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CizelgelemeNedir?




GenelBakE L

Dersin Amaci

Endustridekarsilasilanf a rtiptdkiEizelgeleme problemlerile ilgili:

r Temelterminolojiyisunmak.

r Bunlarin matematiksel olarak nasil modellenebileceginigostermek

r CoOzumenmesive analiz edilmesinde kullanilan yontemleriornekler ve paket program

(LEKIN®)uygulamalariylaaciklamak
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GenelBakE L

Dersin Web Sayfasi

http://ikucukkoc.baun.edu.tr/lectures/[EMM4129

DeKerl endir me
r Vize 0640) + Final (%60)
r  Finalp u a n ®30Hddnemicindey a p E lolanprjédena | Enacakt Er

DerseKatfE m

r Derslerezamanindagelmenizgerekmektedir

r 5 haftayadadahafazlad e v a mydpan? K k e ndceivlaenrs EbzH rEakkiv@finale &k a v E n a

al Enmayacakt Er

Derstekesinlikle cep telefonu vb. konuylaalakasZ materyallerleilgilenilmemesibeklenmektedit
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h

Yarar|l anEIl acak Kayna

r k SEr aledimsdgelemeDersNot | ar E
Prof. Dr. HuseyinBasligil
http://www.yarbis.yildiz.edu.tr/basligil/course/viewCourse/id/461

r  UretimdeS E r a VveZizedgelemeDersNot | ar E
Yrd Doc.Dr. A. AycaSupciller

r Principles of Sequencing and Scheduling
Kenneth R. Baker, Darrietsch
http://eu.wiley.com/WileyCDA/WileyTitle/productC&470391650.html
Numerical Examples
http://ikucukkoc.baun.edu.tr/lectures/lecturenotes/EMM4129/Baker _Numerical Examples Excel_Files.zip

r - Algorithmsfor Sequencingand Scheduling
Ibrahim M. Alharkan
http://ikucukkoc.baun.edu.tr/lectures/lecturenotes/EMM4129/Algorithms_for Sequencing_and_Scheduling.pdf

r Production Planning and Industrial Scheduling: Examples, Case Studies and Applications, Second Edition
Dileep R. Sule
https://www.crcpress.com/ProductionPlanningand-IndustriatSchedulingExamplesCaseStudies
and/Sule/p/book/9781420044201
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ALGORITHMS FOR SEQUENCING AND

Principles of. Sequencing SCHEDULING BT e o
and Scheduling 1 PLANNING
and
Keuneth R. Baker and Dan Trietsch INDUSTRIAL
SCHEDULING
ol S 8 & | .Tob ety ¢ 1 l‘[ll
1R e i '
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Der s L(-eriKi

A Tek Makine A Paralel

Cizelgeleme Makine
\.

Cizelgeleme

J
( )
A A k TEifi A AtolyeTipi
(;lzelgeleme Cizelgeleme
J
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Kul |

LlekiN®

Flexible Job Shop Scheduling System

nra

_ :"’r- 5
| 2

Leonard N. Stern School of Business
New York University

Lekin® - New York University

anEl acak

Paket

P

(52§ LEKIN - flexible job-shop scheduling system — O *
Workspace File 5Schedule Job  Operation Sot JTools Window Help
2@ 3¢ &/ vEen 1EEE R 2
=
il ®: Machine Park - Machines * (Flexible W E@@ \JohPool—Johs{Single—operationjohs} E@
| .
gl 4 =21 = Y e ) ] R e B g 2 1 e R ) e o T
n} MCs Awail Status D Waht Rls Due Prim. Stat.
300 |
Main Menu
Create a new framework
e e
[
o G e,
1
e % |e
For‘ljelp_ press F1 MNUM

U Lollaborations

Download:http://web -static.stern.nyu.edu/om/software/lekin/download.html
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S Er a VvesCimelgeleme\edir?

" Bir dizii Lbelinli 6zelliklerinegéres E r dizilnsesii L | e snk m & tleaim a

" Cizelgelemease sE n E m { E a knakine, E b, d © n a,ml&t mb.) belirli bir amag
veyaamaclard o Kr u | thelslik Ed &t t &abelidi birzamanar al EK
i L | aetraen nheilgilikarar verme sirecidir.

kL ¢i z éirtgiatiod nuel ti praa n a leldekikek E n
veyacoks a y makiaelerdehangis E r ,melzaman
i Ll enescaKti anmasEdET
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¢C1 zel gel emeni n

A Faaliyet Uretim, servisvb.) ]

A Kaynak(Makine, Operator vb.)]

A Zaman (Baslama, Bitis, vb.) ]

€€
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S Er a VvesCimelgeleme\edir?

(Resource Kaynak.
¥r ne Ki n Opkaatori.)n e ,

Resource 1 1 2

Resource 2 2 1

Resource 3 3 2
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https://goo.gl/images/Ee8y6e

r Cizelgeleme faaliyeti sonucu,iburetim veyahizmet
merkezindei L | gérmesigerekenbirden fazla
s ay E ddhamgis Edileey ap El acaKE bR

" Y a p BIEdimerformanskriteri veyak u r adore
de Ker | ,@nm dielkgelanilki L | gérimveya
en acilolanilk i L | gérimgibi kurallar olabilir.



https://goo.gl/images/h1L7VV
https://goo.gl/images/D9fPtK
https://goo.gl/images/uckcSb

¢i zel gel emeni n o0eno

" Uretimo | a n a kénaetkigomieimdek ul | anEIl mas E
" M¢ L ttadeplérineo | a b i | odabukdicavapeeriimesi

"k L |, eslim tarihlerinde gecikmeyeneden olunmadan
t amaml anmaseE

" Y a mdgnul envanterininen kiicuiklenmesi
" Fazlamesai- a | E L mad kaciikiemniesi
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¢i1 zel gel eme Uygul ama

r  KaynakK E sPojetiZelgeleme

" Montajh at | airelgeldBmesi

r Ucak Otobud TrenCizelgeleme
Hastanelerdedoktor/ h e m Ldizelgeleme
r Dersp r o g/rs &miaelgeleme

r Otel havayoluaraba rezervasyonsistemleri

r Mdurettebat cizelgeleme
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Projecizelgeleme

Atllyecizelgeleme

Esnekmontajh a t | aizekeldamesi
Ekonomikparti ¢izelgeleme
Tedarikzincirinde planlamave cizelgeleme

Araqg Ekipman (AGVying) cizelgelemeve
rotalama
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Cizelgeleme Neleri Onler?

" Si par gektesén edilmesi,

r Kurulukapasitenintamk ul | anE|l mamas E
r Uretimtemin siresininar t ma s E

r Uretimded ar boKazl ar

r WIPSst ok | arr tEm&ENE

' M¢ Lt ermelmnruind y,et si z | |

" M¢ L tkearyib E

bohiler.drg pan: tevsan
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Planlama | Girdiler Hesaplamalar ve Planlar /Cizelgeler | Cikiilar
Aralifn Kararlar
| 1- Urstim faalivetled
plam
2-  Major Tedarkgi Plam
R i 3- Majsr isleme, proses
Uzun Vade gelistimme planlan
(vmun donem planlama
igin stratefik te=knaloji,
dizayn vs gelistimme ve
ssomne stratejilerd)
1- 15 gicw planlsn
} - Malzemes tedarilde
Kazpasie -
Faadan ilgili kontratlar
L 4
3 3~ Faalivetr Dieisiklik
Oria Vade Otz Vadeh Taph Uretim
Talep Flam planlar
Tamzl=: B 4  SwkPlanlo
:ﬁ - sa Vadseli bitmis
15 Vs 1- Eaza adeli  bitmis
Kapagie cizelgesi
Fica Vadel Fondan P
Taep - Her iz merherinde
Tahminleri Stk Ans Ur=tim tretlecek kiEa vaddi
Diurumun >' Flan1 )
parca,  alt  montsj,
B —_ o arlen
= bimi; madde 3 [; merkezindsli tretim
tabep t2bmmind
czelresing
T ger 15 Markes “: destek leyecek malzeme
Sinaijle Yildeme ¥
Kisa Vad Faspe Kapusite plant
sa Vade ot vz Ny o
= e 4 Iz metkezleri kgin
IF Mackes Flanlaman h
Cizelgeleme [ gerekli olan kasa vadeli
Faratlan
Tedaikglesin arilye planlen
e Stk Drrama (partilerin hamketler,
— (pargalas) ¥
112 gvar planlan ve.)
| Dmvag
Aalrems Flanlaman
Drasomm
L
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Uretimde Cizelgeleme Trleri

e

Q

CIE) Statik

re) At °l yeye gel e

@) gore

o Dinamik

Q

= |

Q Tek makine

CD kLl erin ve|fharcr mararen . .

k=2 sayEsEnalg" - - AKEL tipi at°ly
GN) Cok makine

O Sipari L tipi ato?©
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Vd

kLI eri n ve Makl nal ar

" Tekmakine cizelgeleme
rParalelmakine cizelgeleme

" Ak &plLcizelgeleme

r Atolyetipi cizelgeleme — |
L]
Schedule ABC | M, J
L]
: OO0 OO =+
2 : ! Jobs waiting in queue I—l
Schedule CAB N J
Il [
| [
Time
1 3 T
Tekmakineli cizelgelemeo r t a mE Paralelmakinelicizelgelemeo r t a mE

https://goo.ql/images/08S8ME5m
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AKEL Ti plowsHopet i m (

Kkl erin rotal arée aynédéer (akeéeck

Input
Machine Machine Machine & Machine Machine
1 2 3 ’ M-1 M
output PVC Extrusion
| Gaylord of Matenal |
— | Extroded PartProie Vacuum Sizers Vacoum Loader
LHEHEI_! = .
" Fuushed Product | T — l
Em I_enmhﬂ Puller | Bytewnse | .E'mll.ng ka: Due | Extruder »
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Atolye Tipi UretinfJobshop)

Her

Input

Machine

1

output

Il kK farkl & bir rota
Input Input Input Input
| Machine MachiM : Yy Machine Machine
2 ‘ 3 ©- M-1 M
output output output output

A
|

Z |

er
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Atolye Tipi UretinfJobshop)

O O O https://ggo.gl/images/jW3elJ
O =—=) Machine 1 % Machine 2 — [I
- >
— 3 _

D ¢&——= Machine 6 Machine 5

. J
O Input

https://goo.qgl/images/5ur3p9

2 8 Job Shop

--------- -{ Drilling Machine}--------------

1}

Raw matertals of component 1 :
— 1

)

1

1

§

ib --------------- T---{ Milling Machine }-"i """"

<~

Raw materials of component 2

B ¥
| SORRpppspp—— -
____________________________ :(Grinding Machirq____
Raw materials of component 3 \ /



https://goo.gl/images/5ur3p9
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Flow-Shop vs. Jokshop

M4

- M1 | “—M2 M3
Ps r
Flow shop
Pl —> M2 —'I M3
P> f ———»
Psg r

Job shop
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Statik/Dinamik Cizelgeleme

Statik Cizelgeleme

r Sonradan il gelil]

r Belirsizlik yok

EMM4129 - Cizelgeleme-Do¢c.Drk br ahi m K¢ - ¢ kko-

Dinamik Cizelgeleme

gel il l eri
nde de

Foast sal il

KI |l em s¢grel er i

o

Maki ne ar Ezal ar E
Tesl i m tari hinde dek
Siparil iptal]

vb. tahmin edilemeyen olaylar
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¢i1 zel gel eme probl e mi

-

M adet farkIl E makinej

" Her i L te¢m makinel erzde _gormeki
yani M adet operasyona sahip

" N adet iL sistemde oMlernh 8yodan5|i hithicya
var

" kibbnin operasyonl ar E.foyshoppermutasyomizelge
(1,1)-(1,2)-(1,3) - ... - (i,m) _ Job shop

r EKe Licinmakinekda i Ll em ‘yvoksa

Pi,j)=0 (nH)™ ()™ . constraint

or K (¢ routing problem)
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Var say Eml ar

V Séralanacak iller ballangé-ta te¢gmeyle bilion
Vkilem s¢greleri belirlidir ve uygulandékl ar &
VBir illem tamaml anmadék-a o tezg©hta balka

V Birtezgaht a ball até&lan bir illem, bitinceye desk
V Tezgah|l arda areza vb. Dbir nedenle durma s°®°z Kk
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VTezg©hlar arasé taléma s¢releri, illem s¢re
| ekl inden bakéemsezder.

V Heri |ri ot lzebrligir .

V k| | Mtirilinesi icin b e | i r lolamtarih [sonradan de ki [ t i.ri | eme z

V Hertiptezgaht an salt bir tane varder.

V Her bir &hHt abdalt exigr kez illenebilir.

V Hic bir rastgelelik yoktur.
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Performans Olcutler

Tamaml anma zamankEn
performans olcitleri

En b¢yek dk&masE
Ortal ama akBmasgE
Toplam a k Ela ma(Rld&v Time)

En b¢yeék tamaml an
( Yay EIl ma- Makespar) i

)

Qx Qx ox Ox

zamankEna
Olcutleri

Tesl im dayal E pe

En blyldk gecikme
Ortalama gecikme
En buydk teslim gecikme stresi
Ortalama teslim gecikme siresi

zamaneE
Stok ve makine kull anEm maliyetine
dayal E performans °1 -¢tl er.i
Kl l enmek ¢zere makir {
bekl eyen ortal ama il I'(L BEKLEF
Tamaml anmamEI ortal é B
Tamaml anmEI ortalamé Maki n gGAKBIIR

S¢re-teki

Ort al ama
En b¢ye¢k

ortal ama
maki ne bol
maki ne bol

I Sdy ESE
zamaneE

~

ZamaneE
29



Performans Olcutler

— Akis siiresi: Bir is ya da hizmetin is istasyonunda harcadigi
zamana akis suresi denir. Bu sure is istasyonunda gerekli tum
hazirliklarin sureleri, islem suresi, GUretimler arasinda gegis icin
harcanan siire, makine bozulmalarinda harcanan siire, girdi
tikenmesinden kaynakl gecikme slireleri gibi stirelerin
toplamidir.

Aktg stiresi
= [sin tamamlanma slresi + isin istasyona gelmesinden beri gegen sure

EMM4129 - Cizelgeleme-Do¢c.Drk br ahi m K¢ - ¢ kko-
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Performans Olcutleri

" Literat¢re bakEl dEémslikg yap: | ar E
d toplam veya ortal ama tama@ E,
d toplam gecikme,
d geci ken iL sayEsE,
d toplam erkengec tamamlanma maliyetinin
mi ni mize edil mesi ni ama-| a kted
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Notasyon

Processing time (p;)  The amount of processing required by job j

Release date (r;) The time at which job j 1s available for processing
Due date (d;) The time at which the processing of job j i1s due to be
completed

Completion time (C;) The time at which the processing of job j is finished

Quantitative measures for evaluating schedules are usually functions of job comple-
tion times. Two important quantities are:

Flowtime (F;)  The time job j spends in the system: F; = C; —r;

Lateness (L ;) The amount of time by which the completion time of job j exceeds
its due date: L; = C; — d;

Tardiness (T;)  The lateness of job j if it fails to meet its due date, or zero otherwise:

T; = max{0, L;)

EMM4129 - Cizelgeleme-Do¢c.Drk br ahi m K¢ - ¢ kko-
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Notasyon

Yukaredaki terimler arasenda ge-en
S sipO©rilin teslidzathahmedanpP @®okanmaya sonr a
belirten bir olcuddr.
A(Lj<0)olmasé i i in erken bittikini gesterir, yoOo
sdzkonusudur.
A (L>0)ol masé ise, gelilmenin k°t¢ oldukunu, y®
" Di ker bilk dgeeyciilkineeni n gelilme seyrini g°sterer
 Performansen dekerlendiril mesi a-éeseéndan geci

bakl anmasée daha uygundur .

 Bu bakemdan pozitif dekere sahil_jg/erimel'l}ajrekgéd(iemme
kul |l anéel ér .
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Notasyon

V Terimler, tezg®©h sayésée birden fazla ol duktu
tezg®©h i -in ayre ayre tanémlaner.

V ¥rnelPjiht ezg©hénda pidpéliancakd | em s¢resini gos
Chjkt ezg©hend ajiyamé&lhamamaml anma zaman nokt as
V Di ker dekilkenler de benzer lekilde d¢lengl
g°re, yoO©ni te¢em tezgOhl ar del ¢negl erek yapel €
Vm; kull anelan tezgah sayésé ol mak ¢zere, ©°r

M=Enb{C,| (j=1,2,¢é,m), (k=1,2,é,

EMM4129 - Cizelgeleme-Do¢c.Drk br ahi m K¢ - ¢ kko- 35




Notasyon

Total flowtime: F = E F;
j=lI

Total tardiness: T = Z T;

j=1

Maximum flowtime: Fpa = max {F;}

I=j=n

Maximum tardiness: Ty = max {7}

I=j=n
"

Number of tardy jobs, or the total umt penalty: U = Zﬁ(ﬂ )

j=I
wheredi(x) = lif x = Oand 4(x) = 0 otherwise

Maximum completion ime: Cy,,, = max {C;}

1<j<n

EMM4129 - Cizelgeleme-Do¢c.Drk br ahi m K¢ - ¢ kko-
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The following table contains data pertaining to 1|| - problem.

Job (j) | 2 3 4

Pj 4 2 6 5
d 16 |6 |10 |18
i) Numerical Order Sequence (1-2-3-4)

Using the numerical or natural order sequence, the schedule is shown
using Gantt chart below.

Gantt chart for numerical order sequence.

The waiting times for all the jobs 1s computed as shown in the following table

Job (j) Pi Si i Wi i
1 4 0 4 0
2 2 - -
3 6 b 12 6 12
4 5 12 17 12 17

EMM4129 - Cizelgeleme-Do¢c.Drk br ahi m K¢ - ¢ kko-
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Problem gosterimi

Klasik Gdsterim:

n/m/A/B

sayEsE Makine sayESsE At °l ye t
(Performans kritert)

Modern Goésterim:

FFs | Ix W] T |
Bu g°sterimde iL ve makine sayEl arE yokt
olabilmektedir.
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GANTDI yagr
Tek Makine Cizelgeleme

¥ncel 1l k
WSPT




o

Gantt DiyagramE 11 e

r  Budiyagramdahertezgahtay a p E li & dzakma Ioirke . [Leevkil gostatile

" Yataycizgilerintezgah | @ P B t ebu diyagkam varolandurumua - E g6zéaiine
ser &inyKar a.r |l EdETr

r  AncakGanttd i y a g r, vamlan&oti Bir durumuni y i | e L t iicin herhangibirl me
cozumuretme® z e | Isahigd enkei L | er di r

Gantt Chart - Work Schedule

Work Hours

Staff 10:00 11:00 12:00 1:00 200 300 400 500 600 700 800 900 10:00 11:00 12:00

Worker 1 | N N [ NS N O

Worker 2 - | | | | |
Worker 3 - | | [ | | |
Worker 4 - | | | | |
Worker 5 - | J | | |

https://www.rff.com/workschedule.php
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o

Gantt DiyagramE 11 e

B eil (i), ki tezgah (T1ve T2)lizerinde3-2-45-1s Er aysa&Ep/ B lamexiktneeT 1 daed En
T20geer -ekl eLtiril mektedir

r k &ureleri(zaman birim)a L a K Eatled&v e r i gibidif K i

13

o A~ W N PP
a b B DN
~N OO W 01 W
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GanttDi y a gle Gostdfim

r KKk 08483861 ar ak d¢kGanttgl o g firexalnpesji z | eekildekigilx
ol acaktéer
(x eksenizaman ¢b), y eksenitezggha dléut uicirey am € le @ eigel mumar a).l ar éd

1 13 3
2 2 5
3 1 3
4 4 6
5 5 7 . -
Gantt diyagr ameé
T, [ 3] 2 4 5 1
T, [ 3 2 4 s ] 1




GanttDi y a gle Gostdfim

Budiyagrami n c e | mmmah; Ki

r  Tamamlanmaz a ma n2B ab®n d u K u

T1 diokal madEKE

r T2 dtoplam4 zbb okkal d EKE

r 2,4ve5n o0 dlILu B2 dtaplam 6 zbb e k | goduimkkitedit

-S

Buradabirinci tezgahtaki en soni Ltamnmamlanmaz a m &5, kincitezgahtakiensoni L i n
tamamlanmaz a maseZB o | d u l§arey a y Esliresia

M=Max{25,28}=28z b &6 di r
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Gantt

Fark|l E G°sterimler

Di yagr amE |

o

A
ES EF
¢
D I
E [
F I
G [ ]
H ]
' I
J ]
K ]
! l L L L lls l E|t E|| 1|u 1|1 1|2 1|3 1|4 1|s 1|5 1|7 1|s 1|9 2|0 2|1 2!2 2|3 2|4 2|5 Kritik faaliyet
Stire
09:00 | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00 | 18:00
Torna A101 AT2 A105
Freze AT2 A105
Taslama Xa7 A101 X623
Boyama B21 Xa87 A101 AT2
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¥nceli k KurallarE (P

Kkl ertn crike mer kezberibnde hangil S
V Kl k Gel ene | | k(FGFE:Zinsecome Miestrsemead )

V En Késa k| SPErshoBestrpmaessingtime)

V En Erken Teslim Suresi (EDD: Earliest due date )

V EnUzunk | | e m @RTr Lorgeést processing time )

V Kiritik Oran (CR: Critical Rate)

V. Son Gel en (KkIFO§ Yapeéel ér

V Rastgele Secim

V Ak SiiresiEnUzunOlan k IYla pré | &

V Bekl eme S¢r esi En Uzun Ol an kIl k Yapéel ér

V Kal an kil lem S¢resi En Uzun Ol an kKl k Yapel éer
V Kal an kllem Sayésé& En Fazla Olan kl k Yapél &
VEn Y¢g¢ksek MOIiyetli Ol an k|l k Yapéel er
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o

¥ncelil k Kurall ar E

" k1l k gel ene i | k bheinzimnmeste nvneirLmei s(eF GHS9)e r
SsErasEna g°re makinel ere atanacaktEr

" En KEsa k(SPTyinterSigleeens ik Es & ashd rpeyd an i L
atanmasE s° Enk dJzwhnu killlP®yimteSigde sesuizun siireli

i Le °ncelik tanEnmaktadEr.
" EnErken Teslim Tarihi(EDDP nge® r ey ap EIl an sakhi eakénaolara d
i Lin i1k °nce yapEl masE s°z konusud:¢
 Kritik Oran(CR)y ° nt emi nde, teslim i-in ger.i

en k¢-¢k olan i L °nceliklenir.
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Ornek 1

Omek1:Yukar Eda ver
n

EDD kurallarEnE
(ftgm 1 LlcooiEri)-1 n
Job Work
(Processing) Time Job Due Date
Job (Days) (Days)
A 6 8
B 2 6
C 8 18
D 3 15
E 9 23
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Ornek 1

FCFSSequenceAB-CD-E
Job Work
Job (Processing) Flow Job Due Job
Sequence Time Time Date Lateness
A 6 6 8 0
B 2 8 6 2
C 8 16 18 0
D 3 19 15 4
E 9 28 23 5
Total 28 77 - 11
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Ornek 1

FCFS: Sequence-B-CD-E

(Fort)

Sum of total flow time
=77/5 =15.4 days

Number of jobs

Average completion time =

Total job work time
um of total flow time

Utilization = S = 28/77 = 36.4%

Average number of _ Sum of total flow time
jobs in the system ~ Total job work time

=77/28 =2.75]obs

Total late days
Number of jobs

Average job lateness = =11/5 = 2.2 days
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Ornek 1

SPT. Sequence B-A-CE

Job Work
Job (Processing) Flow  Job Due Job
Sequence Time Time Date Lateness
B 2 2 6 0
D 3 5 15 0
A 6 11 8 3
C 8 19 18 1
E 9 28 23 5
Total 28 65 - 9
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Ornek 1

SPT. Sequence B-A-CE

(Fort)

S f total flow ti
um of total flow Ime:65/5:13days

Number of jobs

Average completion time =

Total job work time
Sum of total flow time

Utilization = = 28/65 =43.1%

Average number of _ Sum of total flow time
jobs in the system ~ Total job work time

= 65/28 = 2.32 jobs

Total late days
Number of jobs

Average job lateness = =9/5 = 1.8 days
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Ornek 1

EDD: Sequence -D-CE

Job Work
Job (Processing) Flow  Job Due Job
Sequence Time Time Date Lateness
B 2 2 6 0
A 6 8 8 0
D 3 11 15 0
C 8 19 18 1
E 9 28 23 5
Total 28 68 - 6
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Ornek 1

EDD: Sequence -D-CE

(Fort)

Sum of total flow ti
S _68/5=13.6 days

Number of jobs

Average completion time =

Total job work time
Sum of total flow time

Utilization = = 28/68 = 41.2%

Average number of _ Sum of total flow time
jobs in the system ~ Total job work time

= 68/28 = 2.43 jobs

Total late days
Number of jobs

Average job lateness = = 6/5 = 1.2 days
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Ornek 1

LPT: Sequence £-A-D-B

Job Work
Job (Processing) Flow Job Due Job
Sequence Time Time Date Lateness
E 9 9 23 0
C 8 17 18 0
A 6 23 8 15
D 3 26 15 11
B 2 28 6 22
Total 28 103 - 48
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Ornek 1

LPT: Sequence £-A-D-B

(Fort)

S f total flow ti
um of total flow time _ 103/5 = 20.6 days

Number of jobs

Average completion time =

Total job work time
Sum of total flow time

Utilization = = 28/103 = 27.2%

Average number of _ Sum of total flow time
jobs in the system ~ Total job work time

=103/28 = 3.68 jobs

Total late days
Number of jobs

Average job lateness = = 48/5 = 9.6 days
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Ornek 1

So n u - dzetlersek:

Ortalama Sistemdeki Ortalama
Tamamlanma Kaynak Ortal ama @gGecikme
Z a ma(®in) Kul |l aneém Sayése (Gun)
Orané ( %)
Kural \'(FOT'C) L / r/
Average Average number  Average job
\ completion  Utilization of jobs in the lateness
Rule time (Day) (%) system (Day)
FCEFS 15.4 36.4 2.75 2.2
SPT 13.0* 43.1* 2.32* 1.8
EDD 13.6 41.2 2.43 1.2*
LPT 20.6 27.2 3.68 9.6
EMM4129 - Cizelgeleme-Do¢.Drk br ahi m K¢ - ¢ kko -
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Ornek 1

Sonug:

A Tum kriterlerde en iyi sonucu verecek tek bir
s ér a lk=umaoktar.

AFCFS t¢m m¢egkterilere sa
ASPT, akék zamanéné azal
sayéséné azal tmada 1yi d
ASPT, iklem s¢gresi uzun
m¢ Kt er | tat mi ni a- eésénde¢
AEDD, geciken ik. sayéseéné

t
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¥nceli k Kurallar E: K

r Kritik oranindeksi herbiri icinayh &s apl anEr

" Indeksd e Kleicukolani L llkelacakL e k islEd @ | an Er

r  Ortalamagecikeni & a yperfoffanskriterine goreiyi sonug verir.

" EKer<l@Rsipai Li n programEn gerisinde ol duKu ar

CR - Time remaining _ Duedate-Today o0os dat e
~ Workdays remaining ~ Work (lead) time remaining

Arta Kalan Zaman

CR = AGRznKal an kL Ornek (Bugiin25. Giin):

Teslim Arta Kalan
K K Zamané Kk (Gg¢gn)
A 30. Gun 4
Arta Kalan Zaman
B 28. Gln 5
C 27.gun 2
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¥nceli k Kurall ar E: K

Currently Day 25
Kk Tesl i m ZambaéKal an KKritik Gragn(CR) ¥nceli k S
A 30. Gin 4 (30 - 25)/4 =1.25 3
B 28. Gln 5 (28 - 25)/5 = 0.60 1
C 27. gln 2 (27 - 25)/2 = 1.00 2

With CR < 1, Job B is late. Job C is just on schedule and Job A has some slack time.

OdeviOrmekl 6i Kriti k Oran y°ntemi ile -°z¢,¢p elde ed
el de edilen sonu-Ilarla kEyasl ayEnEz. 59




Ornek 2

Bir PVC dograma uretim atolyesinin elindeki siparislere iliskin
veriler asagidaki tablodadir. Buna gore her éncelik kurali icin
siparisleri siralayip olusturulan programin performansini
degerlendiriniz.

Siparis | Siparisin alinmasindan | islem siresi | Teslim tarihine kalan
beri gecen siire (giin) (gln) stire (giin)
A 15 25 29
B 12 16 27
C 5 14 68
D 10 10 48
E 0 12 80
F 7 16 47
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Ornek 2

-llk gelen ilk hizmet alir-

Siparis Siparisin islem | Teslim tarihine | Baslangig Bitig Gecikme | Akis saresi
alinmasindan beri siresi kalan sdre Zamani zamani siresi (giin)
gegen sdre (gun) | (gun) (glin) (gtn) (gin) (gtin)

A 15 25 29 0 25 0 40

B 12 16 27 25 41 14 23

D 10 10 48 41 =] 3 Bl

F 7 16 a7 =) 67 20 74

C 3 14 b8 67 51 13 36

E 0 12 80 81 93 13 93

ﬂ+1*’lf+3+:ﬂ+13+13 =105 gi.'ln

40453+461+74+86+493
6

Ortalama gecikme =

Ortalama akis siiresi = = 67,8 gln
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Ornek 2

- Teslim tarihi en erken olan ilk hizmet alir -

Siparis Siparisin islern | Teslim tarihine | Baslangig Bitig Gecikme | Akis sresi
alinmasindan beri siresi kalan sire Zamani Zamani siresi (gln)
gegen sire (gin) | (gin) (gtin) (gun) (gun) (gin)

B 12 16 27 0 16 0 28

A 15 25 29 16 41 12 =¥

F 7 16 47 41 =7 10 o4

D 10 10 48 =7 67 19 77

C 3 14 63 67 81 13 286

E 0 12 80 81 93 12 93

0+12+104+19+13 + 12

6
28+56+64+77+86+93

6

Ortalama gecikme = = 11,2 giin

Ortalama akis siiresi = = 67,3 gln
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Ornek 2

- Islem siiresi en kisa olan ilk hizmet alir -

Siparis Siparisin islem | Teslim tarihine | Baslangig Bitis Gecikme | Akis siresi
alinmasindan beri silresi kalan siire zamani zamani slresi (giin)
gegen sire (gun) (gun) (glin) (gn) (gtin) (gn)

D 10 10 48 0 10 0 20

E 0 12 80 10 22 0 22

C 5 14 Ba 22 36 0 41

B 12 16 27 36 52 25 o

F 7 16 a7 52 08 21 75

A 15 25 29 68 93 64 108

0+4+0+0+25+21+64
B

20422+41+64+75+108
6

Ortalama gecikme = =18,3 giin

Ortalama akis stiresi = = 55 glin
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Ornek 2

- Islem siiresi en uzun olan ilk hizmet alir -

Siparis Siparigin islern | Teslim tarihine | Baglangig Bitis Gecikme | Akis sUresi
alinmasindan beri siresi kalan slre zamani zamani siresi (gin)
gecen sire (gun) (gtn] (gan) (gun) (gun) (gun)

A 15 25 29 0 25 0 40

B 12 16 27 25 41 14 23

F 7 16 a7 41 57 10 od

C 5 14 o8 57 71l 3 76

E 0 12 20 71 83 3 23

D 10 10 48 83 93 45 103

0414+10+3+3445 .
. =12,5 gin

40+4+53+64+76+83+103
6

Ortalama gecikme =

Ortalama akis siiresi = = 69,8 glin
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Ornek 2

- En son gelen ilk hizmet alir -

Siparis Siparisin islem | Teslim tarihine | Baslangig Bitis Gecikme | Ak suresi
alinmasindan beri siresi kalan sdre Zamani Zamani slresi (giin)
gegen sdre (gin) | (gun) (gtn) (gun) (gun) (gun)

E 0 12 80 0 12 0 12

C 3 14 b8 12 26 0 31

F 7 16 47 26 42 0 49

D 10 10 48 42 52 4 b2

B 12 16 27 52 638 41 80

A 15 25 29 628 93 o4 108

ﬂ+ﬂ+ﬂ+;+41+54 =18,2 giin

12+31+49+62+80+108
B

Ortalama gecikme =

Ortalama akis stiresi = = 57 gin
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Ornek 2

- Kalan bosluk suresi en kisa olan ilk hizmet alir -

Siparisg Siparigin Islem Teslim Kalan Baslangig | Bitis Gecikme Akis
alinmasindan siresi tarihine bosluk Zamani | zamani siresi siresi
beri gecen sire (gn) kalan sdre suresi (gin) (giin) (gln) (gln)
(gtin) (glin) (gdin)
A 15 25 29 4 0 25 0 40
B 12 16 27 11 25 41 14 53
F 7 16 47 31 41 57 10 64
D 10 10 48 38 57 67 19 77
C 5 14 68 54 67 81 13 86
E 0 12 80 63 a1 93 13 93
0+14+10+19+13+13
Ortalama gecikme = - =11,5 gln
40+53+64+77+86+93
Ortalama akis sturesi = = 68,8 giin

6
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Ornek 2

- Karsilastirma-

stiresi (giin)

Kural Ortalama gecikme

Ortalama akis
siiresi (giin)

Geciken
faaliyet sayisi

ilk gelen 10,5 67,8 5
Teslim tarihi en erken olan 11,2 67,3 5
Islem suresi en kisa olan 18,3 55,0 3
Islem stiresi en uzun olan 12,5 69,8 5
En son gelen 18,2 57,0 3
Kalan bosluk suresi en kisa olan 11,5 68,8 5
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Ornek 3

Bir makine istasyonunda, Uretim programinin 12. glinunde
eldeki isler asagidaki tabloda goruldigu gibidir. Kritik orana
gore islerin siralamasi nasil olmalidir?

Is | Teslimz a m a(gunj Arta kalan is (giin)
A, 18 8
B 16 2
C 20 12
] 15 3
E 21 8
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Ornek 3

Is | Tamamlanma | Teslimk - Kalan | Arta kalan | Kritik Oran
siiresi (giin) | Zaman @in) is (glin)

A 18 18-12 =06 3 6/8=0,75

B 16 16-12=4 2 4/2=2,00

C 20 20-12 =8 12 8/12 = 0,67

D 15 15-12 =13 3 3/3=1,00

E 21 21-12 =9 8 a/8=1,12

Is sirasi1 C, A, D, E, B olmalidir. C ve Aisleri hizlandiriimadig
slrece zamaninda teslim edilemeyecektir.
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" kLl em g°r meisli(d, §2ei3 a4« it
bi Il gi Il er alLaKEdak:] gl bi dir
Kk Eer Kkl em 2z a ma n Teslim @arihi
1 11 61
2 29 45
3 31 31
4 1 33
5 32

http://www.d.umn.edu/~rlindek1/POM/Lecture Slides/Scheduling%200f%20Jobs Ss
etll.ppt
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Ornek4

FCF&uralEna g°re yapEI an
Séeral a Tamamlanrr]a Teslim Tarihi Gecikmeler
amaneé
J1 11 61 0
J2 40 45 0
J3 71 31 40
J4 72 33 39
J5 74 32 42
Totals 268 121

r Ort al ama

" OrtalamaGecikme (121)/5 = 24.2
" #Geci keuB kLI er

EMM4129 - Cizelgeleme-Do¢c.Drk br ahi m K¢ - ¢ kko-
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Ornek4

SPTkuraEna g°re yapEI an
Sér al a Tamamlanrrja Teslim Tarihi Gecikmeler
amane
J4 1 61 0
J5 3 45 0
J1 14 31 0
J2 43 33 10
J3 74 32 42
Totals 135 52
" Ortal ama AMBIS=27A manE

r

r

OrtalamaGecikme: (52)/5 = 10.4
#Geci kex2 kLI er
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Ornek4

EDDkuralEna g°re yapEI an
Séral a Tamamlanrrla Teslim Tarihi Gecikmeler
amane
J3 31 31
J5 33 32
J4 34 33
J2 63 45 18
J1 74 61 13
Totals 235 33
r Ortal ama AKB5S)5=24a manE

r OrtalamaGecikme: (33)/5 = 6.6
" #Geci ket kLI er
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AKEr |l EkKI E Ortal ama Tam

 BazE durumlarda, t¢m iLler aynE °neme sahirg
gerekmektedir.

r Bu dur umdak. i Ller i-in °nemler:i derecesi nc
aKEr|l Ek deKeri de artar.

r Teslim zamanEnEn Dbilinmemesi durumunda da ¢«
r AKEr | EkeltammednEir noal ar ak ¢retim i-i stok d¢zeyi
almak uygun bir yoldur.

" Bu tip problemlerde n adet i Li nenkiigikeyecekk | E «
sEral amanEn saptanmasE ama-|ankEr.
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AKEr |l EkKI E Ortal ama Tam

A K E rortdfaknd taBmamlanma z a ma(@vE), AKk $ WK EK E dkdt Il Binesi Once)k u r itel
enkicuklenir [WSPT (Weighted Shortest Processing Time) first]. Yani i L | agtania K E ril LElke
sirelerinegores Er a |l eldesddek i 6 Er agifen B | ¢ a p B |domamsurtela, Cw* en kigik
d e Kea li Fri

Bu durumda;
(P[L)/w[1]) ¢ (P2]/w[2]) ¢ € ¢ (P[n]/w[n])

koLulakl b Bn@vs dEe K eankiigilkleyeni § Er as Ed Er
r KEsaca, daha °nce anlatt EKEmEz SPT kural E,
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AKEr |l Ekl E Ort al ama&aOriekIn

" Tek bir tezgahta 6 iLin sEral ama E y aip EV ac &
s¢relerinin aWErteKenanrarpram&b( ®da veril mil

is) | P | wi | Piw, - -
| 10 5 20 AKE roritalﬁrhgdtalfnarplanvmaz a ma erikigilkleyen
? | & Er, WSPH u rnaEbekel ifadesi olan
2 6| 10 0,6
i j f -}13 (P[L]/w[1]) ¢ (P[2)/w[2]) ¢ é ¢ (P[n]/w[n])
: 2| %,/ 1P KkliIs a 2BB-614lke k| g =
6 g 5| 16| | HElisa@BCeIHlkek] s apeanEr

EKéimi Lk éaKEroll Bk, Eiicin], eniyi
i § Er(®34s3R6-1)ol acakt E
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AKEr |l EkI E Ort al am&aOriekan

Assume the weight assigned o; for each job j (1mportance or priority) and then solve
the following 4-jobs problem using WSPT sequence. Also. compute the total

weighted completion times.

Job(j) Pi o | pjoy | d
1 4 ] 0.5 ]
2 2 7 | 0285 12
3 6 3 2 11
4 5 15 | 0333] 10
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AKEr |l EkI E Ort al am&aOriekan

Solution: Jobs Sequence based on WSPT — (2-4-1-3)

b)) | | o | S| | & | W] L | T oeq

2 | 2 | 7 o | 2| 12| o | -10] o] 14

4 | 5 | 2 | 7 | 1w] 2| 3] o] 105

1 | 4 | 8 7 | 1 g8 | 7 3 3 | 88

3 | 6 | 3| 11| 1 11 | 1 6 6 | s1
???

Hence, from the above table, the total weighted completion X®;C; can
be found which 1s }8@ 253
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MooreAl gor |
¥ncel Kk
LawlerAl g or |

One Gecmeli Durum




i kko-

kbrahim Kg-

Dr .
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MooreAl gor i1 t masE

" Ama-: Geciken iL sayEsSEnE mini mi z

"6/ 1/ /n probleminde, Moore Al gorit
yvapEnEz.
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uf

Moore Al gori t maseE

" kl k adEm ol arak EDD 6 ye g°re s€E




MooreAl g or |

ADaha sonra 1
tari hini ge -

4

t mas E
i Li -Ekart EI
mi Ltir.

k o-

EMM4129 -CizelgelemeDo - . Dr . kbrahim Kg¢- ¢k

Er .
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MooreAl gor i t mas E

Al iLi -EkKktE. klerle
tarihi ise 23. 4 il

Ni hai sEralama L°yl e

EMM4129 -CizelgelemeDo - . Dr . kbrahim K¢-¢kko-
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Moore Al goritmasE (¥

r 10/1//nt problemini ¢ozelim.

k L 1 2 3 4 5 6 7 8 9 10
D) 19 16 25 3 8 14 31 23 2 15
P(i) 5 3 1 2 4 4 2 1 1 4
EDDS ye g°x(9,4%6,H,221783,7)

D()) 2 3 8 14 15 18 19 23 25 31

P(i) 1 2 4 4 4 3 5 1 1 2
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Moore Al goritmasE (¥

k L 9 4 5 6 10 2 1 8 3 7
D(i) 2 3 8 14 15 16 19 23 25 31
P(i) 1 2 4 4 4 3 5 1 1 2
Bit 1 3 7 11 15 18

Bit 1 3 7 11 15 = 20

Bit 1 3 7 11 15 > ol 16 17 19

Sonu-ta, 2 ve 1 ilLi -EkartEIEr. SEral ame
A {9-456-10-8-3-7-2-1} veya
A {9-4-5-6-10-8-3-7-1-2)
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¥ncel i klLaweras Egbai Em@as

r ¢ok az firma t¢em megLterilerinin elLit ©°©nemde

" ¥rneKin; iLlenmek ¢zere sEra bekleyen bir c
bir m¢lLteri i -indir.

" Bu durumda firmanEn karar E, di Ker iLlerin
ait iLe °ncelikle balLlanmasE ve ilk °nce bi

r Lawleral gor,i timfayslEe bir ortamda -izelgel eme yap

=3

¥nceli k kEsEtlarE, diKer iLler bitiril meder
-EkmaktadEr .
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LawlerA |

r Bur ada, 2

minimize eder.

J Buradgi K i

r Bo°yl ece,
ZamanEkEneE

o

gori t maseéE

nceli k kEsEtl ar EnEn

Maxg( O}

deKer i

zamanEn par asal
(yayEIl Em zamaneE)

r 1| prec| fmax (L a w| Adgordhsn)
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(4.5)

zamaneEn

d@mikxa yani ani bluyukdamanmanroal

mi ni mi z e

genel l eltiril

par asal

et meye

I



o

LawlerAl gor i1 t masE

" Her gHG)r 6de azal ma ol madEKE i -i
" Yineg(@pnnspesi fik ter@ihleri i-in daha -ok I
r EK&@(C) Codi=Li ise (4.5),Lmaxélcutiini verir.

" EKegr{C) max{Cidi, 0} ise bu,Tmaxolcitiini verir.

r Lawleral gori t masE, deKiLik kEsEtIlE -izel gel eme
r Al goritma ©°ncelik kEsEtlarEna dayankEr.
r EL zamanl| E ol arak, bir kaynaKa ulalLan bir c

' Amagc, maksimumtardinessveyalateness§ E mi ni mi ze et mekt i r.
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o

Ornek:LawlerAl gor i t mas E

6/1/ Lmaxpr obl emi ne ait ©°ncelik baskEl arE (kKkEsEt/

rJ1, J28 den °nce ger-ekleLtirilmelidir.

rJ2, J30 ten °nce ger—ekIeLt‘_I')‘|_>(‘

el i1 dir

rJ4; J5 ve J6d6dan °nce ger-eklelLtiri!l

Bu durum yandaki gibi gdsterilebilir:

tar i h

r kLl ere ait s¢reler ve teslim

--mm-mm

k Ll em 2 2
Teslim Tarihid)) 3 6 9 14 11 7
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o

Ornek:LawlerAl gor i t mas E

'V = J3, J5, J6 (Bunlar son yapEIl masE ger eke
" Bir k¢me Leklinde toplar Ez.
r ¢i zelgel enmesi gereken iLlerin iLlem zaman!l

 B°ylece V Lu formda yazEI Er ;
"V =min{ (159), (15-11), (15-7) }

" Buna g°re minimum geci kme J50

e
. T I Ad E
r B9yl ece J5 1 Li 6. SEra uaby\,c?.f,q'_l':f

Gl )
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Ornek:LawlerAl gor i t mas E

4’8

2 13 * * 4 . * S 6 J3
3 9 * 3 S * S 2 ' J6
4 8 * 2 S 1 ' S S J4
5 5 * 1 ‘ S S S S J2
6 2 1 ' S S S S S J1
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Ornek:LawlerA|l gor |

r Ll st eden
r B9yl ece

r kKi mdi J 3

J50 i si |l eri z.

veya J6 iLIl eri

r Bdylece Vmin {(139), (13-7 ) } . k-1 nde

sEraya yerlelLtirilir.

(----J3J5)
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J 3

o

t mas E

sBHm i

ger i kal an iLl| éde+iBolaramaml anma zamar
Ll er ol abilir.

mi ni mum geci kme J30

| i steden silinir.

Tabl o

\dEm #2

A




o

Ornek:LawlerAl gor i t mas E

r Geri kalan iLIlIeriom=8wvegI2a6iErt opl amE = 13
r V=min {(96),(9-7)}.
" Mini mum geci kme J66 da ol maktadEr. J6, 4.

(---J6J3 J5)

Tabl o AdEm #3

r Boylece V ={J2, J4} olur.
r T=9-1=8ve Vanin{(86), (8-7)}.
" Mini mum geci kme J46 de ol maktadEr. J4, 3.

(--J4 J 6 J 3 J5 ) yeni <sFramFz ol ur.
Tabl o AdEm #4
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o

Ornek:LawlerAl gor i t mas E

r Kalan iLlIlerin 8zxz5wNefl2loluropl amE = 8

r V=min {(5-3)}.

r J2, 2. sEraya yerlelLtirilir. Listeden silin
(-J2 J4 J6 J3 J5). Tabl o AdEm #5

r Son olarak J1 de sEralamaya yerleLtirilir v

( J1 J 2 J 4 J 6 J 3 J5 ) ol maktadEr .

r Ar dEnd &anttlidrhaesE veya bir tablo ¢zerinde g©°s
hesaplanabilir.

Tabl o AdEm #6
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LawlerAl gor 8§2. Yioh s E

" Lawleral gori t masE, daha basite indirgenmilL Lek
-al ELtErEl abilir:

8 AdEm 1: T¢m atanmamEL (-izelgel enmemi L) i

8 AdEm 2: Liste Ab6da bulunan iLlerden, ©°nce

i Ll eri belirle (ardEIE ol mayan veya tg¢m e

8 AdEm 3: Liste Bddewnuedate) geahitepsoli anntiakci hi s

°ncesine ta (son atanan iL yoksa en sona

8 AdEm 4: Liste ABYE ge¢ncell e.
8 AdEm 5: nlLiisset eAd’EMm 2 ye d°n.
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LawlerAl gor 6§2.Yoh s E @—@® —®
-mmm-mm

kLI em 2RPja 2

sonuna eklendi.

Teslim Tarihid)) 3 6 9 14 11 7
Liste A Liste B
Tesim Tarihig)
1 3 9
2 11*
3 7
4 . } . o
Li ste Boden Teslim Tari hi en g
5
6

SEr al a-ma-=5) (
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LawlerAl gor 6§2.Yoh s E @—@® —®

" 5 numaral E i L atandEKE i-in Liste A dan
| i stelerin son durumu alLaKEdaki gi bi

Liste A Liste B

Tesim Tar ¢
1 3 O*
2 6 7
3

Li ste Bdden Teslim Tari hi en g

4 i Lten bir °nceki sEraya ekl end
6

SEr al a-ma3 5)(
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LawlerAl gor §2.Yoh s E @—@®—@®

ot

3 numaral E i L atandEKE i-in Liste A dan E k
| i stelerin son durumu alLaKEdaki gi bi
Liste A Liste B
Tesim Tari
1 2 6
2 6 7
4
Li ste Bdden Teslim Tari hi en g
6 i Lten bir °nceki sEraya ekl end

SEr al -a-mé 3 5)
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LawlerA|l gor 82 Yioh s E

" 6 numaral E iL atandEKE i-in Liste A dan E k
| i stelerin son durumu alLaKEdaki gi bi
Liste A Liste B
Tesim Tari
1 2 6
2 4 7
4
Li ste Bdden Teslim Tari hi en g
i Lten bir °nceki sEraya ekl end

SEr al a-mab:3 §)
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LawlerAl gor §2.Yoh s E @—@®—@®

Liste A

1
2

EMM4129 - Cizelgeleme-D o - .
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i L atandEKE i-in Liste A dan E k
son durumu alLaKEdaki i b i

Liste B

k L Teslim Tarihi gj)
2

6

¥ncelik iliLkisi a-EsEndan tek
atanan iLten bir ©°nceki sEraya

SEr al -a2ma6 3 b)
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LawlerAl gor 82. Yol s E ﬂ—ﬂ

r 2 numaral E iL atandEKE
| 1 stel eri n son dur umu

Liste A Liste B
(L | TosimTar @
1 3
Geriye kalan iL (J1), son atanan iLten bir ©°ncek
Lekilde ol ultu:
SEral ama: ( 1 2 4 6
*Bu s ELmakkarmiat,er i ni mini mi ze etme a-EsEndan opti mt
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Odev

Emaplt - lawlers Aljw;n\,h

AN tmes = 4

J,
/ | \ PDeadlives:
T Js

J, Z
A
7, 3
Je 5
J, &

EzGCu}’I'M: J-l Jz \j-lf J_:’ j;.- -:I‘ s

ladewnss
o
lWwir esrliest deadlive firsh R it woulld he
Mas
Ju U..'l Jﬂ- Ty I JTe latevess
wissed By 2 =1
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One gecmeli durumgreempitive)

r EKer i Ller ato°lyeye ifdcealkkd BEZRimadbaEydsal)y.el ve
i LIl erin sEral amada <Smhrealgemantas ib g2k eks ek Isiak

r Bu, Lu anl ama gel mektedir: ¥nceliklI:i ol ar ak
gel di Kinde, mevcut iL durdur ul arnaekml®nciell i kI
t amaml andEktan sonra), yarEm kalan i L ve di

" DkKKAT! Burada bahsedilen ©°ncel i k kdBusrBEutniy,| ak
kar ELt Er EIl mamal EdETr !

r  Ornek:

Data pertaining to 4-job single machine problem is given in the following table.

Job(j) | Pp; Ij d;
1 1 0 8
2 2 3 12
3 6 3 11
4 5 5 10
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One gecmeli durumgreempitive)

" kLl erin °nem d¢zeyl er i
tesl i m tari hine sahiop
" EDD sEralddddasr: J1

r t=0;Si steme gelen iL: J1. DolayEsEyla J1, t=¢C

Q -
-S" '

n i
ol a

r t=3;J2 ve J3 ilLleri sisteme gelir. Makine melL

r t=4:J1 iLi tamamlanEr. Makine bolLtadEr ve her
sEradaki i L J46te¢r. Ama J4 hengz sisteme ge
sEral amasEndaki bir sonraki iL olan J3 i LIl e

r t=5;J4 sisteme gelir. Ku anda makine J38¢ i LI
fazla °neme sahip olduKu i-in J3 iLIl emi dur
t amaml anacakt Er .

r t=10:J4 biter. EDD sEralamasEndaki bir sonr ak
i Ll endi Ki i-in geri kalan iLlem s¢resi t=1F5
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One gecmeli durumgreempitive)

r t=15:J3 biter. EDD sEralamasEndaki bir sonr ak
t amaml anacakt Er .

r t=17;J2 biter. Geri kalan iL ol madEKE i-in pr

/-\
:':':':':':':':':':':':':':':l':_%:':':':':':':':':':':'M:':':':':':':':':':':':':':':':':':':':':':'::::::::::::::::::
| IR
]1 :j3 I j4 j3 j2 e
B o s s | ot L Bt U St
B s e

Makespan( y ay El ma zamanE) : 2
En blylk gecikmel{max): ?
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A

BolumSonuSor ul ar E

" 1. A single machine facility faces problem of sequencing the production work for six

customer orders described in table below.
Order 1 2 3 4 5 6
Processing time 18 26 14 8 17 22

a. What sequence will minimize the mean flow time of these orders? What 1s
the mean flow time in this schedule?

b. Suppose that customer orders 1 and 5 are considered twice important as
the rest what sequence would you propose.
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" 2. Consider the following single machine scheduling problem

Jobs (j) 1 2 3 4 5
P 8 3 3 6 3
d; 4 8 11 10 11

a. What sequence will minimize the average waiting time? Then compute
Average completion time, Maximum flow time, and Average waiting
time.

b. What sequence will minimize both maximum lateness and the maximum
tardiness? Then, compute maximum lateness, maximum tardiness,
maximum earliness, total tardiness, and total earliness.

r 3. Consider the following single machine scheduling problem
Job 1 2 3 4 5
P; 8 12 7 16 9
o; 4 10 4 3 8 10

Generate a sequence to minimize weighted completion time. What is the flow

time of each job in the shop?
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" 4. Consider the following problem as an instance of the 1 | prec | ¥ wiCj. An 8-job
single machine data with job precedence constraints graph is given below.

(D)~
=)

The weights and process times of the jobs are given in the following table.

EMM4129 - Cizelgeleme-D o - .

Job | 2 3 4 5 6 7 8
P 3 6 6 5 4 8 10 4
w; 6 18 12 8 8 17 18 15
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Solve the problem to minimize total weighted completion times
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5. Consider the following single machine scheduling problem

Job 1 2 3 4 5 6
Di 8 3 12 | 7 5
D; 12 7 23 4 21 17

a) Use SPT sequence and, find average waiting time (F_V).

b) Use EDD sequence and, find maximum lateness ( L__ ), average Lateness
(L).

c) Generate a sequence to minimize number of tardy jobs (7).

" 6. Consider1 | n; problem with the following data:

Job 1 21 3| 4| 5 71 8| 9] 10
P; 15 11| 10 251 4| 8| 3|20 11
d; 711 76| 73| 88| 47| 59| 24| 55| 23 | 47

Find the sequence that minimizes the number of jobs tardy and compute n;
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r

/. Consider the following data as an instance of the 1| prec | L. problem.

Job 1] 2 3 4 5 6 7 8
P 21 3 2 2 4 3 2 2
d; 514 13| 6| 12| 10 | 15| 19

The precedence network for the problem is shown below:

Find the best efficient sequence this problem and compute L., ?

r 8, Consider an instance of the 1 | 17| Lyax problem with data as follows.

Job 1 2 3 4 5
p; 3 4 6 | 10| 2
I, 0 1 7 6 9
d, 3 | 10] 17| 18] 15

Find optimal sequence and show complete schedule.
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Paralel Makine Cizelgeleme

r Teori k bakEL a-EsEnda paralel makine ortamE
" Paralel makinelerde sEralama iki alLamal E bi
d Birinci alLamada, hangi iLin hangi maki nec
d i kinci alLamada ise her makinedeki i L y¢keg
r kLl em zamanE performans kriterleri a-EsEndse
r Par al el makine probl emleri, m tane elL makir
 Her iL, yalnEz bir operasyona sahiptir ve &
r Genellikle makine sayEsE, iL sayEsEndan az
" ¥rnek Dbir paralel makine sistemi alLaKEdaki
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Literatur
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I al dEkI| ar E
g nin di Ker vy
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e
kull anmELI ar dE YapEl an hesapl amal ar
kadar ol an problemlerde opti muma yakEN
) Y
et

" MinveCheng( 1999 El Enda yapt EklarE -al ELma
I K rirtma i1l e ele al mE
z
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e

— WU

ZzamanEnE gene

Ve

0

| mi L tavlama ve komL
e m gAadhindlfiteiPaoleaci(2007) paralel
eci kmey.l mi ni mi ze et mey

r Tabu ar ama, benze
getirerek yeni bir meleanetasezgisely
makinel erde topl a
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Paralel Makine Sistem Modeli

M,

olmolololoRs

Jobs waiting in queue

> M3

» My
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Hibrit Paralel Makine Sistem Modeli

—> | M, —> | M;
— > | M > | Mg
OO OO — s o —>
M3 — > | M;
Jobs waiting in queue
" My " | Mg
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Vd

Par al el Makil ne <¢elLit

" Literat¢rde yapElan aralLtErmal ara g°re par e

r Bunlar L°yl e sEralanmaktadEr:

Aynbltuipp hEzl arE da aynE ol an paral el ma
AynE ti p foalrok pBralelfnakinelar. E

FarkbEupj paynE hEzda ol an paralel makinel
Far k|l E f aphkEbzEoal wp,an paral el makinel er.

Qx Ox Ox O

EMM4129 -CizelgelemeDo - . Dr . kbrahim K¢-¢kko-
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Par al el Makili nel erden O
Problemi

r At°lyede birden -ok tezgahEn paralel ol ar ak
kur mayE gerektirmektedir.

" Bu tir bir atolyede bulunan tim tezgahlar, mevcmta d et i Li yapabil ecek
yetenektedirler. Bu kabulden balLka, tezgah
1. madet tezgah s¢rekli olarak -al ELabilir
2. BaLl angE- anEnda mevoadet biikbiyalnnEn MbiaK
i LIl enerek at°lyeyi terk eder.
3. kL tarifleri ©°nceden bilinmektedir, iLIe
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Par al el Makili nel erden O
Problemi

r  Paralel tezgahladurumud i Ker probl eml erden farkIl E ol ar a
Incelenmektedir.

r KararEn birinci boyutu; iLlerin tezgahl ar a
sErasE ile ilgilidir
r Karar prosesi bu 1 ki boyutu kapsayacak Leki

iIncelenmektedir.
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Paralel Makine Cizelgelemé Ornek 1

LPT (En Uzun kLl em S¢resi) Kurale6E

 Paral el makinelerde yaygEn ol arak kull anEl a
kural EdET .

r Bu kuralda iLler iLlem s¢relerine gere beyy
r B¢eyek i Llem s¢resine ait iLler paralel maki
 ALaKEadyankE .hEzdaki oduitanmapkiraédén maki ne -ize

dikkate alarak ¢cozelim:

Job (3) | 2 3 4 5 6 7 8 9
P 7 7 6 6 5 5 4 | 4
Ama-: Yay EI| Mekespas maimiZe etidek.(
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Paralel Makine Cizelgelemé Ornek 1

" LPT kur al Ena -283%9H6-6-7-89 rLaelka man:d eld i r .

" SEralamaya g°re en fazla °nceliKe sahip ilL,
ikincivmvakivpey,e (MZ), J3 1 Li -¢nhceg maki ney
sonraskKEsthHtL ahbamdEdaki gi bi ol ur:

Machine (M) Job Start Time Process Time Completion
assigned S Pij Time (C))
M; 1 0 7 7
M, 2 0 7 7
M3 3 0 6 6
My 4 0 6 6
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Paralel Makine Cizelgelemé Ornek 1

r ¢izelgel enmemi L $6-&@8%  nmamEL) iLler: 5
r t=606da M3 ve M4 bolL olduklarE i-in J5 ve J€

Job (3) Machine (M) Start Time Process Time Completion Time

S Ps G
J1 M; 0 7 7
2 M, 0 7 7
J3 M; 0 6 6
i M, 0 6 6
Js M; 6 5 11
is M, 6 5 11
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Paralel Makine Cizelgelemé Ornek 1

r ¢izelgelenmemi L €@t anmamEL) iLler: 7

r t=780de M1 ve M2 bolL olduklarE i-in J7 ve JE€

Job (3) Machine (M) Start Time Process Time Completion Time

S Pi G
1 M, 0 7 7
J2 M; 0 7 7
I3 M; 0 6 6
is M, 0 6 6
Js M; 6 5 11
is M, 6 5 11
i7 M, 7 4 11
Js M, 7 4 11
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Paralel Makine Cizelgelemé Ornek 1

r ¢izelgelenmemiL (atanmamEL) iLler: 9
rt=110de M1, M2 , M3 ve M4 makinelerinin heps

Job (3) Machine (M) Start Time Process Time Completion Time

5 Pi G
J1 M, 0 7 7
2 M» 0 7 7
i3 M 0 6 6
is M, 0 6 6
is M 6 5 11
js M, 6 5 11
J7 M, 7 4 11
Js M, 7 4 11
i M, 11 4 15
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Paralel Makine Cizelgelemé Ornek 1

Elde edilen ¢ozimiurGanttd i yagr amE alLaKEdaki gibi ol ur :

M, i i jo
15

M, 12 js

11

Cpax = 15

M; is is

11
M, s is

11

COzUm optimum mu?
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Paralel Makine Cizelgelemé Ornek 1

Bu problemdeoptimum ¢ozimt ¢ m maki nel erin boLl uksuz Leki
ol acakKEkoiriiknmini munmveyatag &l imila miamiamiEmM en b ¢y ¢

(CmaxlaLaKEdaki form¢lle hesaplanabilir:
5 vB r] 1 ( .
66(6((('1)0)Yé(d)({)hhd } DG kLI er b°l ¢nen
r Yani, t¢ém makineler tam ol arak ye¢kl enebi |l se

r  Dikkat edilmesi gereken konu, bu formiilasyonuh z d e L par al ele -mreakiin eolde
hususudur.

" El de etti Ki mi z -°z ¢ fargilasyorukullahaeak (teorik apemum ¢Haikaé& d &
oranlamayla) bulunabilir:

6 & b0 Y p ¢

5 G a®oYY pu ¥
Bu hesaplama sonrasE makinelerin ve doKal o |
kull anEl dEKEnNE s°yleyebiliriz.
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Paralel Makine Cizelgelemé Ornek 1

Yik Dengeleme (Load Balancing) Sezgisel

" Ay nE ° rYikeDengeleme (hoad Balancing)e z gi sel i kul |l anEl ar ak
elde edilebllir:

. B _
" Teori k opti mumo@max hesapt+apeEr

" Dol ayEsEyl a, her makine i-in y¢klenmesi ger
M . .
: J1 15
: : 12
Machine Jobs Total Time
M; IME 7+5=12 : J2 Js
M, jads 7+5=12 - y 12 C. =12
M; j3. Js 6+6=12 ’ s s
My j?.jg._jg 4+4+4=12 12
I\-"I4 .
J7 Js Jo
12
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¥ ncel i RaraklBVekme Cizelgeleme

" Paralel makine ortamEnda, iLler arasEnda ©°r
di yagram E di kkate al Enarak 1 LI erin en erker
ok 08 QUNO A O a Q&I €
6 | AG 1
"y

r Buraday,jivanin °nce¢l l6eigey kilmesindekiime s hndnren er ken
zamankEdEr

5 JO0R 00 FONE G & O & G K@ &

6 ITEI6 n
v \W
r  Buradad® ,Wkimesindekiki Li ni n en ge- tamamlanma zaman
r T¢m ardEI E ol mayan iLlerin en ge- tamaml ann

doKru yapEI Er .
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¥ ncel i RaraklBVekme Cizelgeleme

' Dokuz iLten olulLan bir paralel makine ortar

Job (3) 1 | 2 4 |5 16 | 7|8 9

pj 4 9

ad ad

[
(o))
s
(wa]
i
-2
o))

r kLl ere ait ©°ncelik diyagramE alLaKEdaki gi bi

e ,,o YayEl ma ZamanEnE (
Kritik Yolu (Critical Patl® CP)

bulunuz.
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¥ ncel i RaraklBVekme Cizelgeleme

kLl erin en erken tamamlanma zaman!l ar E alLakKE

3 3 6 12 21 32 24 30
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¥ ncel i RaraklBVekme Cizelgeleme

r J7 en b¢yek tamamlanma zamanEna (32) sahipt
r Kritik yolu bulmak i-in iLlIlerin en ge- t ame
r ArdEI E ol mayan t¢m iLlerin (J7 ve J9) en (e

r J8din en ge- tamamlanma zamanE alLaKEdaki gi

Cg =min{C7 —p7,Cg —Pg) = Min{32 — 8,32 — 6} = min{24,26} = 24

Ve

r T¢m iLlerin en ge- tamamlanma zamanl ar E alLe

JobG) |12 [ 3|45 |6 |7 |8 |9
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¥ ncel i RaraklBVekme Cizelgeleme

r ALaKEdaki grafik en erken ve en ge- tamaml &
ge- tamamlanma zaman! akritkyomwor bLr unmalktLadEoL| &

4, 7) (13. 16)

CJ cj (24.24) (30. 32)
r Kritik yolun bulunmasEndaki ama-., hangi i LI
geci kme il e) tamamlanmasE gerekti Kini tespi
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¥ ncel i RaraklB/akine Cizelgeleméj=1)

Kritik Yol (CriticaPathd CP)

r CP kuralE, ©°ncelik iliLkilerinin dikgkatmaxadll
mi ni mize etmek i-in kullanEIl abilir.

r Bu kuralEn iLletilmesi i-in kritik yolun bt
bakEmEndan seviyelere ayrEIEr, en fazla ard
En Y¢ksek Seviker al EdEL]l em G°r ¢r

Ornek:

r ALaKMPlagjkl, tree| Cmax probl emiCmab@®ELIPERuUr Al E
konumda i ki makine bul unmakadlaadrEak vci Kkant & Ld
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¥ ncel i RaraklB/akine Cizelgeleméj=1)

r

r CP kural EnE iLIl etirken lavdl2k) oilLalreark seen- iyl¢ikrs. e k
r t=006da J1, J2 ve J3 bu iLlerdir ve ©°ncel ikl
r t=10de sadece J atanabilir. Bu y¢zden I3 il
r t =2 dedekl,d6de bulunan iLler (J4, J5, J6) atana

ve J5 iLleri M1 ve M2 ye atanekEkr.
 Son ol arak ise t=306te J6 iLi M28ye atankEr.

A
M, i1 Ja J4
Cmax4
1 2 3
M, iz is Js
1 2 304

b
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¥ ncel i RaraklB/akine Cizelgeleméj=1)

En Fazl a kargestumb& of Buecedsorsd LNS)

r Bu kural da paral el maki nel erde -1 zel gel eme
" Bir °nceki problem LNS kuralE kull anEl ar ak
JTob (j) 1 2 3 4 5 6
P; 1 | 1 1 1
NS 2 3 3 0 0 0
A
M, i h Ja
3 Caax=3
M Js Js Js
3
-
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¥ ncel i RaraklB/akine Cizelgeleméj=1)
r  Ornek:Yandaki i=1, X
Srrneo galneamlelpji 1tr(e:eF|>Cm\€j\e LNS kur a k ul |l anar ak
ONOBO
e
ORO

r ¢°z¢m 1: CP kuralE kull anEl arak yapEl an -2°z
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