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Purpose: Scheduling of batch production and machine disruption are the two main challenges in
manufacturing organizations. Due to the complexity of production processes, many industries try to
group jobs according to family criteria and use a common setup time to process every family. Also,
machine breakdown is an influential factor in the planning of production systems. In this paper, the
problem of scheduling a single machine with family setup times and breakdowns is studied. It is
assumed that there is a breakdown with an uncertain start time and duration based on the specified
probability distribution functions during the planning horizon. The objective function of this problem
is the sum of the expected maximum earliness and maximum tardiness.

Design/methodology/approach: For the problem under study, a new mixed integer linear
programming model has been developed. Due to the NP-hardness of the problem, a new branch and
bound algorithm with the dominance rules and an efficient lower bound is presented for its optimal
solving, which uses a new heuristic approach to achieve the upper bound.

Findings: To evaluate the performance of the introduced algorithms, 2520 instances were designed
and solved with the presented algorithms. The computational results indicated that 98% of the
instances were optimally solved in the specified time limitation by the branch and bound algorithm,
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and the average percentage of deviation from the optimal solution in the proposed heuristic approach
was less than 30%. The results demonstrated the efficiency of the proposed algorithms.

Research limitations/implications: Considering the newness of the problem investigated in this
paper, the proposed instances and algorithms can be used as a basis for evaluating other solution
methodologies in future research studies. Also, considering other modes of machine failures such as
scenario-based failures or re-scheduling the jobs to minimize the deviations of the actual schedule
from the planned program, situations with more than one machine such as parallel machines, flow
shops, and job shops, other objective functions related to scheduling such as maximum completion
time or total completion time, as well as the development of other exact, heuristic or meta-heuristic
algorithms are suggested as subjects for future study.

Practical implications: The problem studied in this paper can be attractive and practical for
manufacturing organizations. Industries such as automotive, ship and aircraft manufacturing, steel,
telecommunication power supply manufacturing, electronic, computer processors, and all industries
and systems that somehow deal with the batch production process and unexpected machine
breakdowns, can benefit from the results of this research.

Social implications: Because in this study, the starting and finishing times of machine breakdowns
were predicted, by applying the results of this research, the production of defective products will be
prevented when the machine breaks down, and this leads to the reduction of waste in the environment.
Also, according to the objective function defined in the problem investigated in this article, the
implication of the results of this research in production environments leads to the reduction of
earliness and tardiness costs, which in turn increases the work efficiency of human resources and as a
result, increases the job satisfaction.

Originality/value: It seems no study has been conducted on the single machine scheduling problem
with batch production, random breakdown, and the objective function of minimizing the sum of the
expected maximum earliness and maximum tardiness of the jobs. Particularly, innovations of this
paper are threefold: i) a new mixed integer linear programming model was developed for the problem;
ii) a novel heuristic approach was proposed to solve the problem, based on hill climbing (PHC); and
iii) a new branch and bound algorithm with the dominance rules and an efficient lower bound was
presented to solve the problem optimally, which used the PHC heuristic approach to achieve the upper
bound.

Keywords: Scheduling, Single machine, Batch Production, Disruption, Earliness, Tardiness



AR Ql;.w.zb AR LS’-LJ{ Al a‘)w AY 09> LCJL:LQ.P) -’L:S}; CA._:'J:).JA
VWYY Lo VEOVATAY 1 0 \TAA/ VA sl s
http://dx.doi.org/10.22108/jpom.2022.126335.1315

O Jo 5 dolal ol & 5 (glais a5 b il (0l ) Wi (g5l e

OIS 5 axld Jy,y dwsa
r@t’d J'-}Jﬂ cYC)L:;éLsG &;ﬁb ‘\ é}&ﬂ bL...>|

e.molaee@yahoo.com 0l ) 01, o5 ply AU P PR L (b akigs 03 S 1S (g amiils =)
ramin_sadeghian@yah00.com «o1 1 0l 45 o5 ply olKils ¢ puwdign s dSLiils cmolio uwdign 05,5 JLisls =Y
p.fattahi@alzahra.ac.ir (ol ) <0l ¢ d o Il oliils ¢ wdiga 0aSCiSls o soligs 05,5 sleul =Y

o=l 53 3 5d ea e eile dolad ol s gl W5 L Bl SO a0l i dlie ) 5o :6.‘2&?’
zman 3003 Y5 3l Jaee 5 o sk (3lueslal Olaj LIS 83l 5t a5 ol IS 8316l G 4 Glate I a diee
Jlol w555 b (Balad Jsb 5 500 Olas 5 Al e GUET (s 30aal 381 sk 53 (dle 2l 58 G5 0 28
LSl g 3,8 s S 53,8555 ST ¢ samme (3l Bl altes Chda w5l Lasita 13515 el 50
At Jde G alies ol (gl el sdalice i ol (glandllas 42308 gla iy 53 05SE .Cwla S
o Ol g Jo slp e 055 NP-hard 4w 5 b ool ol 0315 da 5 Lalies ot s 3o (53200
.L_qu-‘.g)Lit.zlr:w)_Q\ S5l el 0l G LI el e S5 e J gl b it OS5 als o) S
Wte 308 YOT+ sl o 3 me (slann , sS01 s Shas b 551 5 shiveas S oo o3linad Y 03,531 Cows 4 8l 5
83 5d0mn 3 i gad Jilows T8A das o 0L Sllons sl .l 0l o o381 slapz, S L 5 (b 45
5 e Pl 51Ol s SKle 5 Lo | wigy Sy o OLS 5 a5l o2, S L o asete Sl

O W L PPN B T PEIST B CIS PR RGN VA S O I P PR

>;ﬂ> c.)ﬁ)})' ‘uf'lf té“‘j.«.ﬂ} J:J); ‘u':"':’l"& gd-’wdlﬂ) ‘5-\:15 ‘5‘.503‘_}

2423-6950 / © 2022 @@@@ J s o 55 *

BY NC ND

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/)



https://dx.doi.org/10.22108/jpom.2022.126335.1315
https://creativecommons.org/licenses/by-nc-nd/4.0/

VEO) Okl T8 oy oY o5les T o558 (Oldes 5 A5 Cu ke /N YY

dndas —\

b laglsn W5 G 5 Blasang a5 V58 5 aile A 55 05 &be Sl ol 53 635 4
o men (YWY O LSan 5 Sis) el e S 5 S amg5 y s gles 28 sbay glares A
3 ol 3 1Sl lredsls 5 5 A 5 Sl a3 g L S YT ile 8 a8
sl slye 3508 G Slaal F 5 DUl g (YTl s e Y5 4 Sl 5 s sl pte
5 Kpd) Al e BT okl Dleside 5 g, L e twnpds Slaesss oyt 5 VLI 5 Sl 55
Ay slalae 1o LS55 50 o8 55 5555 o ‘(K;ﬁ A5 el bl A3 S 3TV Ol
G252 sr Lo 55 Soly 55 )l 8o 5050 o0 s 35S Slad oo 4 LSS 5 S s il sy o
v

355555 S g game Sda &b 5 olad ol glanes W5 L edleSS (gl At s o) )2
5 X Gy podl 5 4 i b Cplie olal W)l sl 53 3550 s 2 35 22
3 lS ol sl sl OIS 1SS 51 e ST Ll 5,106 5L (s 3lmeslel a4 sl il G 4 Glaze (sla,lS
331 Jsb 53 ol S s e o i e S sileeslel il 23l dalp 6K Bal s
slysds 5 e Jlaml slams b Balar sla e O Qlayode 5 g5 Ol 5 3,15 3525 (53250
UL P CTI TGOV Bt S SV R PN (O W PR pne s dege 5 a5lsn Oles QIS e i cpl 53 ol
ool Tdoma SIS OF 3515 Slilas IS oo pladl 1 g oty GBI 5 cedle s IS S5 3503 pl500
Lol o, S 0 ST 55,555 STaa LSl B ¢ pame o5 ool a5 LS udles s 58 0
sl 0 odalie i ol 5 (glarIlas 4;)57@.& O5SU 3 ps J3las

Jls Ot 53 51 (2 ool o pladl (glatns 251 b (sialley Jilaws p ($5kms lallls 058
YOV LS 5" ) Uiles 1S e e Slslre #lsil 5 LaslS (6 sbuazas L 1) pdlecSS (0l
St 1) eilacSs (sdules Jlae S5 5 (Y14 0Lan 5 o TV Ol 57 0 s 5
TEre TV 0K 5 T TV 0L 5 i) diles S il il Sl 5 L S (6515
INTECIC PRI % PRI SUNPRAIN 3 PSR FCOUSPRIE It PR L IR COUSPIN I SR TR
31 AA) Whes S s S 8315l (5lueslal S0l b 1) eileST (su0les Bl K3 5 5 (VoY
il s edld e bt slaslae Bl 51 S e sl (VY T 5 Tls oYy Mo
3 LSl sl S (OS5 e ls by gl p (2L 3ledie) B33 slapn, Sl odesls Sls 3
sl o ) Sl 3 L

Sl (533 sla ras Sleslinal b 5 o3 S s ol i 3 L il Bl O K255 S5l &
(YW OS5 Sl YV O 5 e VWY (0L 5 K52) Lles S > 1 T g, Kall 3 L
Codn wl 5 alad i a5 05l L0l (slenss i bt B gl (Y4)A) Va5 s
o L eSS s (51 (Y912) 01an 5 5 isls Sl 1) oSl bz S eSS 0y STt



WYY/ OLSar 5 e Olal / OIS 5 aLs oy Wty OF Jom 5 ol gl 5 5 glaiws A5 b pmdlacsS (gbu0le) dins (g5l itn

J sl b oSl o, 5 sl Jde S S JoaSS 0o 5 oS 0ley S s il 5 iy sllasl
Asls dxw g ol

3 = el ol ol oS Oladllae ¢ pw s Cosgdene 5 Glatws asls b gduoley flew 0 oSU
4 ail s 5105 SLOL ¢ s Cuddoms SO L (b e Slates (p3lSO At 6l (7 T4IV) O S
A3 Al 335 0y s S S eSS 0ley ST G b5 0le a4 4l ($3lusslel (sladle) cad e
o el 5 La)lS U cgliies Lad o b (55150 sbaomdle an0les s sl (YIA) 0L, San 5 )
3313 S oS 5 SRl xS S eSS Ol ST G B 5 Ll

A5 L iSO sl filas 2 (slanlllas 0556 cas g 0L 42208 o sy sz 45 4 S Oles
) Sl el sl et sdaliie 3 S 3 55 S35 S g peme Cda w5 Balas ol 2 (slats
&ﬁcdwaaﬁm@@jsuw.wlo.x,i«:b\,g.xe-glaf-@w;.xp Sroael e G calins
o (ol o SIS L 0T (VL e S ol ot b O dgy o (sl i OIS 5 a5 La o2, S
Al e s & (5355045 2 e

53 35 e iy o5 OF Sla S5 5 s p s> [isu 3 il 13 D)ot dlie Sny Slaion 5 5
Sl= Ol,S s aerlis g |~ Hﬁ))—g S paman 5 Al i 6l 8L Sromelp Jhe S e S
sdal iy s oy iy 53 8350 e S Slalne L polgr io 53 358 e iy a0 e

J}“:’L;" Ajb\ Lﬁji LSLQU’:”'QJJ”:' LS‘)" L;.L"AJL@MLMJLEKW. ””' ‘V..M»:' o ,ADUL '.J.})J}i& }.-Bu" nﬁ‘*'lj'?;‘.

S A Sle Y
sl A s fSP)falils 1 as osba (il S 5 Bl F il 5l @jls s
foslgls aslsdif psbae by dose s Pip psbae (53055 Obedfip U 2l Bfoine =15 S 1y
a2 Jip 3 g3 LS Ll I S ol jip S (s S us ST sls sp pakas Oles L s3lweslel S
S LIS IS b e s 85 ilmeslel oSST sl ol pledl 51 s IS sl i LS L asls fasl sl
Iodmmn SIS 0T a5l a5 pladt 51 g eiboy plosl (6,05 3l ol 5 g 58 p0n ST oy ol i 5
el aph o (28 5 o33 QLD 5 By (Balal nane 93 b Sa ol 8o sk s gt st e g S
3 g Oley 20 e B emmed Sl polae 351 ol pize 5 ol bzl 55 canddS Dl
s T ) TS s 5 058 Sl L sl anils al s Jlatsl w55 e A8 e ) 55 sk
oS et an S L s alias ol Gl s S s Slas 55 Soy) Sl s e g oo sl s

ij.j:gjn “".’.ﬁj‘.’.) LY
E[Emax + Tmax] = E[Emax] + E[Tnax] )

el 53 Syt 5 3 S s Sl 55 Sa5 Sl Ul ge pslis E[Tings] 5 E[Emax] ol BERN



VEN) Ol T4 ol oY o5les OF o558 (Olhes 5 A5 Sy e N YY

ElEmax] = E[max{max{0,d; - C;}}] = max{max{0, d; — E[C;]}} (Y)

ElTmax] = E[max{max{0, (; - d;}}] = max{max{0, E[;] — d;}} )

Olay O3 sl arg by ol Jig n (I<i<n)i 8 LSS oloj sasolis G cdaly, ol 5o
1|ss, breakdown|E[Emayx + Tmax] < smoim akias ol sl oslias 50 0T ltie o ol Jsb g3,
SIS 5 0 25 orile (Sdhes 2als a0 SIS (VL (slaanpa a5 L dlies (pl 3 35 e esls OLES
sdalie O 1 (landllas aniiS gla_iass 53 O5SU 5 ol L SLlS 0l pry p Al . Slms (Solos
NG PR W

NP- (17 |Lpax) & plsn S Gda w6 5 o szl 6550 S L il SO s Sl a5 L
Sl S Gas w5 (gilweslal 5315 Ly o 3eST Al (iamen (1495 ) o hard
A e S Ol el OAVA L s 5 s ) ol NP-hard s (1Sf | Limay)
2wl NP-hard i 1|sy, breakdown|E[Epmay + Trax]

o5 sl B, -

o) Gl syl = gl iy, WS sy, breakdown|E[Epgy + Tinax] alies 03 pdsdor 4 4 55 L
03 3y ey Alis ol e slas SSa, i cpl s el Wl s s SIS 0 e ol s alis
et 63 3 g 0313 Amn g5 s LBL 5 Jde cpas i 5o el hae Dl de 5 (g Sle 4 a5 L L
b e L1 Sl w0 SG 5 018 5 el g @ S SG e 1S sl s it Ay > 6

s 2Ly Jde =V

23 S SV s i e i 5 SO Kipk peemdS e Sl calions (5L Aal s G 5 shitens
S e 358 s a5 ho O e g cpl s s b Esls, JIs 1<k <n) ol K ol 5o
5 i S Vg el e Slie 3L il LSy S3laesbel & I ol K Cgad g s sdlisuole; L
= s B el K B e s el i duOles LIS ST Colgnn asd e iy 8 e Sospe opl i o
= 0L Sl e b e S8 ST 5058 e o yn o plp Hig ol oiite Jlie 355 50l Uasils ) 5o
e by Gimpanl s 35l s i 8 S e Gl JMRe 0t (A0l el i

HUN VS LIS S 1|sf, breakdown|E[Emax + Tax]

min E[Eyqy] + E[Tmax] )
s. t.
k=12,..,n. YL Y X =1 ©)
f = 1,2, ,F c L= 1,2, ...,Tlf 3 Z;(l=1xifk =1 (9)
n
f=12,..,F. Yl X =Yp (V)
n n
f=12,..,F ¢ k=2,..,n. Zl.leifk + Zijlzgleiq(k_l) — Yfk <1 AN)

q+i



\YO/ Q\)K«AJQW Ot/ O‘;J&L&' u:‘JJ :\Jz.w"b Qi&‘g‘_}bw d‘}}d‘#&w: -\;Jj‘.:b:o&b&? ‘5.ngb)il:~.a‘_;,bd.u

k=12,..n «  E[C]=E[Ceoq] + XL, Xy DipXijie + Thier ¥k )
k=12,..,n E[C;] = E[By] + E[D,] + X7, X5 (piy + sp)Xiji — M(1 — Hy) )
k=12,..,n E[Ck] < E[B;] + M(1 — Hy) (1)
k=12,..,n E[B]] —E[C_q] S XFo1 Y + 2;2’1 Yo PipXipe + M(1 — Hy) — 1 (\Y)
zn: H,=1 o
k=1
k=12,..,n « Y2 38 dipXipr — E[Ci] < E[Emax] (\Y)
k=12,..,n « E[C]—XL Y5 difXipx < E[Tmax] (1)
(=0 (%)
Hy=0 av)
k=12.,n « f=12,..,F ci=12,.,n5«  Xips, Y, Hy € (0,1} (\A)
k=12,..,n E[C,]=0 (14)
E[Emax) E[Tnax] = 0 (Y+)

=l s gl )5 Sl ke Olasen (85 R 5o 5 edd e At Casle D3 b 4 ax 5 L
Glacassdos OY) B (V) Lalsy e cpl o3 el i 5 Jaidte Alies (gl sddail ) dke 0T 3 bl
latagiy 53 el dasll g, o casban g by, Sos 5 Lledd o Altee ol S Llgtr
D3 e 7S Jde ol 53 el Lol gy aslsl 55l L3
5,553 53,5555 § e S 055 Bl Jlisas oS ol il srul Chua GU skeasolis (F) adaly
POl sl 5 LS g sdidayl Juis (slacys sdime lanw 5 (A) G (0) Lauls, .ol HUasls g
Lgs Cmdge o a5 US e 0Ly (8) 5 (0) lacys siome .l lweslel 315l L (guOle gl (Yo 0A)
sl 5 5L Sl (V) s gdons L 551 5 SLGSG L8 e LS DS a5 058 JBS1 S SO law 5 Ll 5 s
S LT 5l 13 a5 a8 (gl (A) s sitomn 3,8 oo a5 55 1) LIS 63l il (3lmoslel Ol ¢ JIs Cond 5o
ibanw 5 (4) Cossdms 5,5 o a3 1y LSl gl (g5laweslal Ol el &oslize o3l sl
JeSS Ol 5 il (Y014) 0L 5 5 o b o3yl Jdo 53 eSS Obey deslons 4y by o Cus gidms
Oley (Vo) Codpdome S o arslona |y ol 5 5aTils ) 50 OLL Oles Sl day OIS sl e a8 AUS Uil ) 5
eSS Ola aiS o el (V) oz g S oo dsloms 1 ol 5 Sl 50 OLL 51 i LS (pd) eSS
=2 oLl se §o Ola) 5l anls s o g oanl p ol Hlamls ) e gars Ol 5l 8 &S slasls



VEO) Ol YA by oY oylad OF o553 (Olles 5 W5 Sy e VYR

5 OF) lacas sams .l o BT (g5 0l 331 Jsb 55 ol G Jaid oS LS o poendsd (V) g3 goes
(V) 5 (19) slacus sdiome AiS o dowloes |y LaylS HUasls s go 5 S 55 jSlas 53 S35 Sl slie (10)
S o o 5 | s aat Glaaie Cadle 5 s Ol e (S50 polie

Tl e Lo g 348 el Jle G G5 Jie Hye 5 Ve Kipe S5 o Slapiie 4 a5
S S bl L aised Bl 1 5a8 l53le 5 Sl eslinad b de cnl ol mw s ¢l .ol (MILP)
Als 033 a5 L s Al JoalS ks b L acglie s O o el 5 il
Gl i, Sl esliwl &g by gsledde Al B 03 p LG 5 1sy, breakdown|E [Emqy + Trmax]
Glalley alad slie 51l dals SUals s go eSS Olos duloms (51 355 o bl Alis ol Jo 3 S0
5 o3\l E[D] 5 E[By] nslis i im0l & Jsb 5 g5, Wl g slis 5 3luaslel 5 (255 5
OIS 5 asls oy, -Y-¥

1|y, breakdown|E[Epay + alis g J= sl e BB) 018 5 atls oo, S S ooyl 53
Sl 5l Spn (S I 8 00 5 Ls3 sk M bl 5 LIS 0y S0l s 155 e 41 Tinge]
el st S 4 S 30 5 5 s el IS lel 4 il LS Ol e ekile 3L
IS 53 ol T ee sl ot s S5l 5 Sl (EDD) ™ Lo sladesn Js 5 35
i Lae S IS8 pl s el 0 6303 0L LIS Sl b aline G (sl BB o, U1 e ls a3 )
a8 s 5 OIS 5 L o) s S gl Aol b alsl s el (61080 jled s s S5 ialew

g
| |
| | | |
\ I Y
J1 J2 J3
— ——
Y ¥ \ q \Y 'Y
J1-J2 J1-J3 J2-J1 J2-J3 J3-J1 J3-J2
v o I_ A I_ Vo ‘Y 0
J1-J2-J3 J1-J3-J2 J2-J1-J3 J2-J3-J1 J3-J1-J2 J3-J2-J1

BB 2,8 3 Sje5ls al gy JSs
Fig 1- Branching process in the BB algorithm

S o omly A e @i a5 s aloue i (610 VU d COBB i, Sl 60 5 S

o s O o p Vo s (gsbae b 5855 byt Sl lastld 53 ST s o armlons L3 0T L ble
A L Jss ol SR 5o Ga U lde ¢ JolS 28 50y I8 S5 4 Odeny s 50 (pamed 050 e
e Jsol (0 s oml 5 Vb osd walsl o 558 0 Slepisn Vbt Glo s 5o 5 aslie gl VL



\YV/ Q\)K«AJQW Ot/ O‘;J&L&' u:‘JJ :\Jz.w"b Qi&‘g‘_}bw d‘}}d‘#&w: -\;Jj‘.:b:o&b&? ‘5.ngb)il:~.a‘_;,bd.u

YU d —\-Y-¥
Cors 4 5shea (PHO) (53,505 1 (e i sl ol diikor (5518l 05801 G 51 i ol
(..:J_Jj_@ o=l s e esli 1|sf,breakdown|E[Emax + Thax] s sl BB 45,5 VL = RIS
53 5o bl sl Mg SOt S35 SO el p ctl 56 s o s s 5 ctle U s Ll
Al o g oddolml JI5 ailay 5,555 S el s S0
=2 EDD 5 bl 5 I gl s S Sa S L dese b glalS el I el A
S s e bl raman 3500 1035 00 SIS 38 10 Ol RalS el I l i s3e
Jif LS skt Ole3 oS Lpd o e (MST) ™ (g5l slaoles o5 i bl 5 Jig slesl o
23 a5 o sl S35 Sl s, S5 Ol JalS Sl 50 Sl ol o i S dp — Pip sk
03 e e L 35 o S el i ad By G Sl eslinad L) IS s g W
A e 5 el wliay = 5,80 55 S (255048 &gy eSSl @ ar 5 b o o SO0 O 0l ke 550 g
GlaplS oy i oo b sl g IS ke i ml lals s ge ke 2alS gz 5o SO s 25
(sl 55 &y s PHC v.’.'.i)‘}f.ﬂ
PHC 2,81
g
el 50
S sl 5 ooy s | current. s
doals dgpe 1) OF 5 LS deslons |5, )18 Jiss slade s (Sl
i EDD 55 ol 5 5 sHel 53 e sl 55 s 4o b slals
Az MST 5 bl 5 s sl 5o 1y dage 51 5855 b dese b gla)ls
1 g L0
owl S, llie SCM) A= M s 1 3
S SIS A> 0 S s b
A= 0 Las )l 3
S ILSSiEN-Y U= ) glla
S ST jEN B i) sl
cdalbonext |, fol> JIg 5 48 brals 5] 51,8 gscurrent Jig s
o ST E[Epax (current) + Tpgyx (current)] — E[Epgy(next) + T (next)] > A S|

A= E [Emax (current) + T ax (current)] — E [Emax (next) + T ax (next)]
best_next < next

S ol
SIS okt



VEO) Ol T8 s oY o5les OF o553 (Olhes 5 A5 Sy ke /1 YA

IS oLk

current « best_nest JSSTA> 0 S|

LSS oLk

LS ks Llg Ol lgea 1 current Ji s

oL
oml A= —Y-Y-Y

s 0lid 07 Ao sazme 5 odd g A0l a8 g saasplis 0 S Jlg BB oy jlasls s
Sroab LS MST (s 5 suasOlis Oysr es g F18 ol 4l 1l 53 sdiS sauOle sla,lS 4o sams
eSS Oy ST e ool ol 4 S L5 55 Ll 51 s (gl L8 sl (g5luaslel Ol 48 sl oS
OLe; 51 dms s O o5 0 s slasl8 EL E(By) sbos 58S 0 I S o 21 5lisls ) 5
ol O s 5l oDl s (ol lalS «s o (nl 8 03 13558 o0 ek 2 il e 0L
$3lmoslal OLaj sl slie dalows (sl MST 5 alual LIS Oy o808 g s s o
spdie Lol 0T S5l Oles 4 S s 6ol sl

Sl s Js5 onl 5o apd o i 05 S pllal (555 L ele SL a8 EDD 5 5 0gpp s p S5
P55 sde 8 s sileeslel Oles sl e all I 50 oS Leesl sl nl 51 S pn 4 by S
Soe b (hME{1,2,..F} sk €{1,2,..,np D) jin LS 6 JIg 5 p =1 SIS ol o 4SS !
S\ OEDD s p o F 03 ededl arils s s h bl il ze (LS ediigtiOles sla)ls 4 gazes 55 &S
0> bl A Al by 5 Al pd e 4 S s (g3leeslel OLo3 h Sl suae sl S 5 S
LS o Ol 1, BB w3 5l el

il 5 S04 O S M5 ol d> 1sp, breakdown|E [Emgy + Trax] i 55 1) il
B hs
LB(0) = max{E[Epnqx(0)] E[Emax (st es.a)]} + maX{E[Tmax ()] E[Tmax (0500 s o)} (TV)

JonSS laoles Sl 58l b ol il 35 4 8 5 55 olgay sy o Emay s b STl
A3 e s K LI 0 07 e game 55 ST e b pas Rl e ol ST ) g lie Uil g
S Ll e eSS Olias Sl o i ol 1y 55w by e IS 8316l (3laeslal Olaj o 55 4 S
530S s wslls (glweslel Oloy 03 SBLJ L aylS pl gl n MST 5 5 ol ol 4 S L5 55 a8
S o w08 T sl ) Bmax slems S G235 Ol
Lol 5Ll go oSS slalle) SRl b s gt a8 e 53 5Uasls ) g Trrax shne s ST 5 (65
Lol hsslgls 500 JIg )8 2T Sl am 5 b ds b pas (2l 53] Gaa =6 sl ge i
i by e ilmeslal Olos JLS Bl (dli h 63l gl sae 45 07 s same puae lalS 51 Oy



\Y4/ Q\)K«AJQW Ot/ C)‘;J&L&' u:‘JJ :\l:mjb Qi&‘g‘_}bw d‘}}d‘#&w: -\;Jj‘.:b:o&b&? ‘5.ngb)il:~.a‘_;,bd.u

5 534S LS sl gl glweslel Oles S 5 sl ply 350 a8 S s L LTS Sl s
LS o Bla= T gl 1 Trnax Jbrs 0 ol sdiisduole; sls,ls EDD
ade Jgeol —F-Y-Y

53 Ay 2alS BB ) sS31 (6pr siar (sliad Al o oS 355 0 Oly ke Jool 53 i 5 cnl 5o
i o e el 5l 2 sl g Il CS e Y ) Al Jol 52 BB eSS e ls

SISy g0 JaSS Ol 8uSOLy g 553 0 03ls QLS E[C(0)] L O S5 JIs Jlatls)se oS Ole
sk €{1,2,..,F} 51 €{1,2,..,my}) jig LS Ml BB ul 5 ,Slcl 0 Sy g 53 )8 op =
Oeapes 355 g 0313 QLS Olyfy O poay Jool JIg cdipd SLS10 S M5 sletl 4k S e
g g ile STl 5e ol 0 I el Ao Slidgd o s 25 Sy so ol 4 E[C'(0)] @sle
AL Al e Bl eile Sl 50 ol 2 OLL Sl de a8 a3l oW sl ke s ik s
0 Js5 LS 21 STLl .l E[C'(0)] = E[C(0)] + 5 o KT dsli K 33l sl 20 0 JI5 S o =1
LT sl pile sdzes on st 1 A e300l s sl jipe s i baslS 5 Lab K ool gl sae
.ol E[C'(0)] = E[C(0)]

= g SN B s e O i IS gLl 4 0Ll S se 2 ke s Jige LS ST o

b L8 s s Rl 5 sl A5l edle SUaSls ge ol OLL Sl e 5o 8 L e Ul ) 4

min{d; ,d;x} = E[C'(0)] + Pix + Djk (YY)
dix —Pjx <dix — Dik (Yy)

E[Emax(ajkik) + Trnax (0 ik)] < E[Emax(o'ikjk) + Trnax (Uikjk)] YY)

g 513 5355 0kl 5 Olfie SIS 03 Jjk 5Tk J8 53 euls JBSH(YY) Ay 4 a5 L iUl
sla i SLBls ) 50 Tinax SMe 53 5 555 0 sio il SIS 53 (pl Sl 50 5,8 s S e 4y
L S e J3la 1y Emaye sbone MST (i 5 aCul a5 L 503 (e Sl 00 el SIS 31 bgy e S
Al e (ledd 50 MST s 5 wled ke 5 ik DS 92 Okl S5 55 Oz (V) Al @ a5
e Ol 5> Ll Sl sa 5 S355 Sl Jlade 50y s 55 58 55 pl 4 bogrye 5Uatls ;5 5 S5 53
A5 o3l ol 2L 53 BB (g 5o dol b, ST Haes L e foh) ) i
S kb 1y als ) Ol e il
A s 5l B s e O S s bl 4 0SS 5o ke s ik sl ST o

AL 13 5 dalss 5 Al Rl edle JUaSln s ol OLL Sh e 5 e b s edle HUaT ) 5



VEO) Ol T4 by oY o5les T o558 (Oles 5 A5 Cu e /AT

max{di,k, dj,k} < E[C(0)] Y0)
dj,k < di,k (Y?)

&:ﬂﬂ‘ )‘}f j'.") :\.hvb alij
E[Emax(0jkik) + Tmax(0jkix)] < E[Emax(0lji) + Tmax (Gikji)] (YV)

g 1358 53 il 5 Olpfe SIS 03 Jjke s Tik S 55 a esls JBSH(YE) el & e 55 L i)

sl M55 JUEDl 50 By sldie 53 5 558 0 jho pl o ) 5 cpl SUadls 50 5 8555 S jlde 4zl o
L S s B3la | Trngy Sbas EDD (o 5 4Gyl a5 b 505 (6 3l Aialos S 51 by s S5
S ke (el 5w EDD s 5 el i 3 Jie S 53 i S5 53 O (79) ilal, 4 5
i Gl 5> LT Ul e 5 S 5 Sl ltie 31 Gl 155 53 SIS 53 cl 0 bosuje HWatls e 3 5 05

S0 Y o Bl oy Ls 53 BB amsimr Ayl s SIY a5 LY &l foo) ¥ s

35 gl 1y s ol Ol e ekl

déﬁ)‘g ulhﬁ -¥
6u&)jﬁ/|b}f‘j& ‘iju J:L.wd)‘ LS‘OJJ:.WS/ ;.C«jw LQM‘G‘)‘ 6&&)}{” Jjﬁa& JL})J‘J}J&J‘U
Sas 5 5LS (glmesl St 3l e gad Piloe b gl (Yo oV) 7 ISl b alid ol = sl
‘nf=3} F=6¢Tlf=6)F=3 Jlf=4jF=4chf=3jF=3 L;LAA.Q)WJ\oJ\fl}JJALSUAJlS
)j.lé‘&_: U’:’Jbﬂ 6LAQLAJ le ub&\nf=6)F=5 w)nf=5jF=5 ‘nf=5 3F=4
S elgls o &lwesbel slapbs; czan Llods 3wl [L,10] 530 5 4 il 2S5 S S el
s Jmsms slade ge el sl [1,10] 5 [1,20] (slassl 5 anenS ool oSS o5 52 5l alal sba
ol 5> Al s [TPAL =7 = 5 TP (1= 1+ 2)] 55 5 arnS S5 w55 5 ot b

- . - - s . . n

Ls‘j—’ J‘)-MJL;G L J;ﬂJ J.ALC« I J‘,’.j’” Ae g0 J:.A‘Jli skl R TP = Zji:l(zizlpi.f +Sf) "]".’\ﬁ)
9 W'Qb}jbj‘ U’“L‘”‘J’ ) oS wjf )k; BE (025,1) 9 (05,1) ‘(05,05) 6)\.).5» C"J dw L(T, R) LSL‘hJL“‘JLi
Ol 3 aS cud O + 5p) oSl L olad w35 GLls a5 g Oley 353 0 25 «(1449) Ol San

. . N . 1s .0 . = 2:¥=15f - 2:?:12?:][11’&1‘
WMLW‘J‘)V}OJ'J{'JLMJ‘ALJ}J& ﬁabLﬂW‘Sf= 7 jp:—

n
sbie o [By (B + 57), B2 (B + 57)] 631 L3 S St pSG as 5 ls ()5 sk s g e 5
Aisd e Sl (1,2) 5(0.1,0.5) sl =55 51 (Br, B2)
S 3 g o 5 oINS 5 &gl les 6l St Slas e da el il alis S1 S 5 e el
J de g gy 80l (1< < 3) j laylS (gluoslel 831l g4 aasolis (1SS 2) 0 Ll o

W\fz))u)j_b@;z,\;;subdu(lslsmljdg\;- o Ole) g dlas Ol 1<k<3dkdayls



YWY/ be/wﬁ)gw Olesl/ C)‘;J&L&' u:‘JJ :\l:mjb Qi&‘g‘_}bw d‘}}d‘#&w} -\;Jj‘.:b:o&b&? ‘5.\:.,gb)il:...a‘_;,bd.\.«

S 2 3 My 3 F S5 a glsla .l ol iy 23 Sy S e S il slie ) Jgd 5y o]

el 38 YO (i 55 & ged Jlowe IS slind 5 5 pl el 0l A 5 46 g0l dtene Vo

Sijt S S ekl -\ Jgd
Table 1- Series Sijkl indeces

[ k j i JoeRY

(B, B2) = (0.1,0.5) 6 =10 (r,R) = (0.5,0.5) sy € [1,20] Yl
(B1,B2) = (1,2) =5 (r,R)=(051) sy € [1,10] Vol
- g=3 (r,R) = (0.25,1) - ¥l

S glaassad 5 ol ot Bld a3l ¥ore Sl Cuzsdoms BB o, Sl o Bloo 51 s o 612
b ;3BB kuy o.k_w.d_>- JJL.M.& Ol geds (ol 03 50 L@JTJ}A{)JB#JA sley 835l 3 BB V":'l))i'“
el o D.)l.ﬂ.lw‘ﬁ) u)j...od.sDev w|j.>u\ Loy WQJ‘PHC v.'.’.:))ij‘ L;alf’)‘)\)j]m.mb 'L’f;‘d" wjf

Dev = M * 100 (YA)

T

a_;,w'ﬂplﬁ((: rzw_@ Gl ) sdslo s JIss Gua 2L e sl f(m) daly ol 5o
RS [P W I PRI CUP T PO NV &b Dle s s LS f(TT™) 5 ol oy
Lasl —\-F

Slasiio Lodijl n S b g5 5 Ll o 505 VCH s sl 0L5 2 BB 5 PHC (glag, ST
aigod s o= LS Y Jpdsr 53 i |2l & 5a3 Jiles s Intel CORE i7 2.7 GHz CPU 8 GB RAM
05 4S8 Sl o ol slaws sasOLis BB slawd) O gt Jgdr pl 5o .ol oda] olesls 61-“&))@‘ bug
Bl S slaes a5 sl S3 0L Lleds | gy &y 504 BB V;J_,}isuwjemubh:wgu;z;)w
L o gl Bl &S il il 5 BB o, 5800 s e OLES Sl el 3Ue Ve (g a3 4 se
St sai 0 g o L ol o Blos 5 S > aigy O ot sl st Slaj 835 3 |, IS YO Cidn
ROMNCE SENER AT

—.> , BB &)ﬁtbjaﬁg}:wyéwuj&{g@mﬁwuv J)Je-)><(BBJ>QLU'»Qj:M
S sl ol ys ol w by e pslis PHC oS b s Pl o sladles 05550 Wsa ool 456
A b e | eddiadad glae S o ss (nKle 55 Y s 55 (e alad ds 30 (glad sl oS
DL 0,8 5 sl 02 5 S0 5o i gald o 2 edd (b slae S S weed T AL fol ) AL Lol (ol
R r-:i))f-” 03t Ol 31Ol do s ke sl Y i s (PHC Gl b O 52 Aas o



VEO) Ol T8 oy oY o5les T o558 (Olhes 5 A5 Cu ke NTY

1|s¢, brkdown|E[Epay + Trpax] 4w J> caLe =Y Jy>
Table 2- Result for the problem 1|Sf, brkdown| E[Emax+Tmax]

C RN R ol ok plab Aoy Ol g sl ol ok plad Ao I 2l
BB BB LB DI D2 PHC BB BB LB DI D2 PHC

Sit 22 WYEY O AYAY o) Y/AA YANOD Soint 2% WeAO ATEA /Y Y \VO/YY
Siz 22 /4 AY/A0 +/+Y ¥4 Ye/eA So12 £0 VYO/AL AT/ER /Y YOYY Y/YY
Si1m1 2% WWEYY O ATAY /) YPA YY/Y Soiot sV YAO/F0  AY/AD a/AY Y/YS VE/AA
Si12 50 ar/Ye INAVARYER N 701 Y04 Soiz 55 VEADA AYNY /aY YVY YO/V4
i1 2% VOUYY AV/OF e/e) YUY Y4/A0 Sora 2 AAXA T SN 7) C VPR I VAR YO/
Sz v WO/NE AYAT a/e) YWY VV/AY oz sV VAANA  AT/AR /e ¥/ Yy
St v Y/EY AV/EY o\ V78 VB Syo1s v ¥/ X VARRRYIR N VALY V\/55
S1o12 v \ 704 AV/OV /N 1/A) VONY Soo2 Ve OV AAD o/ VYA VA/AY
Sizn v V/FY YV IRYOR R Via VE/F Symmn v V/00 MAA /) N/ Vo/AQ
S1220 v Y/oY AV/ZY o/ \ 1/44 VE/O¥ Syoz v V/FY MJOS /2 VXY VoY
St v /4 AVNO  +/o) A/BY VvV Syt v Yoy AAA o0\ AN a/0)
Sis v Y/ AVOF  +/xN Y/AY \0/OY Snso Ve ONA IV BRI NRYACN /4.
Syant v 3 AYNY ooV AN VO/AD Syont v Vida AQ/EY o/ Y /v
S1s12 v ¥/ve AV/YY o0\ VYD VO/N - Sya1z v YV AMAY o/ v AY /v
St v a/%y AV/YA o/o\ VYA VE/Y Syan v V/8 AOY +/2) WY 4740
S22 v /Y. NYSRYO NRYA ¢4 /0¥ Sy v VY IYAVARYIRRRVLY Ve
Sisan v q/ff AV/EY o /eN ATY VF/VO Sysat v ¥/A¥ AQ/EY o/ a4 4/v0
S1sm v 4/84 AVAD +/v) \/OY VE/AY Sy v SV AMAY o) YD VYAY
Cow -0

g i e 3l 3 BB > Ole kv ge il Blawe o S a5 350 e sdalin ¥ Jsdr ) 2
Sl Lo o=l 03 4 Al gl Wl ol el J5 1L Glags o &2 b5 o BB Lo ol J
35 ol Sl ol il 2aS LS g slade go  (SUST, amns 5 ol S5 S g Ao g
Claz 03 S gl nl b 5 apd SuSC 4 S LS 5 S35 555 ps polie il gla JIg5 3 &S
g msley g s St s Sl (6 R glad &S el oY g
ol 3 aS aal s ol i WIS e el ol [T 2 L lag e 4 bg e Bl o sl pimman
Spbise e WS OABI5 S 55 w38 s Jolo i S0 (o ladese i (SS1, oo g e
L doas e 0L U oy 355 0 o Fosla Jiles (Ba a5 slasloms 51 (S 035255108 56 L cnl b
S sl s opl o ol cl cl (S 358 e s oS bils ) Sl 5l (gilueslel Oloy LialS
Sl ge Sa a5 (618 (slaats slaad (il 1L oS 3,1 Jlazl (a8 3315 (s5lueslel slaoles [2alS L
Eort Ol GRS b G5l iman 35 o e Pileos o Aol 30U Fodzmn 40 ol 0ol 5 b 3 50gy Al
el ol 5 s e DL 4 gad Biles Slsbone Sy o 1y (olsbine Bl 8555 5asls ) ge J b

MJ@ dl.;u L.F"J} J)b}@/.& Qu);dbwﬁbw ﬂ\aw‘) eMﬂ\jb\kéLﬁ@')) Qbf)‘j:.w‘




VY'Y Qb&wﬁjéﬂ\n Olesl/ C)‘;JJ"L& d:'-” 3.‘.3.«‘94). QT&JJALAS g;.“f""’dh;‘"’ -\,‘legdx,fab&' 6*‘50“'5&“‘“6)""9"\‘

03 5 Sl anls sddes ey slae S ala s 1y VL =S BB Ly ol de das e 0L Y Jsdr b

(Bln SLags 53 oead ol o dd e odidion pogy Slae S o pah Sl Gl alad 4y & g0 Jiles it
el a3 BB oy s e b L;uoj_fth;); Sl s Shee V Al Jool wons ¥ 4de Lol
3 S Laesls e s i 3 gy Sl 4l PHC (65800 (i, SU1 Ol ol do 3 (S0l iens
Lvg el s dg Plos sliss 5 = Oloy oSl (slanslin Hlo 503 O B Y sla Ko 53 .ol 0355 Lo oY

sl 03 0305 OLES Sijpg s s 1 5K J d o il 51 S a SS& 4, BB r:i)}i'“

q I

3

O I |
i=1 i=2

i=1 i=2

g dAas

i il alie (gl3lay BB daw 5 0l Jor & el aldad 5 Ole) il ,l5 gad - ¥ K2

Fig 2- Average number and average computation time diagrams of instances solved by BB for values i

840 840
. o | m
j j j=1 j=2 j=3

joilisee palis g3l BB daw g5 ol Jo & gas aluad 5 Ol onSilen ls gad —F JSS
Fig 3- Average number and average computation time diagrams of instances solved by BB for values j

a8 i
k=1 k=2 k=3

K cilises polis (gl5la BB Jaw g5 0 Jor & gas 3ldad 5 Ol il 15 505 —F S
Fig 4- Average number and average computation time diagrams of instances solved by BB for values k

>das

ol

ok
P TRR

k=1 k=2 k=3




VEN) Ol T4 by oY o5led OF o558 (Olhes 5 A5 Sy e NATY

Lo SAes

]
B5a)
3
Re )
=1 =2

| ilisee js3lie (gl3las BB daw 5 0 Jor & g0d aldad 5 Olo) il ,l5 505 —0 K3

Fig 5- Average number and average computation time diagrams of instances solved by BB for values |

=1 1=2

S S 4o —F

La)ls 53l gls (g3lmeslal slacles b olecSs (stulle) Al (sl 5 mlio 3L & a5 L alis ol s
= laadlae O pSU Al s DI, go 38 23 S 53 8355 S gazme Sda WU ol ol
sesls anwy ol ialp Jiie S lin pl 53 sdd sy Atee (gl el 05 sdalie alies
MG el 2L S5 sl e sl b Jileoe 3 ab e Jule caline 055 Jdoay A eals 0L
A S s ke sl 45 el aae 5 BB kg o 0 S0 S Gl Mt g o sl s e
S a o3linal YUt Ol PHC ol 4y o (65800 a5 S0 G Sl salsay Ol 515 3003 LIS ol

L5 b osls (6 ¥ Jald €50 Jilaws 51 (glo3 28 de sazme coladll o (slag ) 5831 oLl slaieny
gt 5 S S UL slaas sad 5o 505 0L Wgas Pilas Jo il il o 0 b me L§L“V':'l)}§'“
S 53 el adl 5 OF el A el e Sled 83 s 53 4500 Blas £9A J> 4 536 BB RPN
Clads god Ll 53 poman .J_;Stla}BB St 53 5 |y ededes sa (sWae S o oA I iy 4 ged Pl
p-:-_’)jij‘ B Sl Sl OBl s ke w3l Sl a Lol sl 5 esl sl sl T A Shilas ol |
ol 835 /Y0 51 zaS PHC

Bls s opl o s gla ia s o ol o Sl Wlie pl 53 0l oy Alis 4Kl 4 4 55 b
J o 2K il sl plae K15 oo s cnl 3 sddail)) 80 5 3 slapm ;801 5 € e
el slacdl s 55l s o ST sl jtags bl sl o5 4 8 55 alies ol (gl sl
iabp DU il (g3l Bla> Coa b a1 sioe (sd0lol b gl 1 e gla ol 5 A5le (pndle ol = L
e 5 PS5 (e L e ile Aile e ile S S i b s i suiles el Sl bl
A3 e 5 pamen (JS eSS 0les b JeaST Oley S sile (su0les 4 bgs e e il Koo a5
3 g slgit RIS L (Sl (s slap, S

References

Abdallah, K.S., Jang, J. (2017). Scheduling a single machine with job family setup times to minimize
total tardiness. IEEE International Conference on Engineering, Technology and Innovation
(ICE/ITMC), Funchal, Portugal, 665-672. 10.1109/ICE.2017.8279948



\YO/ Q\)K«A)L;W Ot/ O‘;J&L&' u:‘JJ 31:.«‘549 Qi&}&bw d‘}}d‘@é -gjbm&b&? 64}4@1;6)&.&‘5)@‘).&4

Amirkhani, F., Amiri, A., Sahraeian, R. (2017). A New Method Based on Simulation-Optimization
Approach to Find Optimal Solution in Dynamic Job-shop Scheduling Problem with Breakdown
and Rework. Journal of Production and Operations Management, 7th year, Vol. 13, 157-174.

Bruno, J., Downey, P. (1978). Complexity of task sequencing with deadlines, set-up times and
changeover costs. SIAM Journal on Computing, Vol. 7, Iss. 4. https://doi.org/10.1137/0207031

Cheng, B.Y., Leung, J. Y.T., Li, k. (2017). Integrated scheduling on a batch machine to minimize
production, inventory and distribution costs. European Journal of Operational Research, 258(1),
104-112. https://doi.org/10.1016/j.ejor.2016.09.009

Detti, P., Nicosia, G., Pacifici, A., Manrique, G.Z. (2019). Robust single machine scheduling with a
flexible maintenance activity. Computers and Operations Research, 107, 19-31.
https://doi.org/10.1016/j.cor.2019.03.001

Emde, S., Polten, L., Gendreau, M. (2020). Logic-based benders decomposition for scheduling a
batching machine. Computers & Operations Research, 113, 1-12.
https://doi.org/10.1016/j.cor.2019.104777

Fan, W., Pei, J.,Liu, X., Pardalos, P.M.,Kong, M. (2017). Serial-batching group scheduling with
release times and the combined effects of deterioration and truncated job-dependent learning.
Journal of Global Optimization, 71, 147-163. https://doi.org/10.1007/s10898-017-0536-7

Goren, S., Sabuncuoglu, 1. (2009). Optimization of schedule robustness and stability under random
machine breakdowns and processing time variability. 1lE Transactions, 42(3), 203-220.
https://doi.org/10.1080/07408170903171035

Gupta, J. N.d., Chantaravarapan, S. (2008). Single machine group scheduling with family setups to
minimize total tardiness. International Journal of Production Research, VVolume 46, Issue 6, 1707-
1722.10.1080/00207540601009976

Haleh, H., Maghsoudlou, H., Hadipour, H., Nabovati, H. (2017). Scheduling single machine with
random breakdown and preemptive jobs. Journal of Industrial and Production Engineering, 34(4),
1-11. https://doi.org/10.1080/21681015.2017.1292961

Hashemi, S.N., Kashan, A.H. (2020). A branch and bound algorithm equipped with tighter lower
bound values for makespan minimization on a batch processing machine. Production and
Operations Management, Vol. 10, Issue 2, No. 19, 181-201.

Hinder, O., Mason, A. G. (2017). A novel integer programing formulation for scheduling with family
setup times on a single machine to minimize maximum lateness. European Journal of Operational
Research, 262(2), 411-423. https://doi.org/10.1016/j.ejor.2017.03.003

Kong, M., Liu, X., Pei, J., Zhou, Z., Pardalos, P.M. (2020). Parallel-batching scheduling of
deteriorating jobs with non-identical sizes and rejection on a single machine. Optimization Letters,
14, 857-871. https://doi.org/10.1007/s11590-019-01389-x

Lee, C.Y. (1996). Machine scheduling with an availability constraint. J Glob Optim, 9, 395-416.
https://doi.org/10.1007/BF00121681

Li, X., Li, Y., Huang, Y. (2019). Heuristics and lower bound for minimizing maximum lateness on a
batch processing machine with incompatible job families. Computers and Operations Research,
(106), 91-101. https://doi.org/10.1016/j.cor.2019.02.012

Lu, S., Liu, X., Pei, J.,, My T.T., My, M.Pardalos, P. (2018). A hybrid ABC-TS algorithm for the
unrelated parallel-batching machines scheduling problem with deteriorating jobs and maintenance
activity. Applied Soft Computing, 66, 168-182. https://doi.org/10.1016/j.as0c.2018.02.018

Monch, L., Roob, S. (2017). A matheuristic framework for batch machine scheduling problems with
incompatible job families and regular sum objective. Applied Soft Computing, 68, 835-846.
https://doi.org/10.1016/j.as0c.2017.10.028

O'Donovan, R., Uzsoy, R., Mckay, K. N. (1999). Predictable scheduling of a single machine with

breakdowns and sensitive jobs. International Journal of Production Research, 37(18), 4217-4233.
https://doi.org/10.1080/002075499189745



VEO) Ol T4 by oY oylad OF oy53 (Olles 5 W5 Sy e /NTF

Pei, J., Cheng, B., X Liu, X., Pardalos, P.M., Kong, M. (2019). Single-machine and parallel-machine
serial-batching scheduling problems with position-based learning effect and linear setup time.
Annals of Operations Research, 272, 217-241. https://doi.org/10.1007/s10479-017-2481-8

Pei, J., Liu, X., Pardalos, P.M., Fan, W., Yang, S. (2017a). Scheduling deteriorating jobs on a single
serial-batching machine with multiple job types and sequence-dependent setup times. Annals of
Operations Research, 249, 175-195. https://doi.org/10.1007/s10479-015-1824-6

Pei, J., Liu, X., Pardalos, P.M., Li, K., Fan, W., Migdalas, A. (2017c). Single-machine serial-batching
scheduling with a machine availability constraint, position-dependent processing time, and time-
dependent set-up time. Optimization Letters, 11, 1257-1271. https://doi.org/10.1007/s11590-016-
1074-9

Pei, J., Liu, X., Pardalos, P.M., Migdalas, A., Yang, S. (2017b). Serial-batching scheduling with time-
dependent setup time and effects of deterioration and learning on a single-machine. Journal of
Global Optimization, 67, 251-262. 10.1007/s10898-015-0320-5

Schaller, J. (2007). Scheduling on a single machine with family setups to minimize total tardiness.
International Journal of Production Economics, 105(2), 329-344.
https://doi.org/10.1016/j.ijpe.2004.10.020

Shen, J., Zhu, K. (2018). An uncertain single machine scheduling problem with periodic maintenance.
Knowledge-Based Systems, 144, 32-41. https://doi.org/10.1016/j.knosys.2017.12.021

Tang, L., Zhao, X., Liu, J., Leung, J.Y.T (2017). Competitive two-agent scheduling with deteriorating
jobs on a single parallel-batching machine. European Journal of Operational Research, 63(2),
401-411. https://doi.org/10.1016/j.ejor.2017.05.019

Xiong, X., Wang, D., Cheng, T.C. E., Wu, C,, Yi, Y. (2017). Single-machine scheduling and common
due date assignment with potential machine disruption. International Journal of Production
Research, 56(3), 1345-1360. https://doi.org/10.1080/00207543.2017.1346317

! Cheng

2 Xiong

% Pei

4 Fan

® Tang

® Ménch

"Roob

&L

® Kong

0 Emde

1 Hinder

12 Mason

3 Abdallah

4 Jang

1% Shen

18 Zhu

7 Detti

18 Lu

® Goren

20 sabuncuoglu

2| ee

22 Bruno

2 Downey

2 Gupta

% Chantaravarapan
%6 Mixed Integer Linear Programming
2 Branch and Bound
28 Earliest Due Date
2 Back Tracking

% pairwise Hill Climbing
31 Minimum Slack Time
% gchaller

% O'Donovan


https://doi.org/10.1016/j.ijpe.2004.10.020
https://doi.org/10.1016/j.knosys.2017.12.021
https://doi.org/10.1016/j.ejor.2017.05.019
https://doi.org/10.1080/00207543.2017.1346317

