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Abstract

Abstract: As a key link in tire production process, the scheduling plan of vulcanization process directly
affects the efficiency of the whole tire production process. A discrete encoding method based on
vulcanization order - tire number is proposed. An improved harmony search algorithm (IHS) is developed
for scheduling the vulcanization workshop with the target of simultaneously minimizing the makespan,
die-changing cost and machine idle rate. Vulcanization sequence and tire number are respectively
discretized according to the harmony memory considering probability and pitch adjusting probability. The
dynamic fine-tuning value is defined to fine-tune the processing number. Finally, the experimental results
show that the proposed algorithm has higher convergence precision than the basic harmony search
algorithm and particle swarm optimization algorithm.
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Abstract: As a key link in tire production process, the scheduling plan of vulcanization process directly
affects the efficiency of the whole tire production process. 4 discrete encoding method based on
vulcanization order — tire number is proposed. An improved harmony search algorithm (IHS) is developed
for scheduling the vulcanization workshop with the target of simultaneously minimizing the makespan,
die-changing cost and machine idle rate. Vulcanization sequence and tire number are respectively
discretized according to the harmony memory considering probability and pitch adjusting probability. The
dynamic fine-tuning value is defined to fine-tune the processing number. Finally, the experimental results
show that the proposed algorithm has higher convergence precision than the basic harmony search
algorithm and particle swarm optimization algorithm.

Keywords: harmony search algorithm; vulcanization workshop; multi-objective; dynamic fine-tuning;
switch time; die-changing cost

3= B ) E BRI, TE B R 0 A RIS Al A=

=

BRI T b — NP UK, BRI 5Y

Wk H #H: 2017-01-09 &R H Yl 2017-04-07;
BEGIUH K F AR 54 (61572238), LA
T 4E 3L 4 (BK20160001), VL7549 7 S WF I & 1) 3
P ex-RHE G TSI H (BY2016022-24) ;
&M EH(1978), L, TIHEY, it #
2, WFIUTT 1) K M 2 I ARAL o

PRI S bR A H R IR S o B AL A (A2
JEAE P R R R NI 2 —, AR,
Bl — 2R NI T B TARAC I 18], A5 BEL AR 8 P 90
PR R, RS N TR E M, &
ZARMET 2 AL AR AR bR . BT L, TR g
AL TRV A A= 1] 8 5 e R Fig 5 A2 7 1 T VR 2

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018

*139-



Journal of System Simulation, Vol. 30 [2018], Iss. 1, Art. 17

% 30 4558 1 3]
2018 4 1 J

TR AR, AL RRIEHE iy Al A 77 s e il
i, 0 EATLAAT AR, BRACTS YRR 2. DRI,
BEN KRG AT L7 TR, 6 Al A 2
HAMRISE IR X Ebr A=l i, A28 s
i, AP RARAE, AN RITT TS S .
Bt A2 i) e B AL T B2 1 ) 48 ) R P e
(RIS, SRR L R — s (T IH i, S T A A i
EHLGERE T AR K L] o 78 20 A BAT Ve 46, T
LA 25 PR A AT LA g 2 PR, 4 Al KR
KA G o T DAAN SC T 0 e /N 58 DI TR] . e
H52 2l FH R e /B 25 PR 38 = ANAE H AR B 1k 42
B B2 1) ’LEA T A

1 75 4 22 (Harmony  search, HS) vk Hy
Geem Z W 542 HiIH)—FP A BEARAL SV . eo Bl
SRITRI AR S 2k B — AN SRR IS R, Bk
figf S5 A0 A T B o 1) e LU A R 00 R, A el 4
R LT S AR AIPER VPO i A%, fiilR
AR TR I B AN IR A ok T3k ) AL Bt
Mol o T HARMERRT B, P J R S v H B4R
ZATUE A, B 0-1 6 1 Y, e e e 7R A ) 1O
S ARSCH W R R R FILIEH T 2 H s 4
[0 8 B AT A )

BEATN P 48 R 10T T SR 2 b )
PRAE A AT — e SC w3 T R R A
EE, Ol T AR I R AR S AR, T B
PR, R SISR AR AL 2 1) R S i AR R, A
SCUE T BB TR A — T A 1 G 6
2o HAEREEER BEE PR A2 B bSO )1
JEE i) 85 (1 25 HEORI 75 98 2R B 1% o SV P AL i I
PRI AR AR B0 2y AT B RO R A o AR ORE
F P RS A R SR AN AR (AT N BRI LA
JiEm A B AT BN AT

1 % Bz AL i AR R

1.1 BRAHER
HRARAS R A A= S B L, BRG] 2 H

E R
Journal of System Simulation

\ol. 30 No. 1
Jan., 2018

WAL FERSS R AT Un T ik

WAERE m SEAHL, AT B AL
ME IS H n B, RS 15 G By
N;(j=12,,n), HEGREHNIYTHAZ n Ff
SR BT S BALHLIN B BE ) AN 56 44
[, BT LARE S BRI AN [R]85 PR SR A4 e 1) 2
ANSEAAANR . B G HRALHL LR — I %) U RER AL — 4%
g, T HAiZge i KR/t — G oL b 5e esiAl T
VE o B G RN EERAAS [R5 58 B AT D) 4] 47
FEAH I R D) 45 I TR) R4 2l Y, D400 sF [ RN 45 8 2
FHECY A0 A8 PR e 16 1 2825 DA R BT AEBR AL LI
R,

CLRISCPE R AL 42 T R AL M LA L & Al L5 46
BT A &SRR TE A R BR AL E AR AL
]\ R AL B AN [ B85 0 i 2 10 (A s [ LS 3
Bk FH o FESEBRAE R T, SR o8 T Ak
L R FEARAR B L H AR 2 — o SR HLARZEBRAL,
AR Y558 B EAT SE 4 BT A T R B
S T LRI AL, A B gt 4 S M R 1) 45
Ftir, MR T IH . BT AA SO R 4
) B A H b Ay e S5/ 56 LI [A], e /N ps
RIS R 26 3 ML H bR o 3 ML H AR
(g ik = (1)~ B) Frr.

/N6 T[] :

S1(x) = min(max(7E)) @
e /MRS :
fo(x)=min(} M) @)
jel
PN R
fo(x)=min(Y 7)) ©

KHTIBCRZER = AEAl B R EAT SRttt insk

AFR:
3
f(x)=min{d>" 4 f;(x)} 4)
i=1

Forb, 4 ORER i A H BRI 2R
LR

http: // www.china-simulation.com

*140

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/17
DOI: 10.16182/j.issn1004731x.joss.201801017



Yan et al.: Multi-Objective Vulcanization Workshop Scheduling Based on Improv

F30EH 1 Vol. 30 No. 1
2018 4E 1 T, 55 BT SO FER RN Z B ARG R Jan., 2018
||ﬁ}_‘_” QE P = e g :/4 o) X‘ VES S
TE,=S'T, , ,xH, plp2+z T 5) IR FSCAE Gt SRS R PR B — A7, 5 Eij QYRS
Pl RSTE 3 GHL8 Ltk scE, plinss— el b
M= (H, 12 %0 41,2) ®)  BiLE I SF A3, 1, 23, HoR4 M {40, 20,
7'-j :Z(Hj,pl,pZ ><Tj,pl,pZ) (7) 45} %:éjﬂt%& th'f’k;i/lﬁ\ﬂlﬁ:lﬁg%]lﬁr?jj{zy l, 3}7 é’ﬁ
% B _4 @  OMHINET0,50, 203 B B LA LS
e ¥ {1, 3, 2}, B4y 5 h{30, 60, 35}, H k%
TS =TH, plp2+TC/pl ) Fraan i 1 B
TC“, TS, L xT; (10)
pe P2, B}ijzo 4,>0, 3|22 jtj3j1j3j2
40(120(45]170]150(20]30|60]|35
1S, ,2TC, 4, TC;,>0 (11)

A TE RN j Gl LR TR M ERR
5 AL T A R H i%ﬂ“@wﬂﬁ*ﬂ
j blT JlLﬂﬁ?ﬂ?“ﬂ%W?ﬁ%ﬁ‘ﬁ@ﬁﬁ’]m%ﬂ?iﬁ
H; peP; H;ip1p0 RN j AR S
pr VIR po WHBLREL: 0100 RORAELR j BB
BLEBACEE R RS N po VIR py i =25 [ 4 A
s T={L,2,---m} E N WA WL E A
={1,2,--, n} RRFIRE RS T, KA p
?\HAE WAL j LRI ) B, %R p
BIREMANL ) EARAL R A, KRl
p SRR E B; HEERAHL j LA IEE G
KU TS, 0 p BRI ) LIFIRtRiL
WIS TC;, A p RSB IRAERRALHL j i 45 EEHT
[B]: THjp1p0 WAE AL j BN py RS P13 p, Y
o T e PRSI ] o

1.2 AR —BiAL S R G

EERHRAL AR 22 B AR A T S SR A i 8, AL
T AT ARG A S — I B 4 s 77 5.
BEASFI R LR EB 2> R 26— AT h 8L LA R A
SRR TIN5 AT A6 ) &R S 4 i n T
Kot XA gl Ty AU, T SRR, T
ZaR /TR o M A A ) o) 7N RPN i 8

WARRILAT 3 Gifbil, BRI Ity
1,2, 3 3L 3 AL RN, HARMAL S A G e
354 {100, 150, 120}, % KK 2% 9(3%3).
K Hlds b 3 R S A it A7 FEA LR, ik

P
15
15

K1 gmbdni
Fig. 1 Encoding Diagram

TR 1, AT A &R SRR /ERE S BALHL
AT BRARIIN Y, MBI R 3 N — B
WAL L FIBRA T o 55 A7 Ktk oof B 5 4R iR 7
R A LR AL BB o 7250 —AT BN T 8
5 RAETT P AR SR IR I SR, A
5 P IR RENL s 3 Akl EdE TRk, 15
RIE 3 SR AL EAH R 25 1R 8 1 H it 2 R4 T
A SRR IR I SR .

1.3 fifpg 753

AT A SR TR IR RS B AL LUEAT R
R, RAniT B A =M e A, BT RAA A
B R =AU E AN — B EALHL ERBAR Y . 5
AT HAR SRy o) I 2 5 A IR R R A LR AL PR
@' WAEE 1AL 1 )MJC. 40 M 3 4

, TEAG 20 MUS 1 AR, I mifh 45 N3
T 2 %G . AL AL rﬁﬁﬂfijﬁﬂ yl
ERFEHLA LA & 25 R IR (R0 DL A £ i DL
Je s T8RS SRR AL BE A 2L 5 58 G 1R I 1) R
AR Fh S ABE IS 1) DA A2 45 98 2 A, BT BAHE
ALK 3 MLk H b ek Hi

2 HAMPEREIL

R R ) Geem Z W 25 A3 HE 1)
— PR REAL A S o BV SR T AR B e &
IR AR ek R, B SR AR S LA 1) ) A

http: // www.china-simulation.com

«141+

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 1, Art. 17

% 30 4558 1 3]
2018 4 1 J

) i LEAE SR 28 00 35 0, F H AR R BB L T 03 2R
BERITEY o FEA AN A R Rk L T o
2]

B REEN IR 0 MRS HUE T
LR, PPA— BRI, SR A AL RS A
S IE B EIL LR BRI S HOE E oKk
AR maxd. FIFILIZEE RN HMS. 82 FERUE
MEZ HMCR. T2 PAR T 58 bwo

HR H BN R0 7 X A HMS A7
xt,x2,, x5 TN HM H, WTUE R = A Ty
KL (12) R,

x, = x," +rand(x,” —x,") (12)
o, XY Rt S RIRORHS § AR B Bl
FlR /M

SRIGARAEACIZ U % HMCR - UR T AR
. PAR WIS AE SRR RN . E IR OR AL
VAR HE 3 By a7 AR — AN RIS X = (e
e XYY (N D PRSRAR R AN O . R
(=12, N) B HM 7, AR5 5 A0 AR
PAR X IEATIR o 2 2R P e 12 P R0 R Bl 4>
=X (13)A(14) Frr .

X randl< HMCR
S I’ U_ L ; (13)
x” +u(x;” —x,”), otherwise
e |5 +bwxrand2,rand2 < PAR
x = _ (14)
x®", otherwise

Hrp, r Ro- L, HMSTHBEHLIC— A EEEUE ;s bw
I EOA A 98 randl A rand2 4 [0,1]2 A 444
I AT BRI
WHH A AR T HM P E 22 R, ) B A
O HM i 2 f s, ansX(15)Bm .
wort |2 LGS ()
i {xwomn iff (™) > f ()
o, FQMMRT RSB AL XY F HM
P B 22 RS O BT I ) H s R B

(15)

E R
Journal of System Simulation

\ol. 30 No. 1
Jan., 2018

3 ERUNEEREEK AN

31 BEMEERER

B IO P 4 R Sk B R an R« AR 12
B LA HMCR AV TR A2 PAR 77—
R AR EH I e B HM S, )5 AR A
PO PAR X ILREATIR 5 e BUE
AR I R 23 ) an A (16) FI(L7) i

xinew c (xil’xiZ,.”,xiHMS),
x," M = if rand1<HMCR  (16)
x,"" e X;, otherwise
e X +m , if rand1<PAR
X, = ] @an
x" otherwise

B AR EEA R, SO A 2
e L BUE 2 B R, X, = (@), x(2),-,
x,(K)) » K NG5 n] ReUE B s m TR
fi, Hme{-11}.

3.2 BU B R A

3.2.1 BUEMBEHMAERREHEER

76 1.2 F1 1.3 R i g BEaiti b, $2th T —
ol S (1 2 BN 7 8 2R BV SR SR A 22 H ARG A
A RE ), SR HOD RN

Stepl: WILAAN PR EIESEUE: I EER
/N HMS. I ER RS HMCR. & RO %
PAR. IEARIREL maxd.

Step2: 44 I TG A I — B A 00 2 11 4 )
J5 SRBENLAE & HMS AR RN R Lz g,
AFE A 1.

Step3: BEJCGEACL L, AL A 02 FE U
WEZ HMCR M35 T OB PAR A1 HMS A1
A, BRI RN 3.2.2 TR

Stepd: HFTANECIZEE, F AR A LT
HM P 22 FR Rl e b 22 R

Step5: WL T IA BN L4, W IR
U BB KB EL maxd, & IEFLIIEAT

http: // www.china-simulation.com

© 142+

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/17
DOI: 10.16182/j.issn1004731x.joss.201801017



Yan et al.: Multi-Objective Vulcanization Workshop Scheduling Based on Improv

55 30 26 1
2018 41

3.2.2 B AR R
7t Step3 1, AR ST AN ) 2 AR AR
Lx"" = HM (k)
if hmer, < HMCR
PRI AL EE IR T
if hmer, ; < HMCR
WL R IR R
if par, ; < PAR
PAT T I A2
end
end
else

TR REALTT 20 A gt

end
Horbr, HM(k) R - R 2 HM N 2 k ASFITRS s hmer;
hmer;; ¥ par;; A[0,1)Z MM BENIEL, i=1,2,--,m ,
j=12,---,n,

T HERRALAC IR « R HE R AL 8 G 25 MR AT
O R B AR

WHEEACRR IG5 @ Pl B RS 4
BN N HM U 7L SRS § G HLES
IEm e, X (18) s

X" (1,1) = HMCR(L,i,r1)
e, 1 4[1, HMS)Z LS

R ETR R IR iy (T IR SR IR eyl IO
J PSR IR HE H HM Y2 72 SRS TR Rhiid
SEA I T A

ORI R 58 SCEDASTORE u X256 i B Hla L
LSS e RS iR G EcE: X, BEATI0M,
X (19~21) i

(18)

X =X tu (19)
X, 0f x B
X =1 ’ (20)
’ x;;—2u else
1,10] ifrand <0.5
y =10 < 1)
—r[1,10] else

S, B TRy b TR T S
BB 11, 10]90R[1L, 1012 [BEHLEER
P4 2 BRI AL, B b TR

T, A BT U R AN 2 H ARG 4R A

Vol. 30 No. 1
Jan., 2018

PRI iR HAR N

WA AL EC G IY . B HMCR h 0.6, PAR A
056. #lWAMENE, =“MEHES. BA
hmcr1=0.4 < HMCR , LA x"™" hifi— G HLAS R
IFECEH HM A2 7L ASFR 538 — S LA AL
N5y, BRI —17 /T =N e {13, 2@ 8 —
ATHE=ANT0 {1, 2,315 45 o R Y 450 /5 FRD L i 46k
F—ahEs Len T, WO AT 15 F
60 MAIE, ZiRWMEPIR, GRUEREM AL S5 R 5
HR AL,

WAL I8 hmer ,=0.25< HMCR ,
hmer; 3=0.3< HMCR , JJt LA x"" tp 85 2 Fl1 3 Xf |
N THCEAL HM PSS 7L AR R LS 2 RT3 1)
INEHCE R, BAESE RU@PR,

AT W IR s B pan =0.1<PAR ,  par, =
0.8>PAR, par;=0.45<PAR , Jt LB T %
i 25 F1 29 BATHORPLAN . SORAE 1,101 [A) Bt
HLEEH, A 2, rand=0.2 <0554 rand <0.5,
P LA E -2 . B A kY =25-2=23,
xXpy =29-2=27 . T ERFFEEMALSRNG ML
AR, FrUEE RHLES EAVS O 1R 3 A 4k
RN 2, Bl x)% =45+2=47, x5’ =36+2=38.

4 PIESEIAEE Rt

Sh T8 UE AR S B ) ORI S 4 R SR A
B A A TRV AR TR R o B R PG vk, ARSCR A HS
A1 PSOMC M 47 017 FUR LS B6 o AS Y SI2 LA
IR —AMAER XS, SR 4 S,
0T 3 B SR HA ) ST AT 7 B

HTHENHE, 4 SN ML, M2,
M3 Fl M4 EI7x. 3 FiAefia A5 225/40R17 .
195/60R14. 185/70R13 737l J1. J2 A1 13 &I,
IR 3 R S AR it 1) 7 Sk =43 il {1 000,
1500, 1 200}, AL AR A A TS5 48
JRMIE TR 1 R . 4 Sl LA S
B IR REAT V)45 o (1 45 B ] ) A5 A5E 2 FH 9 1 G 2%
2 AR 3 Fiom . MAGBUTEMNER 4 iR

http: // www.china-simulation.com

+143+

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 1, Art. 17

530 5 1 RGN B Vol. 30 No. 1
2018 4 1 Journal of System Simulation Jan., 2018
> hmerl<HMCR
hmery >HMCR|hmer, ,<HMCR | hmer, ;<HMCR
par, ,<PAR par, ,>PAR par, ;<PAR
@ i L 3 2y 3 ! 2
X 25 \ 15 ) 60 \ 50 45 30
@ HMHEA 1
s 40
R0 T ’
® R T <
BEAE 25 60 15 50 45 30
3 1 2 3 3 1 2
@ %}Tmﬁxnew
25 55 29 36 45 35
me o 2 3 3 : 2
B iR 23 55 27 38 47 35
K2 Bifdre bl e
Fig. 2 Process of New Solution
* 1 GRAGHTA #*3 e
Tab.1 Vulcanization Time Tab. 3 Die-changing Cost
LAV J1 J2 J3 Wlas it J J2 J3
M1 0.6 0.5 0.4 J1 0 105 125
M2 0.6 0.5 04 M1 J2 125 0 135
M3 0.6 05 0.4 J3 140 144 0
M4 0.7 0.5 0.4 i 0 105 125
M2 J2 125 0 135
* 2 A J3 140 144 0
Tab. 2 Switch Time J1 0 105 125
Pl bithss J1 J2 J3 M3 J2 125 0 135
J1 0 1.2 1.1 J3 140 144 0
M1 J2 16 0 1 J1 0 130 135
J3 0.8 1.8 0 M4 J2 145 0 150
I 0 1.2 1.1 J3 144 150 0
M2 J2 1.6 0 1 a4 kR
53 08 18 0 Tab. 4 Optimize Weight
J1 0 1.6 0.8 N — . - = " T
M3 1 L2 0 . P Eds  RSE LR St /MR E SR
' R 0.5 0.25 0.25
J3 1.1 1.8 0
1 0 1.4 1.2 St s e T R B L g %
w1 il : s Lok 2 USRI, PR A B
13 11 1.1 0 A HMCR=0.6, PAR=0.5 W% Rk, BTLIAERRR

http: // www.china-simulation.com

DR U Wk 2 RPN IR R VAL VR S

«144

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/17
DOI: 10.16182/j.issn1004731x.joss.201801017



Yan et al.: Multi-Objective Vulcanization Workshop Scheduling Based on Improv

55 30 26 1
2018 41

HMCR R AOMES PAR 435925 0.6 A1 0.5, Fl
FEPER /LK PSO IR /R A 100, fi K iEAR
Bl 600, SEERFAEEN Interl Core i5-4590
CPU, 4GB 17, 3.30 GHz 4bF1 %%, K /Tl MATLAB
R2010a #ifE Sl % 5 it T 3 Mo 20
IR B /MBS PR I 2% .

x5 3FENEMALIRT LR
Tab. 5 Comparison of Three Algorithms

CAES A WmOME S P Hie
PSO 437.775 300 381563 36.788
HS 505.725 356  416.61 38.675
IHS 351.725  266.55  297.617 26.391

M5 HFaf LU, IHS (iR B/ MiE
SRAMEFNE 7 22 H8 W] AR T HS SEIEAT PSO 5032,
Bl IHS 59T 20 (RS54 31 (1 dse e 1 2] e L
HS Fl PSO Syk4r. It H., Uil IHS [tk e )2
R R UTR O 4 2 = 7S

T HEEMMWEE 3 FEILE SRR L H AR
A TR R BE ) R BOR, A SCE T 3 RhRIAAE
20 RSE I E R 2, Wil 3 B

550

500

450 I
E B
g 400} 1

0 100 200 300 400 500 600
IEARIR B IR

K3 3Rk 2k
Fig. 3 Evolution Curve of Three Algorithms

M 3 AT IR H, 3 PSR 600 kAR Id
P, HAR PSO RSIGE L IHS PR, {HZ IHS
SR IS I P A e ), WIS FE B B T HS 85
LR PSO ik

T, A BT U R AN 2 H ARG 4R A

Vol. 30 No. 1
Jan., 2018

Kl 4 2 IHS BELE 20 DRSS PR BUR ey
() — RO R H RS B R AR 7 i 2
TRAORRIGRL T, R I Rz R AR e
ar P HERAL R . Leln &l R “3/1 2007 sl
ar 1 B2 HmiAL 1200 48500 3 5e iR, &b T
DA H R S 45 SRR b T AR S 22 TRV R D)4,
MNP T AN 6 B 1R A 9 AL 25 225 PR 5

5.0 T

45|

4.0 1/679 ‘

350 4755
2 3.0 2/955 ‘
5 25 47745
= 20 1/321 | 2/545 ‘ ]

150 1op 1938 4665

1.0 3/1 200 ‘

0.50 FEH 5 THH: 480; 480

BB 1055 HLESSHITE: 1.2,

0 50 100 150 200 250 300 350 400 450
time

K4 IHS Sk Ui e R4
Fig. 4 Gantt Chart for Optimal Scheduling Results of IHS
Algorithm

FANRSCIE N IHS 5 SCEk[12]H (1 PSO.
CDPSO il CMOBSPSO — Rl 7 X o 2
T 4 MR AR 2 HARBRAL G 18] Y ) s
RSt 2, a5 iR

650
600 ¢ —— IHS
GA
------ CMOBSPSO |
—-—- CDPSO

100 200 300 400 500 600
IEAIRE/ IR

K5 4 Pkl 4 g

Fig.5 Comparison of Convergence Curves of Four

Algorithms

http: // www.china-simulation.com

«145+

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 1, Art. 17

% 30 4558 1 3]
2018 4 1 J

ME 5 A HH, BT CDPSO Sk SI0H 1 f
Pz Ak, IHS Bk sl & Tk GA Fll CMOBSPSO
Sk, 9 H IHS (WSO B s i T Hee = Fh
2 A
5 &

p=

A SO AL A T0) 22 H bR BE o), Yot T —
TS T R BRI — A B i 1 2 A S )
o FEAE LGRS IR b, S T ok i 2 ORI S
TR UL R 58 TR IR) S dpe /NIRRT S de/
BLAS 5 R 2 A4 B AR 0 22 5 FR A 25 18] 5 1)
R SR 2 SR PR QA2 R OR R B AL
W =07 X AR A . AR 102 (A 2
HMCR FIWiHlL#s EHALIT 2G5 E HM P,
FHE HM P, g0 A B 2 S H HM
Wo & LT B IIORERTE SO PAR
XA B AT I R ) AL B, AR A SR e
Mo SCE AR IHS 577k HS 5L R PSO 5L
4 GHLEE, 3 I S 5E ERT IR . 45K
W, ST g i 7 2 G e R R R S
EAT DAEAR OCRE B 3% e S 1 300 e g Al 85
W, I HARY LA 45 R AR 148 3 2R =ia 17 .

S5 30k

[1] ChenJ, Pan Q K, Li J Q. Harmony search algorithm with
dynamic control parameters[J]. Applied Mathematics &
Computation(S2152-7393), 2012, 219(2): 592-604.

[2] Zong W G, Kim J H, Loganathan G V. A New Heuristic
Optimization Algorithm: Harmony Search[J]. Simulation
Transactions of the Society for Modeling & Simulation
International(S0037-5497), 2001, 76(2): 60-68.

[8] #EJesR. MBEMREEDIFHEEP]. LRGN,
2011, 20(7): 244-248.

Yong Longquan. Advances in Harmony Search
Algorithm[J]. Computer Systems & Applications, 2011,
20(7): 244-248.

[4] Siddique N, Adeli H. Harmony Search Algorithm and its

Variants[J]. International Journal of Pattern Recognition

E R
Journal of System Simulation

\ol. 30 No. 1
Jan., 2018

& Atrtificial Intelligence(S0218-0014), 2015, 30(8): 1-22.

[6] 47, BREOVEEE, marfe, 5. 2 R R Bk

FKIAE 0-1 T Al @b R [I]. #i)5 o3k, 2013,
28(2): 205-210.
Li Ruoping, OuYang Haibin, Gao Liqun, et al. Learned
harmony search algorithm and its application to 0-1
knapsack problems[J]. Control and Decision, 2013, 28(2):
205-210.

[6] BRE, MW, XIfE, 2. BT BEARIRHIE S Sodt fn s 4

RENEME M ER[I]. ® RS H )Mk, 2014, 38(6):
55-60.
Chen Chun, Wang Feng, Liu Bei, et al. Network
Reconfiguration Based on Basic Ring Matrix and
Improved Harmony Search Algorithm[J]. Automation of
Electric Power Systems, 2014, 38(6): 55-60.

[7]1 ZREEA, S T M BRI B O N A 9 Rk
[91. " T, 2015, 48(4): 131-136.

Rong Desheng, Han Shumin. Adaptive Harmony Search
Algorithm for Optimal Network Reconfiguration[J].
Electric Power, 2015, 48(4): 131-136.

[8] Gao K Z, Suganthan P N, Pan Q K, et al. Pareto-based
grouping discrete harmony search algorithm for multi-
objective flexible job shop scheduling[J]. Information
Sciences(S0020-0255), 2014, 289(1): 76-90.

[9] Pan Q K. An effective discrete harmony search algorithm
for flexible job shop scheduling problem with fuzzy
processing time[J]. International Journal of Production
Research(S0020-7543), 2015, 53(19): 5896-5911.

[10] Wi, 2%, T30k, BT PSO HkIM By REHitE
SR RE SR [J]. AR 2R, 2014, 35(3 1): 1-7.

Hu Chao, Peng Jun, Yu Wentao. PSO based task
scheduling for medical big data[J]. Journal on
Communications , 2014, 35(S1): 1-7.

[11] Marini F, Walczak B. Particle swarm optimization (PSO).
A tutorial[J]. Chemometrics & Intelligent Laboratory
Systems (S0169-7439), 2015, 149(B): 153-165.

[12] SRV, 2 i B [ 1A (R o B8 O A B0 R JEAE A
JERRAL A 1) A =3 B2 A A I [D]. 55 B 3 B ARHEK
%, 2009
Zhang Yani. Coevolution Discrete Particle Swarm
Optimization and the Application in the Production
Scheduling of Rubber Vulcanization Workshop[D].
Qingdao: Qingdao University of Science and Technology,
20009.

http: // www.china-simulation.com
« 146+

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/17
DOI: 10.16182/j.issn1004731x.joss.201801017



	Multi-Objective Vulcanization Workshop Scheduling Based on Improved Harmony Search Algorithm
	Multi-Objective Vulcanization Workshop Scheduling Based on Improved Harmony Search Algorithm
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/QV6G7uPtHQ/tmp.1688107323.pdf._8LyI

