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This paper considers a single-machine scheduling problem with availability constraints. In many realistic situa-
tions, machines may not be always available due to various reasons such as maintenance, breakdown and repair.
However, most literature on scheduling assume that the machines are available at all times. This paper deals with
a single-machine scheduling problem with periodic maintenance. If the maintenance decision is made jointly
with the job scheduling, the system will be more effective. The objective is to minimize the total completion
time of jobs. This problem is proved to be NP-hard in the strong sense. The proposed breaking heuristic(BH)
algorithm rule is established by some theorems and conditions. Our computational results show that the BH
algorithm is much more efficient than existing heuristic.

Keywords: Scheduling, Availability Constraint, Maintenance, Total Completion Time, Breaking Heuristic

A2 EANEE T ole ATE ol old 7zt AgH A

o] R EA FUAL, FAT Aol o okE = A5l
ALY L A o= dok sk A< Afeta $Aded  2AFT B4, Z1A A e AHIE 7484 A 3Havailability
S AAs = ACEA 7SR ALY T8-S HAg 6] A3 constraints) o] WA SHE A o)tk whek Ao B g AR o] A}
dolth A& dAAY s AN Y SE& AL A o] FoAXTH, AA YA E7tE 717+ AFzA o]
7198A stoll A At W o 24 F sfdoltt. =@ Ao, "5474@4 A g 2515 FaA AP S
GA71A GAAE REE AZTHY 78 FoAM HInA T =d 5908 Aotk AA, 7A 14T FEd BEE AR
wokal SEG Ao AT, o] ek BA S Foted WE] A9 5o BBA J)A 14 A SFAH $£YE T A
Ars 3534 € Tl S2YF HEA S H AR, o yd va e AUAY £52 F ¢ AT A
B4 mdo A&3817] A3 FYry S e 7 A #3 EA 50| 1 o7t 2 5 Yok =3 714 7HA A
AT AR Dd7A QAAE AN e A B oo BEE ATE AAY A1z B A Aok
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F7) 4 ¥ (Periodic Maintenance)S 1213 TU7|A €4A

Qoﬂ w3 d7e dBAY 71t 5 FEEHE AHY
T 9 AH AZAZEY FEA of Foll whet ot 22 )

M o2 £/ T SilE}(Chen 2006a). AA, 2t 7)1 A=

qYs E7E 717HE 7EAH o] 71718 Al FA ko] A F of
A= 74 $-(Problem for Single Unavailability and Constant : Pro-
blem SC)©]th(Leon and Wu, 1992; Lee and Liman, 1992; Lee,

1996, Sadfi et al., 2005). Lee et al.(1997), Sanlaville and Schmidt
(1998), Schmidt(2000) 5 o] o} #HAH AFEALE 33T &
A, 2 A e GLT B7HE 7130 7HAH o] 713Ee] AJAHA]
Zko] AA M4l 7 $-(Problem for Single Unavailability and De-
cision Variable : Problem SV)©]Th(Lee and Leon, 2001; Lee and
Lin, 2001; Yang ef al., 2002; Kacem et al., 2008). Yang et al.
(2002)F-81 AHlF7|17F AW F71 40 & &Y °]7b71ﬂ§—:]
3} 238l A1) AR Kacem et al.(2008)S 71
X}ﬁ 4= /\] 7}(we1ghted sum of completion times)< | 43} 0}7]
J‘o,%ﬂﬂ/\ﬁﬂ B2y FAAY 2y & Al
Y3 THA Y o] £ AT
A% BYRT $-5 3 Pl?i”jr AR, 2t 71 A= '?9] E7t
< 7HAH o] 717ke] A|FAIZ] A E o = A S
(Problem for Multiple Unavailability and Constant : Problem MC)
o] t(Leon and Chen, 2003; Chen, 2006b; Ji et al., 2007). Chen
(2006b)2 % 52 A7 (total flow time)% A2 3k87] 93 BA
A 233 Fel2g G ES ALSA L, Ji et al(2007)
< #HFA S5 AIZHmakespan) H 43} FA| ol A A2 A
% A 2] Al ZH(LPT : Longest Processing Time) ¥ 1.2] 5 2] worst-
case ratio”} 29)-& ¥.o|3L P = NP7} o} 2} LPT ¢l 59
e Ao IRY e B vt e R 74 A= B
o E7Fs 717tE 7HAH o] 717ke] A FAIZEo] A4l
73 $-(Problem for Multiple Unavailability and Decision Variable:
Problem MV)©]TH(Qi et al., 1999; Graves and Lee, 1999; Aktruk
et al., 2003, 2004; Chen, 2006a). Chen(20062)& BT 52 A|7h
(mean flow time)& | A3}817] & o] 714 el 23 3 o4
Ao #7F 2 A 4837 A% Frelag dagEs
A A& v QT
2 AT 9R8AY 713t <
1,1 7]7}9] AN Z Azl ARHS

B F71 40|71 3
9] Problem MVl &3k

2U7A dRAY S A 72

28 g3 F A 319
o B3k Aol l
1999)°]7] wj&of,
F83A 44T

+ NP-hard(Qi ef al.,
0134 F7F 2 75l

AN

2. 71834 22

F718HE 1estA] Bv durAQl g7 A IR A G A A
T AYYE NS Hagtele W HdA e ATHSPT :
Shortest Processing Time) rule®] &J3ko] 2 A 2| A|7ko] 2L
A HE 4 A st B2 ol th Chen(2006a)2 ©] 2] &+ SPT
rule S HHEF O 2 Problem MVl A HH B EAHS 3 438157
A3 O3 22 Felag g S A vk Aok AA,
BE A SPT ruleol] &Jstod AHsta, A MA 2 #H A
A batche] A WA $12] o v F S A &3, o] batche A7)
F71307F #3889 742 AgEe AYEY JFOE Pro-

blem MV el &= &< 3] €] ‘|‘7]7E>H]7]' F3E7) w) Fofl A A 2
e FEAEQ batchEE F2 7 Atk &4, F7HH = &
Ao 2 Qldte] FA batchd Z1£V‘VJ°] Au| 7] gt ol A
AH] 28NS W R TA HYE, 1 A Y2 o3 batch
A WA A of w3t AA, vhA 2 2 74A] v do] $hs
HH FE3Y 24y 99 Felayg gl AdE
batch = H A3 batch TR & 4 121, Example 1
olof tjgt 7+edgl of (counter example) S LERATE

Example 1 : ©Y7| A7} 9= 248l A A2l of st | /)
o ZAUL o, J;, Joo e AL S 31
gk, ZF A o AN 22 py, po, ps, ps ©
pi=p2=1, p;=ps= 401tk 71 A= AHF7]
A (u) o] ol A E A8t A F7] gk
ol A HuE $gdldof sk, o]Hg F7]
Hl o] 28 5= ATHw)2 A3 A= 714 S
A7 u=4v=7 w=20t}

gHE e

—_
~

1

o oo

<Figure 1>9] schedule A= Chen(2006a)2] F&] 28 €1g
Soll ol A AFo], schedule BE A3 &
o]t} Schedule Aol A= &G A Tko] A2 A FE HA wjA|

EA £ % A A ZHtotal completion time)S HAstets  EHEH ToF ), Tl Sy v E AT, U39 29 SEA
Schedule B | o, y _Idj_ S y F(B) =26
Schedule A [ [, [ , B ”, J, F(4)=29
2 T e 5 I T2 T T tme

Figure 1. Counter-example of scheduling for Example 1
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HE60] HaL o vt 2 Au| S A FITIL o = Au] FEA
72 8o] Hol AulF7] A& 23 o wehA A
A ARl (M) J, Thaoll AASHA B A, of ) A H] A2

& An| 7] shgtA Rl 471 Ak, o] o] whet 7)Aol & T ARt
19 fFFAIZ ] A g}, ;2 A AA AH] SR AZE 69
AZA 100 BU=H JE J; ol ulZ A2 E S gl
wj ol = A A H(My)7F Bk 1200 ARl A 1600 SR H
1 O] O & schedule A= FEHT o)<} thulste] H A
schedule Boll= ¢ W19] ATt AQFH 1 7A §FANE &
AtA Bes & F At 4 2AEY F A dEATE
F(4), F(B)2}3. 3 1) <Table 1>} 0] F(4) = 29 > F(B) = 262
HAs) 9| F AALE Aol o A5 & 5 AT

Table 1. The total completion time of two schedules in <Figure 1>

In-Gu Lee

o LA 71A BHIA D < FA 645‘}%%}%1]015}.7]
74101] fﬂﬂ ﬂﬂ F714H e Ad 77 WHI %

JJrf& 01—?01]”& ARSI A= *l X“ﬂﬂ- 7
ojxol kg E ook Fr} 449 AHE ot 205
AH AQAEE BF FYsta §45 o gl =9 54 2
Ao AH( preemptlon) 1854 &, 714 7HeAd Ak
Al 7HA 3 (Leung, 2004) 5 7H8-4 Al A Aol kg5 7]
3 A& A5HE oA A ZE oF 8t nonresumabledt 7]
AE QAo it} T3 B E Zg2 dAHAZ AZHAI T
TP AT 7 AA S YT wf 225 = FHAZEE 0]
o, 7} 23] o] A g A 7He A u 7] ek B 24 ¢
<Figure 2> £ 7o g GAA G AFHA A E Y
Bl 202 YA 3T T B39 F718H 7] o]

Total A 77144 o] 3 A HTEH AulF7] 8Hgd 3 AdA Abol 9
Job position 1 2 | 3 | 4 |completion A WEA FEH o a1, Z4Zof An] Aol o= 17] o] 49
time AAEE FAE AA Ay FE-T O] 5 & batchs°] 3
Job Jio| | s | O 2 AT FEES I8 2o Lol & B v 2o
Schedule A i 29
chedule Com'pletlon { > 10| 16 ‘
time <Notation>
Job /BN P S N A F
Schedule B Comp]etion 1 5 8 1 26 u Zé H]—zrﬂ 3}‘?}}“‘1
time v AHFT] A
w o 8H 2 QAT
B AT A E Chen(20062)9) SPT Fel 28 dugEofs M :Big M[“}H% FHel ]
e 2AZL Mo ARSI FFATE g b AAERA=128)
AoEN T ANEE ANE #F2NE 5 3 breaking heu- pi AN
_ LR
ristic(BH) & 2] &< AT G Ji A g8
L :batch &
B; :batch & j(j=1,2, 1)
5. 2449 9 S22y e A e,
oby < BOVA 7k AW 77 Sk nTh e A e 1 gl 2
Z 0, u-t; }]
31 A 2 8o H9 (5, max{0, u-t; ]
= rby - BN BHIF7] a3t g 2 QA7 2ol A 15
2 AFNA b7 TA = AHF77E AR B4 w2k, v-w-1)
T7IARE 1 GAd7|A dBAG A B3 Aotk &, # nb; - B A
v v
Ca W BZ BL
u 1 A u i
Machine % ‘e
A 4 v
¥ n u . v g Time
B ) Tw By,
v

Figure 2. An example for the periodic maintenance
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piny © A batch®] kA ol v x| 2] o A 2] A7t
G=12 - Lk=12 ~ nb)

ko A AR 2 Tl vhE R)7F s E |, o)
Y0

b A WA E A ol vhE AR7F e (S,
k=19 ) 1 2 o] 24 batch W o] & 2] A
gAY &
B k=00 b= 0

g A WA E Y o5l vtE Bt 3 w(S,
k=19 w) 2 249 S Az A 24714 8] A2
THe Nt T HA7HA O AZE B k=0 01" gi=10

i A X E A o AR AT A A7) A H] A F 7}
AR F Hh7kA o Az

xp o J7HRA AR 2RQd ol | 1, of U 0

My AR FA 8 AN = 1,2, 0, L)

CM; JRA F7148 $ENZK =1, 2, - L-])

F($): 2% 89 % AQSRAZHF, F(S) =Y, C]
Es

32 FERY

B AFA AlRbstE Fel 2

SR L Chen(20062)2] &
ger Programming) < ] 8¢ ¥ & F AYLEAIE 4=
F3E A YT Aotk F APUE AT A (1) 2ol Y]
7 842 742 At AA, 7 24 batchE 29 2H<]
S0 3 4EATY &, =, 2 A batch o] Fo] 2= 2}
A9 ol 2T batch Z}ﬁ AATE 5T HEY T, AA,
Zt 2] batch o] o] @& A9 ol AH] A @AM wE
#HEY T, A, 24 A batch o] Foll 2= AHY ol dlF
batch®| 2t AT A A7) ARIAZES Wl 3hs 53 3 e
of golth. & 7 Ao HEAZEE 3 batch ol Al 1 &)
9] F AAAF At o] A batchE ] A AT G248 A
ANz 7VA E 7V AR 5 B e ko] "k

g daelEe 9rksky] S
<A 8 (MIP : Mixed Inte-

=2
Z
A}

of)e

2+ ¢k 5 A] 7k (total completion time)

N N—1
Z 1)— —r +E N—j b
‘ =

Jj=1

N—1 N—
+w ) (N=j)k; +E N—j (1)
j=1 =
2 A e A 0% 2ol Uw £95 3, 7 AR & 4
(3)3 2ol g 7)o Auuj A 5 Yo
N
Yz =1,i=1,2-N )
=1
;V
quzl’ j:1727 aN (3)

7k 9130 A2 Ao SRAAA 2] F7]1 48 A2
TFs N F HUZAA Y A G Er] g gu] 28
A7Ee] Aot Aol Au|7E SR EHUEA of ol whet A (4),
2 (5), 4 (6)F 22 A o] Qa, A71A 4 (5)9 4 (6)9 T

5.‘,%7_]'-.47(] “‘Ilj.oﬂ/\‘] ‘T‘7]76H’]Tt%](’1, -1 )Oq oﬂ
uet A4
N
rt Yipay =v-w (4)
r; +Zp7azu <7+ Mk, j=2,3,-,N 5)
r+2p7x”£v w+M(1— k;_ s 3=2,3,--, N (6)

7} batch 9] RE 2] A2 A1ke] 3 7} batchol A 7]
o 410] R AIZH A 7148 A2 7H5AITE % 2 274
of Agkel thak Ak 2] (7) 2 A (8)3} 21, B4 & 7} 9
theol Azl 499 o AR BT,

b, = v—w—rj—]l/[(l—lgj), ji=1,2,--,
g9; = u—bj—]V[(l—kj), i=1,2,--,

N—1 (])
N—1 ()

Zh o] g2 9ol Wil tid 20 & 4 (9) 9 2k

P20, j=1,2 N 9)
9, =0, j=1,2,-, N—1
T;; 1S binary, i=1,2,---, N, j=1,2,---, N
k is binary, j=1,2,---,N—1
4. Breaking Heuristic &38| &
4.1 Breaking rule-= /3 &# Theorem

A2 BE 4ASR FHE F A bachel A
T A AAAFE 7H batchE FH ol WA 5
B0 A F AYeEATE e

Theorem 1

29 AA QRAG Y RE 2AZ 5= (M, J,, M, ], J,) 0
gt 7448k om) J,= batch B &) 2ol 1, J, 9k )
batch BW ¢] 2] olt}. 27| = S'E batch B¢t B= w3t
A B stE Aolgtal ot 9 = (M, J, T, M, )
oja, 2AE s 59 F AULEAITLE A (10) B 4
(11)4 2ol g,
F(8) = CM,+p,+(CM,+p,+g,+w+p,)

+(CM,+p,+g,+w+ p,+p,) (10)
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F(S') = CM,+ p,+(CM,+ p,+p,)
+(CM,+ p,+p,+g,+w+p,) (1)
A7IN F(8) = F(S") =2(p, +9,) = (p, +p,+g,) >0 °|2

2, 2A%57HH AL F AAL4EALE 2ED O

A= 5 719 batchol A Tt
o gt Xiﬂ*lﬂﬂ go] &
, O AAY 2 F AYe

Theorem 2 : A & 22 AHNFE T
4 batcht] ZE 2ol
batchZ S ol B x]3}=

BN 2

F9 AA dAAG HE A S= (M), J,, J, M), J,,
J,)ol2ta 74844} olw) J,9k J,E batch B 2] 2l o]
I, J,3 J bateh B S Aol p +p, > p, +p, ©]
i, 271% $'Z batch B¢} B w3 A A7) Aol
LA S =M, . S, M, J,) 013, 2AF 59§
o % AJAEATL 4 (12) R 4 (13)7 2o] Ak
F(S) = CM,+p,+(CM,+p,+p,)
+(CM,+p,+p,+9,+w+p,)
+(CM,+p,+p,+g,+wt+p,+p,) (12)
F(S")=CM,+p,+(CM,+ p, +p,)
+(C]Wk+p7,+ps+gs+w+pp)
+(C]l/[k+p,,+p5+gs+w+pp+pq) (13)
A71A F(S)— F(S") =2(p, +p,+g,) —2(p, +p,+g,)

>0
olmz, 2A% 57O A7 2 F AR AL B
o [

=
ACH
i

4.2 Breaking Heuristic &

Problem MC2] 7 $-ol& & 2 ¢
sto] AA e Agsted 485

& oF GT}(Chen, 2006b). &1} Problem MV <] 7 -$-ol = A1
F717F ARMF0 7] ol S Avole T AALEA
s Hastete A 2AZAA FREHE F718H STt
Ao 2AE F714H ATET BE +5 T Example

P

1

25 0] BFE ANE F A= D o ojtt
Example 2 : GU7| A7} A= 2l A A 2l of sh= | /)

4 7]

ZAW, I, I3, J)oll I3 DA E & 3
g}, ZF 24 9o A AT 22t py, po, ps, pe©lH
1= p2=1,ps=ps= 2010 71418 AHF7] 53
Ay 2, AulF7] AdA () 40] 3, HH] &8

]7]'( ) 0<W<]/\]-0]_/] 0]‘/]_4 —;;qu\ ]E}-

> Hﬁr.ﬂ
1}

>~

2AZE mE Example 2014 & F714 4] 34E 2he 24
oy 2AF mE HAMAL I, m=(J, S5 My, Jy, Jy)©l
s = (I, I My, Js, My, Jy)olth. 2 2A 22 & A S5 A
F(m), F(m)E <Table 2> 20| F(r,) = Y] C;=14+2w,

JE™

F(rm,) < F(ﬂl)ol_ﬂ,

SRS

SN

=Y C;=13+3wolth whhA

A71A HAS o #7140 AFe Ao
A,

Jeu gRtA o AAAY 37|zt FdEE 'r7]
paa=as] Example 17 20| makespan & 71 A -
’\]7}"] %is} A 5101 T AR HaE 7]EH§=_} T
= F8l2Y ¢ 1852 Chen(2006a)
4 SPT wil ‘341 Ebza]g_ T 2AES 27|82 3t
3 2AEANA F71 40 E ZAAND o2 39 HH S BB
gt #7130 9 i AA A AA 54 batch 9
EEAYE o2 batchd] WiAAZ 5 & W 758t o=
AR F7] 4 Al A28 AZES] A A 7 bateh W o] B

£ B AN )2 @ e FTH D, = (0w

Jj=1 j=1

— 1) 191 batch % ) 24 H 2 7H5 A ) BT 2 A5
A= = Stk B30l A A8k breaking rule> ©] 2] 7]

F7144] 3

Table 2. The total completion time of two schedules for Example 2

Job position 1 2 3 4 Total completion time
Job Ji J3 Ja Jy
Schedule Processing time 1 2 1 2
(The number of required Completion time 1 3 4+ w 6 +w 14 + 2w
maintenance activities : 1) Accumulated
. . 1 4 8+ w 14 + 2w
completion time
Job Ji Js J; Jy
Schedule m Processing time 1 1 2 2
(The number of required Completion time 1 2 4+ w 6 + 2w 13 + 3w
maintenance activities : 2) Accumulated
) . 1 3 T+ w 13 + 3w
completion time
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Aul A Y A 21 92 A3t 55 FAH S Aot

Breaking rule

1. <A1 2 271> breaking> SPT rule®l] 9] 3te] AHH %7]3]9
A F7] e 2 ) A8 AIZES Aol A batch] & &

Yol A2 S W o] F H(Don)el ANE]

g3} A A QAIZE AHv-w) BTk AAV & ) Al
Ch(breaking rule®] 7] EZ71).

2. <7Fs 271> nonresumable $ 2+ 0] 7] W} &ol| breaking th/&
batch(B) ] EE &0l Bk = j+1, -+ L-1)oll WA E &
of breaking= A & FTH(SPT ruleoll <] $F breaking rule<] 714
z7).

3. <A E9 220> B, B; (i<j)oI A F batch B breaking©] 7}
5 otH, B7-E breakingS Al EETHSPT ruledl] &3 break-
ing rule«] 718z7).

4. <A &) WH> breaking Al o= U/ batchd] 2 F A4E A
A pjw} ol A2 A FH A 7Hsd % batch o] o
f &7Hrb)H-E] SPT ruleol) wheh #) X ATHSPT ruleol] <)%
breaking rule$] 7] EZ7).

5. <Fe 271> breaking> A A F F A YA EAHF(S)10] A
g Aol A A t’h?}(breakmg rule®] 7] Z7).

6. <A 2] 271 1> breaking A Al 3 batcht] 2] 4(nb)) <]
W20 2 7} batch S Al X] - T (Theorem 191 & A).

7. <A A 27 11> batchd] 2] F(nby)7F 2 A&
batcht] B 2+ o] A A7He| &(r)ol 22 batchE *%
o wl ] g-th(Theorem 201 2] A).

9] breaking rule 23] Au|F7)7F AAHF] B0
F7I18H & 1 G A GAAGAA F AugE NS
2 2-8}5}7] 93 breaking heuristic & 112 5-& th-&-3} 2t}

Breaking Heuristic(BH) ¥ 3L28] 5 (<Figure 3 #%>)

Step | : ZE 242 2 ALY & & }€ Z 4E9
Step 2 : SPT rule & o] &3] 7] 2AE S FA T,
(2-1): & A AzEo] 74 A X—ijﬁi 7 batch 2]

A A positionel Wl %] 3Hc},

x| 29 ¢; 2 3D batch®] 1, nby, by, gb; &=
Attt

o 24 ()0l @A batcholl AR 7He(F, pivi<v-w
-t)3t%, @A batcht] 9] T position© 3] A 7]3L
aﬂiﬂEﬂﬂ

(2-2) :

(23):

(2-4) : 125t o batch?] Al ZHA|ZE
wom,( )& o) 53t
(2-5) : ﬂﬂmX%@%ﬂ%ﬂﬂMﬂﬂ7VH%i%ﬂﬂ

HHF'(]7]-9}_,EJ_Q9,}_O‘@ step 42 ©] 53k, ofYH (2-2)

Step 3 : & Y LEAHFES)E A=

2U7A dRAY S A 72

SEEEE

(Tt
X

323

Step 4 : breaking Al %
2 o] FEh
Step 5 : breaking rule-2 0] &3] A H 2A1F 74 L A E3)
(5-1) : PpA 2 7] ] 2 @bamwlnﬁﬂﬁ*ﬂﬁ@°L
Z batch= 0] 53} A breaking 7}s 271 T3
batchE& Z=CHHHE AJo = 1] A vpA| 9} batch
HE A,
: A& W o whe} 3 batcholl T ¢ breaking & A Al
aiﬂﬂﬂZﬂﬁﬂRﬁq
T8 20E A8k et (54), 18 A o

Z7& =5 step 5, OFUH step 6.2

(5-4): breakmg A3}, (5-6) 0.2 o] T3t}

(5-5) : breaking A| =& F 43T},

(5-6) : R WA batch7}A] ZA} HEH L
Ud (5-1)= ol st

Step 6: 1B 5= TEUT

™ STEP 6, o}

l Arrange by non-decreasing order ‘
)

)
l Calculate C; ; nbj rbj gbj ‘

Position next job
In persent batch

Calculate starting time
Of next batch

l Select breaking batch ‘

I

l Breaking and repositioning ‘

Cancel breaking

l Confirm of breaking ‘
I

No
Examine first batch
Yes

Figure 3. Flow chart of BH algorithm.

4.3 F3 94

Example 3> BH €125} Chen(2006a)2] SPT 2] ~¥
G2 ES vy $1¢ 3 2o A Chen(2006b)°l
AEE GAE AuFT] AT el & AAste B AT
of F3r=) A A-&-3k Zo|th. Thefw = v-uE A g, Problem
MCTﬂAHQJQ%iﬂ%ﬂ@%%%H%ﬂﬁ%ﬂ%Mm

g3} Ao] & e = 4 (14)9] PED(Percentage Error De-
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viation) 2 % 713k},

@neEe) & Ages

Al
—MIPEE 2 & 2 a7
MIPRE ] = Z3ldn

PED =

Example 3 : 014324 1070 (<Table 3 #Z>),u=7v=10,w = 2.

Table 3. Data for Example 3

Jiy Jo Jo Ju Jw Js Jo Jo Js Jo Jay
b | 1 1 2 2 3 3 3 4 4 5

<Table 3> 1071 9] &4 <& Sp

10

o 2y 71AY A7) #2188 AR S A 7hE THe AR
(r-w)©] 80]7] W&o o] 2AZFN = H4 33 o) 7714
H|7} £3}kE ofof 3T}, <Table 4> 2 A g Alzto] 22 z}
e HH|F7] ol gho] Wjhd A 02 SPT Frel 28 &

259 HFsNo|uA BH 159 27]5) o]t °47lf>ﬂL 4

4
3_):]9] Zé H]% —:‘j—%g‘l’&] Cmax = —J——’-, Erbj :9,
j=1

co 2 W ET Aot

O™ makespan Cpu=280]

41, F(S) = 158°]

4
b, —57} 9.
Jj=1

Table 4. Final solution of Example 3 by the SPT heuristic

algorithm
Jo | T Jo Jo Jw M1 Jis) Jo M2 Jg) Jiy Ms Jg My Jug
o | 11 2 2 (142)3 3(142)3 4 (2) 4 (3+2) 5
Co | 1 2 4 6 (9 12 15(18) 21 25 27) 31 (36) 41
Fsg | 1 3 7 13 25 40 61 86 117 158

ghy, 276 =9 > y—w =8 breaking Al &2 & T3}

L o]df E}E} opA et 7)1 48] A4 batchQl 4 A batchF-H
breaking 715 & ZAFETE A WA batchd] & Zrgjol o
£ batch5 9 o+ 37Hrb) Wl WjA| 7} 7H5817] w0l brea-
king= Al 3§ 319 <Table 5>} Zo] E 1, 7] A X5 A
38} <Table 6> o] BH ¢ 18] 5] a7} €t

Table 5. Breaking of first batch of the final solution for Example
3 by SPT heuristic algorithm(before repositioning)

Ji Jay Joy Jis) Jy My oy Jiy Mo Jiy Jwy Jig Mz Jug

po | 11 3 3 Q2 3 422 2 4@ 5

Cy | 1 2 5 8 (10013 17 (20)21 23 27 (29) 34

F 1 3 8 16 29 46 67 90 117 151

In-Gu Lee

Table 6. Final solution of Example 3 by BH algorithm

Jo | Jy Joy Js) Jo M1 Ji) Jw Jo M2 Jigy Jiy M3z Jag)
po | 11 3 3 (2 2 24 @23 4@ 5

Co | 1 2 5 8 (10)12 14 18 (20) 23 27 (29) 34
F 1 3 8 16 28 42 60 83 110 144

O] 2AEL Cpur = 34, F(S) = 144°]

3 4
al, ZTb7=1, ZgijO
j=1 " j=1

S 2 SPT ¢85 3ol A 17119 batchE breaking 3t 7]
AU E 13] Zo] AL, 71Al FFATE ST ARE FAA 7 HA
Z A GBS 1499 AT ZAA T <Table 7> Ex-
ample 39 3k A E o)A S E SPT Fe| A8 ¢1g s
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Table 7. Optimal solution of Example 3

Joy |y Joy Js) Jg M1 Js) Juy Jw M2 Jgy Jig Ms Jag
pol 11 2 3 @2 2 3 3 24 4@ 5
Col 1 2 4 7 (9 1114 17 (19)23 27 (29) 34

Fg| 1 3 7 14 25 39 56 79 106 140
5. A% 9 A8y

5.1 A8 4A
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S ur2w2 AT Bk A]] A AT [1,10] Aol 4
T A random3tA BA AL, T A FN)E 10, 20, 30, 100
Nl 4744 492 dAs et 48 WHE35E A F Group
7 72 4 g 108 o]tk =3 43U W4 % random
st AAdske 24 A2 AL BH ¢
I}E MIP BF o 283ttt 2t &

=
oo
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lo
oX
ofr
o
=
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Table 8. Classification of experimental groups by input variables

325
of ¢ BH ¢18] 53 SPT Fe|~8 €159 A+&Z 7
o2 H I PEDS} H AYAITES 2 Hrhsith o, N = 3004
?l 7% ILOG OPL 4.0< T3t e EH Y & 7¢ + §
A Ag A zto] t}siAl 2250 BH 1P 5L 7|F0R
&to] W4 PEDS =439t

5.2 A AFEA

<Table 9> 7 Group B AP AH}E TS Aolth. B+
717F ARl B 7140 E s Gd7|A YA
oA F FuIAEAIZE H&sho] B3 SPT Fe|~H g

Classification Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
The earliest maintenance start time(u) 10 10 15 15 20 20
The maintenance time of the machine(w) 3 6 3 6 3 6
The latest maintenance completion time(v) 16 22 21 27 26 32
The processing time of jobs(p;) randomly generated from a discrete uniform distribution over[1, 10]

Table 9. Computational results

SPT heuristic algorithm BH algorithm MIP model
casiion |t 8 e [t [ e | [t 0l ] M [ | comg, i
. PED . PED X PED (second)
time numbers time numbers time numbers
N=10 269.9 5.7 | 4.9436 261.9 5.4 | 1.9436 256.9 4.9 0 1.297
Group | N=20 1013.7 11.6 6.4811 956.7 10.2 0.4937 952.0 9.1 0 153.569
N =30 2349.5 16.5 | 4.0569 2257.9 14.7 0 - - - -
N=100| 27249.8 58.6 | 7.7189 | 25424.6 50.3 0 - - - -
N=10 340.5 5.1 |2.9012 334.7 48 | 1.1484 330.9 4.6 0 1.502
Group 2 N=20 1148.0 9.6 | 3.4327 1122.6 8.8 | 1.1442 1109.9 8.6 0 60.812
N =30 2713.1 142 | 1.7057 2667.6 12.8 0 - - - -
N=100 28254.6 449 1.9628 27710.7 39.7 0 - - - -
N=10 261.0 4.1 | 3.4483 258.5 3.9 | 24574 2523 3.5 0 1.184
N=20 1055.2 8.0 | 3.1577 1045.2 7.5 | 2.1801 1022.9 4.6 0 31.88
Group 3 17 =30 | 21286 | 113 | L1836 | 21037 | 100 | 0 : : : :
N=100| 24033.6 37.9 | 1.3494 | 23713.6 33.1 0 - - - -
N=10 246.1 32 | 0.5721 246.1 32 | 0.5721 244.7 3.1 0 1.126
N=20 1058.4 6.5 1.9457 1058.4 6.5 1.9457 1038.2 6.1 0 25.037
Group 4 1= =30 [ 22850 | 92 | o0 22851 | 92 | 0 : : : :
N=1001| 265823 30.1 | 0.0497 | 26569.1 29.4 0 - - - -
N=10 252.8 3.0 | 2.1414 252.8 3.0 | 2.1414 247.5 2.8 0 1.097
Group S N=20 991.2 6.0 | 1.9019 988.5 5.9 | 1.6243 972.7 5.5 0 8.613
N=30 2047.6 8.5 | 0.1565 2044.4 8.4 0 - - - -
N=100 22153.5 27.6 24776 21617.9 25.4 0 - - - -
N=10 258.1 2.8 | 0.9781 258.1 2.8 | 0.9781 255.6 2.7 0 0.793
Group 6 N=20 930.8 5.2 | 1.5049 926.6 5.1 | 1.0469 917.0 4.6 0 10.367
N =30 2216.9 7.8 0 2216.9 7.8 0 - - - -
N=100| 24919.8 25.5 | 0.8874 | 24700.6 23.5 0 - - - -

Note) 1. The computational times of SPT heuristic algorithm and BH algorithm are nearly 0 second.
2. “” means that there are no computational results in cases of N = 30, 100.
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Figure 4. Improvement of mean PED by the variation of the
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Figure 5. Improvement of mean PED by the variation of the

maintenance time of the machine(w)
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