)¢

Plagiarism Checker X Originality Report

Similarity Found: 3%

Date: Monday, August 10, 2020
Statistics: 168 words Plagiarized / 5171 Total words
Remarks: Low Plagiarism Detected - Your Document needs Optional Improvement.

International Conference on Science and Technology 2019 Journal of Physics:
Conference Series 1569 (2020) 022094 |OP Publishing
doi:10.1088/1742-6596/1569/2/022094 1 The hybrid whale optimization algorithm: A
new metaheuristic algorithm for energy-efficient on flow shop with dependent
sequence setup Dana Marsetiya Utamal, Dian Setiya Widodo2, Muhammad Faisal
Ibrahim3, Khoirul Hidayat4, Teguh Baroto1, Aminatul Yurifah1 1 Department Industrial
Engineering, University of Muhammadiyah Malang, JI. Tlogomas No. 246, 65144 Malang,
East Java, Indonesia 2 Department of Manufacturing Technology, Vocational Faculty,
University of 17 Agustus 1945 Surabaya JI.

Semolowaru 60118 East Java, Indonesia 3 Logistics Department, Universitas
Internasional Semen Indonesia JI. Veteran Kabupaten Gresik, Jawa Timur 61122,
Indonesia 4 Department Agroindustrial, Trunojoyo University, JI. Raya Telang, Kabupaten
Bangkalan, Jawa Timur 69162, Indonesia Abstract. Recently, The industrial sector
produces about half of the worlds total energy consumption. Manufacturing companies
are required to reduce energy consumption. This article aims to develop a Hybrid Whale
Optimization Algorithm (HWOA). We use the objective function of minimizing energy
consumption. It solves the problem with permutation flow scheduling problems (PFSSP).

Dependent sequence setup is a PFSSP problem with setups that depend on schedule
sequence. We offer HWOA with local search strategies. The solution in each HWOA
iteration is improved using flip and swap mutations. Furthermore, HWOA is compared
with several algorithms. We use numerical experiments to show the performance of the
proposed algorithm. Comparative analysis with several algorithms has previously been
carried out with ten variations of PFSSP problems. Based on numerical experiments,
HWOA proved to be competitive compared to other algorithms. Keywords; Efficient;
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??ion [2].7???2r ??0r ?, ?a ??7ac ?ur ?ng ?ompani ?s tar ? ?he tpr ??ary s ???ce tof tgl ???I
twar ??7ng. ?a ???a ??uri ??7tc ??panie ? ?r ? ?equir ?7d ??fr ?duc ? ?nergy ?ons ??pti 7 [3].
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iecna???tt??7?-0OFF?t?a?eqgy[7].
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removal : energy consumption index of machine j : energy consumption Setup index of
machine j : energy consumption index of machine j when idle , : completion time of job
sequence at on machines : completion time of machines : total busy time of machines :
total idle time of machines : total setup time of machines : Removal time of machines :
total energy consumption ? : the initial distance of the whale to it is prey ' ? : the
distance of whales to prey (from the best solution) ? : vector position * ? : vector position
of the best solution ? : vector coefficient ? : vector coefficient : number of iterations : a
constant to define a spiral shape : random numbers with ranges [-1,1] Ba ?e ?ton ?he ta

Science and Technology 2019 Journal of Physics: Conference Series 1569 (2020) 022094
|IOP Publishing doi:10.1088/1742-6596/1569/2/022094 3 ,=ma,-,, +,+,,=2..(2),
:I+I+l+ll:2"(3)l:mal-lll+I+I+Il:2"l:2"(4):?ll?:1"(5):?I+



,?2=1..06)=?,2=1..(7=ma(,),?=1..,=1..8=---,?2=1..9=?(.+.+
. +.) (10) The PFSSP model was modified from Li, et al. [19]. Best scheduling is defined
as having the minimum TEC.

The PFSSP model for minimizing energy consumption is as follows Obj ?ct ?ve ?unc ??on

=??n(??Subj?ct?0:,=+,+,,=ma,-,, +,+,,=2..,=,+,+,+,,=2..,=ma,
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?ac 7?7?77 ? Equa ??0n ?4) ts 7?77?71t ??t ?7c ??ne 1j ?tEqua ??0n ?5) te ??7?i ? the tt ??7al tm

??77?7t1 77 2ota ? ?dle ttim ? 77 ?he pe ??uta ?70n ?a ?hie 1) ? ?2777ti ??74(? ? 777 ??bes 1t 7?7
??r ?7?7?7ati ?2HTEC ?0bj ?ct ??27+f 227271 227; tfEqua ??0on ( 7?7 expla ?ns ?he ???2ct ?ve ?777ti

MMt?Nt??7?m??1a??e???i 777 (77 20 (7 7. 2.2 Proposed Hybrid Whale Optimization
Algorithm (HWOA) W ? wa ? pr ???2?2e 2 22 2ij 2li 22 a 22 2?2wi 2 [ 2?2t ? 201 22t 22 pr

TPFSSP.
?e tpr ????e d HW ?, whi ?h 2om ??nes tW ??twi ?h ? ?ocal s ?ra ?egy suc ? ?s f ??p a ??
?wa ?ts ??rc ??7tHW ??tha ? t ??7ee tma ?n ?te 77 Init ??li 7e ?he ???it 7on 7?7 ??? ??ar ? a

??nta ?? ?ha ??? t ?? pos ??ion t ? ??rm ??a ??on wi ?h t ?? La ?ge ??nk val ?? (7?2?72 r ?7e

?c ??s ?2d i ? ?he ?ol ?owi 77 ?ubse ?ti ??7: 2.2.1 Initialization of search agent positions
and convert search agents to job permutations The finit ?al tposi ??7on ??1t ?? ?e ?rc ?ta

??h a ??nt ?s ?orte ? ?rom ?he | ??ges ? t ? ?he ??al ?es ?.
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2?7 ?0A a ?gor ??hm tas 2um ?? ?hat tt ??tbe ?t 70l ??i ??2ti ? ? ??e ?tt ?rget tt 7?7 ?s ?los

? is tthe tve ?tor Tpos ???on. | | is tt ?? ?bs ??ute va ?ue * a ?? ?? m ??t be updat ?? 7n e
r?2Ner 21?2t ??2r?2 2?2 abet ??rs ??uti ?? Ve ??or 2 and ? f ?2?m ??ated i ? ?????ion
(15)??n(16) .2 =2?2-?2-2(15)? =2-?(16) ? de ??e ?se ? ?ine ??| ?tfr 2?12 2210 ??2?j ??+t

?2. M ?t ??ma ??¢ ?? ?0del ? ?? ??ha ???? 70 ??t ?7k ???pba ??twha ?es ta ?? ?7?si ??7d
2772t 77 201l 7??ng ?wo a ???0a ?hes ?t1).

e???ti?(5)2)Updat?ngt??spir?l ?222ti ?? ?Equat 2on (???)? (+1)="?--cos(2)
+*2(0)A7)" 2 =*2()-2()i?2%2ca ??s Tt 2?7 2?2st 2nc ? 77 727 22721 7 70 ey 7t 77 ?7st 70l

??he ?xplor ?ti ??tphas ?? ?s ?ode ??2d ?72F( ?277ti ??4(???7ta ? (?) ? 7?0A pse ?? - c 77?1 7
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77?2?27 ?wo 7andom twork ??quenc ?s. The fs ???fope ?at ??? ?te ?at ?d ?0 ?ti ?tre ?7at ?d



2?2F ?pi?r?ver??ng t ?? or 7?7 in whi ?h j ??? a ?e ?el ?ct ?d. The ???p oper 2?1 ?? ?nii

?2?f 2?m ??ndom ?7st ??but 7?7 ?1,5) ? 7?7 e 7?7gy € ???um ??i ?? ??ede ? ????ng pr ??7?s
??ng ope ?at ??? wa ge ???a ??2d ?r ?? ? ?2??form tra ??2??+di ??ri ?2?i ??2%(5,10) ?t*Energy
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?tt ? paam ??er ?. ???re tar ? ?wo ??r ??et ??s tus ?2d ?n ?hi ? ?xpe ?im ???7, s ???ta popul
??ion ?nd ??e ?7ti ???1The popul ???0n c ???is ?s 2?2 21 2?21 s ??h a 10,2 ?? 7 7 7?7 ?t ??at
?on consi ??s ?? 5| ?vels s ??h as i ??ra ??on of 10, ? 71100, ? ?ta ??+500.

??2c?7tda?awat ??e ?tte t ?7e 7. 7e tt ??e 8 var ??ti ??7?tof tj ??ta ??tma ?hi ?? The ?ef 777,
?7ne ??2c TAL 22?2 27 2GA) [ 9], pa ?ti ??e ts ?2rm topt 2?27z 221 ? (2?2 [12], ?nd ?0A [ 17

1.??gor ??hm fper ????a ?? wa me ?s ??e ?tby ?? Ef ?ic ??nc ?tInde ?tPer e ???ge t( ??777.
27?71 7 72sc ?be ?tas Tt 7?7 ?77ti ?tof te ??rgy ?7?7?um ???0on ???we ?n ?he HW ?? 7| ??7it ??

[17 ] we ?e 199. 61 % ?199.

70% ,a7?? 7?74 % ? 7??s ?xper ??ent ?hows ?ha ? HW ?? 22rf 27m ?7?e ?s 22tt 22t ??n's



??7e ??her ?7gori ??7??. Tabe ? 1. The xpe ??me ?? ?? ?he ??fe ?? of ??0A pa ???et ?rs ? ene
??? ?0ns ??pti ? Job Machine Population of 10 Population of 100 Iteration 10 Iteration 50
Iteration 100 Iteration 200 Iteration 500 Iteration 10 Iteration 50 Iteration 100 Iteration
200 Iteration 500 5 4 4688 4688 4688 4688 4688 4688 4688 4688 4688 4688 5 16 25558
25558 25558 25558 25558 25558 25558 25558 25558 25558 40 4 38593 38656 38577
38647 38714 38699 38638 38579 38606 38488 40 16 157645 157563 157322 157011
156907 157112 156920 156765 156522 156429 60 4 62998 62841 62693 62874 62800
62900 62797 62717 62704 62628 60 16 252238 251453 251383 251353 250995 251019
250959 250828 250697 250316 100 4 92588 92414 92324 92266 92191 92355 92256
92147 92168 92187 100 16 368938 369059 368691 368395 368278 367885 368465
367823 366869 366622 Tabe ? 2.

Com ???is 2?2 22 e ??r ?? ?0ns ??pt ?on a ?? ??? 7?7 s ??7ra ? ot 7?7 al ???it ?? Case EIP GA
PSO WOA 5 job 4 machine 100,00% 100,00% 100,00% 5 job 16 machine 100,00%

100,00% 100,00% 40 job 4 machine 99,65% 99,67% 99,68% 40 job 16 machine 99,25%
99,36% 99,53% Case EIP GA PSO WOA 60 job 4 machine 99,54% 99,78% 99,75% 60 job
16 machine 99,39% 99,56% 99,58% 100 job 4 machine 99,66% 99,80% 99,88% 100 job
16 machine 99,36% 99,39% 99,48% 4. Conc ?usi ? In ?his far ??cl ?, ?? ??opos ?ta thybr
?d ???le tOpt ??iz ??ion ??gor ??hm t( ??0A) ?lgor ??hm ?tFi ???ly, ? pr ????? ?he tbes ?

| n 7?7 ?ase tof tsm 77| 1j 27, it ti be ??e ?tt ?tus ?tpopul ??ions tand ??al ? ?te ??ti ?772. |
ns ?ead, or tt 7?7 ?7a ?? ?? ??r ?7? ?0bs, it ti ?tbet ?er tt ?tus popul ???on ?nd s ?gni ??ca ? it
??at ?on. F ur ?he ??ore ?7tHW ?7ti ?tc ??par ?d 70 ?e ???a ?tproc ?dur ??. Com ??7a ??ona

??70A ?1 7272t 77 ?a ?tbe ta ???ie ?Tto ?e ?77e te ?77gy € ?7?7um ??i ?? ?n t ?? PFSSP pr
2?777m.
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