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Kanate Ploydanai 2011: Algorithm Development for Solving Flexible Job Shop
Scheduling Problem. Doctor of Engineering (Industrial Engineering), Major Field:
Industrial Engineering, Department of Industrial Engineering. Thesis Advisor:

Associate Professor Anan Mungwattana, Ph.D. 76 pages.

Flexible job shop scheduling problem is the most complicated problem among scheduling
problems. First, jobs must be assigned to machines, and then jobs in each machine must be
sequenced. High quality solutions require a large amount of time to solve. For large problems,
optimal solutions are unable to be found due to the computational time required. In this research,
a heuristic, called Makespan Tree, is developed to sequence jobs on machines. Next, a genetic
algorithm (GA) and particle swarm optimization (PSO) are developed. Both meta heuristic
approaches use the Makespan Tree heuristic as a part of their processes in solving the flexible

job shop problems with the objective of minimizing makespans.

The computational results for job scheduling problems show that the Makespan Tree
outperforms the nondelay by 11.80%, the earliest finish time by 13.60%, and the shortest
processing time by 57.41%. The comparisons show that results of PSO has the average makespan

0.97% lower than those of GA.
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ruouuImalumsuasilam ISP iludasefinniivl (Disjunctive Graph) ududilaymiaae

am a
ADIVULUAD
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Yiojh < @ jno V(i,j,h) (12)
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(1) Do while complete all operation of choosing operation
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(8) t, = fl e
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(11) Fine Makespan C i
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Genetic algorithm with Makespan heuristic

1) Create initial solutions and use MT to calculate fitness value

) b =0

3) Do while bt < limited of iteration

@ b =b,+1

Q) b, =0

) Do while b , < limited number of new solution

@) b,=b,+2

®8) Randomly choosing two parents from population

) If parents are high fitness value then

(10) Choosing them to create 2 offspring solution
€8)) Else

(12) Randomly again and choose the strong solution to parent
(13) End if

(14) Random bit of solution to crossover procedure

(15) Crossover to create new solution

(16) Calculate fitness value by makespan tree heuristic
a7 Loop

(18) b, =0

(19) Do while bd < number to destroy

20 bd = bd+l

21 Random solution from population to destroy

22) If solution is strong then

(23) Random solution again and select weak solution to destroy
24) Else

(25) Destroy solution

(26) End if

27 Loop

(28) Loop

d' = o v Aag Ao Y v ad Y
MNN 18 MBUNIUAHTVIT GA N1F590AD 35 MT Tumsunilaym
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PSO with MT

a Generate p, initial solution and evaluated quality by MT

?2) Find G best

3) For I =1 to number of max iteration

“4) For K= the first Particle to the last Particle

5) *//* Particle move to new position in search space *//*

6) For b = the fist bit to the last bit of solution

@) Random w to select ways to change

8 Select case w

) Case 1 : bit b of particle k = bit b from G best
(10) Case 2 : bit b of particle k =bit b from P best (no change)
11 Case 3 : bit b of particle k = new random position
12) End select

13) Next b

a4 Evaluated objective function by MT

as) Update G best 11ae P best

16 Next K

an Next I

d' = [ v A Ao Y v Aad Y
MNN 22 MENENAHFVIT PSO NlF5AD 35 MT Tumsudilam
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Algorithm1: working time window algorithm (tfj Sijo D)

W.C
(D fz] =1, tD;;

2 SET
.4 C
3) b = true 5t Sp, 5 < f;
false ;otherwise
4 C
@) b, = true 3t SY¥,5< fl]
false ;otherwise
A C
) b, = 1 Sp, <t SV.p
0 otherwise
(6) b - 1 ;ua,ﬂsﬁ,jsya,ﬂ
Yo otherwise
(7) /*to calculate new finish time by rules followed that:*/

(8) If ~b, Ab, AbyA ~ b, then

©) Jii =t + (7a,ﬂ _tfj)and ffj =VYap
(10)  Else If b Ab, AbyA ~ b, then

(1D fz] =Ji; +(7’a,ﬂ _:ua,ﬂ)and tfj =Vap
(12)  ElseIf by Ab,A ~ byA ~ b, then

(13) fz] =Ji; +(7’a,ﬁ _:ua,ﬂ)and tfj =Vap
(14)  Else If byA ~ b, A ~ by A b, then

(15) fz] =VYapt (fz] —‘ua’ﬂ)and tfj =Vap
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(16)  Endif

(16)  If f; <starttime of the next breaking period then

(17) Finish time = f; ;
(18)  Else

(19) Call working time window procedure (tfj , fl] ,0) again
(20) End if

(21)  END.
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F1n5afl PSO GA Fn5afl PSO GA
1 953 979 11 936 951
2 972 961 12 963 965
3 940 978 13 975 971
4 960 975 14 949 984
5 954 957 15 958 954
6 965 956 16 954 986
7 958 985 17 965 975
8 978 975 18 973 979
9 962 975 19 967 965
10 965 970 20 967 976
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1 15 15 978 982
2 15 15 962 964
3 15 15 949 958
4 15 15 918 943
5 15 15 953 948
6 15 15 941 951
7 15 15 945 962
8 15 15 978 979
9 15 15 982 1010
10 15 15 966 956
11 20 15 983 995
12 20 15 1048 1043
13 20 15 999 1001
14 20 15 990 990
15 20 15 989 1020
16 20 15 1045 1055
17 20 15 1057 1065
18 20 15 980 1028
19 20 15 996 986
20 20 15 1019 1018
21 20 20 1292 1316
22 20 20 1283 1282
23 20 20 1245 1258
24 20 20 1252 1289
25 20 20 1263 1288
26 20 20 1293 1309
27 20 20 1341 1359
28 20 20 1317 1306
29 20 20 1309 1333
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Algorithm Job Station AVG Min Max Var Win  Time(hr)
PSO 15 15 957.2 918 982 401.5111 8 00:08:45
GA 15 15 965.3 943 1010  402.0111 2 00:13:06
PSO 20 15 1010.6 980 1057 860.2667 6 00:23:35
GA 20 15 1020.1 986 1065 765.4333 3 00:34:16
PSO 20 20 1287 1245 1341 898.4444 8 00:43:15
GA 20 20 1302 1258 1359 850.6667 2 1:03:47
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fam o nTesdns :mi S Wwi  amamien Psudye  JSulyen
drag g

1 15 15 1462 4105 3751 2643 354 9.44

2 15 15 1446 3701 3395 2255 306 9.01

3 15 15 1495 3926 2930 2431 996 33.99
4 15 15 1708 4188 28717 2480 1311 45.57
5 15 15 1618 4449 3252 2831 1197 36.81
6 15 15 1522 4526 2917 3004 1609 55.16
7 15 15 1434 3442 3037 2008 405 13.34
8 15 15 1457 3831 2751 2374 1080 39.26
9 15 15 1622 5362 3440 3740 1922 55.87
10 15 15 1697 4693 3260 2996 1433 43.96
11 20 15 1865 5243 3558 3378 1685 47.36
12 20 15 1667 5037 3667 3370 1370 37.36
13 20 15 1802 5809 4189 4007 1620 38.67
14 20 15 1635 4918 3813 3283 1105 28.98
15 20 15 1835 5339 3735 3504 1604 42.95
16 20 15 1965 5520 4068 3555 1452 35.69
17 20 15 2059 5963 3927 3904 2036 51.85
18 20 15 1808 4919 3877 3111 1042 26.88
19 20 15 1789 5643 4137 3854 1506 36.40
20 20 15 1710 4762 3682 3052 1080 29.33
21 20 20 2175 6067 4656 3892 1411 30.30
22 20 20 1965 6118 4867 4153 1251 25.70
23 20 20 1933 5674 4091 3741 1583 38.69
24 20 20 2230 5719 4469 3489 1250 27.97
25 20 20 1950 5724 4431 3774 1293 29.18
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26 20 20 2188 6003 4263 3815 1740 40.82
27 20 20 2096 5664 3907 3568 1757 44.97
28 20 20 1968 5344 4737 3376 607 12.81
29 20 20 2166 5396 4407 3230 989 22.44
30 20 20 1999 5589 4101 3590 1488 36.28
31 30 15 2335 7318 5909 4983 1409 23.84
32 30 15 2432 7595 4835 5163 2760 57.08
33 30 15 2453 7834 4915 5381 2919 59.39
34 30 15 2434 7884 5234 5450 2650 50.63
35 30 15 2497 8150 5385 5653 2765 51.35
36 30 15 2445 7934 5416 5489 2518 46.49
37 30 15 2664 8219 5482 5555 2737 49.93
38 30 15 2155 7100 4888 4945 2212 45.25
39 30 15 24717 7479 5349 5002 2130 39.82
40 30 15 2301 6375 5222 4074 1153 22.07

I~ P [ a A
Tagaauni 1 093 Avsteazidenvesilym daudn 4 Aen1staa1s1ensnanlsns
2 £ ° s 3 o v J =~ o v 9 Aad = J a
woudadlumsmdmey aauan 5 WumsihwadnsnsiesdinualeIsueudmdnAana
< = (] . KX o w Aa 9 1 A ] o s A
59ude 143 (Recalculation) Tagdadiauay IAuauinimusianavgann aauii 6 Ao
[ Aa yas =\ 4 a A = S a 1 o 9
mMstamsnmskan laglsueufmdnuurAououddnaas g lundous
o v o w o Yo o Ao a ] A = Jd a I J
numstadaua mlddaunaluasemnaa imouueudmday aaudh 7 udasn
A = ' 1 7 s 1 = s
ANNAAANADUNTONAAI T2HIN AANAN 4 LazAANAN 5 dIUTIWAZIDIAVOIAANAT 8
= 1 1 P P a 9 [ = s &L
ADANUUANANIZHANTANANS 1Az aauni 6 (Aanamya lUndeunuuoudad) Fauaaq
=] v s a ] o ' a a oA 1a
Idmiud msldueudadnaagianaimgaau s meuaniinisAadr03sueudadn bifa

9 v
FINgANUNE N 159010 Tasa 1 lvalirianavgaay



69

Y Ao

{ ° 3 4 3 and o
13 ud 11 ieymnad wilunsmliveuaasdimunn TiuiFanuvedisnysulg

9
UNUAEAINA TUMINAR tazuNUURY taaIremvvolymNhuImaasuE s ua 1Ay

]
~

A ag = = @ Y 1o A = Aq Yo = v &
NN 31 waad 3 IsMsnfseumsuiu asliduiieginganensinlvmaenandi dansl

A 19 A g s a4 A s ! Y
Negdganoteyannaauni 4 tazniNNgangaINaaunn 5 druns1idunaawIIn
9 s 3 1Y A v @ o =R £ 1
Poyaluaannn 6 1nnaiundngeudunlumssamsnnlsezmiiadaganarluns
o A @ o I Y o Aa ' [ 1o = K o
ngainiATeaTnTmT ez i Iddmaeunandt msdamsialas lifiledanisngainimse

dohdauau 159 lddnanas aunaidn

Makespan
7000
6000
5000 A f\/\ /'//\/\

= A
£ N \/‘ S T E N ——NSA
g \\ —=-NSA2

problem

d‘ = = o [ ad ==
MWN 30 mMyfSeumeumaauly 81450 3 35 40 NTAANY



70

Y
ﬁgﬂ!lﬂ%ﬂ]@!ﬁﬂ@!!ﬂ%

9 v
(4 I}

ludugaheagdninsamvesnuisenanuan lds luvagAnyiszaulsyauen

]
[

dy 1 A o 9 v ~ o as 1 A o w
I@]EJLL!@WW]NG]‘VIi]guuﬁ'u’f]ﬂiZﬂ’ﬂUﬂ’Jﬂ qAIUN 1 ﬁzﬂﬁ’15$ﬁ1ﬂmﬂl€)\ﬂ‘ﬁ MT @9UN 2 TIeany

9

[ o

Y0973 GA t1az PSO #1¥35miuat MT daud 3 agiamsedrgmehauuuuiisimnamgain

A A o A 1 ~ d awv 1 9 A av
LUDNIN LATDIVNTHIDLTINIU dIUN 4 a;ﬂﬂiﬂwumﬂmm%ﬂ Hay dIUgANMIN93II1UIY

nhazvmenaas 1 lusuiaa laogels

dm5U3T MT yauvesismsegiuaazsoulumstadiauau 1 0w Maoui 1y
ad A 4 Y 9 4 & ax o 4 3 Hq
AYUTE Faaas udrinansnaaeaaznn GTuasuITNTHIAIA0Y FIA15 N 19 U
o [ o3| A A Y o a Aq ¥ o <
mamieeudnutiunyiny lunsain weonlsilssumsdsziiunlsnaimsmainouilu
wruw Amsaenanansni 1l ldudilaym 1sp 188 nazamnsathunldlszdiudmon

521U GA tag PSO lumsudilym FISP lasndae

o wz Qdd‘yy awv o.lc!yﬁi as A £
dmsutuneudsnlsunilaywi FISP Tuanideativiily 2 35 Ao GA uag PSO 4 GA

= v A 9 1 o a A ax = 1 AQ Yo
UgauaIINMaas wlsemng Tnunndmeumunianyals uazls PSO Nyaaun l4d1uiu
9 ' o |qgj an 0 = = v o o A
Uszannstesninlumsmainen uani 2 3gniwSeumen Tasweeulsusmiudinoun
Tdlsedulnlndifesiu meamauenialunmsasindeulsz@nnim mnkanisnaaea
wovzazl1da1 33 PSo ladmeunaninis Ga uamsagiaina aglldiieslunsaidnun
av % dydl ) Y1 v ad v 0’1} v ' =~
Y9INUITERTUUNUT GA 1ag PSO 1193901 35 MT i uavzazilsanlunnagnsal

] ' { a J = 1 o
114 w1z msuldeumaiimesaen lumsnaassndeniinanonaninussfino

lusgneihnuidoses FISP shldnsuimaimstinuveunissdns lulseu

< o A v wldna o an ° @ a o =R =
AUMIMNUEDVTFNONHIANN ATUIINHUITNIATUIUNTIANT NNIHAA TADR 119D

1 (% & ' [ ' [ o IA 1T o
F1NAMYARN FIINNTNABBINDI MITAMTNUUVTFINaMgaRn I nadwE Ruiud
! o 1o =2 = 1 o =2 Y1 an A 9 & y & A o ]
nMsIaas s lusriladeaamgann Dudansmsnasyvazgnad et 14
nuilgy FISP usedn lsdua S3msaenanansosi il Igsumsdaaiseansnaauuy

A Yy 9 129 o w 1 o A = A 3 v

aue Idondae uatidesnamalumsmamevzinnninaumzimamud uaeulusgnig

o = o W ' < 7o o A o IR
N1TIAANTTI N lmﬂNﬂDTNﬁTﬂ@LLﬁ%Hﬁ]gLﬂuﬂi$TEI“H‘L!E‘TTHi‘]JIiNTH‘VI‘VI'NTuLﬂuGH’NL’Ja1



71

o Y 7 ' @ awv @ Y < Ay
dmsulsz Teminamadng lasuanauisendivil duilu'll1dd3sendeanisaz 14
av [ a % dyd J1 o Y ~ a A o aw
e luszaulTyguen atiuil NilsgTeninedennlnnnnga lasaaiuilonnulitesy
o 3 a 4 a d o
uda wnermhduseudsiie 19 1Minalse Teminuniagaamnssuludszme'lne uaz

A v Ay 1 1

v v 9 o ao Y dy 1 I Y a a A Y a
AT INIDIUUNIYTUA VI,“JJ CUHMNIUIWYRVVUNIDIU L“]Jl!lll!’J‘V]Ni'ﬂLﬂﬂLlH’Jﬂﬂ!W@iﬂlﬂﬂ

Q

9
Fm3lvdagmh I sumagaavnssy dmsulsy Tenivesiuneuisann eraneasdl1d

1A ] ) J [ 4 a {1 1
1735 MT unzawnsoi hhlsggnaldnuilgm 1P uazilymioun1d dreuurnanii §an

u

U A ] =} U = 9 d' 1 A o v Aad A o
ithnanenewd@eniinzaniimaiden lasldnginiaiinzd d1msult GA nag PSO iruaue
v Aav [ a g 9 [ A d' o o
unaveansalsumniwesaeg Imingaunuaoululssnunieilyminhuidney
Smsvasms lumsdina SwmsunsmuauuunzmMshnuansal¥iumstaa1sems
a 9 a ] Y Y 9
nas lananvateria 11z 19lse Tewd lded19ni19ung
o v o Yaw ] PR o P AY Yo 0o Aw
dmsuarfatees e 1iezihanuianuawnsan lasuanmsiiitonay
o A a 4 @ 3 a 4 ] 1 [ @
mstmeninusatiuil llFdnalse Tomigegalundvesnisaenea ldnuindnyuay
v Aav o o % {
1Wn3ve sanduihnnw Wiszgndldauludnvauzvestlinu Tssau wazi@ouTisunsy
a 4 4 ] a [ 1 o
asuuaes e 141u Tsenugaamnssuluaiuvesnsnuuwunisnan Taoaianiainag i

< { [ { [ o Aw a @ { 4 1 ¥
IauniausunldsuTomalumsansaz a1 luumInedenisordo el



72

PNAIIUAZT 91909

Askin, R.G. and C.R. Standridge. 1993. Modeling and Analysis of Manufacturing Systems.

John Wiley and sons Inc, Florida.

Bouri, A.E. and P. Shah. 2006. A neural network for dispatching rule selection in a job shop.

International Journal Advance Manufacturing Technology 31: 342-349.

Caumond, A., P. Lacomme and N. Tchernev. 2008. A memmatic algorithm for the job shop with

time-lags. Computers and Operations research 35(7): 2331-2356.

Choi, I. and D. Choi. 2002. A local search algorithm for job shop scheduling problems with
alternative operations and sequence dependent setups. Computer and Industrial

Engineering 42: 43-58.

Dominic, P., D. Durai, S. Kaliyamoorthy and R. Murugan. 2004. A conflict-based priority
dispatching rule and operation-based approaches to job shops. International Journal

Advance Manufacturing Technology 24: 76-80.

Drobouchevitch, I.G. and V. A. Strusevich. 2000. Heuristic for the two stage job shop
scheduling problem with a bottleneck machine. European Journal of Operational

Research 123:229-240.

Ganesen, V.K. and A. I. Sivakumar. 2006a. Hierarchical minimization of completion time
variance and makespan in jobshops. Computer and Operational research

33: 1345-1367.

. 2006b. Scheduling in static jobshops for minimizing mean flowtime subject to
minimum total deviation of job completion time. International Journal Production

Economics 103: 633-647.



73

Gao, J., L. San. and M. Gen. 2008. A hybrid genetic and variable neighborhood descent
algorithm for flexible job shop scheduling problems. Com. and Ope. Res. 35: 2892-
2907.

, M. Gen, L. Sun and X. Shao. 2007. A hybrid of genetic algorithm and the bottle
shifting for multi objective flexible job shop scheduling problem. Computers and

Industrial Engineering 53:. 149-162.

Guinet, A. 2000. Efficiency of reduction of job shop to flow shop problems. European Journal

of Operational Research 125: 469-485.

Ho, N.B., J.C. Tay and E.M.K. Lai. 2007. An effective architecture for learning and evolving

flexible job-shop schedules. Eur. J. of Oper. Res. 179: 316-333.

Huang W.Q. and Z. Huang. 2004. Algorithm based on taboo search and shifting bottleneck for

job shop scheduling. Journal of Computer Science and Technology 19(6): 776-781.

Jansen, K., M. Mastrolilli and R. S. Oba. 2005. Approximation scheme for job shop scheduling
problem with controllable processing time. European Journal of Operational

Research 167:297-319.

Jensen. M.T. 2003. Generating robust and flexible job-shop schedules using genetic algorithms.

IEEE Transaction 7(3): 275-288.

Koonce, D.A. and S.C. Tsai. 2000. Using data mining to find patterns in genetic algorithm

solutions to a job shop schedule. Computer and Industrial Engineering 38: 361-374.

Lee, C., L. Lei and M. Pinedo. 1997. Current trends in deterministic scheduling. Annals of

Operations Research 70: 1-40.



74

Ma, Y., C. Chu and C. Zuo. 2010. A survey of scheduling with deterministic machine

availability constraints. Computers and Industrial Engineering. 58: 199-211.

Najid, N.M. and staff. 2002. A modified simulated annealing method for flexible job shop
scheduling problem. pp. 0-6. In System, Man and Cybernet, 2002 IEEE

International Conference. 6-9 October 2002, Nantes, France.

Ohta, H. and T. Nakatani. 2006. A heuristic job-shop scheduling algorithm to minimize the total
holding cost of completed and in-process products subject to no tardy jobs.

International Journal Production Economics 101: 19-29.

Pezzella, F., G. Morganti. and G. Ciaschetti. 2008. A genetic algorithm for the flexible job-shop

scheduling problem. Com. and Ope. Res. 35: 3202-3212.

Pham, D.N. and A. Klingert. 2008. Surgical case scheduling as a generalized job shop

scheduling problem. Europian Journal of Operational Research 185: 1011-1025.

Rajendran, C. and O. Holthaus. 1990. A comparative of study of dispatching rules in dynamic

flow shops and job shops. European Journal of Operational Research 116: 156-170.

Rossi, A. and E. Boschi. 2008. A hybrid heuristic to solve the parallel machines job-shop

scheduling problem. Adv. in Eng. Sof. 40(2): 118-127.

Sanlaville, E. and G. Schmidt 1998. Machine scheduling with available constraints. Acta

Inforamtica. 35: 795-811.

Schmidt, G. 2000. Scheduling with limited machine availability. Europian Journal of

Operational Research 121: 1-15.



75

Tanve, 1., T.Uozumi. and Y. Morotome. 2004. Hybrid evolutionary algorithm-based real-world
flexible job-shop scheduling: application service provider approach. App. Soft Com.
5:87-100.

Tay, J.C. and and D. Wibowo. 2004. An effective chromosome representation for Evolving

flexible job shop schedules. LNCS. 3013: 210-221.

and. N.B. Ho 1010. Evolving dispatching rule for solving the flexible job-shop problem.

IEEE Explore at Kasetsart University, Bangkok.

Watanabe, M., K. Ida and M. Gen. 2005. A genetic algorithm with modified crossover operator
and search area adaptation for the job-shop scheduling problem. Computer and

Industrial Engineering 48: 743-752.

Xia, W. and Z. Wu. 2005. An effective hybrid optimization approach for multi-objective flexible

job-shop scheduling problem. Comput. and Ind. Eng. 48: 409-425.

. 2006. A hybrid particle swarm optimization approach for the job-shop scheduling

problem. International journal advance manufacturing technology 29: 360-366.

Xing, L.N., Y.W. Chen. and K.W. Yang. 2008. Multi-objective flexiblejob-shop schedule:
Design and evaluation by simulation modeling. Applied Soft Computing.

9(1): 362-376.

Zribi, N. ,and staff. 2004. Optimization by phases for the flexible job-shop scheduling problem.
In Proceedings of the 5" Asian Control Conference. 20 July 2004, The University of

Melbourne, Australia.

Zribi, N., A. El Kamel. and P. Borne. 2006. Total Tardiness in a flexible job-shop. IMACS.Conf.

October 4-6,2006 Beijing China.



¥o - Mwana
U A =S a
Su aou hina
4 a
aouning

sz iamsann

Nuifagiiv

ANNOUA

76

sz ¥amsfne tazmsnau

ALUA WADYAIY
=
5 A 2519
o = [ [ <
BUNOINDY T9% IR YINa
.. AFINTTUNTHAN)
a @ = Y A
PNINDeNA 11 TagNIZ0UNANITZUATIHTID
2.4, AFINTTUNITHNEN)
a @ ~ 9 A
UNINDeNA 11 188 WIZIDUNANTLUATIND
dAa a [ = 9 A
D1NTINAYUNIINGDY 1A T agNIZI0UNAT NILUATIHID
S (= Y
mmiﬂmﬂiﬂyﬂmqmiaﬂ@unu (CORE-4 1iag CORE-5)
= a o Y a [
e 115UuATUADUN AADT IHNUAIUNTILHUMTHANNT WAL

9
TUAHIT IHUITEAUNTIVEAUTU I (Operation research)





