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Abstract : In this research, an unrelated parallel machine flow shop scheduling problem of minimizing
mean flow time is considered. In the past few years, in order to simplify the scheduling problem, most
of research assumes setup and removal times are even negligible or part of the processing time. In this

research, we look the setup, processing, and removal times as separatable, then take the
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sequence-independent setup and dependent removal times into account. To solve the addressed
problem two different solving models are developed. First, a 0-1 integer programming model is
constructed; however, the mathematical model is too time consuming to solve the medium or large size
problem, thus, a simulated annealing based heuristic is proposed to get an near optimal schedule in a
reasonable computation time. During the research, the parameters used in the heuristics that affect the
solution quality and efficiency are analyzed and designed; then for the constructed heuristic, a good
parameter setting is suggested. The experimental results are reported, and provided for the references

for the further research.

Keywords : unrelated parallel machine, flow shop, setup, removal, simulated annealing.
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(3) MBSl T ETEE VR 1 STRI10.95 ~ 0.9 ~ 0.8% T[RRI AYEE T H R o
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BRI LY = sl & f’ﬁE VB U AGER T (FANOVASTIT » SN Y157 -
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5 WYBFETE TR ZHANOVAR: (757 HIREHL)

Effect SS DF MS F P
A 1.071 11 0.0974 433.3 0.000*
B 0.043 3 0.0143 63.6 0.000*
C 0.121 2 0.0605 270.3 0.000*
D 0.139 2 0.0695 308.9 0.000*
AxB 0.022 33 0.0007 2.9 0.000*
AxC 0.026 22 0.0012 53 0.000*
AxD 0.029 22 0.0013 5.8 0.000*
e 6.695 29808 0.0002
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g = SR VIR o pr= S FE T TR AR

‘“*Ef'*é fiies o RIS (1278) VPG AR o (TS IR - ey
Ff’} WF_F o Bt R A SRR il J“@t[F[Eﬁikﬁ' ﬁJ_, VR AR R o PHEE 2
FOH A A -

6 FEHREPRLY AR
5x5 5x15 5x20 15x5 15x15 15x20 30x5 30x15 30x20 50x5 50x15 50x20

B v v v v v v v v v v
c v v v v v v v v v v v v
D v v v v v v v v v v v
OB CREE DA

17 SRR
WP S R m A5 T j@ﬁp?ﬁ@ BEE RS

5%5 20 0.90 10 30x5 100 0.95 30
5%x15 20 0.95 20 30x15 100 0.95 30
5%20 20 0.95 20 30x20 200 0.95 30
15x5 100 0.95 30 50x5 200 0.95 30
15x15 100 0.95 30 50x15 200 0.95 30

15%20 100 0.95 30 50x%20 200 0.95 30
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e HI H2 H3 H4 HS H6 H7

5x5  1.5645(31) 2.5891(13) 4.7071(1) 1.5107(24) 2.3146(13) 5.4512(0) 10.5053(0)
5x15  2.2846(26) 2.2540(3) 2.8904(3) 0.7985(29) 1.3840(17) 3.0705(3) 9.7202(0)
5x20  1.4553(24) 1.4587(22) 2.6024(5) 0.9839(23) 1.8545(12) 3.3220(4) 7.5248(2)
15x5  4.1668(8) 7.0663(4) 9.5988(0) 1.0006(36) 1.1045(28) 7.0117(0) 23.3874(0)
1515 4.1190(4) 3.6991(2) 4.8373(0) 0.5832(36) 0.7710(28) 4.5749(0) 13.8797(0)
15x20  3.6505(7) 3.2230(5) 4.5475(2) 0.6162(33) 0.9255(23) 5.0708(0) 12.3855(0)
30x5  4.0533(5) 9.8984(0) 11.7115(0) 0.7285(36) 0.8164(29) 8.8639(0) 23.4761(0)
30x15  4.5351(1) 5.2375(0) 6.7286(0) 0.4998(40) 0.6077(29) 5.8862(0) 14.4210(0)
30x20  4.5854(2) 4.1609(0) 5.9476(0) 0.3829(41) 0.7313(26) 4.6225(0) 12.7166(0)
50x5  4.9279(0) 10.4524(0) 12.7280(0) 0.8056(31) 0.7501(39) 8.1862(0) 23.6928(0)
50x15  5.4894(0) 6.2203(0) 7.7036(0) 0.5938(34) 0.6917(36) 6.1607(0) 14.2982(0)
50x20  4.7148(1) 5.2356(0) 6.5703(0) 0.6498(37) 0.5894(32) 5.1647(0) 12.5958(0)
sum  45.54(109) 61.49(49) 80.57(11) 9.15(394) 12.54(312) 67.38(7)  178.60(2)

(n):3- 'EJH"I& A N i

A B @ g s U T o ) JH475" | HSURIRE AR A S AR S S T
7 o Bl Lingo6. 054 [FH A2 flf] F IREe 2 P LRI B4 [ *3PRR > el )25 f 7 17 {5 Lingo6. 0
Fi=m s R AR R R TR, - BEHFQH']EWE‘&‘F[E‘T FOTHIE m=2 » m=3]"] W& " | = 5= Ey]
FEAS > I fé%%i%ﬁ Mk d T HFR2*3%2%5=60fH > (5T PR [ RS HA L B
il il L2k iy &Ff @’%Jﬁn bR G TR Y AOH T o A9V PR F e R
T FREARE V R Eﬁ‘cﬁ‘ﬁ I o T BT A e [ AR TR A B AR i
T Vof it o T R ROV > HAUTCRR B e VR EEE 225 0 BET S TR
B EVE T PR b o A IS U TR BT S o OB HA T AT b P
AT R PSR BT AR AR T SRR R L [/?7913? IR R PR RN He
(R A & & A -

£9 DPEPMSLCS N b DR TS T A

i A H4
ETAEIAED

WP S ompmem = e s TR
3x3 862.7 3.84 867.8(12) 0.000
4x3 1331.0 265.2 1352.1(10) 0.000

(n):3< - F I AEAT IO 5 B



110 ’FIT,?E s

44 #%2 F*

¥R AR T R PR + SRS SRR RS2 T
FESL R (RO B o 57 A7 - 2 FERLH S ST .
ANOVAJ’FT’?%%'\' SHIR#10 5&11""?—1 A0V AFN BT > LR AE ¢ =0.05 0 S PR,
EaRE R LR o 7% e TR A | e B e A Ea S L I LIRS o if 7

S O 1 TP 07 0SSP T BT B0 SIS 55 TPt 50 0 s e
e i Fj * R Duncan’s ) 17 5 SRS LT AR RS E SR R A
V) P AR 5 IR E RS 0 R

45 g A mE R FL R

AR BB U LTS » PRI P B
R BTV L B APSOTREF 15* Lingo 6,025 21 1L £ 6 » 7 ¥ o
ﬁﬁﬂ@@tf[é’#ﬂjiiﬁ;‘g T ﬁ%&i‘}(?—icly‘*r i;&_{ﬁ I:[[, ,#FFIE[L]S“ZEIEISF? ﬁ’ﬂ}ﬁ;{x‘ﬁ‘ [/?S“éﬁfh\zﬁjgﬁiq =
P A o

451 BEEH S B FREAFIFEZEFL R
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PR EDOTH TR [ SRS el o BRI R P At £ o SRR 14280
A = PEIETRURL N - LR T AR S < SV R EeE 1 2B IIE R 20 - REIEE0.9 -
B A G R 10 0 AR i A 5 P > TS ,\?%iﬁgﬂ[lilzﬁ’?ﬁ o A2V FH
AT “iFﬁE‘Wi (HASA) | B e b > SOp-iR 2 A o ] T e
SRS T TR B TR [

F10 = 7P S ET ANOVA S5

Effect SS DF MS F P
iy 0.008 2 0.0040 20.30 0.000*
g 0.210 1005 0.0002

11 =% VT#E@?F&? ] ANOVA 5j

Effect SS DF MS F P
FEH, 2.230 2 1.115 0.034 0.967
E 33246.910 1005 33.082
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_ Bt H4SA
MR " eppipn  owmmen g T EmEch
3x3 862.7 3.84 862.7(30) 0.017
4x3 1331.0 265.20 1331.0(30) 0.019

(): 7S ek (BRI B

452 FoF N FE avt s ¥t

R Ay Y L S A AL
WFJQET# (HASA) 35 =ik o ,ﬂFh{mi,g%ﬁU%L P 4 28R RO R Y IR h 14
FEISSHRRGE (= A 4 (A ORASE  STPTRRRIPR3TT. « R AV AR BT © HASATE
fio = AR o T BORPISIEE (- R T B0 SRR - L *E’\f" H
Lt PRI 156 68 %50 o ks Ak o ”F‘ff PR SELRIATA
SETIENEIE 43 T AL 43 S P A el IR PR, IR
L VLR 0 S IR e fr@m oA - JH4SA i LR e B P
WO ERERER » (LT SRR Tt e ucIL » HIPERE  HAS AT IFRHIREf T e
b AR .

%* 13 = @@&F‘[Ejﬁﬁk +SA X HEI??%IEE&;I/ TREREEEA

HISA H2SA H3SA HASA HS5SA H6SA H7SA

5x5 0.509(33)  1.027(24)  1.160(18)  0.816(26)  1.179(20)  0.971(22)  1.404(11)
5x15 0436(33)  0.669(22)  0.815(13)  0.391(35)  0.829(15)  0.695(20)  0.743(11)
5% 20 0.598(31)  0.671(30)  1.126(18)  0.525(28)  0.907(13)  0.812(22)  0.945(18)
15x5 1.513(9)  1.798(9)  1.564(9)  1.068(13)  1.097(15)  1.107(15)  1.462(4)
15x15 1.340(14)  1.45409)  1.757(3)  1.001(13)  1.009(14)  0.909(9)  1.571(8)
15x20  0.975(13)  1.508(5)  1.335(10)  0.819(16)  0.818(17)  0.888(5) 1.359(4)
30x5 1.653(18)  5.249(2)  4378(3)  1.097(17)  0.728(23)  1.645(7)  3.802(0)
30x15 1.220(14)  3.556(2)  3.951(1)  0.764(25)  0.787(19)  1.306(8)  3.070(1)
30x20  1.145(12)  2.486(8)  2.960(1)  0.59527)  0.798(10)  0.897(12)  2.311(0)
50%5 1.70010)  7.899(0)  8.006(0)  0.733(25)  0.632(28)  1.447(7)  5.755(0)
50x15  1.082(12)  5.312(00)  6.583(0)  0.448(36)  0.884(20)  1.417(2)  4.636(0)
50x20  1.178(10)  4.325(0)  5.271(0)  0.471(29)  0.726(26)  1.184(5)  4.105(0)

sum 13.35(209)  35.96(111)  38.91(76)  8.73(290)  10.39(220) 13.28(134)  31.16(57)
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