:00:00
1 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16
1 53 2013.01.01 22:00:00 | 2013.01.02 17:00:00 |0
1 32 2013.01.02 17:00:00 | 2013.01.03 08:00:00 |31 2013.01.04 08:00:00
1 80 2013.01.03 08:00:00 | 2013.01.04 09:00:00 |79
1 81 2013.01.04 09:00:00 | 2013.01.05 04:00:00 |80 2013.01.08 12:00:00
2 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
2 2 2013.01.01 15:00:00 | 2013.01.02 04:00:00 |1
2 3 2013.01.02 04:00:00 | 2013.01.02 13:00:00 |2 2013.01.02 06:00:00
2 18 2013.01.02 13:00:00 | 2013.01.02 22:00:00 |17 2013.01.03 12:00:00
2 54 2013.01.02 22:00:00 | 2013.01.04 00:00:00 |53
2 55 2013.01.04 00:00:00 | 2013.01.04 19:00:00 |54 2013.01.06 10:00:00
3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 68 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
3 94 2013.01.01 23:00:00 | 2013.01.03 11:00:00 |0
3 95 2013.01.03 11:00:00 | 2013.01.06 02:00:00 |94 2013.01.09 18:00:00
0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 2 2013.01.01 08:00:00 | 2013.01.01 20:00:00 |1

2.273 0 3 2013.01.01 20:00:00 | 2013.01.02 06:00:00 |2
0 105 2013.01.02 06:00:00 | 2013.01.03 05:00:00 |0
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0 54 2013.01.03 05:00:00 | 2013.01.04 06:00:00 |53
0 106 2013.01.04 06:00:00 | 2013.01.05 20:00:00 |105 2013.01.10 14:00:00
1 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
1 53 2013.01.01 15:00:00 | 2013.01.02 06:00:00 |0
1 18 2013.01.02 06:00:00 | 2013.01.0217:00:00 |17 2013.01.03 12:00:00
1 80 2013.01.02 17:00:00 | 2013.01.03 18:00:00 |79
1 55 2013.01.03 18:00:00 | 2013.01.04 13:00:00 |54 2013.01.06 10:00:00
2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 43 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |42 2013.01.05 04:00:00
2 17 2013.01.01 21:00:00 | 2013.01.02 11:00:00 |16
2 31 2013.01.02 11:00:00 | 2013.01.02 21:00:00 |0
2 32 2013.01.02 21:00:00 | 2013.01.03 11:00:00 |31 2013.01.04 08:00:00
2 95 2013.01.03 11:00:00 | 2013.01.06 00:00:00 |94 2013.01.09 18:00:00
3 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 68 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
3 94 2013.01.01 23:00:00 | 2013.01.03 11:00:00 |0
3 69 2013.01.03 11:00:00 | 2013.01.04 12:00:00 |68 2013.01.07 06:00:00
3 81 2013.01.04 12:00:00 | 2013.01.05 05:00:00 |80 2013.01.08 12:00:00
0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 43 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |42 2013.01.05 04:00:00
0 3 2013.01.01 21:00:00 | 2013.01.02 07:00:00 |2 2013.01.02 06:00:00
0 106 2013.01.02 07:00:00 | 2013.01.03 22:00:00 |105 2013.01.10 14:00:00
0 80 2013.01.03 22:00:00 | 2013.01.04 23:00:00 |79
1 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
1 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1
1 31 2013.01.01 23:00:00 | 2013.01.02 07:00:00 |0

1.274 1 18 2013.01.02 07:00:00 | 2013.01.02 16:00:00 |17 2013.01.03 12:00:00
1 32 2013.01.02 16:00:00 | 2013.01.03 07:00:00 |31 2013.01.04 08:00:00
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1 54 2013.01.03 07:00:00 | 2013.01.04 07:00:00 |53

1 81 2013.01.04 07:00:00 | 2013.01.05 00:00:00 |80 2013.01.08 12:00:00
2 16 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0

2 105 2013.01.01 09:00:00 | 2013.01.02 07:00:00 |0

2 94 2013.01.02 07:00:00 | 2013.01.03 19:00:00 |0

2 95 2013.01.03 19:00:00 | 2013.01.06 10:00:00 |94 2013.01.09 18:00:00
3 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

3 17 2013.01.01 15:00:00 | 2013.01.02 05:00:00 |16

3 53 2013.01.02 05:00:00 | 2013.01.03 00:00:00 |0

3 68 2013.01.03 00:00:00 | 2013.01.03 15:00:00 |0

3 55 2013.01.03 15:00:00 | 2013.01.04 10:00:00 |54 2013.01.06 10:00:00
3 69 2013.01.04 10:00:00 | 2013.01.0511:00:00 |68 2013.01.07 06:00:00

Iteration:1 Best Value:145.0
Iteration:5 Best Value:231.0
Iteration:49 Best Value:239.0
Iteration:122 Best Value:251.0
Iteration: 188 Best Value:254.0
Iteration:195 Best Value:274.0
Total Iteration Count:296

TotalProcessCompleteTime: 428.0 | AllOperationTardiness: 430.0 | AvgOperationsTardiness: 1.0046728971962617 | FlowTime: 130.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 38.0 | SetupCost: 2052000.0 | OperationCost: 1.404E7 |

TotalOperationCost: 1.6092E7 | DiffJobEndDelivery: 1.0 | Earliness: 539.0 | ScheduledPercentage: 1.0
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Genetik algoritma 3. veri seti 1. test sonuglari

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 116 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0
0 17 2013.01.02 06:00:00 | 2013.01.02 19:00:00 |16
0 18 2013.01.02 19:00:00 | 2013.01.03 05:00:00 |17 2013.01.03 12:00:00
0 131 2013.01.03 05:00:00 | 2013.01.04 04:00:00 |0
0 143 2013.01.04 04:00:00 | 2013.01.0517:00:00 |142
0 55 2013.01.05 17:00:00 | 2013.01.06 12:00:00 |54 2013.01.06 10:00:00
0 144 2013.01.06 12:00:00 | 2013.01.07 13:00:00 |143 2013.01.13 02:00:00
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
1 31 2013.01.01 23:00:00 | 2013.01.02 07:00:00 |0
1 80 2013.01.02 07:00:00 | 2013.01.03 08:00:00 |79
1 3 2013.01.03 08:00:00 | 2013.01.03 19:00:00 |2 2013.01.02 06:00:00
1 81 2013.01.03 19:00:00 | 2013.01.04 13:00:00 |80 2013.01.08 12:00:00
1 54 2013.01.04 13:00:00 | 2013.01.05 15:00:00 |53
1 132 2013.01.05 15:00:00 | 2013.01.07 06:00:00 |131 2013.01.12 06:00:00
2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 142 2013.01.01 08:00:00 | 2013.01.02 07:00:00 |0
2 2 2013.01.02 07:00:00 | 2013.01.02 21:00:00 |1
2 105 2013.01.02 21:00:00 | 2013.01.03 19:00:00 |0
2 117 2013.01.03 19:00:00 | 2013.01.05 08:00:00 |116
2 106 2013.01.05 08:00:00 | 2013.01.06 22:00:00 |105 2013.01.10 14:00:00
2 118 2013.01.06 22:00:00 | 2013.01.08 01:00:00 |117 2013.01.11 10:00:00
3 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
3 53 2013.01.01 15:00:00 | 2013.01.02 07:00:00 |0
3 43 2013.01.02 07:00:00 | 2013.01.02 20:00:00 |42 2013.01.05 04:00:00
3 32 2013.01.02 20:00:00 | 2013.01.03 09:00:00 |31 2013.01.04 08:00:00




3 94 2013.01.03 09:00:00 | 2013.01.04 21:00:00 |0

3 69 2013.01.04 21:00:00 | 2013.01.05 23:00:00 |68 2013.01.07 06:00:00
3 95 2013.01.05 23:00:00 | 2013.01.08 12:00:00 |94 2013.01.09 18:00:00
0 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |O

0 31 2013.01.01 22:00:00 | 2013.01.02 06:00:00 |0

0 54 2013.01.02 06:00:00 | 2013.01.03 08:00:00 |53

0 55 2013.01.03 08:00:00 | 2013.01.04 01:00:00 |54 2013.01.06 10:00:00
0 142 2013.01.04 01:00:00 | 2013.01.05 00:00:00 |O

0 32 2013.01.05 00:00:00 | 2013.01.0513:00:00 |31 2013.01.04 08:00:00
0 69 2013.01.05 13:00:00 | 2013.01.06 14:00:00 |68 2013.01.07 06:00:00
0 118 2013.01.06 14:00:00 | 2013.01.07 17:00:00 |117 2013.01.11 10:00:00
1 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

1 1 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |0

1 2 2013.01.01 23:00:00 | 2013.01.02 13:00:00 |1

1 3 2013.01.02 13:00:00 | 2013.01.02 22:00:00 |2 2013.01.02 06:00:00
1 18 2013.01.02 22:00:00 | 2013.01.03 09:00:00 |17 2013.01.03 12:00:00
1 79 2013.01.03 09:00:00 | 2013.01.04 03:00:00 |0

1 80 2013.01.04 03:00:00 | 2013.01.05 04:00:00 |79

1 95 2013.01.05 04:00:00 | 2013.01.07 19:00:00 |94 2013.01.09 18:00:00
2 116 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |O

2 17 2013.01.01 22:00:00 | 2013.01.02 12:00:00 |16

2 132 2013.01.02 12:00:00 | 2013.01.04 02:00:00 [131 2013.01.12 06:00:00
2 43 2013.01.04 02:00:00 | 2013.01.04 17:00:00 |42 2013.01.05 04:00:00
2 68 2013.01.04 17:00:00 | 2013.01.05 08:00:00 |0

2 117 2013.01.05 08:00:00 | 2013.01.06 21:00:00 |116

2 144 2013.01.06 21:00:00 | 2013.01.08 00:00:00 |143 2013.01.13 02:00:00
3 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O
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3 131 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

3 94 2013.01.02 06:00:00 | 2013.01.03 18:00:00 |0

3 42 2013.01.03 18:00:00 | 2013.01.04 02:00:00 |0

3 106 2013.01.04 02:00:00 | 2013.01.05 15:00:00 [105 2013.01.10 14:00:00
3 81 2013.01.05 15:00:00 | 2013.01.06 10:00:00 |80 2013.01.08 12:00:00
3 143 2013.01.06 10:00:00 | 2013.01.08 01:00:00 [142

0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

0 31 2013.01.01 22:00:00 | 2013.01.02 06:00:00 |O

0 32 2013.01.02 06:00:00 | 2013.01.02 19:00:00 |31 2013.01.04 08:00:00
0 17 2013.01.02 19:00:00 | 2013.01.03 09:00:00 |16

0 18 2013.01.03 09:00:00 | 2013.01.03 18:00:00 |17 2013.01.03 12:00:00
0 80 2013.01.03 18:00:00 | 2013.01.04 20:00:00 |79

0 131 2013.01.04 20:00:00 | 2013.01.0518:00:00 |O

0 132 2013.01.05 18:00:00 | 2013.01.07 08:00:00 [131 2013.01.12 06:00:00
1 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |O

1 79 2013.01.01 22:00:00 | 2013.01.02 14:00:00 |0

1 94 2013.01.02 14:00:00 | 2013.01.04 02:00:00 |0

1 106 2013.01.04 02:00:00 | 2013.01.05 17:00:00 | 105 2013.01.10 14:00:00
1 95 2013.01.0517:00:00 | 2013.01.08 08:00:00 |94 2013.01.09 18:00:00
2 142 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |O

2 53 2013.01.01 22:00:00 | 2013.01.02 13:00:00 |O

2 116 2013.01.02 13:00:00 | 2013.01.03 11:00:00 |0

2 117 2013.01.03 11:00:00 | 2013.01.05 01:00:00 |116

2 118 2013.01.05 01:00:00 | 2013.01.06 04:00:00 |117 2013.01.11 10:00:00
2 55 2013.01.06 04:00:00 | 2013.01.06 21:00:00 |54 2013.01.06 10:00:00
2 144 2013.01.06 21:00:00 | 2013.01.08 00:00:00 |143 2013.01.13 02:00:00
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3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0

3 68 2013.01.01 17:00:00 | 2013.01.02 08:00:00 |0

3 3 2013.01.02 08:00:00 | 2013.01.02 19:00:00 |2 2013.01.02 06:00:00
3 69 2013.01.02 19:00:00 | 2013.01.03 22:00:00 |68 2013.01.07 06:00:00
3 43 2013.01.03 22:00:00 | 2013.01.04 12:00:00 |42 2013.01.05 04:00:00
3 143 2013.01.04 12:00:00 | 2013.01.06 02:00:00 | 142

3 54 2013.01.06 02:00:00 | 2013.01.07 03:00:00 |53

3 81 2013.01.07 03:00:00 | 2013.01.07 20:00:00 |80 2013.01.08 12:00:00

Iteration:1 Best Value:-167.0
Iteration:3 Best Value:-127.0
Iteration:5 Best Value:-79.0
Iteration:6 Best Value:78.0
Iteration:20 Best Value:164.0
Total Iteration Count:121

TotalProcessCompleteTime: 660.0 | AllOperationTardiness: 1221.0 | AvgOperationsTardiness: 1.85 | FlowTime: 176.0 | IdleTimeTotal: 0.0
| IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 51.0 | SetupCost: 2754000.0 | OperationCost: 2.1924E7 | TotalOperationCost: 2.4678E7 |
DiffJobEndDelivery: 30.0 | Earliness: 666.0 | ScheduledPercentage: 1.0
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Genetik algoritma 3. veri seti 2. test sonuglari

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 16 2013.01.01 08:00:00 | 2013.01.0117:00:00 |0
0 17 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |16
0 18 2013.01.02 07:00:00 | 2013.01.02 18:00:00 |17 2013.01.03 12:00:00
0 68 2013.01.02 18:00:00 | 2013.01.03 09:00:00 |0
0 54 2013.01.03 09:00:00 | 2013.01.04 10:00:00 |53
0 55 2013.01.04 10:00:00 | 2013.01.05 04:00:00 |54 2013.01.06 10:00:00
0 69 2013.01.05 04:00:00 | 2013.01.06 05:00:00 |68 2013.01.07 06:00:00
0 81 2013.01.06 05:00:00 | 2013.01.06 22:00:00 |80 2013.01.08 12:00:00
0 144 2013.01.06 22:00:00 | 2013.01.08 01:00:00 |143 2013.01.13 02:00:00
1 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
1 53 2013.01.01 09:00:00 | 2013.01.02 00:00:00 |0
1 32 2013.01.02 00:00:00 | 2013.01.02 13:00:00 |31 2013.01.04 08:00:00
1 79 2013.01.02 13:00:00 | 2013.01.03 06:00:00 |0
1 2 2013.01.03 06:00:00 | 2013.01.03 19:00:00 |1
1 3 2013.01.03 19:00:00 | 2013.01.04 04:00:00 |2 2013.01.02 06:00:00
1 142 2013.01.04 04:00:00 | 2013.01.0502:00:00 |0
1 106 2013.01.05 02:00:00 | 2013.01.06 17:00:00 |105 2013.01.10 14:00:00
1 143 2013.01.06 17:00:00 | 2013.01.08 05:00:00 |142
2 131 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0
2 42 2013.01.01 22:00:00 | 2013.01.02 06:00:00 |0
2 132 2013.01.02 06:00:00 | 2013.01.03 21:00:00 |131 2013.01.12 06:00:00
2 43 2013.01.03 21:00:00 | 2013.01.04 11:00:00 |42 2013.01.05 04:00:00
2 117 2013.01.04 11:00:00 | 2013.01.0523:00:00 |116
2 118 2013.01.05 23:00:00 | 2013.01.07 00:00:00 |117 2013.01.11 10:00:00
3 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0
3 94 2013.01.01 22:00:00 | 2013.01.03 10:00:00 |0




3 116 2013.01.03 10:00:00 | 2013.01.04 08:00:00 |0

3 80 2013.01.04 08:00:00 | 2013.01.05 09:00:00 |79

3 95 2013.01.05 09:00:00 | 2013.01.07 22:00:00 |94 2013.01.09 18:00:00
0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

0 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0

0 142 2013.01.01 17:00:00 | 2013.01.02 16:00:00 |0

0 105 2013.01.02 16:00:00 | 2013.01.03 14:00:00 |0

0 94 2013.01.03 14:00:00 | 2013.01.05 04:00:00 |O

0 143 2013.01.05 04:00:00 | 2013.01.06 18:00:00 |142

0 144 2013.01.06 18:00:00 | 2013.01.07 20:00:00 |143 2013.01.13 02:00:00
1 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 31 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

1 17 2013.01.01 16:00:00 | 2013.01.02 05:00:00 |16

1 18 2013.01.02 05:00:00 | 2013.01.02 15:00:00 |17 2013.01.03 12:00:00
1 32 2013.01.02 15:00:00 | 2013.01.03 06:00:00 |31 2013.01.04 08:00:00
1 3 2013.01.03 06:00:00 | 2013.01.03 16:00:00 |2 2013.01.02 06:00:00
1 43 2013.01.03 16:00:00 | 2013.01.04 06:00:00 |42 2013.01.05 04:00:00
1 69 2013.01.04 06:00:00 | 2013.01.05 07:00:00 |68 2013.01.07 06:00:00
1 95 2013.01.05 07:00:00 | 2013.01.07 22:00:00 |94 2013.01.09 18:00:00
2 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |O

2 79 2013.01.01 15:00:00 | 2013.01.02 06:00:00 |O

2 2 2013.01.02 06:00:00 | 2013.01.02 20:00:00 |1

2 80 2013.01.02 20:00:00 | 2013.01.03 21:00:00 |79

2 81 2013.01.03 21:00:00 | 2013.01.04 14:00:00 |80 2013.01.08 12:00:00
2 117 2013.01.04 14:00:00 | 2013.01.06 05:00:00 |116

2 118 2013.01.06 05:00:00 | 2013.01.07 06:00:00 [117 2013.01.11 10:00:00
3 116 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |O
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3 53 2013.01.01 22:00:00 | 2013.01.02 13:00:00 |0

3 131 2013.01.02 13:00:00 | 2013.01.03 11:00:00 |0

3 54 2013.01.03 11:00:00 | 2013.01.04 12:00:00 |53

3 55 2013.01.04 12:00:00 | 2013.01.05 05:00:00 |54 2013.01.06 10:00:00
3 106 2013.01.05 05:00:00 | 2013.01.06 18:00:00 [105 2013.01.10 14:00:00
3 132 2013.01.06 18:00:00 | 2013.01.08 09:00:00 [131 2013.01.12 06:00:00
0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |O

0 142 2013.01.01 23:00:00 | 2013.01.02 21:00:00 |O

0 94 2013.01.02 21:00:00 | 2013.01.04 09:00:00 |O

0 143 2013.01.04 09:00:00 | 2013.01.05 21:00:00 | 142

0 144 2013.01.05 21:00:00 | 2013.01.07 00:00:00 /143 2013.01.13 02:00:00
0 81 2013.01.07 00:00:00 | 2013.01.07 17:00:00 |80 2013.01.08 12:00:00
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

1 116 2013.01.01 08:00:00 | 2013.01.02 07:00:00 |O

1 54 2013.01.02 07:00:00 | 2013.01.03 09:00:00 |53

1 18 2013.01.03 09:00:00 | 2013.01.03 18:00:00 |17 2013.01.03 12:00:00
1 80 2013.01.03 18:00:00 | 2013.01.04 18:00:00 |79

1 95 2013.01.04 18:00:00 | 2013.01.07 08:00:00 |94 2013.01.09 18:00:00
1 118 2013.01.07 08:00:00 | 2013.01.08 11:00:00 [117 2013.01.11 10:00:00
2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

2 53 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |O

2 2 2013.01.01 23:00:00 | 2013.01.02 13:00:00 |1

2 3 2013.01.02 13:00:00 | 2013.01.03 00:00:00 |2 2013.01.02 06:00:00
2 17 2013.01.03 00:00:00 | 2013.01.03 15:00:00 |16

2 117 2013.01.03 15:00:00 | 2013.01.05 05:00:00 [116

2 69 2013.01.05 05:00:00 | 2013.01.06 08:00:00 |68 2013.01.07 06:00:00
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2 106 2013.01.06 08:00:00 | 2013.01.07 21:00:00 | 105 2013.01.10 14:00:00
3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00
3 131 2013.01.01 21:00:00 | 2013.01.02 19:00:00 |0
3 43 2013.01.02 19:00:00 | 2013.01.03 08:00:00 |42 2013.01.05 04:00:00
3 55 2013.01.03 08:00:00 | 2013.01.04 03:00:00 |54 2013.01.06 10:00:00
3 68 2013.01.04 03:00:00 | 2013.01.04 19:00:00 |0
3 105 2013.01.04 19:00:00 | 2013.01.0519:00:00 |0
3 132 2013.01.05 19:00:00 | 2013.01.07 10:00:00 131 2013.01.12 06:00:00

Iteration:1 Best Value:-156.0
Iteration:5 Best Value:27.0
Iteration:10 Best Value:126.0
Iteration:72 Best Value:135.0
Iteration:89 Best Value:160.0
Iteration:101 Best Value:170.0
Iteration: 106 Best Value:177.0
Total Iteration Count:207

TotalProcessCompleteTime: 659.0 | AllOperationTardiness: 1155.0 | AvgOperationsTardiness: 1.7526555386949925 | FlowTime: 179.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 50.0 | SetupCost: 2700000.0 | OperationCost: 2.1924E7 |

TotalOperationCost: 2.4624E7 | DiffJobEndDelivery: 24.0 | Earliness: 655.0 | ScheduledPercentage: 1.0
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Genetik algoritma 3. veri seti 3. test sonuglari

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 116 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0
0 17 2013.01.02 06:00:00 | 2013.01.02 19:00:00 |16
0 18 2013.01.02 19:00:00 | 2013.01.03 05:00:00 |17 2013.01.03 12:00:00
0 131 2013.01.03 05:00:00 | 2013.01.04 04:00:00 |0
0 143 2013.01.04 04:00:00 | 2013.01.0517:00:00 |142
0 55 2013.01.05 17:00:00 | 2013.01.06 12:00:00 |54 2013.01.06 10:00:00
0 144 2013.01.06 12:00:00 | 2013.01.07 13:00:00 |143 2013.01.13 02:00:00
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
1 31 2013.01.01 23:00:00 | 2013.01.02 07:00:00 |0
1 80 2013.01.02 07:00:00 | 2013.01.03 08:00:00 |79
1 3 2013.01.03 08:00:00 | 2013.01.03 19:00:00 |2 2013.01.02 06:00:00
1 81 2013.01.03 19:00:00 | 2013.01.04 13:00:00 |80 2013.01.08 12:00:00
1 54 2013.01.04 13:00:00 | 2013.01.05 15:00:00 |53
1 132 2013.01.05 15:00:00 | 2013.01.07 06:00:00 |131 2013.01.12 06:00:00
2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 142 2013.01.01 08:00:00 | 2013.01.02 07:00:00 |0
2 2 2013.01.02 07:00:00 | 2013.01.02 21:00:00 |1
2 105 2013.01.02 21:00:00 | 2013.01.03 19:00:00 |0
2 117 2013.01.03 19:00:00 | 2013.01.05 08:00:00 |116
2 106 2013.01.05 08:00:00 | 2013.01.06 22:00:00 | 105 2013.01.10 14:00:00
2 118 2013.01.06 22:00:00 | 2013.01.08 01:00:00 |117 2013.01.11 10:00:00
3 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
3 53 2013.01.01 15:00:00 | 2013.01.02 07:00:00 |0




3 43 2013.01.02 07:00:00 | 2013.01.02 20:00:00 |42 2013.01.05 04:00:00
3 32 2013.01.02 20:00:00 | 2013.01.03 09:00:00 |31 2013.01.04 08:00:00
3 94 2013.01.03 09:00:00 | 2013.01.04 21:00:00 |0

3 69 2013.01.04 21:00:00 | 2013.01.05 23:00:00 |68 2013.01.07 06:00:00
3 95 2013.01.05 23:00:00 | 2013.01.08 12:00:00 |94 2013.01.09 18:00:00
0 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

0 31 2013.01.01 22:00:00 | 2013.01.02 06:00:00 |0

0 54 2013.01.02 06:00:00 | 2013.01.03 08:00:00 |53

0 55 2013.01.03 08:00:00 | 2013.01.04 01:00:00 |54 2013.01.06 10:00:00
0 142 2013.01.04 01:00:00 | 2013.01.05 00:00:00 |O

0 32 2013.01.05 00:00:00 | 2013.01.05 13:00:00 |31 2013.01.04 08:00:00
0 69 2013.01.05 13:00:00 | 2013.01.06 14:00:00 |68 2013.01.07 06:00:00
0 118 2013.01.06 14:00:00 | 2013.01.07 17:00:00 |117 2013.01.11 10:00:00
1 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |O

1 1 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |O

1 2 2013.01.01 23:00:00 | 2013.01.02 13:00:00 |1

1 3 2013.01.02 13:00:00 | 2013.01.02 22:00:00 |2 2013.01.02 06:00:00
1 18 2013.01.02 22:00:00 | 2013.01.03 09:00:00 |17 2013.01.03 12:00:00
1 79 2013.01.03 09:00:00 | 2013.01.04 03:00:00 |0

1 80 2013.01.04 03:00:00 | 2013.01.05 04:00:00 |79

1 95 2013.01.05 04:00:00 | 2013.01.07 19:00:00 |94 2013.01.09 18:00:00
2 116 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |O

2 17 2013.01.01 22:00:00 | 2013.01.02 12:00:00 |16

2 132 2013.01.02 12:00:00 | 2013.01.04 02:00:00 131 2013.01.12 06:00:00
2 43 2013.01.04 02:00:00 | 2013.01.04 17:00:00 |42 2013.01.05 04:00:00
2 68 2013.01.04 17:00:00 | 2013.01.05 08:00:00 |0

2 117 2013.01.05 08:00:00 | 2013.01.06 21:00:00 [116
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2 144 2013.01.06 21:00:00 | 2013.01.08 00:00:00 | 143 2013.01.13 02:00:00
3 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 131 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

3 94 2013.01.02 06:00:00 | 2013.01.03 18:00:00 |0

3 42 2013.01.03 18:00:00 | 2013.01.04 02:00:00 |0

3 106 2013.01.04 02:00:00 | 2013.01.05 15:00:00 [105 2013.01.10 14:00:00
3 81 2013.01.05 15:00:00 | 2013.01.06 10:00:00 |80 2013.01.08 12:00:00
3 143 2013.01.06 10:00:00 | 2013.01.08 01:00:00 142

0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

0 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

0 31 2013.01.01 22:00:00 | 2013.01.02 06:00:00 |0

0 32 2013.01.02 06:00:00 | 2013.01.02 19:00:00 |31 2013.01.04 08:00:00
0 17 2013.01.02 19:00:00 | 2013.01.03 09:00:00 |16

0 18 2013.01.03 09:00:00 | 2013.01.03 18:00:00 |17 2013.01.03 12:00:00
0 80 2013.01.03 18:00:00 | 2013.01.04 20:00:00 |79

0 131 2013.01.04 20:00:00 | 2013.01.0518:00:00 |O

0 132 2013.01.05 18:00:00 | 2013.01.07 08:00:00 131 2013.01.12 06:00:00
1 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

1 79 2013.01.01 22:00:00 | 2013.01.02 14:00:00 |0

1 94 2013.01.02 14:00:00 | 2013.01.04 02:00:00 |O

1 106 2013.01.04 02:00:00 | 2013.01.0517:00:00 [105 2013.01.10 14:00:00
1 95 2013.01.0517:00:00 | 2013.01.08 08:00:00 |94 2013.01.09 18:00:00
2 142 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

2 53 2013.01.01 22:00:00 | 2013.01.02 13:00:00 |0

2 116 2013.01.02 13:00:00 | 2013.01.03 11:00:00 |0

2 117 2013.01.03 11:00:00 | 2013.01.05 01:00:00 [116

2 118 2013.01.05 01:00:00 | 2013.01.06 04:00:00 [117 2013.01.11 10:00:00
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2 55 2013.01.06 04:00:00 | 2013.01.06 21:00:00 |54 2013.01.06 10:00:00
2 144 2013.01.06 21:00:00 | 2013.01.08 00:00:00 | 143 2013.01.13 02:00:00
3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 16 2013.01.01 08:00:00 | 2013.01.0117:00:00 |O

3 68 2013.01.01 17:00:00 | 2013.01.02 08:00:00 |0

3 3 2013.01.02 08:00:00 | 2013.01.02 19:00:00 |2 2013.01.02 06:00:00
3 69 2013.01.02 19:00:00 | 2013.01.03 22:00:00 |68 2013.01.07 06:00:00
3 43 2013.01.03 22:00:00 | 2013.01.04 12:00:00 |42 2013.01.05 04:00:00
3 143 2013.01.04 12:00:00 | 2013.01.06 02:00:00 | 142

3 54 2013.01.06 02:00:00 | 2013.01.07 03:00:00 |53

3 81 2013.01.07 03:00:00 | 2013.01.07 20:00:00 |80 2013.01.08 12:00:00

Iteration:1 Best Value:-118.0
Iteration:7 Best Value:-51.0
Iteration:8 Best Value:60.0
Iteration:12 Best Value:248.0
Total Iteration Count:113

TotalProcessCompleteTime: 660.0 | AllOperationTardiness: 1127.0 | AvgOperationsTardiness: 1.7075757575757575 | FlowTime: 179.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 51.0 | SetupCost: 2754000.0 | OperationCost: 2.1924E7 |

TotalOperationCost: 2.4678E7 | DiffJobEndDelivery: 17.0 | Earliness: 691.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 1.veri seti 1.test

Makine | Operasyon Id Basglangic Bitig Onceki Siparis Teslimi
3.127 0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00
1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
2 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
2 3 2013.01.01 09:00:00 | 2013.01.01 18:00:00 |2 2013.01.02 06:00:00
2 43 2013.01.01 18:00:00 | 2013.01.02 07:00:00 |42 2013.01.05 04:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
3 17 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |16
2.127 0 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
0 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1
1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 16 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
1 17 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |16
2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 18 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |17 2013.01.03 12:00:00
2 43 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |42 2013.01.05 04:00:00
3 3 2013.01.01 00:00:00 | 2013.01.01 10:00:00 |2 2013.01.02 06:00:00
3 32 2013.01.01 10:00:00 | 2013.01.02 01:00:00 |31 2013.01.04 08:00:00
1.128
0 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
0 32 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00
1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
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1 2 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |1

2 16 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0

2 17 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |16

3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 3 2013.01.01 08:00:00 | 2013.01.0117:00:00 |2 2013.01.02 06:00:00

Iteration:1 Best Value:113.0
Iteration:3 Best Value:116.0
Iteration:9 Best Value:119.0
Iteration:11 Best Value:120.0
Iteration:26 Best Value:126.0
Iteration:84 Best Value:128.0
Total Iteration Count:185

TotalProcessCompleteTime: 108.0 | AllOperationTardiness: 26.0 | AvgOperationsTardiness: 0.24074074074074073 | FlowTime: 31.0 |
IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 16.0 | SetupCost: 864000.0 | OperationCost: 3312000.0 |
TotalOperationCost: 4176000.0 | DiffJobEndDelivery: 0.0 | Earliness: 190.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 1.veri seti 2.test

Makine | Operasyon Id Basglangic Bitig Onceki Siparis Teslimi
3. 126 0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
0 2 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |1
1 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
1 32 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |31 2013.01.04 08:00:00
2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 3 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |2 2013.01.02 06:00:00
2 43 2013.01.01 17:00:00 | 2013.01.02 08:00:00 |42 2013.01.05 04:00:00
3 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16
2.126
0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 18 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |17 2013.01.03 12:00:00
0 32 2013.01.01 17:00:00 | 2013.01.02 08:00:00 |31 2013.01.04 08:00:00
1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
1 17 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |16
2 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
2 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1
3 3 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |2 2013.01.02 06:00:00
3 43 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |42 2013.01.05 04:00:00
1.129
0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
0 2 2013.01.01 17:00:00 | 2013.01.02 05:00:00 |1
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1 16 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0

1 17 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |16

2 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
2 43 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |42 2013.01.05 04:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

Iteration:1 Best Value:111.0
Iteration:2 Best Value:120.0
Iteration:45 Best Value:125.0
Iteration: 145 Best Value:129.0
Total Iteration Count:246

TotalProcessCompleteTime: 108.0 | AllOperationTardiness: 27.0 | AvgOperationsTardiness: 0.25 | FlowTime: 30.0 | IdleTimeTotal: 0.0 |
IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 16.0 | SetupCost: 864000.0 | OperationCost: 3312000.0 | TotalOperationCost: 4176000.0 |
DiffJobEndDelivery: 0.0 | Earliness: 190.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 1.veri seti 3.test

Makine | Operasyon Id Basglangic Bitig Onceki Siparis Teslimi

3.124 0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 18 2013.01.01 08:00:00 | 2013.01.01 19:00:00 |17 2013.01.03 12:00:00

0 32 2013.01.01 19:00:00 | 2013.01.02 08:00:00 |31 2013.01.04 08:00:00

1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 2 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |1

2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0

2 17 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |16

3 3 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |2 2013.01.02 06:00:00

3 43 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |42 2013.01.05 04:00:00
2.126

0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16

1 18 2013.01.01 00:00:00 | 2013.01.01 10:00:00 |17 2013.01.03 12:00:00

1 43 2013.01.01 10:00:00 | 2013.01.01 23:00:00 |42 2013.01.05 04:00:00

2 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00

2 3 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |2

3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 1 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

3 2 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |1
1.128

0 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00

0 32 2013.01.01 09:00:00 | 2013.01.02 00:00:00 |31 2013.01.04 08:00:00

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
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1 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
1 2 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |1
2 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16
3 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

Iteration:1 Best Value:114.0
Iteration:4 Best Value:117.0
Iteration:7 Best Value:118.0
Iteration:18 Best Value:119.0
Iteration:65 Best Value:120.0
Iteration:86 Best Value:123.0
Iteration: 145 Best Value:124.0
Iteration:163 Best Value:126.0
Iteration:178 Best Value:128.0
Total Iteration Count:279

TotalProcessCompleteTime: 107.0 | AllOperationTardiness: 26.0 | AvgOperationsTardiness: 0.24299065420560748 | FlowTime: 31.0 |
IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 15.0 | SetupCost: 810000.0 | OperationCost: 3312000.0 |
TotalOperationCost: 4122000.0 | DiffJobEndDelivery: 0.0 | Earliness: 190.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 2.veri seti 1.test

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
3.233 0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16
0 18 2013.01.01 22:00:00 | 2013.01.02 08:00:00 |17 2013.01.03 12:00:00
0 43 2013.01.02 08:00:00 | 2013.01.02 23:00:00 |42 2013.01.05 04:00:00
0 80 2013.01.02 23:00:00 | 2013.01.03 23:00:00 |79
0 69 2013.01.03 23:00:00 | 2013.01.05 00:00:00 |68 2013.01.07 06:00:00
1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
1 3 2013.01.01 22:00:00 | 2013.01.02 09:00:00 |2 2013.01.02 06:00:00
1 53 2013.01.02 09:00:00 | 2013.01.03 01:00:00 |0
1 31 2013.01.03 01:00:00 | 2013.01.0311:00:00 |0
1 95 2013.01.03 11:00:00 | 2013.01.06 02:00:00 |94 2013.01.09 18:00:00
2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
2 94 2013.01.01 23:00:00 | 2013.01.03 11:00:00 |0
2 32 2013.01.03 11:00:00 | 2013.01.04 02:00:00 |31 2013.01.04 08:00:00
2 81 2013.01.04 02:00:00 | 2013.01.04 21:00:00 |80 2013.01.08 12:00:00
2 55 2013.01.04 21:00:00 | 2013.01.05 14:00:00 |54 2013.01.06 10:00:00
3 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
3 105 2013.01.01 15:00:00 | 2013.01.02 13:00:00 |0
3 106 2013.01.02 13:00:00 | 2013.01.04 02:00:00 |105 2013.01.10 14:00:00
3 54 2013.01.04 02:00:00 | 2013.01.05 03:00:00 |53
0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2.244 0 3 2013.01.01 08:00:00 | 2013.01.01 19:00:00 |2 2013.01.02 06:00:00
0 17 2013.01.01 19:00:00 | 2013.01.02 08:00:00 |16
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0 68 2013.01.02 08:00:00 | 2013.01.03 01:00:00 |0
0 18 2013.01.03 01:00:00 | 2013.01.03 12:00:00 |17
0 55 2013.01.03 12:00:00 | 2013.01.04 07:00:00 |54 2013.01.06 10:00:00
0 69 2013.01.04 07:00:00 | 2013.01.05 09:00:00 |68 2013.01.07 06:00:00
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 31 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
1 105 2013.01.01 16:00:00 | 2013.01.02 14:00:00 |0
1 80 2013.01.02 14:00:00 | 2013.01.03 14:00:00 |79
1 81 2013.01.03 14:00:00 | 2013.01.04 09:00:00 |80 2013.01.08 12:00:00
1 106 2013.01.04 09:00:00 | 2013.01.06 00:00:00 |105 2013.01.10 14:00:00
2 53 2013.01.01 00:00:00 | 2013.01.01 16:00:00 |0
2 79 2013.01.01 16:00:00 | 2013.01.02 08:00:00 |0
2 32 2013.01.02 08:00:00 | 2013.01.02 21:00:00 |31 2013.01.04 08:00:00
2 43 2013.01.02 21:00:00 | 2013.01.03 10:00:00 |42 2013.01.05 04:00:00
2 95 2013.01.03 10:00:00 | 2013.01.05 23:00:00 |94 2013.01.09 18:00:00
3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
3 94 2013.01.01 22:00:00 | 2013.01.03 10:00:00 |0
3 54 2013.01.03 10:00:00 | 2013.01.04 11:00:00 |53
0 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
0 105 2013.01.01 15:00:00 | 2013.01.02 13:00:00 |0
0 106 2013.01.02 13:00:00 | 2013.01.04 04:00:00 |105 2013.01.10 14:00:00
0 80 2013.01.04 04:00:00 | 2013.01.05 06:00:00 |79
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 53 2013.01.01 08:00:00 | 2013.01.02 00:00:00 |0

1. 247 1 94 2013.01.02 00:00:00 | 2013.01.03 12:00:00 |0
1 79 2013.01.03 12:00:00 | 2013.01.04 04:00:00 |0
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1 54 2013.01.04 04:00:00 | 2013.01.05 05:00:00 |53

2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

2 3 2013.01.01 22:00:00 | 2013.01.02 09:00:00 |2 2013.01.02 06:00:00
2 69 2013.01.02 09:00:00 | 2013.01.03 12:00:00 |68 2013.01.07 06:00:00
2 81 2013.01.03 12:00:00 | 2013.01.04 07:00:00 |80 2013.01.08 12:00:00
2 43 2013.01.04 07:00:00 | 2013.01.04 20:00:00 |42 2013.01.05 04:00:00
2 55 2013.01.04 20:00:00 | 2013.01.05 15:00:00 |54 2013.01.06 10:00:00
3 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16

3 18 2013.01.01 22:00:00 | 2013.01.02 08:00:00 |17 2013.01.03 12:00:00
3 31 2013.01.02 08:00:00 | 2013.01.02 16:00:00 |0

Iteration:1 Best Value:220.0
Iteration:30 Best Value:247.0
Total Iteration Count:131

TotalProcessCompleteTime: 430.0 | AllOperationTardiness: 476.0 | AvgOperationsTardiness: 1.1069767441860465 | FlowTime: 121.0 |
IdleTimeTotal: 5.0 | IdleCost: 18000.0 | TotalOutSource: 0.0 | SetupTime: 40.0 | SetupCost: 2160000.0 | OperationCost: 1.404E7 |
TotalOperationCost: 1.62E7 | DiffJobEndDelivery: 3.0 | Earliness: 514.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 2.veri seti 2.test

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
3.204 0 79 2013.01.01 00:00:00 | 2013.01.01 16:00:00 |0
0 2 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |1
0 54 2013.01.02 06:00:00 | 2013.01.03 07:00:00 |53
0 18 2013.01.03 07:00:00 | 2013.01.03 16:00:00 |17 2013.01.03 12:00:00
0 80 2013.01.03 16:00:00 | 2013.01.04 16:00:00 |79
0 81 2013.01.04 16:00:00 | 2013.01.0511:00:00 |80 2013.01.08 12:00:00
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 68 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
1 94 2013.01.01 23:00:00 | 2013.01.03 11:00:00 |0
1 95 2013.01.03 11:00:00 | 2013.01.06 00:00:00 |94 2013.01.09 18:00:00
2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 53 2013.01.01 08:00:00 | 2013.01.02 00:00:00 |0
2 3 2013.01.02 00:00:00 | 2013.01.02 11:00:00 |2 2013.01.02 06:00:00
2 105 2013.01.02 11:00:00 | 2013.01.03 09:00:00 |0
2 43 2013.01.03 09:00:00 | 2013.01.03 22:00:00 |42 2013.01.05 04:00:00
2 106 2013.01.03 22:00:00 | 2013.01.0512:00:00 |105 2013.01.10 14:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00
3 16 2013.01.01 23:00:00 | 2013.01.02 09:00:00 |0
3 17 2013.01.02 09:00:00 | 2013.01.02 23:00:00 |16
3 69 2013.01.02 23:00:00 | 2013.01.04 00:00:00 |68 2013.01.07 06:00:00
3 55 2013.01.04 00:00:00 | 2013.01.04 19:00:00 |54 2013.01.06 10:00:00
0 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
2.224 0 69 2013.01.01 15:00:00 | 2013.01.02 18:00:00 |68 2013.01.07 06:00:00
0 32 2013.01.02 18:00:00 | 2013.01.03 07:00:00 |31 2013.01.04 08:00:00
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0 43 2013.01.03 07:00:00 | 2013.01.03 22:00:00 |42 2013.01.05 04:00:00

0 80 2013.01.03 22:00:00 | 2013.01.04 23:00:00 |79

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 79 2013.01.01 08:00:00 | 2013.01.02 00:00:00 |0

1 94 2013.01.02 00:00:00 | 2013.01.03 12:00:00 |0

1 54 2013.01.03 12:00:00 | 2013.01.04 13:00:00 |53

1 55 2013.01.04 13:00:00 | 2013.01.05 08:00:00 |54 2013.01.06 10:00:00

2 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 16 2013.01.01 08:00:00 | 2013.01.0117:00:00 |0

2 53 2013.01.01 17:00:00 | 2013.01.02 08:00:00 |0

2 105 2013.01.02 08:00:00 | 2013.01.03 08:00:00 |0

2 106 2013.01.03 08:00:00 | 2013.01.04 23:00:00 |105 2013.01.10 14:00:00

2 81 2013.01.04 23:00:00 | 2013.01.05 18:00:00 |80 2013.01.08 12:00:00

3 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0

3 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1

3 3 2013.01.01 23:00:00 | 2013.01.02 08:00:00 |2 2013.01.02 06:00:00

3 17 2013.01.02 08:00:00 | 2013.01.02 22:00:00 |16

3 18 2013.01.02 22:00:00 | 2013.01.03 09:00:00 |17 2013.01.03 12:00:00

3 95 2013.01.03 12:00:00 | 2013.01.06 01:00:00 |94 2013.01.09 18:00:00

0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16

0 18 2013.01.01 22:00:00 | 2013.01.02 08:00:00 |17 2013.01.03 12:00:00

0 105 2013.01.02 08:00:00 | 2013.01.03 07:00:00 |0

0 81 2013.01.03 07:00:00 | 2013.01.04 02:00:00 |80 2013.01.08 12:00:00

0 106 2013.01.04 02:00:00 | 2013.01.0517:00:00 |105 2013.01.10 14:00:00
1.242 1 53 2013.01.01 00:00:00 | 2013.01.01 16:00:00 |0

1 2 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |1
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1 3 2013.01.02 06:00:00 | 2013.01.02 15:00:00 |2 2013.01.02 06:00:00
1 80 2013.01.02 15:00:00 | 2013.01.03 16:00:00 |79

1 55 2013.01.03 16:00:00 | 2013.01.04 11:00:00 |54 2013.01.06 10:00:00
1 69 2013.01.04 11:00:00 | 2013.01.05 12:00:00 |68 2013.01.07 06:00:00
2 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

2 94 2013.01.01 15:00:00 | 2013.01.03 03:00:00 |0

2 43 2013.01.03 03:00:00 | 2013.01.03 16:00:00 |42 2013.01.05 04:00:00
2 54 2013.01.03 16:00:00 | 2013.01.04 17:00:00 |53

3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 1 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

3 31 2013.01.01 16:00:00 | 2013.01.02 00:00:00 |0

3 32 2013.01.02 00:00:00 | 2013.01.02 13:00:00 |31 2013.01.04 08:00:00

Iteration:1 Best Value:195.0
Iteration:31 Best Value:224.0
Iteration:94 Best Value:242.0
Total Iteration Count:195

TotalProcessCompleteTime: 424.0 | AllOperationTardiness: 445.0 | AvgOperationsTardiness: 1.0495283018867925 | FlowTime: 114.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 34.0 | SetupCost: 1836000.0 | OperationCost: 1.404E7 |

TotalOperationCost: 1.5876E7 | DiffJobEndDelivery: 9.0 | Earliness: 515.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 2.veri seti 3.test

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
3.239 0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16
0 105 2013.01.01 22:00:00 | 2013.01.02 20:00:00 |0
0 18 2013.01.02 20:00:00 | 2013.01.03 06:00:00 |17 2013.01.03 12:00:00
0 32 2013.01.03 06:00:00 | 2013.01.03 21:00:00 |31 2013.01.04 08:00:00
0 81 2013.01.03 21:00:00 | 2013.01.04 16:00:00 |80 2013.01.08 12:00:00
0 55 2013.01.04 16:00:00 | 2013.01.0511:00:00 |54 2013.01.06 10:00:00
1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 2 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |1
1 3 2013.01.01 21:00:00 | 2013.01.02 08:00:00 |2 2013.01.02 06:00:00
1 79 2013.01.02 08:00:00 | 2013.01.03 01:00:00 |0
1 95 2013.01.03 01:00:00 | 2013.01.05 14:00:00 |94 2013.01.09 18:00:00
2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 94 2013.01.01 08:00:00 | 2013.01.02 20:00:00 |0
2 53 2013.01.02 20:00:00 | 2013.01.03 12:00:00 |0
2 80 2013.01.03 12:00:00 | 2013.01.04 14:00:00 |79
2 106 2013.01.04 14:00:00 | 2013.01.06 05:00:00 |105 2013.01.10 14:00:00
3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 43 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |42 2013.01.05 04:00:00
3 68 2013.01.01 23:00:00 | 2013.01.02 14:00:00 |0
3 69 2013.01.02 14:00:00 | 2013.01.03 17:00:00 |68 2013.01.07 06:00:00
3 54 2013.01.03 17:00:00 | 2013.01.04 18:00:00 |53
0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2. 249 0 43 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |42 2013.01.05 04:00:00
0 68 2013.01.01 21:00:00 | 2013.01.02 13:00:00 |0
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1.273

0 17 2013.01.02 13:00:00 | 2013.01.03 02:00:00

0 54 2013.01.03 02:00:00 | 2013.01.04 04:00:00

0 95 2013.01.04 04:00:00 | 2013.01.06 19:00:00 2013.01.09 18:00:00
1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00

1 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00

1 3 2013.01.01 23:00:00 | 2013.01.02 10:00:00 2013.01.02 06:00:00
1 94 2013.01.02 10:00:00 | 2013.01.03 22:00:00

1 69 2013.01.03 22:00:00 | 2013.01.04 23:00:00 2013.01.07 06:00:00
2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00

2 53 2013.01.01 08:00:00 | 2013.01.01 23:00:00

2 105 2013.01.01 23:00:00 | 2013.01.02 21:00:00

2 80 2013.01.02 21:00:00 | 2013.01.03 22:00:00

2 106 2013.01.03 22:00:00 | 2013.01.05 13:00:00 2013.01.10 14:00:00
3 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00

3 32 2013.01.01 09:00:00 | 2013.01.01 22:00:00 2013.01.04 08:00:00
3 79 2013.01.01 22:00:00 | 2013.01.02 17:00:00

3 18 2013.01.02 17:00:00 | 2013.01.03 02:00:00 2013.01.03 12:00:00
3 55 2013.01.03 02:00:00 | 2013.01.03 21:00:00 2013.01.06 10:00:00
3 81 2013.01.03 21:00:00 | 2013.01.04 14:00:00 2013.01.08 12:00:00
0 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

0 94 2013.01.01 15:00:00 | 2013.01.03 03:00:00 |0

0 95 2013.01.03 03:00:00 | 2013.01.05 16:00:00 |94 2013.01.09 18:00:00
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 1 2013.01.01 08:00:00 | 2013.01.0117:00:00 |0

1 2 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |1

1 68 2013.01.02 07:00:00 | 2013.01.02 22:00:00 |0

1 69 2013.01.02 22:00:00 | 2013.01.04 01:00:00 |68 2013.01.07 06:00:00
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1 106 2013.01.04 01:00:00 | 2013.01.05 15:00:00 |105 2013.01.10 14:00:00
1 80 2013.01.02 15:00:00 | 2013.01.03 16:00:00 |79

1 55 2013.01.03 16:00:00 | 2013.01.04 11:00:00 |54 2013.01.06 10:00:00
1 69 2013.01.04 11:00:00 | 2013.01.05 12:00:00 |68 2013.01.07 06:00:00
2 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

2 94 2013.01.01 15:00:00 | 2013.01.03 03:00:00 |0

2 43 2013.01.03 03:00:00 | 2013.01.03 16:00:00 |42 2013.01.05 04:00:00
2 54 2013.01.03 16:00:00 | 2013.01.04 17:00:00 |53

3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 1 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

3 31 2013.01.01 16:00:00 | 2013.01.02 00:00:00 |0

3 32 2013.01.02 00:00:00 | 2013.01.02 13:00:00 |31 2013.01.04 08:00:00

Iteration:1 Best Value:207.0
Iteration:9 Best Value:214.0
Iteration:17 Best Value:218.0
Iteration:25 Best Value:221.0
Iteration:29 Best Value:231.0
Iteration:100 Best Value:273.0
Total Iteration Count:201

TotalProcessCompleteTime: 426.0 | AllOperationTardiness: 462.0 | AvgOperationsTardiness: 1.0845070422535212 | FlowTime: 112.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 36.0 | SetupCost: 1944000.0 | OperationCost: 1.404E7 |

TotalOperationCost: 1.5984E7 | DiffJobEndDelivery: 11.0 | Earliness: 552.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 3.veri seti 1.test

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3.178 0 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

0 79 2013.01.01 15:00:00 | 2013.01.02 07:00:00 |0

0 142 2013.01.02 07:00:00 | 2013.01.03 05:00:00 |0

0 116 2013.01.03 05:00:00 | 2013.01.04 03:00:00 |0

0 80 2013.01.04 03:00:00 | 2013.01.0505:00:00 |79

0 143 2013.01.05 05:00:00 | 2013.01.06 19:00:00 |142

0 118 2013.01.06 19:00:00 | 2013.01.07 22:00:00 |117 2013.01.11 10:00:00

1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 131 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

1 105 2013.01.02 06:00:00 | 2013.01.03 04:00:00 |0

1 132 2013.01.03 04:00:00 | 2013.01.04 18:00:00 |131 2013.01.12 06:00:00

1 54 2013.01.04 18:00:00 | 2013.01.05 18:00:00 |53

1 95 2013.01.05 18:00:00 | 2013.01.08 08:00:00 |94 2013.01.09 18:00:00

2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 17 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |16

2 69 2013.01.01 21:00:00 | 2013.01.03 00:00:00 |68 2013.01.07 06:00:00

2 18 2013.01.03 00:00:00 | 2013.01.03 09:00:00 |17 2013.01.03 12:00:00

2 32 2013.01.03 09:00:00 | 2013.01.03 23:00:00 |31 2013.01.04 08:00:00

2 42 2013.01.03 23:00:00 | 2013.01.04 08:00:00 |0

2 43 2013.01.04 08:00:00 | 2013.01.04 23:00:00 |42 2013.01.05 04:00:00

2 117 2013.01.04 23:00:00 | 2013.01.06 11:00:00 |116

2 144 2013.01.06 11:00:00 | 2013.01.07 14:00:00 |143 2013.01.13 02:00:00

3 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

3 31 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |0

3 2 2013.01.01 23:00:00 | 2013.01.02 12:00:00 |1

3 3 2013.01.02 12:00:00 | 2013.01.02 23:00:00 |2 2013.01.02 06:00:00

3 94 2013.01.02 23:00:00 | 2013.01.04 12:00:00 |0




3 106 2013.01.04 12:00:00 | 2013.01.06 03:00:00 | 105 2013.01.10 14:00:00

3 55 2013.01.06 03:00:00 | 2013.01.06 22:00:00 |54 2013.01.06 10:00:00

3 81 2013.01.06 22:00:00 | 2013.01.07 17:00:00 |80 2013.01.08 12:00:00
2.184 0 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |O

0 2 2013.01.01 15:00:00 | 2013.01.02 05:00:00 |1

0 131 2013.01.02 05:00:00 | 2013.01.03 03:00:00 |0

0 94 2013.01.03 03:00:00 | 2013.01.04 15:00:00 |0

0 54 2013.01.04 15:00:00 | 2013.01.0516:00:00 |53

0 143 2013.01.05 16:00:00 | 2013.01.07 04:00:00 [142

1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

1 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0

1 16 2013.01.01 23:00:00 | 2013.01.02 07:00:00 |0

1 17 2013.01.02 07:00:00 | 2013.01.02 21:00:00 |16

1 18 2013.01.02 21:00:00 | 2013.01.03 07:00:00 |17 2013.01.03 12:00:00

1 80 2013.01.03 07:00:00 | 2013.01.04 08:00:00 |79

1 32 2013.01.04 08:00:00 | 2013.01.04 21:00:00 |31 2013.01.04 08:00:00

1 55 2013.01.04 21:00:00 | 2013.01.05 14:00:00 |54 2013.01.06 10:00:00

1 132 2013.01.05 14:00:00 | 2013.01.07 03:00:00 131 2013.01.12 06:00:00

2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 116 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |O

2 3 2013.01.02 06:00:00 | 2013.01.0217:00:00 |2 2013.01.02 06:00:00

2 43 2013.01.02 17:00:00 | 2013.01.03 08:00:00 |42 2013.01.05 04:00:00

2 142 2013.01.03 08:00:00 | 2013.01.04 08:00:00 |0

2 68 2013.01.04 08:00:00 | 2013.01.04 23:00:00 |0

2 69 2013.01.04 23:00:00 | 2013.01.06 01:00:00 |68 2013.01.07 06:00:00

2 81 2013.01.06 01:00:00 | 2013.01.06 20:00:00 |80 2013.01.08 12:00:00

2 144 2013.01.06 20:00:00 | 2013.01.07 23:00:00 |143 2013.01.13 02:00:00
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3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 105 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

3 106 2013.01.02 06:00:00 | 2013.01.03 19:00:00 | 105 2013.01.10 14:00:00

3 117 2013.01.03 19:00:00 | 2013.01.05 08:00:00 [116

3 118 2013.01.05 08:00:00 | 2013.01.06 10:00:00 [117 2013.01.11 10:00:00

3 95 2013.01.06 10:00:00 | 2013.01.08 23:00:00 |94 2013.01.09 18:00:00
1.188 0 116 2013.01.01 00:00:00 | 2013.01.01 23:00:00 |0

0 68 2013.01.01 23:00:00 | 2013.01.02 14:00:00 |O

0 2 2013.01.02 15:00:00 | 2013.01.03 05:00:00 |1

0 43 2013.01.03 05:00:00 | 2013.01.03 20:00:00 |42 2013.01.05 04:00:00

0 69 2013.01.03 20:00:00 | 2013.01.04 21:00:00 |68 2013.01.07 06:00:00

0 144 2013.01.04 21:00:00 | 2013.01.06 00:00:00 143 2013.01.13 02:00:00

0 95 2013.01.06 00:00:00 | 2013.01.08 15:00:00 |94 2013.01.09 18:00:00

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

1 42 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |O

1 32 2013.01.01 16:00:00 | 2013.01.02 05:00:00 |31 2013.01.04 08:00:00

1 1 2013.01.02 05:00:00 | 2013.01.02 15:00:00 |0

1 3 2013.01.02 15:00:00 | 2013.01.03 00:00:00 |2 2013.01.02 06:00:00

1 94 2013.01.03 00:00:00 | 2013.01.04 13:00:00 |0

1 106 2013.01.04 13:00:00 | 2013.01.06 03:00:00 [105 2013.01.10 14:00:00

1 54 2013.01.06 03:00:00 | 2013.01.07 04:00:00 |53

2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

2 142 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

2 79 2013.01.02 06:00:00 | 2013.01.02 22:00:00 |0

2 105 2013.01.02 22:00:00 | 2013.01.03 20:00:00 |0

2 117 2013.01.03 20:00:00 | 2013.01.05 09:00:00 [116

2 118 2013.01.05 09:00:00 | 2013.01.06 12:00:00 [117 2013.01.11 10:00:00
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2 81 2013.01.06 12:00:00 | 2013.01.07 05:00:00 |80 2013.01.08 12:00:00
3 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

3 17 2013.01.01 15:00:00 | 2013.01.02 05:00:00 |16

3 18 2013.01.02 05:00:00 | 2013.01.02 14:00:00 |17 2013.01.03 12:00:00
3 143 2013.01.02 14:00:00 | 2013.01.04 04:00:00 [142

3 80 2013.01.04 04:00:00 | 2013.01.05 05:00:00 |79

3 131 2013.01.05 05:00:00 | 2013.01.06 03:00:00 |0

3 55 2013.01.06 03:00:00 | 2013.01.06 22:00:00 |54 2013.01.06 10:00:00
3 132 2013.01.06 22:00:00 | 2013.01.08 11:00:00 131 2013.01.12 06:00:00

Iteration:1 Best Value:46.0
Iteration:15 Best Value:97.0
Iteration:34 Best Value:138.0
Iteration:53 Best Value:175.0
Iteration:79 Best Value:188.0
Total Iteration Count:180

TotalProcessCompleteTime: 658.0 | AllOperationTardiness: 1158.0 | AvgOperationsTardiness: 1.7598784194528876 | FlowTime: 183.0 |

IdleTimeTotal: 1.0 | IdleCost: 3600.0 | TotalOutSource: 0.0 | SetupTime: 49.0 | SetupCost: 2646000.0 | OperationCost: 2.1924E7 |

TotalOperationCost: 2.457E7 | DiffJobEndDelivery: 30.0 | Earliness: 706.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 3.veri seti 2.test

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3.123 0 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

0 142 2013.01.01 15:00:00 | 2013.01.02 13:00:00 |0

0 131 2013.01.02 13:00:00 | 2013.01.03 12:00:00 |0

0 116 2013.01.03 12:00:00 | 2013.01.04 12:00:00 |0

0 55 2013.01.04 12:00:00 | 2013.01.05 06:00:00 |54 2013.01.06 10:00:00

0 117 2013.01.05 06:00:00 | 2013.01.06 19:00:00 |116

0 80 2013.01.06 19:00:00 | 2013.01.07 19:00:00 |79

1 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

1 31 2013.01.01 22:00:00 | 2013.01.02 06:00:00 |0

1 32 2013.01.02 06:00:00 | 2013.01.02 21:00:00 |31 2013.01.04 08:00:00

1 106 2013.01.02 21:00:00 | 2013.01.04 10:00:00 |105 2013.01.10 14:00:00

1 18 2013.01.04 10:00:00 | 2013.01.04 21:00:00 |17 2013.01.03 12:00:00

1 143 2013.01.04 21:00:00 | 2013.01.06 11:00:00 |142

1 144 2013.01.06 11:00:00 | 2013.01.07 14:00:00 |143 2013.01.13 02:00:00

2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 53 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0

2 54 2013.01.01 23:00:00 | 2013.01.03 01:00:00 |53

2 94 2013.01.03 01:00:00 | 2013.01.04 13:00:00 |0

2 95 2013.01.04 13:00:00 | 2013.01.07 02:00:00 |94 2013.01.09 18:00:00

2 81 2013.01.07 02:00:00 | 2013.01.07 19:00:00 |80 2013.01.08 12:00:00

3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 1 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

3 2 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |1

3 3 2013.01.02 06:00:00 | 2013.01.02 16:00:00 |2 2013.01.02 06:00:00

3 79 2013.01.02 16:00:00 | 2013.01.03 08:00:00 |0

3 17 2013.01.03 08:00:00 | 2013.01.03 22:00:00 |16

3 43 2013.01.03 22:00:00 | 2013.01.04 12:00:00 |42 2013.01.05 04:00:00
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3 69 2013.01.04 12:00:00 | 2013.01.05 13:00:00 |68 2013.01.07 06:00:00

3 132 2013.01.05 13:00:00 | 2013.01.07 03:00:00 131 2013.01.12 06:00:00

3 118 2013.01.07 03:00:00 | 2013.01.08 04:00:00 |117 2013.01.11 10:00:00
2. 145 0 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |O

0 79 2013.01.01 15:00:00 | 2013.01.02 06:00:00 |0

0 17 2013.01.02 06:00:00 | 2013.01.02 20:00:00 |16

0 18 2013.01.02 20:00:00 | 2013.01.03 07:00:00 |17 2013.01.03 12:00:00

0 69 2013.01.03 07:00:00 | 2013.01.04 10:00:00 |68 2013.01.07 06:00:00

0 80 2013.01.04 10:00:00 | 2013.01.0511:00:00 |79

0 81 2013.01.05 11:00:00 | 2013.01.06 04:00:00 |80 2013.01.08 12:00:00

0 54 2013.01.06 04:00:00 | 2013.01.07 05:00:00 |53

0 55 2013.01.07 05:00:00 | 2013.01.08 00:00:00 |54 2013.01.06 10:00:00

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00

1 42 2013.01.01 23:00:00 | 2013.01.02 07:00:00 |O

1 131 2013.01.02 07:00:00 | 2013.01.03 05:00:00 |O

1 94 2013.01.03 05:00:00 | 2013.01.04 17:00:00 |0

1 43 2013.01.04 17:00:00 | 2013.01.05 07:00:00 |42 2013.01.05 04:00:00

1 95 2013.01.05 07:00:00 | 2013.01.07 20:00:00 |94 2013.01.09 18:00:00

2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

2 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1

2 3 2013.01.01 23:00:00 | 2013.01.02 10:00:00 |2 2013.01.02 06:00:00

2 142 2013.01.02 10:00:00 | 2013.01.03 10:00:00 |0

2 117 2013.01.03 10:00:00 | 2013.01.05 00:00:00 |116

2 118 2013.01.05 00:00:00 | 2013.01.06 03:00:00 |117 2013.01.11 10:00:00

2 143 2013.01.06 03:00:00 | 2013.01.07 16:00:00 [142

3 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |O
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3 105 2013.01.01 09:00:00 | 2013.01.02 07:00:00 |0

3 116 2013.01.02 07:00:00 | 2013.01.03 06:00:00 |0

3 53 2013.01.03 06:00:00 | 2013.01.03 22:00:00 |0

3 106 2013.01.03 22:00:00 | 2013.01.0512:00:00 [105 2013.01.10 14:00:00

3 132 2013.01.05 12:00:00 | 2013.01.07 03:00:00 [131 2013.01.12 06:00:00

3 144 2013.01.07 03:00:00 | 2013.01.08 06:00:00 |143 2013.01.13 02:00:00
1.220 0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 1 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |O

0 2 2013.01.01 16:00:00 | 2013.01.02 05:00:00 |1

0 3 2013.01.02 05:00:00 | 2013.01.02 16:00:00 |2 2013.01.02 06:00:00

0 54 2013.01.02 16:00:00 | 2013.01.03 18:00:00 |53

0 32 2013.01.03 18:00:00 | 2013.01.04 07:00:00 |31 2013.01.04 08:00:00

0 94 2013.01.04 07:00:00 | 2013.01.05 21:00:00 |0

0 117 2013.01.05 21:00:00 | 2013.01.07 09:00:00 [116

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

1 53 2013.01.01 08:00:00 | 2013.01.02 00:00:00 |O

1 43 2013.01.02 00:00:00 | 2013.01.02 13:00:00 |42 2013.01.05 04:00:00

1 105 2013.01.02 13:00:00 | 2013.01.03 12:00:00 |0

1 55 2013.01.03 12:00:00 | 2013.01.04 05:00:00 |54 2013.01.06 10:00:00

1 132 2013.01.04 05:00:00 | 2013.01.0519:00:00 [131 2013.01.12 06:00:00

1 144 2013.01.05 19:00:00 | 2013.01.06 22:00:00 |143 2013.01.13 02:00:00

1 95 2013.01.06 22:00:00 | 2013.01.09 11:00:00 |94 2013.01.09 18:00:00

2 116 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

2 17 2013.01.01 22:00:00 | 2013.01.02 11:00:00 |16

2 18 2013.01.02 11:00:00 | 2013.01.02 22:00:00 |17 2013.01.03 12:00:00

2 79 2013.01.02 22:00:00 | 2013.01.03 13:00:00 |0

2 143 2013.01.03 20:00:00 | 2013.01.05 09:00:00 |142
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2 106 2013.01.05 09:00:00 | 2013.01.07 00:00:00 | 105 2013.01.10 14:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 131 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

3 68 2013.01.02 06:00:00 | 2013.01.02 21:00:00 |0

3 142 2013.01.02 21:00:00 | 2013.01.03 20:00:00 |0

3 80 2013.01.03 20:00:00 | 2013.01.04 21:00:00 |79

3 81 2013.01.04 21:00:00 | 2013.01.05 16:00:00 |80 2013.01.08 12:00:00
3 69 2013.01.05 16:00:00 | 2013.01.06 19:00:00 |68 2013.01.07 06:00:00
3 118 2013.01.06 19:00:00 | 2013.01.07 22:00:00 117 2013.01.11 10:00:00

Iteration:1 Best Value:36.0
Iteration:4 Best Value:100.0
Iteration:46 Best Value:145.0
Iteration:62 Best Value:220.0
Total Iteration Count:163

TotalProcessCompleteTime: 659.0 | AllOperationTardiness: 1122.0 | AvgOperationsTardiness: 1.7025796661608499 | FlowTime: 203.0 |

IdleTimeTotal: 7.0 | IdleCost: 25200.0 | TotalOutSource: 0.0 | SetupTime: 50.0 | SetupCost: 2700000.0 | OperationCost: 2.1924E7 |

TotalOperationCost: 2.4624E7 | DiffJobEndDelivery: 10.0 | Earliness: 690.0 | ScheduledPercentage: 1.0
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Karinca kolonisi 3.veri seti 3.test

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3.149 0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 105 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

0 68 2013.01.02 06:00:00 | 2013.01.02 21:00:00 |0

0 17 2013.01.02 21:00:00 | 2013.01.03 09:00:00 |16

0 18 2013.01.03 09:00:00 | 2013.01.03 20:00:00 |17 2013.01.03 12:00:00

0 69 2013.01.03 20:00:00 | 2013.01.04 21:00:00 |68 2013.01.07 06:00:00

0 81 2013.01.04 21:00:00 | 2013.01.05 16:00:00 |80 2013.01.08 12:00:00

0 55 2013.01.05 16:00:00 | 2013.01.06 09:00:00 |54 2013.01.06 10:00:00

0 95 2013.01.06 09:00:00 | 2013.01.08 23:00:00 |94 2013.01.09 18:00:00

1 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

1 53 2013.01.01 15:00:00 | 2013.01.02 06:00:00 |0

1 2 2013.01.02 06:00:00 | 2013.01.02 19:00:00 |1

1 3 2013.01.02 19:00:00 | 2013.01.03 05:00:00 |2 2013.01.02 06:00:00

1 131 2013.01.03 05:00:00 | 2013.01.04 03:00:00 |0

1 132 2013.01.04 03:00:00 | 2013.01.05 18:00:00 |131 2013.01.12 06:00:00

1 143 2013.01.05 18:00:00 | 2013.01.07 07:00:00 |142

2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 142 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

2 32 2013.01.02 06:00:00 | 2013.01.02 21:00:00 |31 2013.01.04 08:00:00

2 54 2013.01.02 21:00:00 | 2013.01.03 23:00:00 |53

2 117 2013.01.03 23:00:00 | 2013.01.05 12:00:00 |116

2 118 2013.01.05 12:00:00 | 2013.01.06 13:00:00 |117 2013.01.11 10:00:00

2 144 2013.01.06 13:00:00 | 2013.01.07 16:00:00 |143 2013.01.13 02:00:00

3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 116 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

3 42 2013.01.02 06:00:00 | 2013.01.02 14:00:00 |0

3 80 2013.01.02 14:00:00 | 2013.01.03 15:00:00 |79
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3 43 2013.01.03 15:00:00 | 2013.01.04 05:00:00 |42 2013.01.05 04:00:00

3 94 2013.01.04 05:00:00 | 2013.01.0517:00:00 |0

3 106 2013.01.05 17:00:00 | 2013.01.07 06:00:00 | 105 2013.01.10 14:00:00
2.171 0 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00

0 53 2013.01.01 23:00:00 | 2013.01.02 16:00:00 |0

0 68 2013.01.02 16:00:00 | 2013.01.03 07:00:00 |0

0 79 2013.01.03 07:00:00 | 2013.01.03 23:00:00 |0

0 69 2013.01.03 23:00:00 | 2013.01.05 00:00:00 |68 2013.01.07 06:00:00

0 81 2013.01.05 00:00:00 | 2013.01.0519:00:00 |80 2013.01.08 12:00:00

0 95 2013.01.05 19:00:00 | 2013.01.08 10:00:00 |94 2013.01.09 18:00:00

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0

1 2 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |1

1 3 2013.01.02 07:00:00 | 2013.01.02 18:00:00 |2 2013.01.02 06:00:00

1 94 2013.01.02 18:00:00 | 2013.01.04 06:00:00 |O

1 142 2013.01.04 06:00:00 | 2013.01.05 05:00:00 |O

1 143 2013.01.05 05:00:00 | 2013.01.06 18:00:00 142

1 144 2013.01.06 18:00:00 | 2013.01.07 20:00:00 143 2013.01.13 02:00:00

2 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

2 16 2013.01.01 22:00:00 | 2013.01.02 07:00:00 |O

2 17 2013.01.02 07:00:00 | 2013.01.02 21:00:00 |16

2 18 2013.01.02 21:00:00 | 2013.01.03 08:00:00 |17 2013.01.03 12:00:00

2 54 2013.01.03 08:00:00 | 2013.01.04 09:00:00 |53

2 43 2013.01.04 09:00:00 | 2013.01.04 22:00:00 |42 2013.01.05 04:00:00

2 80 2013.01.04 22:00:00 | 2013.01.05 23:00:00 |79

2 55 2013.01.05 23:00:00 | 2013.01.06 16:00:00 |54 2013.01.06 10:00:00

2 106 2013.01.06 16:00:00 | 2013.01.08 07:00:00 |105 2013.01.10 14:00:00
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3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 116 2013.01.01 08:00:00 | 2013.01.02 07:00:00 |0

3 131 2013.01.02 07:00:00 | 2013.01.03 05:00:00 |0

3 117 2013.01.03 05:00:00 | 2013.01.04 19:00:00 [116

3 132 2013.01.04 19:00:00 | 2013.01.06 10:00:00 [131 2013.01.12 06:00:00

3 118 2013.01.06 10:00:00 | 2013.01.07 12:00:00 [117 2013.01.11 10:00:00
1.183 0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00

0 53 2013.01.01 23:00:00 | 2013.01.02 14:00:00 |O

0 142 2013.01.02 14:00:00 | 2013.01.03 12:00:00 |O

0 105 2013.01.03 12:00:00 | 2013.01.04 10:00:00 |0

0 54 2013.01.04 10:00:00 | 2013.01.05 11:00:00 |53

0 55 2013.01.05 11:00:00 | 2013.01.06 04:00:00 |54 2013.01.06 10:00:00

0 106 2013.01.06 04:00:00 | 2013.01.07 18:00:00 [105 2013.01.10 14:00:00

1 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |O

1 79 2013.01.01 09:00:00 | 2013.01.02 00:00:00 |O

1 68 2013.01.02 00:00:00 | 2013.01.02 15:00:00 |0

1 80 2013.01.02 15:00:00 | 2013.01.03 17:00:00 |79

1 143 2013.01.08 17:00:00 | 2013.01.05 06:00:00 142

1 144 2013.01.05 06:00:00 | 2013.01.06 09:00:00 |143 2013.01.13 02:00:00

1 132 2013.01.06 09:00:00 | 2013.01.07 22:00:00 [131 2013.01.12 06:00:00

2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

2 43 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |42 2013.01.05 04:00:00

2 94 2013.01.01 23:00:00 | 2013.01.03 11:00:00 |0

2 131 2013.01.03 11:00:00 | 2013.01.04 09:00:00 |0

2 117 2013.01.04 09:00:00 | 2013.01.05 23:00:00 [116

2 95 2013.01.05 23:00:00 | 2013.01.08 14:00:00 |94 2013.01.09 18:00:00
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3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 131 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

3 68 2013.01.02 06:00:00 | 2013.01.02 21:00:00 |0

3 142 2013.01.02 21:00:00 | 2013.01.03 20:00:00 |0

3 80 2013.01.03 20:00:00 | 2013.01.04 21:00:00 |79

3 81 2013.01.04 21:00:00 | 2013.01.05 16:00:00 |80 2013.01.08 12:00:00
3 69 2013.01.05 16:00:00 | 2013.01.06 19:00:00 |68 2013.01.07 06:00:00
3 118 2013.01.06 19:00:00 | 2013.01.07 22:00:00 117 2013.01.11 10:00:00

Iteration:1 Best Value:-133.0
Iteration:2 Best Value:-111.0
Iteration:5 Best Value:-59.0
Iteration:8 Best Value:-46.0
Iteration:10 Best Value:-36.0
Iteration:15 Best Value:71.0
Iteration:27 Best Value:77.0
Iteration:30 Best Value:80.0
Iteration:39 Best Value:90.0
Iteration:105 Best Value:110.0
Iteration:169 Best Value:183.0
Total Iteration Count:270

TotalProcessCompleteTime: 661.0 | AllOperationTardiness: 1117.0 | AvgOperationsTardiness: 1.6898638426626325 | FlowTime: 182.0 |
IdleTimeTotal: 1.0 | IdleCost: 3600.0 | TotalOutSource: 0.0 | SetupTime: 52.0 | SetupCost: 2808000.0 | OperationCost: 2.1924E7 |

TotalOperationCost: 2.4732E7 | DiffJobEndDelivery: 29.0 | Earliness: 694.0 | ScheduledPercentage: 1.0




Melez Algoritma 1. veri seti 1. test

Makine | Operasyon Id Basglangic Bitig Onceki Siparis Teslimi

3.128 0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0

0 2 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |1

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00

1 3 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |2

2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16

3 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00

3 43 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |42 2013.01.05 04:00:00
2.129 0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 16 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0

0 17 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |16

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 43 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |42 2013.01.05 04:00:00

2 3 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |2 2013.01.02 06:00:00

2 18 2013.01.01 09:00:00 | 2013.01.01 18:00:00 |17 2013.01.03 12:00:00

2 32 2013.01.01 18:00:00 | 2013.01.02 07:00:00 |31 2013.01.04 08:00:00

3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
1. 130

0 3 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |2 2013.01.02 06:00:00

0 32 2013.01.01 09:00:00 | 2013.01.02 00:00:00 |31 2013.01.04 08:00:00

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 16 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
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1 17 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |16

2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 18 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |17 2013.01.03 12:00:00

Iteration:1 Best Value:113.0
Iteration:5 Best Value:124.0
Iteration:7 Best Value:130.0
Total Iteration Count:108

TotalProcessCompleteTime: 106.0 | AllOperationTardiness: 26.0 | AvgOperationsTardiness: 0.24528301886792453 | FlowTime: 30.0 |
IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 14.0 | SetupCost: 756000.0 | OperationCost: 3312000.0 |
TotalOperationCost: 4068000.0 | DiffJobEndDelivery: 0.0 | Earliness: 190.0 | ScheduledPercentage: 1.0

56



Melez Algoritma 1. veri seti 2. test

Makine | Operasyon Id Basglangic Bitig Onceki Siparis Teslimi
3.128 0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 2 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |1
1 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
1 3 2013.01.01 09:00:00 | 2013.01.01 18:00:00 |2 2013.01.02 06:00:00
1 32 2013.01.01 18:00:00 | 2013.01.02 07:00:00 |31 2013.01.04 08:00:00
2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 43 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |42 2013.01.05 04:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
3 17 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |16
2.129
0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00
1 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16
2 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
2 3 2013.01.01 09:00:00 | 2013.01.01 18:00:00 |2 2013.01.02 06:00:00
2 43 2013.01.01 18:00:00 | 2013.01.02 07:00:00 |42 2013.01.05 04:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
3 2 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |1
1.129
0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
0 17 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |16
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1 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
1 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1
2 3 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |2 2013.01.02 06:00:00
2 18 2013.01.01 09:00:00 | 2013.01.01 18:00:00 |17 2013.01.03 12:00:00
2 32 2013.01.01 18:00:00 | 2013.01.02 07:00:00 |31 2013.01.04 08:00:00

Iteration:1 Best Value:123.0
Iteration:7 Best Value:124.0
Iteration:69 Best Value:129.0
Total Iteration Count:170

TotalProcessCompleteTime: 106.0 | AllOperationTardiness: 27.0 | AvgOperationsTardiness: 0.25471698113207547 | FlowTime: 31.0 |
IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 14.0 | SetupCost: 756000.0 | OperationCost: 3312000.0 |
TotalOperationCost: 4068000.0 | DiffJobEndDelivery: 0.0 | Earliness: 191.0 | ScheduledPercentage: 1.0
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Melez Algoritma 1. veri seti 3. test

Makine | Operasyon Id Basglangic Bitig Onceki Siparis Teslimi
3.124 0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 1 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0
0 2 2013.01.01 17:00:00 | 2013.01.02 05:00:00 |1
1 16 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
1 17 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |16
2 18 2013.01.01 00:00:00 | 2013.01.01 11:00:00 |17 2013.01.03 12:00:00
2 32 2013.01.01 11:00:00 | 2013.01.02 00:00:00 |31 2013.01.04 08:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 43 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |42 2013.01.05 04:00:00
3 3 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |2
2.124
0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 3 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |2 2013.01.02 06:00:00
0 32 2013.01.01 17:00:00 | 2013.01.02 08:00:00 |31 2013.01.04 08:00:00
1 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 17 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |16
2 18 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |17 2013.01.03 12:00:00
2 43 2013.01.01 09:00:00 | 2013.01.02 00:00:00 |42 2013.01.05 04:00:00
3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 1 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
3 2 2013.01.01 16:00:00 | 2013.01.02 05:00:00 |1
1.128
0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00
0 18 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |17 2013.01.03 12:00:00
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1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 16 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
1 17 2013.01.01 16:00:00 | 2013.01.02 06:00:00 |16
2 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
2 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1

Iteration:1 Best Value:120.0
Iteration:2 Best Value:121.0
Iteration:53 Best Value:123.0
Iteration:101 Best Value:124.0
Iteration: 188 Best Value:128.0
Total Iteration Count:289

TotalProcessCompleteTime: 105.0 | AllOperationTardiness: 30.0 | AvgOperationsTardiness: 0.2857142857142857 | FlowTime: 30.0 |
IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 13.0 | SetupCost: 702000.0 | OperationCost: 3312000.0 |
TotalOperationCost: 4014000.0 | DiffJobEndDelivery: 0.0 | Earliness: 188.0 | ScheduledPercentage: 1.0
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Melez Algoritma 2. veri seti 1. test

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
3.281 0 94 2013.01.01 00:00:00 | 2013.01.02 12:00:00 |0
0 17 2013.01.02 12:00:00 | 2013.01.03 02:00:00 |16
0 18 2013.01.03 02:00:00 | 2013.01.03 12:00:00 |17
0 106 2013.01.03 12:00:00 | 2013.01.05 02:00:00 |105 2013.01.10 14:00:00
1 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
1 16 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |0
1 53 2013.01.01 23:00:00 | 2013.01.02 14:00:00 |0
1 105 2013.01.02 14:00:00 | 2013.01.03 12:00:00 |0
1 55 2013.01.03 12:00:00 | 2013.01.04 07:00:00 |54 2013.01.06 10:00:00
1 81 2013.01.04 07:00:00 | 2013.01.05 02:00:00 |80 2013.01.08 12:00:00
2 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 42 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
2 3 2013.01.01 16:00:00 | 2013.01.02 02:00:00 |2 2013.01.02 06:00:00
2 43 2013.01.02 02:00:00 | 2013.01.02 15:00:00 |42 2013.01.05 04:00:00
2 32 2013.01.02 15:00:00 | 2013.01.03 04:00:00 |31 2013.01.04 08:00:00
2 54 2013.01.03 04:00:00 | 2013.01.04 04:00:00 |53
2 80 2013.01.04 04:00:00 | 2013.01.05 04:00:00 |79
3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
3 68 2013.01.01 22:00:00 | 2013.01.02 13:00:00 |0
3 69 2013.01.02 13:00:00 | 2013.01.03 14:00:00 |68 2013.01.07 06:00:00
3 95 2013.01.03 14:00:00 | 2013.01.06 05:00:00 |94 2013.01.09 18:00:00
0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2.289 0 94 2013.01.01 08:00:00 | 2013.01.02 20:00:00 |0
0 18 2013.01.02 20:00:00 | 2013.01.03 05:00:00 |17 2013.01.03 12:00:00

61




0 80 2013.01.03 05:00:00 | 2013.01.04 08:00:00 |79

0 55 2013.01.04 08:00:00 | 2013.01.05 03:00:00 |54 2013.01.06 10:00:00

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

1 3 2013.01.01 22:00:00 | 2013.01.02 07:00:00 |2 2013.01.02 06:00:00

1 32 2013.01.02 07:00:00 | 2013.01.02 22:00:00 |31 2013.01.04 08:00:00

1 53 2013.01.02 22:00:00 | 2013.01.03 13:00:00 |0

1 81 2013.01.03 13:00:00 | 2013.01.04 08:00:00 |80 2013.01.08 12:00:00

1 54 2013.01.04 08:00:00 | 2013.01.05 08:00:00 |53

2 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 105 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

2 79 2013.01.02 06:00:00 | 2013.01.02 22:00:00 |0

2 106 2013.01.02 22:00:00 | 2013.01.04 11:00:00 |105 2013.01.10 14:00:00

2 69 2013.01.04 11:00:00 | 2013.01.05 14:00:00 |68 2013.01.07 06:00:00

3 16 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0

3 68 2013.01.01 09:00:00 | 2013.01.02 00:00:00 |0

3 43 2013.01.02 00:00:00 | 2013.01.02 15:00:00 |42 2013.01.05 04:00:00

3 17 2013.01.02 15:00:00 | 2013.01.03 03:00:00 |16

3 95 2013.01.03 03:00:00 | 2013.01.05 16:00:00 |94 2013.01.09 18:00:00

0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 68 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0

0 32 2013.01.01 23:00:00 | 2013.01.02 12:00:00 |31 2013.01.04 08:00:00

0 69 2013.01.02 12:00:00 | 2013.01.03 14:00:00 |68 2013.01.07 06:00:00

0 80 2013.01.03 14:00:00 | 2013.01.04 14:00:00 |79

0 55 2013.01.04 14:00:00 | 2013.01.05 07:00:00 |54 2013.01.06 10:00:00
1.291 1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 94 2013.01.01 08:00:00 | 2013.01.02 20:00:00 |0
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1 43 2013.01.02 20:00:00 | 2013.01.03 11:00:00 |42 2013.01.05 04:00:00
1 54 2013.01.03 11:00:00 | 2013.01.04 12:00:00 |53

1 81 2013.01.04 12:00:00 | 2013.01.05 07:00:00 |80 2013.01.08 12:00:00
2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 2 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |1

2 3 2013.01.01 21:00:00 | 2013.01.02 06:00:00 |2

2 17 2013.01.02 06:00:00 | 2013.01.02 18:00:00 |16

2 18 2013.01.02 18:00:00 | 2013.01.03 03:00:00 |17 2013.01.03 12:00:00
2 95 2013.01.03 03:00:00 | 2013.01.05 16:00:00 |94 2013.01.09 18:00:00
3 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

3 16 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |0

3 53 2013.01.01 23:00:00 | 2013.01.02 14:00:00 |0

Iteration:1 Best Value:159.0
Iteration:2 Best Value:258.0
Iteration:8 Best Value:265.0
Iteration:30 Best Value:289.0
Iteration:107 Best Value:291.0
Total Iteration Count:208

TotalProcessCompleteTime: 417.0 | AllOperationTardiness: 471.0 | AvgOperationsTardiness: 1.129496402877698 | FlowTime: 112.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 27.0 | SetupCost: 1458000.0 | OperationCost: 1.404E7 |

TotalOperationCost: 1.5498E7 | DiffJobEndDelivery: 0.0 | Earliness: 515.0 | ScheduledPercentage: 1.0
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Melez Algoritma 2. veri seti 2. test

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3. 265 0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
0 17 2013.01.01 22:00:00 | 2013.01.02 11:00:00 |16
0 18 2013.01.02 11:00:00 | 2013.01.02 20:00:00 |17 2013.01.03 12:00:00
0 32 2013.01.02 20:00:00 | 2013.01.03 09:00:00 |31 2013.01.04 08:00:00
0 106 2013.01.03 09:00:00 | 2013.01.05 00:00:00 |105 2013.01.10 14:00:00
1 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
1 42 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |0
1 3 2013.01.01 23:00:00 | 2013.01.02 08:00:00 |2 2013.01.02 06:00:00
1 43 2013.01.02 08:00:00 | 2013.01.02 23:00:00 |42 2013.01.05 04:00:00
1 54 2013.01.02 23:00:00 | 2013.01.04 00:00:00 |53
1 80 2013.01.04 00:00:00 | 2013.01.05 00:00:00 |79
2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 31 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |0
2 105 2013.01.01 16:00:00 | 2013.01.02 14:00:00 |0
2 68 2013.01.02 14:00:00 | 2013.01.03 05:00:00 |0
2 69 2013.01.03 05:00:00 | 2013.01.04 06:00:00 |68 2013.01.07 06:00:00
2 81 2013.01.04 06:00:00 | 2013.01.04 23:00:00 |80 2013.01.08 12:00:00
2 55 2013.01.04 23:00:00 | 2013.01.05 16:00:00 |54 2013.01.06 10:00:00
3 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
3 94 2013.01.01 15:00:00 | 2013.01.03 03:00:00 |0
3 95 2013.01.03 03:00:00 | 2013.01.05 16:00:00 |94 2013.01.09 18:00:00
0 16 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0

2.274 0 3 2013.01.01 09:00:00 | 2013.01.01 20:00:00 |2 2013.01.02 06:00:00
0 32 2013.01.01 20:00:00 | 2013.01.02 11:00:00 |31 2013.01.04 08:00:00
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0 17 2013.01.02 11:00:00 | 2013.01.03 00:00:00 |16

0 18 2013.01.03 00:00:00 | 2013.01.03 11:00:00 |17 2013.01.03 12:00:00

0 55 2013.01.03 11:00:00 | 2013.01.04 06:00:00 |54 2013.01.06 10:00:00

0 81 2013.01.04 06:00:00 | 2013.01.05 01:00:00 |80 2013.01.08 12:00:00

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

1 53 2013.01.01 22:00:00 | 2013.01.02 14:00:00 |0

1 54 2013.01.02 14:00:00 | 2013.01.03 16:00:00 |53

1 95 2013.01.03 16:00:00 | 2013.01.06 07:00:00 |94 2013.01.09 18:00:00

2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0

2 94 2013.01.01 23:00:00 | 2013.01.03 11:00:00 |0

2 80 2013.01.03 11:00:00 | 2013.01.04 12:00:00 |79

3 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 68 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0

3 43 2013.01.01 23:00:00 | 2013.01.02 14:00:00 |42 2013.01.05 04:00:00

3 69 2013.01.02 14:00:00 | 2013.01.03 16:00:00 |68 2013.01.07 06:00:00

3 105 2013.01.03 16:00:00 | 2013.01.04 15:00:00 |0

3 106 2013.01.04 15:00:00 | 2013.01.06 04:00:00 |105 2013.01.10 14:00:00

0 105 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

0 17 2013.01.01 22:00:00 | 2013.01.02 12:00:00 |16

0 18 2013.01.02 12:00:00 | 2013.01.02 21:00:00 |17 2013.01.03 12:00:00

0 53 2013.01.02 21:00:00 | 2013.01.03 12:00:00 |0

0 54 2013.01.03 12:00:00 | 2013.01.04 14:00:00 |53

0 81 2013.01.04 14:00:00 | 2013.01.05 09:00:00 |80 2013.01.08 12:00:00
1.278 1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
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1 94 2013.01.01 23:00:00 | 2013.01.03 11:00:00 |0
1 95 2013.01.03 11:00:00 | 2013.01.06 01:00:00 |94 2013.01.09 18:00:00
2 16 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
2 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1
2 3 2013.01.01 23:00:00 | 2013.01.02 10:00:00 |2 2013.01.02 06:00:00
2 42 2013.01.02 10:00:00 | 2013.01.02 18:00:00 |0
2 68 2013.01.02 18:00:00 | 2013.01.03 09:00:00 |0
2 43 2013.01.03 09:00:00 | 2013.01.03 23:00:00 |42 2013.01.05 04:00:00
2 55 2013.01.03 23:00:00 | 2013.01.04 18:00:00 |54 2013.01.06 10:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00
3 106 2013.01.01 23:00:00 | 2013.01.03 12:00:00 |105 2013.01.10 14:00:00

Iteration:1 Best Value:252.0
Iteration:20 Best Value:255.0
Iteration:38 Best Value:256.0
Iteration:94 Best Value:262.0
Iteration:100 Best Value:278.0
Total Iteration Count:201

TotalProcessCompleteTime: 426.0 | AllOperationTardiness: 463.0 | AvgOperationsTardiness: 1.0868544600938967 | FlowTime: 121.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 36.0 | SetupCost: 1944000.0 | OperationCost: 1.404E7 |

TotalOperationCost: 1.5984E7 | DiffJobEndDelivery: 4.0 | Earliness: 540.0 | ScheduledPercentage: 1.0
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Melez Algoritma 2. veri seti 3. test

Makine | Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi
3.242 0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1
0 3 2013.01.01 22:00:00 | 2013.01.02 08:00:00 |2 2013.01.02 06:00:00
0 18 2013.01.02 08:00:00 | 2013.01.02 17:00:00 |17 2013.01.03 12:00:00
0 32 2013.01.02 17:00:00 | 2013.01.03 06:00:00 |31 2013.01.04 08:00:00
0 95 2013.01.03 12:00:00 | 2013.01.06 01:00:00 |94 2013.01.09 18:00:00
1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 68 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0
1 43 2013.01.01 23:00:00 | 2013.01.02 12:00:00 |42 2013.01.05 04:00:00
1 79 2013.01.02 12:00:00 | 2013.01.03 03:00:00 |0
1 54 2013.01.03 03:00:00 | 2013.01.04 03:00:00 |53
1 55 2013.01.04 03:00:00 | 2013.01.04 20:00:00 |54 2013.01.06 10:00:00
2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16
2 105 2013.01.01 22:00:00 | 2013.01.02 20:00:00 |0
2 106 2013.01.02 20:00:00 | 2013.01.04 09:00:00 |105 2013.01.10 14:00:00
2 69 2013.01.04 09:00:00 | 2013.01.05 10:00:00 |68 2013.01.07 06:00:00
3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
3 53 2013.01.01 08:00:00 | 2013.01.02 00:00:00 |0
3 94 2013.01.02 00:00:00 | 2013.01.03 12:00:00 |0
3 80 2013.01.03 12:00:00 | 2013.01.04 14:00:00 |79
3 81 2013.01.04 14:00:00 | 2013.01.0507:00:00 |80 2013.01.08 12:00:00
0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
2.247 0 2 2013.01.01 09:00:00 | 2013.01.01 23:00:00 |1
0 3 2013.01.01 23:00:00 | 2013.01.02 09:00:00 |2 2013.01.02 06:00:00
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0 17 2013.01.02 09:00:00 | 2013.01.03 00:00:00 |16
0 105 2013.01.03 00:00:00 | 2013.01.03 22:00:00 |0
0 69 2013.01.03 22:00:00 | 2013.01.04 23:00:00 |68 2013.01.07 06:00:00
1 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
1 16 2013.01.01 15:00:00 | 2013.01.02 00:00:00 |0
1 31 2013.01.02 00:00:00 | 2013.01.02 08:00:00 |0
1 79 2013.01.02 08:00:00 | 2013.01.03 00:00:00 |0
1 18 2013.01.03 00:00:00 | 2013.01.03 09:00:00 |17 2013.01.03 12:00:00
1 95 2013.01.03 09:00:00 | 2013.01.06 00:00:00 |94 2013.01.09 18:00:00
2 94 2013.01.01 00:00:00 | 2013.01.02 12:00:00 |0
2 55 2013.01.02 12:00:00 | 2013.01.03 07:00:00 |54 2013.01.06 10:00:00
2 32 2013.01.03 07:00:00 | 2013.01.03 22:00:00 |31 2013.01.04 08:00:00
2 106 2013.01.03 22:00:00 | 2013.01.05 12:00:00 |105 2013.01.10 14:00:00
3 1 2013.01.01 00:00:00 | 2013.01.01 09:00:00 |0
3 43 2013.01.01 09:00:00 | 2013.01.01 22:00:00 |42 2013.01.05 04:00:00
3 53 2013.01.01 22:00:00 | 2013.01.02 15:00:00 |0
3 54 2013.01.02 15:00:00 | 2013.01.03 17:00:00 |53
3 80 2013.01.03 17:00:00 | 2013.01.04 18:00:00 |79
3 81 2013.01.04 18:00:00 | 2013.01.05 13:00:00 |80 2013.01.08 12:00:00
0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 43 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |42 2013.01.05 04:00:00
0 69 2013.01.01 23:00:00 | 2013.01.03 00:00:00 |68 2013.01.07 06:00:00
0 95 2013.01.03 03:00:00 | 2013.01.05 16:00:00 |94 2013.01.09 18:00:00
1 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

1.274 1 3 2013.01.01 22:00:00 | 2013.01.02 07:00:00 |2 2013.01.02 06:00:00
1 53 2013.01.02 07:00:00 | 2013.01.02 23:00:00 |0
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1 17 2013.01.02 23:00:00 | 2013.01.03 13:00:00 |16

1 81 2013.01.03 13:00:00 | 2013.01.04 08:00:00 |80 2013.01.08 12:00:00
1 55 2013.01.04 08:00:00 | 2013.01.05 03:00:00 |54 2013.01.06 10:00:00
2 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0

2 16 2013.01.01 23:00:00 | 2013.01.02 07:00:00 |0

2 105 2013.01.02 07:00:00 | 2013.01.03 05:00:00 |0

2 80 2013.01.03 05:00:00 | 2013.01.04 07:00:00 |79

2 106 2013.01.04 07:00:00 | 2013.01.05 20:00:00 |105 2013.01.10 14:00:00
3 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

3 94 2013.01.01 15:00:00 | 2013.01.03 03:00:00 |0

3 18 2013.01.03 03:00:00 | 2013.01.03 14:00:00 |17 2013.01.03 12:00:00

Iteration:1 Best Value:274.0
Total Iteration Count:102

TotalProcessCompleteTime: 423.0 | AllOperationTardiness: 484.0 | AvgOperationsTardiness: 1.1442080378250592 | FlowTime: 116.0 |
IdleTimeTotal: 3.0 | IdleCost: 10800.0 | TotalOutSource: 0.0 | SetupTime: 33.0 | SetupCost: 1782000.0 | OperationCost: 1.404E7 |
TotalOperationCost: 1.5822E7 | DiffJobEndDelivery: 3.0 | Earliness: 527.0 | ScheduledPercentage: 1.0
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Melez Algoritma 3. veri seti 1. test

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3. 306 0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
0 116 2013.01.01 08:00:00 | 2013.01.02 07:00:00 |0
0 16 2013.01.02 07:00:00 | 2013.01.02 15:00:00 |0
0 68 2013.01.02 15:00:00 | 2013.01.03 06:00:00 |0
0 18 2013.01.03 06:00:00 | 2013.01.03 17:00:00 |17 2013.01.03 12:00:00
0 69 2013.01.03 17:00:00 | 2013.01.04 18:00:00 |68 2013.01.07 06:00:00
0 118 2013.01.04 18:00:00 | 2013.01.05 21:00:00 |117 2013.01.11 10:00:00
0 131 2013.01.05 21:00:00 | 2013.01.06 20:00:00 |0
0 132 2013.01.06 20:00:00 | 2013.01.08 10:00:00 131 2013.01.12 06:00:00
1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0
1 32 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |31 2013.01.04 08:00:00
1 2 2013.01.02 00:00:00 | 2013.01.02 14:00:00 |1
1 54 2013.01.02 14:00:00 | 2013.01.03 15:00:00 |53
1 106 2013.01.03 15:00:00 | 2013.01.05 06:00:00 | 105 2013.01.10 14:00:00
1 55 2013.01.05 06:00:00 | 2013.01.06 01:00:00 |54 2013.01.06 10:00:00
1 80 2013.01.06 01:00:00 | 2013.01.07 02:00:00 |79
2 94 2013.01.01 00:00:00 | 2013.01.02 12:00:00 |0
2 105 2013.01.02 12:00:00 | 2013.01.03 10:00:00 |0
2 79 2013.01.03 10:00:00 | 2013.01.04 02:00:00 |0
2 95 2013.01.04 02:00:00 | 2013.01.06 15:00:00 |94 2013.01.09 18:00:00
2 143 2013.01.06 15:00:00 | 2013.01.08 04:00:00 |142
3 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0
3 1 2013.01.01 15:00:00 | 2013.01.02 00:00:00 |0
3 43 2013.01.02 00:00:00 | 2013.01.02 13:00:00 |42 2013.01.05 04:00:00
3 3 2013.01.02 13:00:00 | 2013.01.02 23:00:00 |2 2013.01.02 06:00:00
3 17 2013.01.02 23:00:00 | 2013.01.03 12:00:00 |16
3 142 2013.01.03 12:00:00 | 2013.01.04 14:00:00 |0
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3 117 2013.01.04 14:00:00 | 2013.01.06 04:00:00 |116

3 81 2013.01.06 04:00:00 | 2013.01.06 23:00:00 |80 2013.01.08 12:00:00

3 144 2013.01.06 23:00:00 | 2013.01.08 02:00:00 | 143 2013.01.13 02:00:00
2.311 0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

0 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0

0 2 2013.01.01 17:00:00 | 2013.01.02 06:00:00 |1

0 43 2013.01.02 06:00:00 | 2013.01.02 21:00:00 |42 2013.01.05 04:00:00

0 17 2013.01.02 21:00:00 | 2013.01.03 11:00:00 |16

0 18 2013.01.03 11:00:00 | 2013.01.03 22:00:00 |17 2013.01.03 12:00:00

0 105 2013.01.03 22:00:00 | 2013.01.04 21:00:00 |O

0 106 2013.01.04 21:00:00 | 2013.01.06 10:00:00 | 105 2013.01.10 14:00:00

0 143 2013.01.06 10:00:00 | 2013.01.07 23:00:00 | 142

1 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

1 68 2013.01.01 15:00:00 | 2013.01.02 06:00:00 |O

1 3 2013.01.02 06:00:00 | 2013.01.02 17:00:00 |2 2013.01.02 06:00:00

1 54 2013.01.02 17:00:00 | 2013.01.03 20:00:00 |53

1 55 2013.01.03 20:00:00 | 2013.01.04 13:00:00 |54 2013.01.06 10:00:00

1 69 2013.01.04 13:00:00 | 2013.01.05 16:00:00 |68 2013.01.07 06:00:00

1 95 2013.01.05 16:00:00 | 2013.01.08 05:00:00 |94 2013.01.09 18:00:00

2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

2 116 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |O

2 131 2013.01.02 06:00:00 | 2013.01.03 04:00:00 |O

2 94 2013.01.03 04:00:00 | 2013.01.04 16:00:00 |0

2 132 2013.01.04 16:00:00 | 2013.01.06 05:00:00 131 2013.01.12 06:00:00

2 118 2013.01.06 05:00:00 | 2013.01.07 06:00:00 |117 2013.01.11 10:00:00

3 79 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |O

3 31 2013.01.01 15:00:00 | 2013.01.01 23:00:00 |0

71




3 80 2013.01.01 23:00:00 | 2013.01.03 00:00:00 |79

3 32 2013.01.03 00:00:00 | 2013.01.03 14:00:00 |31 2013.01.04 08:00:00

3 81 2013.01.038 14:00:00 | 2013.01.04 08:00:00 |80 2013.01.08 12:00:00

3 142 2013.01.04 08:00:00 | 2013.01.05 07:00:00 |O

3 117 2013.01.05 07:00:00 | 2013.01.06 21:00:00 [116

3 144 2013.01.06 21:00:00 | 2013.01.07 22:00:00 |143 2013.01.13 02:00:00
1.338 0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 53 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |O

0 31 2013.01.01 23:00:00 | 2013.01.02 09:00:00 |O

0 18 2013.01.02 09:00:00 | 2013.01.02 18:00:00 |17 2013.01.03 12:00:00

0 105 2013.01.02 18:00:00 | 2013.01.03 17:00:00 |0

0 94 2013.01.03 17:00:00 | 2013.01.05 05:00:00 |0

0 95 2013.01.05 05:00:00 | 2013.01.07 20:00:00 |94 2013.01.09 18:00:00

1 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

1 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

1 3 2013.01.01 22:00:00 | 2013.01.02 08:00:00 |2 2013.01.02 06:00:00

1 68 2013.01.02 08:00:00 | 2013.01.02 23:00:00 |0

1 117 2013.01.02 23:00:00 | 2013.01.04 12:00:00 |116

1 118 2013.01.04 12:00:00 | 2013.01.05 13:00:00 |117 2013.01.11 10:00:00

1 144 2013.01.05 13:00:00 | 2013.01.06 14:00:00 |143 2013.01.13 02:00:00

1 80 2013.01.06 14:00:00 | 2013.01.07 14:00:00 |79

2 116 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |O

2 17 2013.01.01 22:00:00 | 2013.01.02 12:00:00 |16

2 54 2013.01.02 12:00:00 | 2013.01.03 14:00:00 |53

2 55 2013.01.03 14:00:00 | 2013.01.04 07:00:00 |54 2013.01.06 10:00:00

2 69 2013.01.04 07:00:00 | 2013.01.0510:00:00 |68 2013.01.07 06:00:00

2 143 2013.01.05 10:00:00 | 2013.01.06 23:00:00 |142
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2 81 2013.01.06 23:00:00 | 2013.01.07 18:00:00 |80 2013.01.08 12:00:00
3 142 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0
3 79 2013.01.01 22:00:00 | 2013.01.02 13:00:00 |0
3 42 2013.01.02 13:00:00 | 2013.01.02 21:00:00 |0
3 32 2013.01.02 21:00:00 | 2013.01.03 12:00:00 |31 2013.01.04 08:00:00
3 131 2013.01.03 12:00:00 | 2013.01.04 11:00:00 |0
3 43 2013.01.04 11:00:00 | 2013.01.05 00:00:00 |42 2013.01.05 04:00:00
3 132 2013.01.05 00:00:00 | 2013.01.06 14:00:00 131 2013.01.12 06:00:00
3 106 2013.01.06 14:00:00 | 2013.01.08 04:00:00 105 2013.01.10 14:00:00

Iteration:1 Best Value:33.0
Iteration:2 Best Value:147.0
Iteration:3 Best Value:180.0
Iteration:37 Best Value:213.0
Iteration:60 Best Value:293.0
Iteration:127 Best Value:311.0
Iteration: 153 Best Value:338.0
Total Iteration Count:254

TotalProcessCompleteTime: 656.0 | AllOperationTardiness: 1139.0 | AvgOperationsTardiness: 1.736280487804878 | FlowTime: 172.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 47.0 | SetupCost: 2538000.0 | OperationCost: 2.1924E7 |

TotalOperationCost: 2.4462E7 | DiffJobEndDelivery: 2.0 | Earliness: 692.0 | ScheduledPercentage: 1.0
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Melez Algoritma 3. veri seti 2. test

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3.313 0 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

0 3 2013.01.01 22:00:00 | 2013.01.02 09:00:00 |2 2013.01.02 06:00:00

0 94 2013.01.02 09:00:00 | 2013.01.03 21:00:00 |0

0 55 2013.01.03 21:00:00 | 2013.01.04 14:00:00 |54 2013.01.06 10:00:00

0 117 2013.01.04 14:00:00 | 2013.01.06 03:00:00 |116

0 95 2013.01.06 03:00:00 | 2013.01.08 18:00:00 |94 2013.01.09 18:00:00

1 53 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

1 68 2013.01.01 15:00:00 | 2013.01.02 06:00:00 |0

1 69 2013.01.02 06:00:00 | 2013.01.03 07:00:00 |68 2013.01.07 06:00:00

1 43 2013.01.03 07:00:00 | 2013.01.03 21:00:00 |42 2013.01.05 04:00:00

1 54 2013.01.03 21:00:00 | 2013.01.04 23:00:00 |53

1 144 2013.01.04 23:00:00 | 2013.01.06 00:00:00 |143 2013.01.13 02:00:00

1 106 2013.01.06 00:00:00 | 2013.01.07 14:00:00 |105 2013.01.10 14:00:00

2 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 16 2013.01.01 08:00:00 | 2013.01.01 17:00:00 |0

2 79 2013.01.01 17:00:00 | 2013.01.02 08:00:00 |0

2 17 2013.01.02 08:00:00 | 2013.01.02 22:00:00 |16

2 42 2013.01.02 22:00:00 | 2013.01.03 06:00:00 |0

2 18 2013.01.03 06:00:00 | 2013.01.03 15:00:00 |17 2013.01.03 12:00:00

2 105 2013.01.03 15:00:00 | 2013.01.04 14:00:00 |0

2 131 2013.01.04 14:00:00 | 2013.01.0514:00:00 |0

2 81 2013.01.05 14:00:00 | 2013.01.06 09:00:00 |80 2013.01.08 12:00:00

2 132 2013.01.06 09:00:00 | 2013.01.08 00:00:00 |131 2013.01.12 06:00:00

3 116 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

3 142 2013.01.01 22:00:00 | 2013.01.02 20:00:00 |0

3 32 2013.01.02 20:00:00 | 2013.01.03 11:00:00 |31 2013.01.04 08:00:00




3 80 2013.01.03 11:00:00 | 2013.01.04 11:00:00 |79

3 143 2013.01.04 11:00:00 | 2013.01.06 00:00:00 142

3 118 2013.01.06 00:00:00 | 2013.01.07 01:00:00 |117 2013.01.11 10:00:00
2. 325 0 131 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |O

0 68 2013.01.01 22:00:00 | 2013.01.02 13:00:00 |0

0 18 2013.01.02 13:00:00 | 2013.01.02 23:00:00 |17 2013.01.03 12:00:00

0 32 2013.01.02 23:00:00 | 2013.01.03 13:00:00 |31 2013.01.04 08:00:00

0 54 2013.01.03 13:00:00 | 2013.01.04 16:00:00 |53

0 55 2013.01.04 16:00:00 | 2013.01.05 09:00:00 |54 2013.01.06 10:00:00

0 144 2013.01.05 09:00:00 | 2013.01.06 12:00:00 |143 2013.01.13 02:00:00

0 118 2013.01.06 12:00:00 | 2013.01.07 15:00:00 |117 2013.01.11 10:00:00

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 53 2013.01.01 08:00:00 | 2013.01.02 00:00:00 |0

1 142 2013.01.02 00:00:00 | 2013.01.02 22:00:00 |0

1 94 2013.01.02 22:00:00 | 2013.01.04 10:00:00 |O

1 80 2013.01.04 10:00:00 | 2013.01.0511:00:00 |79

1 95 2013.01.05 11:00:00 | 2013.01.08 00:00:00 |94 2013.01.09 18:00:00

2 79 2013.01.01 00:00:00 | 2013.01.01 16:00:00 |0

2 16 2013.01.01 16:00:00 | 2013.01.02 00:00:00 |0

2 42 2013.01.02 00:00:00 | 2013.01.02 08:00:00 |O

2 132 2013.01.02 08:00:00 | 2013.01.03 23:00:00 [131 2013.01.12 06:00:00

2 105 2013.01.03 23:00:00 | 2013.01.04 21:00:00 |O

2 143 2013.01.04 21:00:00 | 2013.01.06 10:00:00 142

2 69 2013.01.06 10:00:00 | 2013.01.07 12:00:00 |68 2013.01.07 06:00:00

3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

3 3 2013.01.01 22:00:00 | 2013.01.02 09:00:00 |2 2013.01.02 06:00:00
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3 17 2013.01.02 09:00:00 | 2013.01.02 22:00:00 |16

3 43 2013.01.02 22:00:00 | 2013.01.03 12:00:00 |42 2013.01.05 04:00:00

3 116 2013.01.03 12:00:00 | 2013.01.04 10:00:00 |0

3 81 2013.01.04 10:00:00 | 2013.01.05 03:00:00 |80 2013.01.08 12:00:00

3 117 2013.01.05 03:00:00 | 2013.01.06 17:00:00 [116

3 106 2013.01.06 17:00:00 | 2013.01.08 08:00:00 [105 2013.01.10 14:00:00
1. 368 0 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 1 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |O

0 79 2013.01.01 16:00:00 | 2013.01.02 07:00:00 |O

0 43 2013.01.02 07:00:00 | 2013.01.02 20:00:00 |42 2013.01.05 04:00:00

0 53 2013.01.02 20:00:00 | 2013.01.03 14:00:00 |0

0 54 2013.01.03 14:00:00 | 2013.01.04 16:00:00 |53

0 80 2013.01.04 16:00:00 | 2013.01.0517:00:00 |79

0 55 2013.01.0517:00:00 | 2013.01.06 12:00:00 |54 2013.01.06 10:00:00

0 117 2013.01.06 12:00:00 | 2013.01.08 00:00:00 [116

1 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

1 32 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |31 2013.01.04 08:00:00

1 2 2013.01.01 21:00:00 | 2013.01.02 09:00:00 |1

1 3 2013.01.02 09:00:00 | 2013.01.02 18:00:00 |2 2013.01.02 06:00:00

1 105 2013.01.02 18:00:00 | 2013.01.0317:00:00 |O

1 106 2013.01.0317:00:00 | 2013.01.05 06:00:00 [105 2013.01.10 14:00:00

1 132 2013.01.05 06:00:00 | 2013.01.06 19:00:00 [131 2013.01.12 06:00:00

1 144 2013.01.06 19:00:00 | 2013.01.07 20:00:00 143 2013.01.13 02:00:00

2 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 17 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |16

2 68 2013.01.01 22:00:00 | 2013.01.02 13:00:00 |0

2 94 2013.01.02 13:00:00 | 2013.01.04 01:00:00 |O
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2 116 2013.01.04 01:00:00 | 2013.01.05 00:00:00 |0

2 81 2013.01.05 00:00:00 | 2013.01.0517:00:00 |80 2013.01.08 12:00:00
2 143 2013.01.0517:00:00 | 2013.01.07 08:00:00 142

3 131 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

3 142 2013.01.01 22:00:00 | 2013.01.02 22:00:00 |0

3 18 2013.01.02 22:00:00 | 2013.01.03 09:00:00 |17 2013.01.03 12:00:00
3 69 2013.01.03 09:00:00 | 2013.01.04 12:00:00 |68 2013.01.07 06:00:00
3 95 2013.01.04 12:00:00 | 2013.01.07 01:00:00 |94 2013.01.09 18:00:00
3 118 2013.01.07 01:00:00 | 2013.01.08 03:00:00 117 2013.01.11 10:00:00

Iteration:1 Best Value:63.0
Iteration:10 Best Value:69.0
Iteration:12 Best Value:93.0
Iteration:14 Best Value:123.0
Iteration:15 Best Value:128.0
Iteration:16 Best Value:163.0
Iteration:40 Best Value:174.0
Iteration:70 Best Value:220.0
Iteration: 106 Best Value:250.0
Iteration:130 Best Value:297.0
Iteration:132 Best Value:368.0
Total Iteration Count:233

TotalProcessCompleteTime: 655.0 | AllOperationTardiness: 1135.0 | AvgOperationsTardiness: 1.7328244274809161 | FlowTime: 171.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 46.0 | SetupCost: 2484000.0 | OperationCost: 2.1924E7 |

TotalOperationCost: 2.4408E7 | DiffJobEndDelivery: 14.0 | Earliness: 780.0 | ScheduledPercentage: 1.0
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Melez Algoritma 3. veri seti 3. test

Makine Operasyon Id | Baslangig Bitis Onceki Siparis Teslimi

3.204 0 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

0 16 2013.01.01 08:00:00 | 2013.01.0117:00:00 |0

0 17 2013.01.01 17:00:00 | 2013.01.02 07:00:00 |16

0 18 2013.01.02 07:00:00 | 2013.01.02 17:00:00 |17 2013.01.03 12:00:00

0 3 2013.01.02 17:00:00 | 2013.01.03 04:00:00 |2 2013.01.02 06:00:00

0 79 2013.01.03 04:00:00 | 2013.01.03 20:00:00 |0

0 54 2013.01.03 20:00:00 | 2013.01.04 21:00:00 |53

0 94 2013.01.04 21:00:00 | 2013.01.06 10:00:00 |0

0 132 2013.01.06 10:00:00 | 2013.01.07 23:00:00 131 2013.01.12 06:00:00

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 105 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

1 1 2013.01.02 06:00:00 | 2013.01.02 15:00:00 |0

1 2 2013.01.02 15:00:00 | 2013.01.03 05:00:00 |1

1 32 2013.01.03 05:00:00 | 2013.01.03 18:00:00 |31 2013.01.04 08:00:00

1 131 2013.01.03 18:00:00 | 2013.01.04 17:00:00 |0

1 144 2013.01.04 17:00:00 | 2013.01.0520:00:00 |143 2013.01.13 02:00:00

1 55 2013.01.05 20:00:00 | 2013.01.06 15:00:00 |54 2013.01.06 10:00:00

1 95 2013.01.06 15:00:00 | 2013.01.09 06:00:00 |94 2013.01.09 18:00:00

2 142 2013.01.01 00:00:00 | 2013.01.01 23:00:00 |0

2 69 2013.01.01 23:00:00 | 2013.01.03 00:00:00 |68 2013.01.07 06:00:00

2 143 2013.01.03 00:00:00 | 2013.01.04 14:00:00 |142

2 106 2013.01.04 14:00:00 | 2013.01.06 05:00:00 |105 2013.01.10 14:00:00

2 80 2013.01.06 05:00:00 | 2013.01.07 08:00:00 |79

3 68 2013.01.01 00:00:00 | 2013.01.01 15:00:00 |0

3 53 2013.01.01 15:00:00 | 2013.01.02 06:00:00 |0

3 43 2013.01.02 06:00:00 | 2013.01.02 21:00:00 |42 2013.01.05 04:00:00

3 116 2013.01.02 21:00:00 | 2013.01.03 21:00:00 |0
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3 117 2013.01.03 21:00:00 | 2013.01.05 10:00:00 |116

3 118 2013.01.05 10:00:00 | 2013.01.06 11:00:00 |117 2013.01.11 10:00:00

3 81 2013.01.06 11:00:00 | 2013.01.07 04:00:00 |80 2013.01.08 12:00:00
2.237 0 16 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

0 79 2013.01.01 08:00:00 | 2013.01.01 23:00:00 |0

0 116 2013.01.01 23:00:00 | 2013.01.03 01:00:00 |0

0 94 2013.01.03 01:00:00 | 2013.01.04 13:00:00 |0

0 43 2013.01.04 13:00:00 | 2013.01.05 04:00:00 |42

0 81 2013.01.05 04:00:00 | 2013.01.05 23:00:00 |80 2013.01.08 12:00:00

0 117 2013.01.05 23:00:00 | 2013.01.07 12:00:00 [116

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

1 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

1 3 2013.01.01 22:00:00 | 2013.01.02 07:00:00 |2 2013.01.02 06:00:00

1 143 2013.01.02 07:00:00 | 2013.01.03 22:00:00 |142

1 144 2013.01.03 22:00:00 | 2013.01.05 00:00:00 |143 2013.01.13 02:00:00

1 95 2013.01.05 00:00:00 | 2013.01.07 15:00:00 |94 2013.01.09 18:00:00

2 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

2 17 2013.01.01 08:00:00 | 2013.01.01 21:00:00 |16

2 105 2013.01.01 21:00:00 | 2013.01.02 19:00:00 |0

2 18 2013.01.02 19:00:00 | 2013.01.03 05:00:00 |17 2013.01.03 12:00:00

2 68 2013.01.03 05:00:00 | 2013.01.03 21:00:00 |O

2 131 2013.01.03 21:00:00 | 2013.01.04 19:00:00 |O

2 106 2013.01.04 19:00:00 | 2013.01.06 08:00:00 | 105 2013.01.10 14:00:00

2 132 2013.01.06 08:00:00 | 2013.01.07 22:00:00 131 2013.01.12 06:00:00

3 31 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 142 2013.01.01 08:00:00 | 2013.01.02 06:00:00 |0

3 32 2013.01.02 06:00:00 | 2013.01.02 21:00:00 |31 2013.01.04 08:00:00
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3 53 2013.01.02 21:00:00 | 2013.01.03 14:00:00 |0

3 80 2013.01.03 14:00:00 | 2013.01.04 15:00:00 |79

3 54 2013.01.04 15:00:00 | 2013.01.05 16:00:00 |53

3 55 2013.01.05 16:00:00 | 2013.01.06 09:00:00 |54 2013.01.06 10:00:00

3 69 2013.01.06 09:00:00 | 2013.01.07 10:00:00 |68 2013.01.07 06:00:00

3 118 2013.01.07 10:00:00 | 2013.01.08 13:00:00 [117 2013.01.11 10:00:00
1.350 0 131 2013.01.01 00:00:00 | 2013.01.01 22:00:00 |0

0 68 2013.01.01 22:00:00 | 2013.01.02 13:00:00 |O

0 17 2013.01.02 13:00:00 | 2013.01.03 02:00:00 |16

0 18 2013.01.03 02:00:00 | 2013.01.03 13:00:00 |17 2013.01.03 12:00:00

0 69 2013.01.03 13:00:00 | 2013.01.04 14:00:00 |68 2013.01.07 06:00:00

0 55 2013.01.04 14:00:00 | 2013.01.05 07:00:00 |54 2013.01.06 10:00:00

0 81 2013.01.05 07:00:00 | 2013.01.06 01:00:00 |80 2013.01.08 12:00:00

0 106 2013.01.06 01:00:00 | 2013.01.07 16:00:00 [105 2013.01.10 14:00:00

1 42 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |O

1 31 2013.01.01 08:00:00 | 2013.01.01 16:00:00 |O

1 16 2013.01.01 16:00:00 | 2013.01.02 00:00:00 |0

1 94 2013.01.02 00:00:00 | 2013.01.03 12:00:00 |0

1 43 2013.01.03 12:00:00 | 2013.01.04 03:00:00 |42 2013.01.05 04:00:00

1 142 2013.01.04 03:00:00 | 2013.01.05 02:00:00 |O

1 117 2013.01.05 02:00:00 | 2013.01.06 15:00:00 [116

1 143 2013.01.06 15:00:00 | 2013.01.08 04:00:00 [142

2 53 2013.01.01 00:00:00 | 2013.01.01 16:00:00 |0

2 116 2013.01.01 16:00:00 | 2013.01.02 14:00:00 |0

2 32 2013.01.02 14:00:00 | 2013.01.03 05:00:00 |31 2013.01.04 08:00:00

2 79 2013.01.03 05:00:00 | 2013.01.03 20:00:00 |O

2 80 2013.01.03 20:00:00 | 2013.01.04 21:00:00 |79
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2 95 2013.01.04 21:00:00 | 2013.01.07 12:00:00 |94 2013.01.09 18:00:00
3 1 2013.01.01 00:00:00 | 2013.01.01 08:00:00 |0

3 2 2013.01.01 08:00:00 | 2013.01.01 22:00:00 |1

3 3 2013.01.01 22:00:00 | 2013.01.02 09:00:00 |2 2013.01.02 06:00:00
3 54 2013.01.02 09:00:00 | 2013.01.03 11:00:00 |53

3 132 2013.01.03 11:00:00 | 2013.01.05 01:00:00 [131 2013.01.12 06:00:00
3 105 2013.01.05 01:00:00 | 2013.01.06 00:00:00 |0

3 118 2013.01.06 00:00:00 | 2013.01.07 03:00:00 |117 2013.01.11 10:00:00
3 144 2013.01.07 03:00:00 | 2013.01.08 06:00:00 143 2013.01.13 02:00:00

Iteration:1 Best Value:72.0
Iteration:6 Best Value:161.0
Iteration:8 Best Value:350.0
Total Iteration Count:109

TotalProcessCompleteTime: 662.0 | AllOperationTardiness: 1135.0 | AvgOperationsTardiness: 1.7145015105740182 | FlowTime: 174.0 |

IdleTimeTotal: 0.0 | IdleCost: 0.0 | TotalOutSource: 0.0 | SetupTime: 53.0 | SetupCost: 2862000.0 | OperationCost: 2.1924E7 |

TotalOperationCost: 2.4786E7 | DiffJobEndDelivery: 4.0 | Earliness: 718.0 | ScheduledPercentage: 1.0
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EK : ALGORITMA KODLAR

Paketler;

1- baseUtils : algoritma i¢in data objeleri
2- Solver : algoritmay1 uygulayan objeler



DNA java

package baseUtils;

import java.util.ArraylList;
import java.util.Collections;

import java.util.List;

public class DNA

{
public List<Genome> populationlist;
public DNA(int populationSize)
{
this.populationlist=new ArraylList<Genome>(populationSize);
}
public void SortGenomes()
{
Collections.sort(populationlist);
}
public String toString()
{
StringBuilder sb=new StringBuilder();
for(Genome g:populationlist)
{
sb.append(g.toString());
}
return sb.toString();
}
}

FeromonMatrix.java

package baseUtils;

public class FeromonMatrix extends Object implements Cloneable{
public Matrix matrix;

public FeromonMatrix()

{

super();
}
public FeromonMatrix(int OprID[],double p_defaultValue)
{

super();

this.matrix = new Matrix(OprID,p_defaultValue);
}



public double GetFeromon(int FromId,int ToId) throws Exception

{
}

return this.matrix.GetValueAt(FromId, ToId);

public void SetFeromon(int FromId,int TolId,double value) throws
Exception

{
this.matrix.SetValueAt(FromId, ToId, value);

}

public void SetFeromonPlus(int FromId,int ToId,double value) throws
Exception
{
double newVal=this.matrix.GetValueAt(FromId, ToId)+value;

if(newVal<0.001)
newVal=0.001;

else if(newVal>((this.matrix.getMatrixSize()*1000)))
newVal=(this.matrix.getMatrixSize()*1000);

this.matrix.SetValueAt(FromId, ToId, newVal);

public Object clone() throws CloneNotSupportedException

{
FeromonMatrix newobj=new FeromonMatrix();
newobj.matrix=(Matrix)this.matrix.clone();
return newobj;

}

public String toString()
{

String retval=new String(" ");

for(MatrixElementMain m:this.matrix.matrix )

{

" | n,
B

retval+=m.ObjectId +

}

retval+="\n";

for(MatrixElementMain m:this.matrix.matrix )

{
" | n,

retval+=m.ObjectId + ;
for(MatrixElementSub s:m.SubElements)

{
}

retval+=s.Value+ 5



retval+="\n";

}

return retval;

GeneralTime.java

package baseUtils;

public class GeneralTime extends Object implements Cloneable {
double time;
int type;

public static int _DAY=1;
public static int _HOUR=2;
public static int _MINUTE=3;
public static int _SECOND=4;

public GeneralTime(double Time, int Type) {

super();
this.time = Time;
this.type = Type;
}
public GeneralTime()
{
time=0.0;
type=0;
}
public GeneralTime(int Type,int Value)
{
type=Type;
time=Value;
}
public double GetTimeInSecond()
{

double retval=0.0;

switch(this.type)

{

case 1:
retval=time*24*60*60;
break;

case 2:
retval=time*60*60;
break;

case 3:
retval=time*60;
break;

case 4:



retval=time;
break;

}

return retval;

}

public static double getTimeIn(double p_second,int p_type)

{
double retval=0;

switch(p_type)

{

case 1:
retval=p_second/86400;
break;

case 2:
retval=p_second/3600;
break;

case 3:
retval=p_second/60;
break;

case 4:
retval=p_second;
break;

}

return retval;

}

public double getTimeIn(int p_type)
{

double retval=0;
retval=getTimeIn(GetTimeInSecond() , p_type);

return retval;

}

public Object clone() throws CloneNotSupportedException
{

GeneralTime o = (GeneralTime)super.clone();

return o;



Genome.java

package baseUtils;

import
import
import
import
import
import

import

public

java.util.Arraylist;
java.util.Collections;
java.util.Date;
java.util.HashMap;
java.util.List;
java.util.Map;

Solver.FitnessCalculator;

class Genome implements Comparable<Genome>,
int Genomeld;

public Machine[] MachinelList;

double FitnessValue;

double lastFitnessValue;

public FitnessCalculator FC;
List<Source> OperationSources;

Date ScheduleDate;

double MutationRate;

double MainMutationRate;

public boolean PrintScheduled=false;

Cloneable{

private Map<Integer,ArrayList<Integer>> SourceMap;
private Map<Integer,ArraylList<Integer>> ReleatedMap;

public Genome(int Genome_ID , int MachineCount)

{
GenomeId=Genome_ID;
MachinelList=new Machine[MachineCount];
FitnessValue=0.0;

}

@Override

public int compareTo(Genome compareGenome) throws NullPointerException

// Auto-generated method stub

return

((Double)this.FitnessValue).compareTo(compareGenome.FitnessValue);

}

public Schedulable GetFirstSchedulable(int MachinelId)

{

Date AvailDate=(Date)this.ScheduleDate.clone();



Date retVal=null;

for(int i=0;i<this.MachinelList[MachineId].operations.size();i++)

{
Operation
ops=this.MachinelList[MachineId].operations.get(i);

if(ops.IsScheduled)

{
AvailDate=(Date)ops.PlanEndDate.clone();// son
islenen operasyonun bitis tarihini al

continue;

}

if(ops.AlternativeScheduled || !ops.Active)
continue;

retVal=this.FirstSchedulableDate(ops);

if(retVal==null)
return null;// operasyon planlanamaz

if(retval.after(AvailDate))
AvailDate=retVal;

return new Schedulable((Date)AvailDate.clone(), Machineld,

}

return null ;// tum operasyonlar yapildi

public Date FirstSchedulableDate(Operation p_opr)
{
Date FirstAvailable=(Date)this.ScheduleDate.clone();

int IsFound=0;

for(Integer i:getOperationSource((p_opr.getMainOperationId())))

{
Source src=0perationSources.get(i);
// operasyona tanimli source bul
/* if(src.OperationId!=p_opr.MainOperationId)
continue;
*/
IsFound=1;

switch (src.SourceType)



case 0:

if(src.IsAvailable)
{

if(FirstAvailable.before(src.DeadlLine))
FirstAvailable=src.DeadlLine;

}

else
IsFound=-1;

break;

case 1:

if(FirstAvailable.before(src.DeadlLine))

FirstAvailable=(Date)src.DeadlLine.clone();
break;

if(IsFound==-1)
return null;

p_opr.setFirstSchedulableDate((Date)FirstAvailable.clone());

return FirstAvailable;

public Genome clone() throws CloneNotSupportedException

{

Genome newgen=(Genome)super.clone();

newgen.ScheduleDate=(Date) ScheduleDate.clone();
newgen.MachinelList=new Machine[MachinelList.length];
int i=0;

for(Machine m : Machinelist)

{

newgen.MachinelList[i]=(Machine)m.clone();
i++;

}

newgen.OperationSources=new ArraylList<Source>();



for(Source s:OperationSources)

{

newgen.OperationSources.add((Source)s.clone());

}

newgen.ReleatedMap=new
HashMap<Integer,ArrayList<Integer>>(this.ReleatedMap);

newgen.SourceMap=new
HashMap<Integer,ArrayList<Integer>>(this.SourceMap);

return newgen;

public void AddOprSource(Source src)

{
if(this.OperationSources==null)
{
OperationSources=new ArraylList<Source>();
}
OperationSources.add(src);
Collections.sort(OperationSources);
}

public List<Source> getOperationSources() {
return OperationSources;

}

public void setOperationSources(List<Source> operationSources) {
OperationSources = operationSources;
Collections.sort(OperationSources);

}

public double getFitnessValue() {
return FitnessValue;

}

public void setFitnessValue(Double fitnessValue) {
lastFitnessValue=FitnessValue;
FitnessValue = fitnessValue;

}

public double getMainMutationRate() {
return MainMutationRate;

}

public void setMainMutationRate(double mainMutationRate) {
MainMutationRate = mainMutationRate;

}

public Date getScheduleDate() {



return ScheduleDate;

}

public void setScheduleDate(Date scheduleDate) {
ScheduleDate = scheduleDate;

}

public double getMutationRate() {
return MutationRate;

}

public void setMutationRate(double mutationRate) {
MutationRate = mutationRate;

}

public String toString()
{

StringBuilder sb=new StringBuilder();

sb. append (" #HHHHHHEEHEHHEEEEHEEEEEHHE A
N ")
sb.append("Fitness Value: "+ ((Double)FitnessValue).toString()

+Il\nll);
for(Machine m : Machinelist)
{
if(PrintScheduled)
sb.append(m.toStringScheduled());
else
sb.append(m.toStringM());
}
if(FC!=null)
{
sb.append("\n\n Fitness Values \n");
sb.append(FC.toString());
sb.append("\n\n");
}

sb. append (" #HHHHHHEHEHHEEEE R
N ")
return sb.toString();

}

@SuppressWarnings("unchecked")
public ArrayList<Integer> getOperationSource(Integer MainOpId)

{
if(SourceMap==null)
return null;

ArrayList<Integer> result=SourceMap.get(MainOpId);
if(result==null)
return null;

return (ArrayList<Integer>) result.clone();
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@SuppressWarnings("unchecked")
public ArraylList<Integer> getReleatedOprSource(Integer ReleatedId)

{
if(ReleatedMap==null)

return null;

ArrayList<Integer> result=ReleatedMap.get(ReleatedId);

if(result==null)
return null;

return (ArraylList<Integer>) result.clone();

public void buildSourceMap()
{

SourceMap=new HashMap<Integer,ArrayList<Integer>>();
ReleatedMap=new HashMap<Integer,ArrayList<Integer>>();
Collections.sort(OperationSources);

int lastId=-1;

int counter=0;

ArrayList<Integer> indexList=new ArraylList<Integer>();;

for(Source s:OperationSources)

{
if(lastId!=-1 && lastId!=s.Operationld)
{
SourceMap.put(new Integer(lastId), indexList);
indexList=new ArrayList<Integer>();
}

indexList.add(counter);

if(ReleatedMap.get(s.ReleatedId)==null)
ReleatedMap.put(s.ReleatedId, new
ArrayList<Integer>());

ReleatedMap.get(s.ReleatedId).add(counter);
lastId=s.OperationId;
counter++;

}

if(indexList!=null)
SourceMap.put(lastId, indexList);
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Machine.java

package baseUtils;

import java.util.ArraylList;
import java.util.Calendar;
import java.util.List;

public class Machine implements Cloneable {

int MachineId,MachineType;
String Name;

public FeromonMatrix feromon;

SetupMatrix setup;

double IdleCost;

public double MutationRate=0.50;

public static final int Type Normal=0,Type Fason=1;
public List<Operation> operations;

public Machine(int machineID,int machineType)

{
}

new Machine(machineID,machineType," ");

public Machine(int machinelID, int machineType,String Name)

{
MachineId=machinelID;
MachineType=machineType;
Name=new String(Name);

}

public void CalculateEnd(int OperationOrder )
{
Calendar cal = Calendar.getInstance();
double setuptime=0;

cal.setTime(operations.get(OperationOrder).PlanStartDate);

int willbeAdd = ((Double)
(operations.get(OperationOrder).MachineTime.GetTimeInSecond()*(1-
operations.get(OperationOrder).CompletedPercentage))).intValue();

if(!operations.get(OperationOrder).IsGoingOn)
{

if(OperationOrder>0)

{

try {
setuptime=setup.GetSetup(operations.get(OperationOrder-

1).getSetupKey() , operations.get(OperationOrder).getSetupKey());
} catch (Exception e) {
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e.printStackTrace();

}

else

{

setuptime=operations.get(OperationOrder).getSetupTime().GetTimeInSecon
d();
}

operations.get(OperationOrder).setSetupSec(setuptime);

willbeAdd+=setuptime;
}

cal.add(Calendar.SECOND,willbeAdd );

operations.get(OperationOrder).PlanEndDate=cal.getTime();

}

public void setOperations(List<Operation> operations)

¢ this.operations = operations;
this.CreateFeromon();

}

public void AddOperation(Operation pop)

¢ if(this.operations==null)
¢ this.operations=new ArraylList<Operation>();
}
this.operations.add(pop);
setOperations(operations);
this.CreateFeromon();

}

public void CreateFeromon()

{
int i=0;
int OprIdList[]=new int[operations.size()];
for(Operation opr:operations)
¢ OprIdList[i]=opr.getOperationId();
i++;

}

this.feromon=new FeromonMatrix(OprIdList, 1.0);
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}

public Machine clone() throws CloneNotSupportedException

{
Machine newMach=(Machine)super.clone();
newMach.Name= new String(Name);
newMach. feromon=(FeromonMatrix)this.feromon.clone();
newMach. setup=(SetupMatrix)newMach.setup.clone();
newMach.operations=new ArrayList<Operation>();

for(Operation op: operations)

{
}

newMach.operations.add((Operation)op.clone());

return newMach;

}

public String toString()
{

}

return this.Name;

public String toStringM()
{

String retval=new String();

retval+="\n Machine : "+MachineId+"\n";

retval+="Operations: \n ";

for(Operation op: this.operations)
{
retval+="OperationID: "+op.getOperationId()+" , MainOprId
"+ op.getMainOperationId() +" \t \n "+ op.toString0()+" \n ";

}

return retval;
}
public String toStringScheduled()
{

String retval=new String();

for(Operation op: this.operations)

{
if(op.IsScheduled)

retval+=" Machine | "+MachineId+" | "+

op.toString0()+" \n ";

}

return retval;
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}

public Double getIdleCost() {
return IdleCost;

}

public void setIdleCost(Double idleCost) {
IdleCost = idleCost;

}

public Double getMutationRate() {
return MutationRate;

}

public void setMutationRate(Double mutationRate) {
MutationRate = mutationRate;

}

public int getMachineId() {
return Machineld;

}

public void setMachineId(int machineId) {
MachineIld = machineld;

}

public int getMachineType() {
return MachineType;

}

public void setMachineType(int machineType) {
MachineType = machineType;

}

public List<Operation> getOperations() {
return operations;

}

public void setName(String name) {
Name=name;

public SetupMatrix getSetup() {
return setup;

}
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public void setSetup(SetupMatrix setup) {
this.setup = setup;

}
}

Matrix.java

package baseUtils;
public class Matrix extends Object implements Cloneable{

MatrixElementMain[] matrix;
double DefVal;

public Matrix(int ObjectArray[],double defaultValue)

{
int ElementCount=0ObjectArray.length;

DefVal=defaultValue;
matrix=new MatrixElementMain[ElementCount];

for(int i=0;i<ElementCount;i++)

{

matrix[i]=new
MatrixElementMain(ObjectArray[i],ElementCount);

for(int j=0;j<ElementCount;j++)
matrix[i].getSubElements()[j]=new
MatrixElementSub(ObjectArray[j], defaultValue);

}

public double GetValueAt(int FromId,int ToId) throws Exception
{

int FromIdex=this.SearchMain(FromId);

if(FromIdex<®)
throw new Exception("from operation not found");

int ToIndex=this.SearchSub(FromIdex,ToId);
if(ToIndex<9)
throw new Exception("to operation not found");

return
this.matrix[FromIdex].getSubElements()[ToIndex].getValue();

}

public void SetValueAt(int FromlId,int ToId,double value) throws
Exception

{

int FromIdex=this.SearchMain(FromId);
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if(FromIdex<9)
throw new Exception("from operation not found");

int ToIndex=this.SearchSub(FromIdex,ToId);
if(ToIndex<0)
throw new Exception("to operation not found");

this.matrix[FromIdex].getSubElements()[ToIndex].setValue(value);

}
private int SearchMain(int FromId)
¢ for(int i=0;i<matrix.length;i++)
{ if(matrix[i].getObjectId()==FromId)
{
return i;
}
}
return -1;
}

private int SearchSub(int Findex ,int TolId) {

for(int i=0;i<matrix[Findex].getSubElements().length;i++)

{
if(matrix[Findex].getSubElements()[i].getObjectId()==ToId)
return i;
}
return -1;
}
public int getMatrixSize()
{
return this.matrix.length;
}

public void UpdateAll(double Factor)

¢ for(MatrixElementMain MxM:this.matrix)
{ for(MatrixElementSub MxS:MxM.getSubElements())
¢ MxS.Value+=Factor;
}
}
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}

public double getDefVal()

¢ return DefVal;
}
public Object clone() throws CloneNotSupportedException
¢ Matrix newo=(Matrix)super.clone();
newo.DefVal=DefVal;
newo.matrix=matrix.clone();
for(int i=0;i<newo.matrix.length;i++)
{ newo.matrix[i]=(MatrixElementMain) matrix[i].clone();
}
return newo;
}

MatrixElementMain.java

package baseUtils;
public class MatrixElementMain implements Cloneable {

int ObjectId;
MatrixElementSub[] SubElements;

public MatrixElementMain(int objectId,int SubCount)

{
ObjectId=objectId;
SubElements=new MatrixElementSub[SubCount];

}

public int getObjectId() {
return ObjectId;

}

public void setObjectId(int objectId) {
ObjectId = objectId;
}

public MatrixElementSub[] getSubElements() {
return SubElements;

}

public void setSubElements(MatrixElementSub[] subElements) {
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SubElements = subElements;

}
public Object clone() throws CloneNotSupportedException

{
MatrixElementMain newobj=new MatrixElementMain(this.ObjectId
,SubElements.length );
newobj.SubElements=this.SubElements.clone();

for(int i=0;i<SubElements.length;i++)

{
newobj.SubElements[i]=(MatrixElementSub)
SubElements[i].clone();

}

return newobj;

Source.java

package baseUtils;

import java.text.SimpleDateFormat;
import java.util.Date;

public class Source extends Object implements Cloneable,Comparable<Source> {

int SourceType; // ©:operasyon,l:hammadde , 3:siparis
Date DeadLine;

int OperationId;

int Machineld;// paralel veya alternatifin makine sirasi
int ReleatedId;

boolean IsAvailable;

public static final int _Operation=0;

public static final int _RawMaterial=1;

public static final int _Alternative=2;

public static final int _Order=3;

public static final int _Paralell=4;

public Source( int sourceType,int operationld, Date deadlLine, int
releatedId) {
super();
SourceType = sourceType;
DeadlLine = deadlLine;
OperationId = operationld;
ReleatedId = releatedId;

}

public Source( int sourceType,int operationlId, Date deadLine) {
super();
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SourceType = sourceType;
DeadlLine = deadlLine;
OperationId = operationld;

public Source(int sourceType,int operationId, Date deadLine, int
releatedId,int machineld)

{
super();
SourceType = sourceType;
DeadlLine = deadlLine;
OperationId = operationld;
ReleatedId = releatedld;
MachineId=machineld;

}

public Source()

{
this.SourceType=0;
this.DeadlLine=new Date();
Machineld=0;

}

public int getSourceType() {
return SourceType;

}

public void setSourceType(int sourceType) {
if(sourceType==_Order)
IsAvailable=true;
else
IsAvailable=false;

SourceType = sourceType;

}
public Date getDeadLine() {

return DeadlLine;

}

public void setDeadLine(Date deadlLine) {
DeadlLine = deadlLine;

}

public int getMachineId() {
return Machineld;

}

public void setMachineId(int machineld) {
MachineIld = machineld;

}

public Boolean getIsAvailable() {
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return IsAvailable;

}

public void setIsAvailable(Boolean isAvailable) {
IsAvailable = isAvailable;

}

public int getOperationId() {
return Operationld;

}
public Integer getOperationId2() {

return Integer.valueOf(OperationId) ;

}

public void setOperationId(int operationld) {
OperationId = operationId;

}

public int getReleatedId() {
return ReleatedId;

}

public void setReleatedId(int releatedId) {
ReleatedId = releatedId;

}

public Object clone() throws CloneNotSupportedException

{
Source s=(Source)super.clone();
s.DeadlLine=(Date)this.DeadlLine.clone();
return s;

}

public String toString()
{

String retval;
retval="SourceType:";

switch(SourceType)
{
case 0:
retval+="Operasyon";
break;
case 1:
retval+="hammadde" ;break;
case 2:
retval+="Alternatif" ;break;
case 3:
retval+="0Order" ;break;
case 4:

retval+="Paralell";break;

}

retval+=",0perationId:"+0OperationId+",MachineId:"+MachineId+",Releated
Id:"+ReleatedId+",IsAvailable:";
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if(IsAvailable)
retval+="aktif";
else
retval+="pasif";

SimpleDateFormat dFormatter = new SimpleDateFormat("yyyy.MM.dd
HH:mm:ss");
retval+=dFormatter.format(DeadLine);

return retval;

}

@Override
public int compareTo(Source o) {

return this.getOperationId2().compareTo(o.getOperationId2());
}

MatrixElementSub.java

package baseUtils;

public class MatrixElementSub implements Cloneable{

int ObjectId;
double Value;

public int getObjectId() {
return ObjectId;

}
public void setObjectId(int objectId) {

ObjectId = objectld;
}

public double getValue() {
return Value;

}

public void setValue(double value) {
Value = value;

}

public MatrixElementSub(int objectId, double value) {
super();
ObjectId = objectId;
Value = value;

}

public MatrixElementSub(int objectId) {
new MatrixElementSub(objectId,0.9);
}

public Object clone() throws CloneNotSupportedException
{
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Object o=super.clone();

return o;

Operation.java

package baseUtils;

import java.text.SimpleDateFormat;
import java.util.Date;

public class Operation extends Object implements Cloneable{

int Operationld;

int MainOperationld;

int OperationRelation;

public boolean Active,IsScheduled,IsGoingOn,AlternativeScheduled;
public double CompletedPercentage;

double MachineCost,SetupCost,OutSourceQuantity,OutSourceCost;
public GeneralTime MachineTime,SetupTime,ActlTime,Act2Time;
int SetupKey;

double MachineSec,SetupSec,ActlSec,Act2Sec,CalcSetup;

public Date PlanStartDate,PlanEndDate;

Date FirstSchedulableDate;

int Level,AfterOperation;

String OptText;

double Earliness=0,DiffJobEndDelivery=0;

public double TotalOperationtime=0;

public Date OrderDeliveryDate;

public Operation(Integer operationId, Integer mainOperationId,
Integer operationRelation,Boolean isGoingOn,Double
completedPercentage,
Double machineCost,Double setupCost, Double

outSourceQuantity,
Double outSourceCost, GeneralTime machineTime, GeneralTime
setupTime,
GeneralTime actlTime, GeneralTime act2Time, int setupKey,
Double machineSec, Double setupSec, Double actlSec, Double
act2Sec) {
super();

OperationId = operationld;
MainOperationId = mainOperationId;
OperationRelation = operationRelation;
Active = false;

MachineCost = machineCost;

SetupCost = setupCost;
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OutSourceQuantity = outSourceQuantity;
OutSourceCost = outSourceCost;
MachineTime = machineTime;

SetupTime = setupTime;

ActlTime = actlTime;

Act2Time = act2Time;

SetupKey = setupKey;

IsScheduled=false;

IsGoingOn=1sGoingOn;
CompletedPercentage=completedPercentage;

MachineSec = machineTime.GetTimeInSecond();
SetupSec = setupTime.GetTimeInSecond();
ActlSec = actlTime.GetTimeInSecond();
Act2Sec = act2Time.GetTimeInSecond();

public Operation ()

{
CalcSetup=0.0;
IsScheduled=false;
Level=0;

}

public Integer getOperationId() {
return Operationld;

}

public void setOperationId(Integer operationId) {
OperationId = operationld;

}

public Integer getMainOperationId() {
return MainOperationId;

}

public void setMainOperationId(Integer mainOperationId) {
MainOperationId = mainOperationId;

}

public Integer getOperationRelation() {
return OperationRelation;

}

public void setOperationRelation(Integer operationRelation) {
OperationRelation = operationRelation;

}
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public Boolean getActive() {
return Active;

}

public void setActive(Boolean aktive) {
Active = aktive;

}

public Double getMachineCost() {
return MachineCost;

}

public void setMachineCost(Double machineCost) {
MachineCost = machineCost;

}

public Double getSetupCost() {
return SetupCost;
}

public void setSetupCost(Double setupCost) {
SetupCost = setupCost;
}

public Double getOutSourceQuantity() {
return OutSourceQuantity;
}

public void setOutSourceQuantity(Double outSourceQuantity) {
OutSourceQuantity = outSourceQuantity;
}

public Double getOutSourceCost() {
return OutSourceCost;
}

public void setOutSourceCost(Double outSourceCost) {
OutSourceCost = outSourceCost;
}

public GeneralTime getMachineTime() {
return MachineTime;

}

public void setMachineTime(GeneralTime machineTime) {
MachineTime = machineTime;
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public GeneralTime getSetupTime() {
return SetupTime;

}

public void setSetupTime(GeneralTime setupTime) {
SetupTime = setupTime;

}

public GeneralTime getActlTime() {
return ActlTime;

}

public void setActlTime(GeneralTime actlTime) {
ActlTime = actlTime;

}

public GeneralTime getAct2Time() {
return Act2Time;

}

public void setAct2Time(GeneralTime act2Time) {
Act2Time = act2Time;

}

public int getSetupKey() {
return SetupKey;

}

public void setSetupKey(int setupKey) {
SetupKey = setupKey;
}

public Boolean getIsScheduled() {
return IsScheduled;

}

public void setIsScheduled(Boolean isScheduled) {
IsScheduled = isScheduled;

}

public Boolean getIsGoingOn() {
return IsGoingOn;

}
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public void setIsGoingOn(Boolean isGoingOn) {
IsGoingOn = isGoingOn;

}

public Date getFirstSchedulableDate() {
return FirstSchedulableDate;

}

public void setFirstSchedulableDate(Date firstSchedulableDate) {
FirstSchedulableDate = firstSchedulableDate;

}

public Boolean getAlternativeScheduled() {
return AlternativeScheduled;

}

public void setAlternativeScheduled(Boolean alternativeScheduled) {
AlternativeScheduled = alternativeScheduled;
}

public int getlLevel() {
return Level;

}

public void setLevel(int level) {
Level = level;

}

public int getAfterOperation() {
return AfterOperation;

}

public void setAfterOperation(int afterOperation) {
AfterOperation = afterOperation;
}

public String getOptText() {
return OptText;
}

public void setOptText(String optText) {
OptText = optText;
}

public double getEarliness() {
return Earliness;
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public void setEarliness(double earliness) {
Earliness = earliness;

}

public double getDiffJobEndDelivery() {
return DiffJobEndDelivery;

}

public void setDiffJobEndDelivery(double diffJobEndDelivery) {
DiffJobEndDelivery = diffJobEndDelivery;

}

public double getSetupSec() {
return SetupSec;

}

public void setSetupSec(double setupSec) {
SetupSec = setupSec;

}
public Object clone() throws CloneNotSupportedException

{

Operation newo=(Operation)super.clone();

newo.PlanStartDate=(Date) this.PlanStartDate.clone();
newo.PlanEndDate=(Date) this.PlanEndDate.clone();

newo.setFirstSchedulableDate((Date)this.FirstSchedulableDate.clone());
newo.OrderDeliveryDate=(Date) this.OrderDeliveryDate.clone();

return newo;

}
public String toStringO()
{

String retval=new String();
if(!Active)
return "Passive";

if(!IsScheduled)
return "Cannot Scheduled!!!";

SimpleDateFormat dFormatter = new SimpleDateFormat("yyyy.MM.dd
HH:mm:ss");

retval+=String.format("OperationId| %5d | ", OperationId ) ;
retval+=String.format("MainOperationId| %5d | ", MainOperationld
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retval+=String.format("Start|%20s | ",
dFormatter.format(PlanStartDate) ) ;

retval+=String.format("End|%20s | ",
dFormatter.format(PlanEndDate ) ) ;

retval+=String.format("OperationTime|%10.1f |
",MachineTime.GetTimeInSecond()) ;

retval+=String.format("SetupTime|%10.1f | ",SetupSec) ;

retval+=String.format("TotalOperationtime| %10.1f | ",
TotalOperationtime ) ;
retval+=String.format("AfterOperation| %5d |

, AfterOperation )

if(Earliness>0)
{
retval+=String.format("Earliness | %10.1f | ",
Earliness ) ;

retval+=String.format("OrderDeliveryDate| %20s | ",
dFormatter.format(OrderDeliveryDate ) ) ;

else if(DiffJobEndDelivery>0)

{
retval+=String.format("DiffJobEndDelivery| %10.1f | ",
DiffJobEndDelivery ) ;
retval+=String.format("OrderDeliveryDate| %20s | ",
dFormatter.format(OrderDeliveryDate ) ) ;

}

return retval;

}
public String toString()
{
return MainOperationId+":"+OptText;
}

Schedulable.java

package baseUtils;

import java.text.SimpleDateFormat;
import java.util.Date;

public class Schedulable implements Comparable<Schedulable> , Cloneable {

Date AvailDate;
int MachineOrder, OperationOrder;
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public Schedulable(Date availDate, int machineOrder, int
operationOrder) {
super();
AvailDate = availDate;
MachineOrder = machineOrder;
OperationOrder = operationOrder;

}
@Override
public int compareTo(Schedulable arg®d) {
// Auto-generated method stub
return this.AvailDate.compareTo(argd.AvailDate);
}
public Object clone() throws CloneNotSupportedException
{
Schedulable o = (Schedulable)super.clone();
o.AvailDate=(Date)o.AvailDate.clone();
return o;
}

public String toString()

{
SimpleDateFormat dFormatter = new SimpleDateFormat("yyyy.MM.dd

HH:mm:ss");

return "MachineOrder: "+MachineOrder +", OperationOrder:
"+OperationOrder + " , Availdate : "+dFormatter.format(AvailDate) ;

}

public Date getAvailDate() {
return AvailDate;
}

public void setAvailDate(Date availDate) {
AvailDate = availDate;
}

public int getMachineOrder() {
return MachineOrder;
}

public void setMachineOrder(int machineOrder) {
MachineOrder = machineOrder;
}

public int getOperationOrder() {
return OperationOrder;

}

public void setOperationOrder(int operationOrder) {
OperationOrder = operationOrder;
}
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SetupMatrix.java

package baseUtils;

public class SetupMatrix extends Object implements Cloneable{

Matrix setupMatx;

public SetupMatrix(int p_element[],double p_default)
{

}

this.setupMatx=new Matrix(p_element, p_default);

public double GetSetup(int FromId,int ToId) throws Exception

{
return this.setupMatx.GetValueAt(FromId, ToId);

}
public void SetSetup(int FromId,int Told,double value) throws
Exception
{
this.setupMatx.SetValueAt(FromId, Told, value);
}

}

public Object clone() throws CloneNotSupportedException
{
SetupMatrix newm=(SetupMatrix)super.clone();
newm.setupMatx=(Matrix)newm.setupMatx.clone();

return newm;

}

ScheduleOperations.java

package Solver;

import
import
import
import
import

import
import
import
import
import

public
{

java.util.ArraylList;
java.util.Collections;
java.util.Date;

java.util.list;
java.util.concurrent.RecursiveTask;

baseUtils.Genome;
baseUtils.Machine;
baseUtils.Operation;
baseUtils.Schedulable;
baseUtils.Source;

class ScheduleOperations extends RecursiveTask<Genome>
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/**

*
*/
private static final long serialVersionUID = 8907332140603856954L ;

Genome currentGen;
Date ScheduleDate;

public ScheduleOperations(Genome currentGen,Date scheduleDate) {

super();
this.currentGen = currentGen;
this.ScheduleDate=scheduleDate;

}

@Override
protected Genome compute() {

return this.Schedule();

public Genome Schedule()

{
this.RefreshOperations();

this.GiveFirstOrderGoingOnJobs();
while(true)
{
Schedulable willSch=this.AssignMinStartDate();

if(willSch==null)
break;

this.ScheduleOpr(willSch);

return currentGen;

private void ScheduleOpr(Schedulable willSch) {

Operation
opr=currentGen.MachineList[willSch.getMachineOrder()].operations.get(willSch.
getOperationOrder());

opr.setIsScheduled(true);
opr.setActive(true);
opr.PlanStartDate=(Date)willSch.getAvailDate().clone();
currentGen.MachinelList[willSch.getMachineOrder()].CalculateEnd(willSch
.getOperationOrder());
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currentGen.MachinelList[willSch.getMachineOrder()].operations.set(willS
ch.getOperationOrder(),opr);
this.UpdateSourceNew(opr);

}

private void UpdateSource(Operation popr) {

for(Source src:currentGen.getOperationSources() )

{

if(src.getSourceType()==Source._Operation &&
src.getReleatedId()==popr.getMainOperationId())

src.setDeadLine(popr.PlanEndDate);
src.setIsAvailable(true);

if(src.getSourceType()==Source._Alternative &&
popr.getMainOperationId()==src.getOperationId() &&
popr.getOperationId()!=src.getReleatedId() )

{

Machine
m=currentGen.MachineList[src.getMachineId()];

for(Operation o:m.operations)

{
if(o.getOperationId()!=src.getReleatedId())
continue;
o.setAlternativeScheduled(true);
o.setActive(false);
}

private void UpdateSourceNew(Operation popr) {

ArraylList<Integer>
list=currentGen.getReleatedOprSource(popr.getMainOperationId());
if(list!=null)
{
for(Integer i:list)
{

Source src=currentGen.getOperationSources().get(i);

if(src.getSourceType()==Source. Operation &&
src.getReleatedId()==popr.getMainOperationId())

{
src.setDeadLine(popr.PlanEndDate);

src.setIsAvailable(true);
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}
}
list=currentGen.getOperationSource(popr.getMainOperationId());
if(list!=null)
{
for(Integer i:list)
{
Source src=currentGen.getOperationSources().get(i);
if(src.getSourceType()==Source._Alternative &&
popr.getMainOperationId()==src.getOperationId() &&
popr.getOperationId()!=src.getReleatedId() )
{

Machine m =
currentGen.MachineList[src.getMachineId()];

for(Operation o:m.operations)

{
if(o.getOperationId()!=src.getReleatedId())
continue;
o.setAlternativeScheduled(true);
o.setActive(false);
}

private Schedulable AssignMinStartDate() {
List<Schedulable> schList=new ArraylList<Schedulable>();

for(int i=0;i<this.currentGen.MachinelList.length;i++)

{
Schedulable r_sch=this.currentGen.GetFirstSchedulable(i);
if(r_sch==null)
continue;
schList.add(r_sch);
}

if(schList.size()==0)

return null;
Collections.shuffle(schList);
Collections.sort(schList);

return schList.get(0);

34



}

public void RefreshOperations()

{
for(Machine mach:currentGen.MachinelList)
{
for(Operation opr:mach.operations)
{
opr.setIsScheduled(false);
opr.setActive(true);
opr.setAlternativeScheduled(false);
opr.setEarliness(0);
opr.setDiffJobEndDelivery(0);
}
}
for(Source src:currentGen.getOperationSources())
{
if(src.getSourceType()==Source._Operation)
src.setIsAvailable(false);
}
}
public void GiveFirstOrderGoingOnJobs()
{

for(Machine wc:currentGen.Machinelist)

{

for(int i=0;i<wc.operations.size();i++)
{
if(wc.operations.get(i).getIsGoingOn() && i>0)
{
Collections.swap(wc.operations, 0, i);
wc.operations.get(i).setIsScheduled(true);

wc.operations.get(i).PlanStartDate=ScheduleDate;
wc.CalculateEnd(i);
break;

Maintenance.java

package Solver;

import
import

import
import

public

java.util.Collections;
java.util.concurrent.RecursiveTask;

baseUtils.Genome;
baseUtils.Machine;

class Maintenance extends RecursiveTask<Genome> {
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/**

*
*/

private static final long serialVersionUID = 6193243427083971819L;

Genome genome;

@Override
protected Genome compute() {
this.perform();

return genome;

public Maintenance(Genome pgen)

{

this.genome=pgen;

public void perform()

{
for(Machine m:genome.MachinelList)
{
for(int i=0;i<m.operations.size();i++)
{
this.CheckForSeq(m, i);
}
}
}

private void CheckForSeq(Machine m , int CurrOpSeq)

{

for(int x=CurrOpSeq+1;x<m.operations.size();x++)

{

if(m.operations.get(CurrOpSeq).getAfterOperation()==m.operations.get(x
) .getMainOperationId() )

{
Collections.swap(m.operations, CurrOpSeq, Xx);
this.CheckForSeq(m, CurrOpSeq);
break;

}

36



Mutation.java

package Solver;

import java.util.Collections;

import java.util.Random;

import java.util.concurrent.RecursiveTask;

import baseUtils.Machine;

public class Mutation extends RecursiveTask<Machine> {
private static final long serialVersionUID = -7942436616596160057L;

Machine MutationMachine;
double MutationRate;

public Mutation(Machine p_pach,double mrate)

{
this.MutationMachine=p_pach;
this.MutationRate=mrate;

}

@Override

protected Machine compute() {

return this.MutationCompute();

}

public Machine MutationCompute() {
int
WillBeMutate=((Double)(MutationMachine.operations.size()*MutationRate)).intVa
lue();
if(WillBeMutate<=0)
WillBeMutate=1;
if(WillBeMutate==1 && MutationMachine.operations.size()<2)
return MutationMachine;

Random rand=new Random();

for(int i=0;i<WillBeMutate;i++)

{
int
ChangeOperationNo=rand.nextInt(MutationMachine.operations.size()-1)+1;
int

NextOperation=this.GetNextOperation(ChangeOperationNo);
Collections.swap(MutationMachine.operations,
ChangeOperationNo, NextOperation);

}

return MutationMachine;
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private int GetNextOperation(int changeOperationNo) {
Random rand = new Random();

int nextopr=rand.nextInt(MutationMachine.operations.size());
while(changeOperationNo==nextopr)

{
nextopr=rand.nextInt(MutationMachine.operations.size());
}
return nextopr;
}
} -
GenProcess.java

package Solver;

import
import
import
import
import
import

import
import

public

java.util.ArraylList;
java.util.Collections;
java.util.Date;
java.util.lLinkedList;
java.util.list;
java.util.concurrent.RecursiveTask;

baseUtils.Genome;
baseUtils.Machine;

class GenProcess extends RecursiveTask<Genome> {

/**
*
*/
private static final long serialVersionUID = 6279559553031162373L;
Genome currGen;
List<Genome> GenList;
int AntCount;
public static int _AntMutation=0,_ GAMutation=1, BothMutation=2;
public double mutationRate;
public int MutationType=-1;
public int Level=2;

List<RecursiveTask<Genome>> forks ;

public GenProcess(Genome currGen,int pAntCount) {
super();
this.currGen = currGen;
this.AntCount=pAntCount;

@Override
protected Genome compute() {
return ProcessOnGen();
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public Genome ProcessOnGen()

{

int size=AntCount;
if(MutationType==2)
size=size*2;

GenList=new ArraylList<Genome>(size);
forks =new LinkedList<>();

try {

for(int i=0;i<AntCount;i++)

{

if(Level==1)

{
GenProcess gp2=new GenProcess(currGen,
gp2.MutationType=MutationType;
gp2.mutationRate=mutationRate;
gp2.Level=2;
forks.add(gp2);
gp2.fork();
continue;

}

Genome newGen=currGen.clone();

if(MutationType==_BothMutation ||
MutationType==_AntMutation)

{
this.DoAll(newGen, _AntMutation);

GenList.add(newGen);

}

if(MutationType==_BothMutation ||
MutationType==_GAMutation)

{
newGen=newGen.clone();
this.DoAll(newGen, _GAMutation);
GenlList.add(newGen);

}

} catch (CloneNotSupportedException e) {
// Auto-generated catch block
e.printStackTrace();

}catch(Exception e )

{
e.printStackTrace();
}
if(Level==1)
{

for(RecursiveTask<Genome> task : forks)

{
GenList.add(task.join());
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}

Collections.shuffle(GenList);
Collections.sort(GenList);

try {
Genome bestGen=(Genome)GenList.get(GenList.size()-

1).clone();

GenList.clear();
System.gc();
return bestGen;

} catch (CloneNotSupportedException e) {
// Auto-generated catch block
e.printStackTrace();
return null;

}

private void DoAll(Genome p_gen, int e_type)
{

this.Evolution(p_gen,e_type);

// Mutation

this.Maintenance(p_gen);

// maintain

this.ScheduleOps(p_gen);

// operation maintenance

this.CalcFitness(p_gen);

private void CalcFitness(Genome currGen2) {
FitnessCalculator FC=new FitnessCalculator(currGen2);
currGen2.setFitnessValue(FC.CalcFitness());

private void ScheduleOps(Genome currGen2)
{
ScheduleOperations SO=new ScheduleOperations(currGen2,
currGen.getScheduleDate());
S0.Schedule();

}

private void Evolution(Genome pgenome,int E_type)
{
for(Machine m : pgenome.Machinelist)
{
if(E_type==_AntMutation)
{
AntMutation mutate=new AntMutation(m);
mutate.SchStartDate= (Date)
currGen.getScheduleDate().clone();
m=mutate.MutationCompute();
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else
{
Mutation mutate=new Mutation(m,mutationRate);
m=mutate.MutationCompute();
}
}
}
private void Maintenance(Genome pgenome)
{
Maintenance mp=new Maintenance(pgenome);
mp.perform();
}
}
GaAntSolver.java

package Solver;

import
import
import
import
import
import

import
import
import

import

public

java.util.Collections;
java.util.Date;
java.util.LlinkedList;
java.util.list;
java.util.Random;
java.util.concurrent.*;

org.apache.commons.math3.stat.descriptive.DescriptiveStatistics;

baseUtils.DNA;
baseUtils.Genome;
baseUtils.Machine;

class GaAntSolver extends RecursiveAction {

/**

*

*/
private static final long serialVersionUID = 1L;

boolean forkjoin=false;

int iteration,iterationCount,MutationChange;

int populationSize;

DNA population;

DNA bestPopulation;

int BestPopulationSize;

int AntCount=1;

int IterationWithoutHeal=0;

public int MutationType=GenProcess._BothMutation;
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double Q=0.1,rho=1.00;
double GQ=0.0,Grho=1.50;

double CrossOverRate=0.25;

double MainMutationRate=0.50;

double MutationDecreaseFactor=60.005;
Date ScheduleDate;

Genome Problem;

List<RecursiveTask<Genome>> forks ;

DescriptiveStatistics stats;
DescriptiveStatistics BestStats;

public GaAntSolver()

{
iterationCount=0;
iteration=0;
populationSize=0;
ScheduleDate=new Date();
forkjoin=false;

}

@Override

protected void compute() {

forkjoin=true;
this.run();

public void run() {
Problem.buildSourceMap();

// generate first population

// operation maintenance

// Calculate Fitness Value
this.GenerateFirstPopulation();

// System.out.println(population.toString());
BestStats=new DescriptiveStatistics();
IterationWithoutHeal=0;

double lastBest;

lastBest=-999999999;
while(iteration<iterationCount)

{

iteration++;

if(forkjoin)
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forks =new LinkedList<>();

this.GenerateNewPopulation();

for(int i=0;i<populationSize;i++)

{

population.populationlist.set(i,
this.ProcessOnGen(population.populationlist.get(i)));

}

if(forkjoin)
population.populationlist.clear();

for (RecursiveTask<Genome> task : forks)

{

population.populationlist.add(task.join());

}

// Collect Best Genomes
this.KeepBests();

// Global Feromon Upgrade
this.FeromonUpdate();

IterationWithoutHeal++;

if(lastBest<bestPopulation.populationlist.get(BestPopulationSize-
1).getFitnessValue())
{

lastBest=bestPopulation.populationlist.get(BestPopulationSize-
1).getFitnessValue();
BestStats.addValue(lastBest);
System.out.println("Iteration:"+iteration+’
Best Value:"+bestPopulation.populationlist.get(BestPopulationSize-
1).getFitnessValue());

IterationWithoutHeal=0;
¥

stats = new DescriptiveStatistics();

for(Genome g:population.populationlist)

{
}

MainMutationRate-=MutationDecreaseFactor;

stats.addValue(g.getFitnessValue());

if(MainMutationRate<0.05)
MainMutationRate=0.05;
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System.gc();

if(IterationWithoutHeal>100)
break;

}

System.out.println("Total Iteration Count:"+iteration);
System.out.print(bestPopulation.toString());

private void GenerateFirstPopulation()

{

try {
Random rnd=new Random();

forks =new LinkedList<>();

for(int i=@;i<populationSize;i++)

{
Genome b=(Genome)Problem.clone();
for(Machine m:b.MachinelList)
{
Collections.shuffle(m.operations, rnd);
}
b=this.ProcessOnGen(b);
if(!forkjoin)
population.populationlist.add(b);
}
if(forkjoin)
{
population.populationlist.clear();
for (RecursiveTask<Genome> task : forks)
{
population.populationlist.add(task.join());
}
}

population.SortGenomes();
bestPopulation=new DNA(BestPopulationSize);
for(int i=0;i<BestPopulationSize;i++)

{
bestPopulation.populationlist.add((Genome)

population.populationlist.get(populationSize-i-1).clone());
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} catch (CloneNotSupportedException e) {

e.printStackTrace();

}

private void KeepBests() {

DNA tempPop=new DNA(BestPopulationSize);
population.SortGenomes();
bestPopulation.SortGenomes();

for(int i=1;i<=BestPopulationSize;i++)

{

tempPop.populationlist.add(bestPopulation.populationlist.get(bestPopul
ation.populationlist.size()-1i));

tempPop.populationlist.add(population.populationlist.get(population.po
pulationlist.size()-1i ));

}

tempPop.SortGenomes();

bestPopulation=new DNA(BestPopulationSize);

try {
for(int i=0;i<BestPopulationSize;i++)

{

bestPopulation.populationlist.add((Genome)tempPop.populationlist.get(i
+BestPopulationSize).clone());

}
} catch (CloneNotSupportedException e) {

e.printStackTrace();
}

return;

}

private Genome ProcessOnGen(Genome currGenome) {

GenProcess gp;

try {
Double GenMutationRate=MainMutationRate;

gp = new GenProcess((Genome)currGenome.clone(),AntCount);

if(MutationType==GenProcess._ BothMutation)

{
if(iteration>(MutationChange))

gp.MutationType=GenProcess._GAMutation;

else
gp.MutationType=MutationType;
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}

else
gp.MutationType=MutationType;

if(stats!=null && currGenome.getFitnessValue()!=0 )
{

double diff=currGenome.getFitnessValue() -
stats.getMean();
double templ=0.0;

templ=((diff/stats.getStandardDeviation()));

GenMutationRate=GenMutationRate-
(GenMutationRate*templ);
if(GenMutationRate>0.75)
GenMutationRate=0.75;
else if(GenMutationRate<0.05)
GenMutationRate=0.05;

gp.mutationRate=GenMutationRate;
gp.Level=2;

if(forkjoin)
{
forks.add(gp);

gp.fork();
}

else
currGenome=gp.ProcessOnGen();

} catch (CloneNotSupportedException e) {

e.printStackTrace();
return null;

return currGenome;

private void GenerateNewPopulation() {

this.AllCrossOver();

}

private void FeromonUpdate()

{
for(Genome currGenome : population.populationlist)
{

for(int i=0;i<currGenome.MachinelList.length;i++)

{

Machine m=currGenome.MachinelList[i];
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try {

// local gincellemeler

FeromonUpdater FrUpL=new FeromonUpdater(m,
Q,rho);
FrUpL.Calc();

// Global gincellemeler

FeromonUpdater FrUpG=new
FeromonUpdater(bestPopulation.populationlist.get(BestPopulationSize-
1).MachineList[i].operations,m.feromon , GQ,Grho);

FrUpG.Calc();

} catch (Exception e) {

e.printStackTrace();

}

return;

private void AllCrossOver()

{
Random rand = new Random();
/*sort population on fitness value */
population.SortGenomes();
/*how many genomes will be created*/
int

crossoverGenome=( (Double) (populationSize*CrossOverRate)).intValue();

/* others are stayed */
int stayedGenome=populationSize-crossoverGenome;

for(int i=0;i<crossoverGenome;i++)
{
int first=rand.nextInt(stayedGenome);
int second=0;
while(true)
{
second=rand.nextInt(stayedGenome);
if(first!=second)
break;

}

CrossOver crossGenomes=new
CrossOver(population.populationlist.get(first),population.populationlist.get(
second));

Genome newGen=crossGenomes.compute();

population.populationlist.set((stayedGenome+i), newGen);
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}

public int getIterationCount() {
return iterationCount;

}

public void setIterationCount(int iterationCount) {
this.iterationCount = iterationCount;
this.MutationChange = iterationCount/2;

}

public int getAntCount() {
return AntCount;

}

public void setAntCount(int antCount) {
AntCount = antCount;

}

public int getBestPopulationSize() {
return BestPopulationSize;

}

public void setBestPopulationSize(int bestPopulationSize) {
if(bestPopulationSize<populationSize)
BestPopulationSize=bestPopulationSize;
else
BestPopulationSize = populationSize;
}
public int getPopulationSize() {
return populationSize;

}

public void setPopulationSize(int populationSize) {
this.populationSize = populationSize;
this.population=new DNA(populationSize);

}

public int getIteration() {
return iteration;

}

public void setIteration(int iteration) {
this.iteration = iteration;

}

public double getCrossOverRate() {
return CrossOverRate;

}

public void setCrossOverRate(double crossOverRate) {
CrossOverRate = crossOverRate;
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}

public double getMainMutationRate() {
return MainMutationRate;

}

public void setMainMutationRate(double mainMutationRate) {
MainMutationRate = mainMutationRate;

}

public Date getScheduleDate() {
return ScheduleDate;

}

public void setScheduleDate(Date scheduleDate) {
ScheduleDate = scheduleDate;

}

public Genome getProblem() {
return Problem;

}

public void setProblem(Genome problem) {
Problem = problem;

}

public int getMutationChange() {
return MutationChange;

}

public void setMutationChange(int mutationChange) {
MutationChange = mutationChange;

}

FitnessCalculator.java
package Solver;

import java.util.Arraylist;

import java.util.Calendar;

import java.util.Date;

import java.util.concurrent.RecursiveTask;

import baseUtils.GeneralTime;
import baseUtils.Genome;
import baseUtils.Machine;
import baseUtils.Operation;
import baseUtils.Source;
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public class FitnessCalculator extends RecursiveTask<Double> {

/**
*
*/
Genome CurrGen;
public int TimeType=GeneralTime._HOUR;

double TotalProcessCompleteTime, AllOperationTardiness ,
AvgOperationsTardiness,
FlowTime,
IdleTimeTotal, IdleCost,
TotalOutSource,
SetupTime,
SetupCost,
OperationCost,
TotalOperationCost, DiffJobEndDelivery,
Earliness,
ScheduledPercentage, TotalMaxEarliness,

TotalFitness;
double FactorTotalProcessCompleteTime=0,
FactorAllOperationTardiness=0 ,
FactorAvgOperationsTardiness=0, FactorFlowTime=0,
FactorIdleTimeTotal=0,

FactorIdleCost=0,
FactorTotalOutSource=0,
FactorSetupTime=0,

FactorSetupCost=0,
FactorOperationCost=0,

FactorTotalOperationCost=0,
FactorDiffJobEndDelivery=0,
FactorEarliness=0;

private static final long serialVersionUID = -583882000305277806L;
public FitnessCalculator(Genome currGen) {

super();
CurrGen = currGen;

@Override
protected Double compute() {

return this.CalcFitness();

}

public Double CalcFitness()

{
TotalFitness=0;
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this.CalcTotalProcessCompleteTime();
this.CalcAllOperationTardiness();
this.CalcIdle();
this.CalcTotalOutSource();
this.CalcOprCost();
this.CalcFlowTime();
this.CalcDiffJobEndDelivery();
this.CalcSchPerc();

TotalFitness=(ScheduledPercentage)* (Earliness -
5*DiffJobEndDelivery - 2*FlowTime - 2*IdleTimeTotal ) ;

this.CurrGen.FC=this;

return TotalFitness; // /1000000.0;

}

private void CalcSchPerc()

{
int total=0,scheduled=0;

ScheduledPercentage=0;

for(Machine m:CurrGen.MachinelList)

{

for(Operation o:m.operations)

{

total++;
if(o.getIsScheduled() ||
o.getAlternativeScheduled())
scheduled++;

}

ScheduledPercentage=scheduled/total;

private void CalcDiffJobEndDelivery()

{
DiffJobEndDelivery=0;

Earliness=0;
TotalMaxEarliness=0;

for(Machine CM:CurrGen.Machinelist)

{

for(Operation co:CM.operations)

{
if(!co.getActive())
continue;
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ArraylList<Integer>
sources=CurrGen.getOperationSource(co.getMainOperationId());

if(sources==null) continue;

for(int s_index:sources)

{

Source
sc=CurrGen.getOperationSources().get(s_index);

if(sc.getOperationId()!=co.getMainOperationId() ||
sc.getSourceType()!=Source._Order)
continue;

Calendar timeCal=Calendar.getInstance();

timeCal.setTime(CurrGen.getScheduleDate());

timeCal.add(Calendar.SECOND, (int)
co.TotalOperationtime );

TotalMaxEarliness+= ( (double) (
(sc.getDeadLine().compareTo(timeCal.getTime()) )/1000.0*3600.0 ));

if(sc.getDeadlLine().before(co.PlanEndDate))
{

co.setDiffJobEndDelivery(GeneralTime.getTimeIn(((double)(co.PlanEndDat
e.getTime()- sc.getDeadLine().getTime())/1000),TimeType));

DiffJobEndDelivery+=co.getDiffJobEndDelivery();

}

else

{

co.setEarliness(GeneralTime.getTimeIn(((double)(sc.getDeadlLine().getTi
me() - co.PlanEndDate.getTime() )/1000),TimeType));

Earliness+=co.getEarliness();

TotalMaxEarliness=GeneralTime.getTimeIn(TotalMaxEarliness,TimeType );
//Earliness=GeneralTime.getTimeIn(Earliness,TimeType );

}
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private void CalcOprCost()

{
SetupCost=0;
OperationCost=0;
TotalOperationCost=0;
SetupTime=0;

for(Machine CM:CurrGen.Machinelist)

{
if(CM.getMachineType()!=Machine. Type Normal)

continue;

for(Operation OP:CM.operations)
{

if(!0P.getActive())
continue;

SetupCost+= OP.getSetupSec()*0P.getSetupCost();

double
OprCost=0P.getMachineCost()*0P.getMachineTime().GetTimeInSecond();

//0prCost+=0P.getSetupTime().GetTimeInSecond()*0P.getSetupCost();

OperationCost+=0prCost;
SetupTime+=0P.getSetupSec();

}

SetupTime=GeneralTime.getTimeIn(SetupTime, TimeType);
TotalOperationCost=SetupCost+OperationCost;

private void CalcTotalOutSource()

{
TotalOutSource=0;
for(Machine CM:CurrGen.MachinelList)
{
if(CM.getMachineType()==Machine. Type Normal)
continue;
for(Operation OP:CM.operations)
{
if(!0P.getActive())
continue;
TotalOutSource+=
OP.getOutSourceCost()*0P.getOutSourceQuantity();
}
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private void CalcIdle()
{

IdleTimeTotal=0;
IdleCost=0;

for(Machine CM:CurrGen.Machinelist)

{

Date LastEnd = CurrGen.getScheduleDate();

for(Operation OP:CM.operations)

{
if(!0P.getActive())
continue;

long idletime=(OP.PlanStartDate.getTime() -
LastEnd.getTime() )/1000;

IdleTimeTotal+=idletime;

IdleCost+= idletime*CM.getIdleCost();

LastEnd=0P.PlanEndDate;

}

IdleTimeTotal=GeneralTime.getTimeIn(IdleTimeTotal, TimeType );

private void CalcAllOperationTardiness() {

AllOperationTardiness=90;
AvgOperationsTardiness=0;

for(Machine cm:CurrGen.Machinelist)

{

for(Operation co:cm.operations)

{
if(!co.getActive())
continue;

if(co.PlanStartDate.after(co.getFirstSchedulableDate()))
{
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long Diff= (co.PlanStartDate.getTime() -
co.getFirstSchedulableDate().getTime())/1000;

AllOperationTardiness+=Diff;

AllOperationTardiness=GeneralTime.getTimeIn(AllOperationTardiness,Time
Type );

AvgOperationsTardiness=AllOperationTardiness/TotalProcessCompleteTime;

private void CalcTotalProcessCompleteTime()

{

TotalProcessCompleteTime=0;

for(Machine CM:CurrGen.Machinelist)

{
for(Operation OP:CM.operations)

{
if(!0P.getActive())
continue;

TotalProcessCompleteTime+=
(OP.PlanEndDate.getTime()-OP.PlanStartDate.getTime())/1000;

TotalProcessCompleteTime=GeneralTime.getTimeIn(TotalProcessCompleteTim
e,TimeType );
}

private void CalcFlowTime()

{
Date MinStart , MaxEnd;

MinStart=CurrGen.getScheduleDate();
MaxEnd=CurrGen.getScheduleDate();

FlowTime=0;
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for(Machine CM:CurrGen.MachinelList)

{
for(Operation OP:CM.operations)

{
if(!0P.getActive())
continue;

if(MinStart.after(OP.PlanStartDate) )
MinStart=(Date) OP.PlanStartDate.clone();

if(MaxEnd.before(OP.PlanEndDate))
MaxEnd=(Date)OP.PlanEndDate.clone();

}

FlowTime= (MaxEnd.getTime()-MinStart.getTime())/1000;

FlowTime=GeneralTime.getTimeIn(FlowTime, TimeType );

}

public String toString()
{

String retval="";

retval+="\n TotalProcessCompleteTime:
"+TotalProcessCompleteTime;
retval+=" | AllOperationTardiness: "+AllOperationTardiness;

retval+=" | AvgOperationsTardiness: "+AvgOperationsTardiness;
retval+=" FlowTime: "+FlowTime;

retval+=" IdleTimeTotal: "+IdleTimeTotal;

retval+=" IdleCost: "+IdleCost;

retval+=" TotalOutSource: "+TotalOutSource;

retval+=" SetupTime: "+SetupTime;

|
|
|
|
|
|
retval+=" | SetupCost: "+SetupCost;
|
|
|
|
|
|

retval+=" OperationCost: "+OperationCost;

retval+=" TotalOperationCost: "+TotalOperationCost;
retval+=" | DiffJobEndDelivery: "+DiffJobEndDelivery;
retval+=" Earliness: "+Earliness;

retval+=" ScheduledPercentage: "+ScheduledPercentage;
retval+=" TotalMaxEarliness: "+TotalMaxEarliness;

return retval;

FeromonUpdater.java
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package Solver;

import java.util.List;
import java.util.concurrent.RecursiveTask;

import baseUtils.FeromonMatrix;
import baseUtils.Machine;
import baseUtils.Operation;

public class FeromonUpdater extends RecursiveTask<FeromonMatrix>{

/>I<>I<
*
*/
private static final long serialVersionUID = -3471313862237293303L;

List<Operation> Operations;
FeromonMatrix Feromon;
double Factor,rho;

boolean Updrho;

public FeromonUpdater(List<Operation> operations,FeromonMatrix
feromon,double factor,double p_rho) {
super();
Operations=operations;
Feromon=feromon;

Factor=factor;
rho=p_rho;
Updrho=false;

}
public FeromonUpdater(Machine p_machine,double factor,double p_rho) {
super();
Operations=p_machine.operations;
Feromon=p_machine.feromon;
Factor=factor;
rho=p_rho;
Updrho=true;
}
@Override
protected FeromonMatrix compute() {
// Auto-generated method stub
try {
return this.Calc();
} catch (Exception e) {
// Auto-generated catch block
e.printStackTrace();
return null;
}
}

public FeromonMatrix Calc() throws Exception

{
int lastOprSeq=0;
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// update first operation

boolean isFirst=true;

for(int i=0;i<Operations.size();i++)
{
if(Operations.get(i).IsScheduled==false)

{
//lastOprSeq=i;
continue;

}

if(isFirst)
{

Feromon.SetFeromonPlus(Operations.get(i).getOperationId(),Operations.g
et(i).getOperationId() , Factor);
isFirst=false;
lastOprSeq=i;
continue;

Feromon.SetFeromonPlus(Operations.get(lastOprSeq).getOperationId(),Ope
rations.get(i).getOperationId() , Factor);
lastOprSeq=i;
}

if(Updrho)
this.Evaporation();

return Feromon;

public void Evaporation()

{
Feromon.matrix.UpdateAll(rho);
}
}
CrossOver.java

package Solver;

import java.util.Random;
import java.util.concurrent.RecursiveTask;

import baseUtils.Genome;

public class CrossOver extends RecursiveTask<Genome> {
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/**

*
*/
private static final long serialVersionUID = 6654597963076227009L;

Genome Genomel;
Genome Genome2;

public CrossOver(Genome p_Genomel,Genome p_Genome2)

{

this.Genomel=p_Genomel;
this.Genome2=p_Genome2;

protected Genome compute() {
// Auto-generated method stub
return this.CrossOverCompute();

}

public Genome CrossOverCompute()

{

Random rand = new Random();
try {

if(this.Genomel!=null && this.Genome2!=null)
{

Genome child=(Genome)Genomel.clone();
child.setFitnessValue(0.0);

for(int i=0;i<Genomel.MachinelList.length;i++)

{

if(rand.nextBoolean())

{

child.MachinelList[i]=Genomel.MachinelList[i].clone();

}

else

{

child.MachinelList[i]=Genome2.MachinelList[i].clone();

}
}

return child;

}

} catch (CloneNotSupportedException e) {
// Auto-generated catch block
e.printStackTrace();

}

return null;
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AntMutation.java

package Solver;

import
import
import
import
import

import

public

java.util.Calendar;
java.util.Collections;
java.util.Date;

java.util.Randonm;
java.util.concurrent.RecursiveTask;

baseUtils.Machine;

class

/**

*

*/

AntMutation extends RecursiveTask<Machine> {

private static final long serialVersionUID = -7942436616596160057L;

Machine MutationMachine;

double
Random
double
public

public
{

MutationRate;
rand;

alpha,beta;

Date SchStartDate;

AntMutation(Machine p_pach)
this.MutationMachine=p_pach;

this.MutationRate=p_pach.MutationRate;
rand=new Random();

alpha=3;
beta=2;
}
@Override

protected Machine compute() {

}

public

return this.MutationCompute();

Machine MutationCompute() {

if(MutationMachine.operations.size()<2)
return MutationMachine;

// set first operation

int FromSeq=this.GetFirstOperation();

int CurrSeq=0;

Collections.swap(MutationMachine.operations, CurrSeq,FromSeq);
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int WillBeMutate=MutationMachine.operations.size()-1;
// set other operations

while(WillBeMutate>9)

{
CurrSeq++;
FromSeq=this.GetNextOperation(CurrSeq);
Collections.swap(MutationMachine.operations,
CurrSeq, FromSeq);
WillBeMutate-=1;
}

return MutationMachine;

}

private int GetNextOperation(int pCurrSeq)
{
int OprCount=MutationMachine.operations.size()-pCurrSeq;
if(OprCount==1)
return pCurrSeq;

double[] probs=new double[OprCount];
double[] taueta=new double[OprCount];
double total=0.09;

int ToOpr=0;

for(int i=1;i<OprCount;i++)

{
ToOpr=i+pCurrSeq;

try {
double Visibility=1;

taueta[i]=MutationMachine.feromon.GetFeromon(MutationMachine.operation
s.get(pCurrSeq) .getOperationId(),
MutationMachine.operations.get(ToOpr).getOperationId());

Visibility=1/Math.pow((MutationMachine.operations.get(ToOpr).getLevel(
)),2);

Calendar cal = Calendar.getInstance();

cal.setTime(SchStartDate);

cal.add(Calendar.MINUTE, (int)
MutationMachine.operations.get(ToOpr).TotalOperationtime);

double x=
((MutationMachine.operations.get(ToOpr).OrderDeliveryDate.getTime() -
cal.getTime().getTime())/(3600000));

if(x==0)

x=1;

Visibility*= (1/x) ;
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taueta[i]=Math.pow(taueta[i],alpha ) *
(Math.pow(Visibility, beta));

total+=tauetal[i];

} catch (Exception e) {
e.printStackTrace();
return -1;

}

for(int i=0;i<OprCount;i++)

{
probs[i]=taueta[i]/total;

}
total=0.09;

for(int i=0;i<OprCount;i++)
{

total+=probs[i];
probs[i]=total;

double prb=rand.nextDouble();

for(int i=0;i<OprCount;i++)

{
if( prb<probs[i+1]) // prb>probs[i] &&
return i+pCurrSeq;
}
return -1;

private int GetFirstOperation()
{
int OprCount=MutationMachine.operations.size();
double[] probs=new double[OprCount];
double[] taueta=new double[OprCount];
double total=0.09;

for(int i=0;i<OprCount;i++)
{

try {
double Visibility=1;

taueta[i]=MutationMachine.feromon.GetFeromon(MutationMachine.operation
s.get(i).getOperationId(),
MutationMachine.operations.get(i).getOperationId());

Visibility=1/Math.pow((MutationMachine.operations.get(i).getLevel()),2
)

Calendar cal = Calendar.getInstance();
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cal.setTime(SchStartDate);

cal.add(Calendar.MINUTE, (int)
MutationMachine.operations.get(i).TotalOperationtime);

double x=
((MutationMachine.operations.get(i).OrderDeliveryDate.getTime() -
cal.getTime().getTime())/3600000);

if(x==0)

x=1;

Visibility*= (1/x) ;

taueta[i]=Math.pow(taueta[i],alpha ) *
(Math.pow(Visibility, beta));
total+=tauetal[i];

} catch (Exception e) {
e.printStackTrace();
return -1;

}

// cumulative

for(int i=0;i<OprCount;i++)

{
probs[i]=taueta[i]/total;

}
// Distribute

total=0.0;
for(int i=0;i<OprCount;i++)
{

total+=probs[i];
probs[i]=total;

double prb=rand.nextDouble();

for(int i=0;i<OprCount;i++)

{
if( prb<probs[i])
return i;
}
return -1;
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