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i B NAR TR AL(PSO) #EAT T & AL B A TR fr me ] DL RCR A/
TE 5T 0 1 b 2 18] R AR BB, AT T A DB A RO R Y R, AR e R A BRI T —
b AR % 1B 24 SRR B IR R Y SR 6 HORL T A (HDPSO) & ik, B ik A 404 I B R A
B S AL AT da e LU 3R @ A 46 T, B IR IZ R B R R R AR R P AR R AT e
TR BRM AR R A LU 4e 5, LI ot F 5 68 7 2% 4K 8] 8 2 I OF 42 8 Wk S B R Bk
HAHMEME ey, RERA -t F Ay AR E R RERG T HERIFE, £

1t g T % 5k B AR

Xeutinl ELFERE, AERE, i E, RAO/EY, BeERLTH
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DALt e HA 98 B T 0 B 7 SRS RN (L.
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B ol 28 O B 1 2 T 08 B2 () R 2 A K F 5, 910 4
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K AR 2R B B A 43 A 1SR A A DU e ket 22
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S X BMLARE T/ 4 10 ) B [m) R 1 T — AP SE 4R
RN, X SRR HEAT T 407 4 0 T — Fhopr i3
PN 5 Khalouli 25 5% FHSCHE 3 9 X6F 7 41 /466 9]
BT IR WK 72 18 BEA TR A% 5 Rahmani 284 X
PR/ H H WK ZE 0] [n] 2% f T T4 Bk e ] LA
N B )N R B4R OO0, I8 T PR B B/ s
BRI R I BT ST b 22 BB X 7 ) A
117 KE Ak, 5 an i 15 98 % i) 18] 9 A & 78 in TR

O FEFAREEIES (61104178, 61174040) ¥EEHTHH ,

(] v, AN A B a1 45 o 9K TS5 B fin T3k
PR BN TSR] 5 RE e AR R A S
Bl , T B BN TR AL 5%, Hopt
95 % B 1] FHI -4 FIAEAit -, D1 a4 220 Wi B0y o T e
] T A5 B A B2 7 58— AN SRR TIT 5 o T AR
DL [0) R, A SCHE A 2 i/ 486 S0 AT AR AL F LAl |-
T T A As i 18] AL VR RN E] T S T 22 1]
PRI BE IRl [R5 | AT R R

KL RES 2 SR B R —FhE &
A5, Mol SoH ke, © R B T 2 A4 4
B BT  E  RE SSBAT T
F L et g g FR TR | Liu 2538 i 2ot 4 2ok 1 1
Ak, ( particle swarm optimization, PSO) 435l >R fi#t VE
Ml 2= 8] 3] Tva) RURT 7K 4 ) 3] 8 ) A, {EL AT 1%
P 7 2ok 22 PSO He Ak B PSO, 7ee it
TR AT BB 2 &R AR AL, PR Bk AL RO A 3
AT R AR E TR E R
it HAT 2 22 AR Jot R A 50 T P T 0 R I
R, JEH SRR k4l G LS IR 5 B JR B B
DERBS S RS T B PBOR " o S fik ok Z2 it
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ZRYR ] 25 TR A B BIORL TR DU AL Y 22 I 1) PR3l 42 1 9 E F 5

T3] A RO J3E )R, AR SCHRE Y 13T b1 ST
FEACKL T MR B B, SR FH 22 St SR Wt fit R 1 A
TR B G N R R U sREE o St — 4R Ak
PERE , AR SCGERREA T K1 2 I e AL L] e iciz
P A B AR AR B8 &, e 28 1 T IR & B8 HIOKE 17
Ak (hybrid discrete PSO, HDPSO) 5.3,

1 Zuf el 29 K [ ] AR A

AR AR BT i 1) 64 22 ) [1) 240 SRR HE 45 7l I T
R HURBE T RO ETHR T, [R] F 25 58 T4 3 fy b
] BL &SRR IR IA] , 5 B2 HE T AR RL A LA T
FUFITF I 6], (A48 A Fre /D o
1.1 HiREH

AT AR S a4 A A/ o itk F AR, F AR
PRELF AT

min( schedule cost) = 2 (Tard; + Inv;) (1)
i=1

Tard; = tard; x max(0,C, — deadline,) (2)

Inv; = inv;, X max(0,deadlin, — C,) (3)
K deadling, (deadline, 5358 TAF J, W &
We A2 G2 5 inv, tard, 5350020 TAF T, BOSERT 61
TIRE, I E B RE; C 9 TAF T, 5958 T a);
Inv, Tard; 5353 9 5 55 FEAF A R A0 551 A o
1.2 BEZAR
1.2.1 AR 23

[l — G ALas , AR PRI IE N T T % Z [ AR — B
WA TREE IS ], B A AR PR A AN BETF IR I 1, PRI

Cy, = tg, = Cy, +sely o, (4)
Ko, FoRTAF 6, 55 BTIF, €, FoRTI¥ 6, 5t
TSI, sety, o, FNTIF 05, 6, THIEGFEI ] ( 6,
TE 6, BOINT HAHLE) , 1, J THP 6, TR
1.2.2  izfiif a2

[] — A AHAR P L 7EAS [ AL A% Eohn L, w9
TP B iz i 8], A ARSI BETT IR N T, BRI T
Eé)

C,, =C
Kofrwrany, |\ o, F8 TAF 6, ST ] 1432 g i
[]

- tf)u Ok(1-1) + tran@k(m),f)k{ (5>

1.3 IZHXK

F— TR TR A RRAR, L —TF5%EsZ
JEA BTG T — )%, A

Cyy =g, = Cy (6)
1.4 HFREAR

B 5 LA Il — I 20 HRE N T —A> A B

t, =max|C,

o~ Loy o T trangéklveij,cglj + Sele,-,-.eu)

(7)
HATF 6, 78 6, BT HAHSE

2 Re®EOR T AL L (HDPSO) i
&

22 ) [A) 2 SR M 42 ) 8] [ A Lo 28 B 4
b T 9 JBE R R Ry 52 2%, B — A e s8R R
it I IS A2 2 VR TR AR AN BRAEL . R I, A ST )
AR LR35 48 2% ( variable neighborhood search, VNS) Al
BEHURL T BE 446 ( discrete particle swarm optimiza-
tion, DPSO) S¥k 3l #EAT 1 etk R TR & &
HORL T HEOL AL (HDPSO ) 32
2.1 HEER
2,11 4l i

BT TR 09 4 5 AN (S0 RE W S8 38 BT A7 fige 5 1], T
HAAAT 3 SARAEIS WA 2577 AR R VR i, DRI 8
TR g Tr = AT AT /MM b AR IE
FEVEREFS AR 0] B, S DG A A5 71T RE 1) BRAE > 32 Sl h
TN TN BRIETE UM, S Rt . fehs
I SRR B R A — A PR 3R, SR e - IRt R
DL R T S R & T A T LA R A e L
i ] 2 — HEAT I T
2.1.2 FET R eia i

BERILF™ A5 B30 463 A8 23 A AN X950, by B e 0 4 i
e, ARSI AKE T w2 2T AL BE AL Az — X
A B Al R AR (S SE TR Y O R 1
= (kyokyyoosky), RN o o= (b Lky,oe,
ky), Hdk, =1 + N - ko BUFRIRIIG A 1) T2
R CESIGHE
2.1.3 PRy EHOR T REIL L (DPSO)

FEARPRL RS & T X E S BOR i, X THE
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PEARIR AR SCR H DPSO., kr B 45 A4k - H )
— R E R 2] R EORL T 5RO A A
A AT 25 2 B N Jmy i e e, R A S5 T e 12
A RE S, R HITCAZ T £ B8 48 R 0ok A8 b iy i) A
fiff o 3% L H B SO T BB Al .

«*" = plerossxl + memory'crossa! (8)
o cross SRR N, + BBk H T, o BRI
Bro+ 1 WERUGHLE, py R 0 55 0 YGRS
PEMLE , memory; BN ¢ YR ML M B
PLIERERRG Tk, 38 AR R SCRR [ 15 ] iy
TR B X T 1
2.1.4 TR RERIEER

TR FE BB v A R F A A AT DA e R
JIE  (E 5 ey A R — R R AL Iy U T4 A 58
RN HORANE , AR SR T X 0] i) 28 S8 448 2R
(VNS) 5o B THET ¥ 1 bt Iy R0 32 3l il
577 ZHRRIARAE , AN ] 6% g 1 27 ) BB I W] — fin T
SRR X T R — S HLES Lo T T AR A
TERLaS b 00 T & 2 5 SO & I8 2 1) i A2
b, A R BUETT L, KB S PLaS EiEE T
JPAhJE TR AR LAY TP . AR ARSI R B b Y
e A AR DR R —Lgs En T TP AT
WP AR AT AT B AR 5 ) e kAT, e R
HITER —HLAS b XA R T EREE, X T nxm
WAL R , B I S A T 48 R LR o > m 43
il o 75 ST BB NV B, 5 e D0 08 A A 7 i
DB TS, D) JHC A 0 > i A 0 e, 5 0 A Al ke
3,

2.2 HixiniE

HDPSO 55k % F 5L T % 1 g b5 77 X I B AL
FRAERIIG A , LAY R 6 i 55 25 1), Sk O AR an
_F:

WIS E 0. B, y. number, &, &, &

R R 18] 2 2] T BRI AL RO RE population

FUHrCAZ M memory | AT S I ARSRE phest

fori =1+ iter
forj = 1: number
izt memory FHBENLEESE—AMA memory (i)
VER B A i gbest, ¥4 41T K533 5 pest (i)
ghest 283, A if AR BUR 2 5 A1
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end

JHE B TE N memory H B RS JE R 4R elite
XF elite T ITA AR AT AR SR 48 &

ST pbest 5 memory

X AR R A IR y FEAT X 4 S

end

3 HERRE

DALy LA (FTABZ 55461 Sy JEilt, 38 5 A
PEEEITE] set,, BRI E] tran,, o VAR HES
% [ deadline,, , deadline, ] ¥43& 2 i i) 5l % 4[] i
A,

(1) BLES M, b RPHBET ] ser, , 12 [1,p] Z
[ Bl BIL 7 2B, Horh p S B A T A S5 A T B ]
max (T, ), P52 B i 8] 24 15 o T[] 69 30% ~
100% "',

(2) B ran, o KU [1,1.2p] x
disy,, o/ (m = 1) BEALE Horr dis,, o A TAHF
6, FHERP TF I TR ERLER 7 5 25 0H . KRR
SRR R 32 S ) 249 o5 I T T £ 40% ~ 1209 ¢,
H iz 18] 532 F#E B R T AR/ IG o e By
AL A A N AR A i 2 R A — 3 Ty
Iz E R 0,

(3) & TR ATIET] R 807E [0.1,0.3] Z[H]Ff
B A, 46 91 75 500 &2 807E [0.4,0. 8] Z | B AL ™
A, KR TT B 32l Ol 1 3 2k — ROR T R i o8 Al
R AL NA

(4) 2252 deadline,, 435 p1 x Z (T,,’_/_) + set +
j=1

tran 7= 4, deadline, W ¥i deadline, + p2 x

n

> (T, ) /n 7= Ho tran Sy TAG LA ) 2

=1

{6, set yPHBERT R EI(EL, pl 52 S ot 2 %,
AR 2> TR S TR SRR E , pl /N Ag Bk
B, TR AT eV R, p2 B BRI AR rh A
FHL, p2 M/INAZ BT B R, T R RE S AT R
i

ARILEAE Intel core i5 2. 53GHz  NAE K 6G [y
PC 47, “RA MATLAB R2014a 45#%,



ZRYR ] 25 TR A B BIORL TR DU AL Y 22 I 1) PR3l 42 1 9 E F 5

3.1 BHEE

AR VATE O BE TR EL iter Ry BIL LR HEN,
B iter = 10000 + 1000 x m x n, IHERK EES
BAICICW I NG B, FEEEE number, KEHE L
B o, A A F LRI 2, &, &5, LT
oy, F BB AR 2 A A BRI, > 280K
FRRAE R S K, gk 1R

F TR A ORI T A e fngt 71 P e 3
DA R KT 148 ABER &) MRCR B, £, (&
BEHLBUE BA R e, + &, +&, = 1o ACHS HE
5 KT IIRIG SR L,s (5°) /KPR, Hrhas 4
FiR2E . UL FT20 R A7 ik g i g b A =
B A BETT 20 W, 3B I ot R 8 A B I 4k
HAREE R B 2 AL R R IR 2,

F2 HAEZKKWER

f8Fr  number 2373 ] B y 1 .87 .83
k, 1904.1 2211 2238 2186 2337 2352.2
k, 2107.7 2257 2078 2148 2621 2344.2
K, 2603.6 2171 2283 2231 2161 2186.9
k, 2275.1 2265 2115 2194 1971 2155.7
ks 2190.7 2177 2367 2323 1992 2042
R 699.5 94.4 288.4 175.5 650.4 310.2
F 34.1 1 7.4 2.3 37.9 9

T2 AT B2 50 AR 25 R 35/ F A,
R G2, F W IR 36 [H) 28 5% T A LE Tk 2 240
LA s T Fo s (4,4) =6.39 I LAXS T~ B M
K- 0 =0.05, BRicAZ i L) g 4N A S H0H IR R
SEOLERA AR, ARYE L R S EUR AR IUE
W AR number =50 F53CLLH] 0 =0. 15,10

&1 BHKTE I B =0.15 28 FHER ¢ =0.1, 15 24H
o BH AR SEHEARAT B Tk R S R A, i K 1A S R 2y
number 9 By £1.8183 SEYRREHLIE TR UCSIOH B 1 5 1A B/ s
1 50 0.45 0.3 0.4 0.150.30.55 Koo BRI S RE IR
2 100 0.15 0.15 0.5 0.60.250.15 3.2 RSt
3 200 0.6 0.6 0.3 0.30.30.4 391 Hﬂ‘l‘ﬂé’{l%ﬁj\ffﬁ
4 150 0.3 0.45 0.1 0.750.150.1 [Jé'iéﬂiﬁﬁ FT06 i}ﬁfﬁrﬂ@ﬁfﬁﬂ *ﬁiﬂqﬂﬂl%%]:
5 120 0.75 0.75 0.2 0.450.350.2 - ’
JF I 3 R
*3 EHOAEREE
HLAF 1 HLEF 2 HLEE 3
T 1 2 3 4 5 6 T 1 2 3 4 5 6 T 1 2 3 4 5 6
1 0 6 1 8 3 5 1 0 1 7 4 2 4 1 0 7 8 1 9 4
2 4 0 9 7 8 9 2 8 0 1 5 6 3 2 5 0 5 9 4 10
3 1 2 0 9 9 10 3 7 6 0 2 3 3 3 9 8 0 8 7 6
4 4 6 4 0 1 10 4 9 1 5 0 8 6 4 7 5 2 0 3 7
5 6 1 4 6 0 5 5 2 9 7 6 0 4 5 8 1 7 7 0 8
6 9 1 2 10 6 0 6 7 2 3 2 8 0 6 8 1 3 5 1 0
Pl 4 Pl 5 Bl 6
T 1 2 3 4 5 6 T4 1 2 3 4 5 6 T4 1 2 3 4 5 6
1 0 4 3 8 7 3 1 0 8 6 8 6 10 1 0 6 9 8 5 3
2 8 0 9 6 3 1 2 3 0 9 1 8 4 2 2 0 8 10 5 2
3 5 6 0 4 5 7 3 5 5 0 4 9 10 3 8 4 0 4 6 4
4 9 3 3 0 10 5 4 3 10 8 0 8 9 4 7 10 4 0 1 5
5 6 10 9 5 0 8 5 8 5 2 10 0 1 5 5 9 9 10 0 7
6 2 6 3 10 2 0 6 10 5 2 4 2 0 6 1 9 2 2 1 0
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iz Ky (] 52 58 ) S AT AR B3 4 s (i
TN 2 A, B DAAS A T[] 09 3 i 1 2
WATLIE ) o

x4 IHEZHRZESH

TIF

TAF
1 2 3 4 5 6
1 0 2 2 4 3 0
2 0 2 2 1 11 2
3 0 0 0 2 2 1
4 0 2 1 1 1 2
5 0 2 2 2 9 1
6 0 4 5 1 4 2
TS 1 2 3 4 5 6
B RARR 92 134 108 110 90 100

i B 32 5 1 9 142 114 116 94 105

EEESI RS 0.27 0.15 0.19 0.12 0.22 0.2
"

HWFESIZEC 0.67 0.79 0.59 0.42 0.45 0.78

AT R R ] L Kz g 1], F1 ] HDPSO
LA AT AL, A5 th e — R A ST =
(4,2,5,3,3,2,3,3,1,2,3,6,5,4,5,5,6,6,6,4,1,
1,1,1,1,4,5,6,4,4,2,2,5,2,3,6] fE5] 4 0, H4¥
EInE 1 s

° i

° [1§4]3
% ) 8 14
&35 ;

242 B

dl (6]

00 SIO 160 15|0

SRR
E1 BEESE

X e i DGR 4 I A 98 8 o ] LA K 3 i i ]
PEAT 7 FLAS 2 6 H A T AN 18 2, 78550 2 200, PR 7
RO B T7 S A TR E AR AN S B
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o § 1 B[4 B
v B B iy B
&3
%556 A b

7 W

OER 6B

% 50 100 150 200 250

ST EE
B2 REZMEBMNEBEAREESFE

FIFHASCHEEST (1 Z2 B (] 29 BRI 5R F HDP-
SO B XF I AT AL A5 30— IR 52 =1,
2,3,4,5,6,6,1,5,1,6,2,2,4,3.6,3,1,1,5,3,4.,4,
5,4,5,1,6,2,2,4,5,3,6,2,3], H4FE & 3, 455
258, G AR A T 2% PRI ] 249 HR 1 O Ak 4 SR T
G PR .

T (3 06 2 [
il BRERDIENCE
CERE S T
| 3 G2 @ b
2[4 B0 b

i3 B B

% 50 i 100 150
TR

B3 ZEeERA#ITRLEHEFE

RS
=

(%)

Shy B S A 8 A I 18] R 5 A e 8] o 9 R 4 5
Wi, S IR A (W pl = p2 = 2) %R IR/ 18
I IRIAT 5 R H HDPSO B3k AT Ak , A i R M
ToftF 18] R 3R PR 52 EL 52 W), A 73 B 37 2 F 1] ) 522 W s
BeisL oz i IR 18] 2 O, 737 aaz i ST (1] R 380 R ik i) 33
0 735 AN R MU (8 53 1) 47 05 L3 A, B3 BOAS
Al 25 PFI 2491247 20 O, 5 LA R IR S

ARG LA 53R a] 1, 95 8 1 [8] R g B[] 3 2%
SEAGATAT BEARE IR , AN [7) 330051 v 80 R i 1] 15 3 g
[IRZMEVRH 25 A8 K 24 8] R I (1) iz il I ) A8 2% 8
i, S2PR 5 S bR T — 38 T i 46 2 i) ] 2
A AR 5 AN 5 BN T TR AT AL, i SE B



ZRYR ] 25 TR A B BIORL TR DU AL Y 22 I 1) PR3l 42 1 9 E F 5

RS EL A X B R

S BB e kR ekl oL
setup 2710.96 65.35 97.59%
LAO3 tran 957.00 26.82 97.20%
setup/tran 4249.21 72.03 98.30%
setup 13641.25 365.57 97.32%
LAll tran 1859.93 1.96 99.89%
setup/tran 6009.22 7.50 99. 88%
setup 4365.16 0.96 99.98%
LA17 tran 2752.77 62.06 97.75%
setup/tran 16116.48 511.54 96.83%
setup 8593.70 58.72 99.32%
LA23 tran 3072.97 8.03 99.74%
setup/tran 11709. 83 98.58 99.16%
setup 17191. 67 242.23 98.59%
LA29 tran 5095. 61 31.19 99.39%
setup/tran 20059. 46 303. 85 98.49%

TR RIS R AEAT , 2 T BOC AT PR o8 i
(] T sl R I ], AR STE R R PR, 70 A

FEE FEIEA T A, 3K P A s (] A T 2208
3.2.2  HAVEGI; A

RIS A OV, 43 30 SR FH B HORL 1 RE UG
£ (DPSO) B3k A o 38 R 37k (GA) LA K SCRR[9 ]
H A 2R R A (ALPSO ) 8303 SCik[ 19 ]
TS5 SRR AR T HEOL AL (PSOSA ) B35 XK
RS R =R 1 L W [ B W o e G i
DPSO Fiff it > 50, 28 S HE2R R 0. 15 GA £
TR 50, 28 AR 0. 88, A8 A3l 0. 1; PSOSA |
ALPSO ZH0BUE 5 5 SCHH IRl . LAAHXT HDPSO (1) i
BR2E B 4% 75000 R 2 (residual predictive devia-
tion, RPD) T 4645, RPD JH AT

Obt — HDPSO 9)
HDPSO

Horb Obt F7s MRTF AR RINF %, HDPSO 3R
HDPSO 553 F{E . PiEA RN 6 PR, &
TR Ry 45 kIS TR 20 OITAS AR .

RPD = x 100

*6 BBHEGHELR
R Bk pl =1p2 =1 pl =1p2 =2 pl =2p2 =1 pl =2p2 =2
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 20.73% 10.25% 10.11% 6.61%
ABZ5(10 x 10) PSOSA 77.95% 111.78% 41.68% 76.86%
DPSO 118.18% 185.26% 81.05% 187.60%
GA 547.02% 965.15% 1792.63% 6429.75%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 26.08% 39.21% 36.03% 25.00%
FT10(10 x 10) PSOSA 79.20% 109.53% 506.25% 882.86%
DPSO 78.63% 107.51% 550.74% 2455.71%
GA 328.10% 439.30% 4194.49% 14482. 86%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 46.32% 55.94% 55.23% 85.22%
FT20(20 x5) PSOSA 123.80% 124.38% 156.79% 180.10%
DPSO 95.57% 109.97% 113.86% 164.95%
GA 387.61% 418.86% 592.13% 680.10%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 30.80% -1.87% -7.65% 20.34%
LAO1(10 x5) PSOSA 71.90% 171.82% 43.43% 22.88%
DPSO 87.05% 208. 44% 114.98% 147.46%
GA 555.60% 1256.98% 2276.15% 2822.03%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 27.80% 71.23% 41.49% 44.69%
LAO6(15 x5) PSOSA 71.86% 105.79% 76.88% 58.29%
DPSO 138.83% 152.14% 244.75% 219.32%
GA 493.91% 705.77% 1631.12% 1672.06%
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HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 106. 53% 77.12% 62.19% 104.37%
LA12(20 x5) PSOSA 166.26% 133.44% 122.02% 149.20%
DPSO 204.73% 196.41% 284.91% 427.50%
GA 878.46% 849. 48% 1519. 66% 2001.43%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 26.80% 7.81% 139.77% 121.62%
LA20(10 x10) PSOSA 56.25% 87.73% 944.32% 386.49%
DPSO 95.47% 151.35% 664.77% 656.76%
GA 502. 54% 861.52% 11798. 86% 22724.32%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 16.18% 12.74% 105.99% 228.20%
LA21(15 x10) PSOSA 116.07% 90.33% 400.21% 877.07%
DPSO 114.14% 124.88% 642.77% 1896. 62%
GA 543.79% 567.42% 3913.22% 15684.59%
MIRIGZE 5T LLE I, 4T E 8 NEGIEsS BT Fis,

P S BB RIE 15 50T, HDPSO 33 (13K
SO BT H ALk , 32 4L U 30 4 el
{E, ALPSO vk HUAS 2 4l el fE, ol 4% 3 Fh Ak
PSOSA LB T DPSO 3, 1fif DPSO 453 B I
T GA Bk, MIhEEE R o] LIE 526t
e RR B R AL p2 AR, 22 SR HIAA dh R AL p1 K
SRR pl AR, p2 BRRSF- BAE 5B,
XL FLEE SRS (L R A 5 S PR AR P A AT A, IXAE
—ERE I F UL T SR A R
3.2.2 BAHEAE

ARSI RSE T T AR sh S B3k H B3k A
(AL, BB 45 TR A B ) 76 [ 0,100 ] 22 1] Al A
Y5y 535 o SERTSATEG] pl p2 S 1 2, fi 4%

HH LA b 45 3] A s U A 83 DA s BNRAR Yy
HDPSO ,ALPSO ,PSOSA .DPSO ,GA , 5 #7155 {5 i 16
[y2E B —%, PSOSA 5 HDPSO 2% %7 F HDPSO
1 ] T Gk A AR BRI 220 PSOSA fiff ISR Kk , 45
SR IO (9 4T B8 2 T3 TR A I 2 0] R ALP-
SO % ] random-key Ll 455 14 5 figf e 55 2 2 k2 1]
ARG T IR KB SR8 R IR T AN
FI B HEms, (HJE ROCR ) 22 T HDPSO, 4 B 25 #%
PSO AH T3 2% PSO 783K fiff M2 1] ) A7 L
PSOSA #f [t T DPSO &R A T 1 4+, Wl 7E
DPSO H:filt b AR k&A% AL T GA,
DPSO Hh AN A 5 e S5 DA AR g sk s S A
15 B4, Btk DPSO ZCRIAL T GA . ff H45 51

RT BERETHEER

=X =R/ pl =1p2 =1 pl =1p2 =2 pl =2p2 =1 pl =2p2 =2
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 15.06% 209.96% 22.50% 0.68%
ABZ5(10 x10)  PSOSA 108. 87% 355.91% 122.99% 15.93%
DPSO 180.56% 1221.65% 246.80% 103.73%
GA 1472.57% 8981.27% 4674.06% 2143.05%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 32.78% 21.55% 51.28% 143.52%
FT10(10 x10) PSOSA 108. 87% 127. 41% 511.72% 944. 04 %
DPSO 189.88% 264.08% 1211.36% 1306. 74%
GA 851.41% 1000. 50% 17290. 84% 9631.61%
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HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 68.87% 74.32% 94.77% 61.06%
FT20(20 x5) PSOSA 125.50% 163.02% 152.64% 135.49%
DPSO 117.45% 128.72% 217.56% 129. 88%
GA 504.96% 517.13% 911.75% 609. 96 %
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 26.54% 28.70% 4.15% 10. 60%
LAO1(10 x5) PSOSA 58.97% 184.91% 60.24% 24.50%
DPSO 471.25% 337.57% 292.58% 115.23%
GA 5549. 14% 5662.43% 3144.51% 2143.05%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 39.17% 96.04% 17.29% 42.84%
LAO6(15 x5) PSOSA 75.83% 116.00% 59.25% 59.94%
DPSO 359.12% 417.57% 198.35% 385.46%
GA 2027.28% 2445.66% 2376.97% 1761.72%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 114.00% 53.32% 44.32% 82.35%
LA12(20 x5) PSOSA 195.46% 140.05% 147.44% 292.12%
DPSO 424.55% 376.23% 523.23% 448.02%
GA 2499.34% 1898.27% 3134.29% 2465.67%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 66.43% 6.79% 4.53% 266.67%
LA20(10 x10) PSOSA 734.28% 33.58% 16.58% 1894. 44%
DPSO 1646. 11% 143.09% 55.711% 2533.33%
GA 11564.13% 1369. 43% 894.19% 47522.22%
HDPSO 0.00% 0.00% 0.00% 0.00%
ALPSO 20.53% 9.41% 124.25% 117.60%
LA21(15x10) PSOSA 239.15% 74.96% 482.88% 632.76%
DPSO 438.22% 159.65% 900. 57% 1271.15%
GA 2600. 07 % 954.12% 8863.78% 9312.71%

REEE pl p2 BB RN, A TE pl p2 BUR A
(B B0 T A S K i (e A — B0 s TR 52 52
HEE A,

S M 7 HDPSO Bk i ik, 224 1
DL SR FT10 [a) R e St 28, anisl 4
S BTz o 1 P AR A A 23 ) DA oy B 3SR
HTSRmEE] o R, i TR T Bl o~ Y
IRALHL R, HDPSO 553k 400 4 fife ot f2t T HAb 5%
U5 2EAE P13, HDPSO 53955 DPSO Bk AR LL, -
TRER R B, B DLW SO B2 A 12, PSOSA B3k
5 HDPSO kA HE R FIAEAULE KR Mg 132 134>
95, T LA SS0HE JEE 7 1, ALPSO B30 3 5% i 1 2 3
R T5 5, B AW 8408 2 fe 48 5 7 4k 3, DPSO
PSOSA A [FJH BE /Y B A Jm i de ), ALPSO SR T
WL | A TG AF MG, B SRR SR U RE T

5, HDPSO A b A 3503k S RE 8 Bkt = R A 1T

2 HDPSO WSO FE fe g o K5 i lBs T8 5
R iz B B, MNP 2 2 WMWAW%IEEO
DPSO \PSOSA , 25 & W SOKE i 5 1158 3 F , HDPSO
A1 ALPSO It FHAth 2%
WAL R
2000§ — HDPSO
- == ALPSO
*re:+ PSOSA
== DPSO
Rt bt el e """ =—'—E_"_._""_
4 6 8 10
R x 10"

B4 SREE FT10 W2k

— 987 —



B AEIR 2015 4£10-11 A 4525 % 45 10-11 3

) Ak I
2000[: — HDPSO
2 — o= ALPSO
-+e-+ PSOSA
=e= DPSO
{ T _',__._I._.._,_T ..................
........... TASTIINIRIRIITL
10 15 20 25
BEEE (5)

B 5 ZhiSIAEE LAOG Ui s ih 2k
4 # 5

AR SCTERISE 2 18] 3 B2 TRl IR AN R 1 I T
[E] , [R5 58 T TR A 5 B 30) | 9 B ek 1] i i et
], F 30 T EA TR A R AR . 455K, T
P BRI K SR | B R R 5 AT B AR )
RS, TR A 1] iz i o i) 2 3 32 i) A oA ] 2 00
ARIDR 2R 5 St e LA Z2 s ] PR 2 2 ] 8] B[R], AR SC
R R R R S e R /M &, R A T %
PEICIIALEI LIS LT S i g s A T kit 7RG F
HICRE TS, O 18 i 07 B8 B He o A Bk 1
AR RN . AR SCHERIF ST 22 I ] R 3R A8 2 ) A
WS T AR Z b (BB A B ZAEIN R,
WA G AL AL I T R AR e, 2% T 2 5B
It P A 2 O B AR

B2k

[ 1] Essafi I, Mati Y, Dauzere-Péres S. A genetic local search
algorithm for minimizing total weighted tardiness in the
job-shop scheduling problem. Computers & Operations Re-
search, 2008, 35(8): 2599-2616

[ 2] Thiagarajan S, Rajendran C. Scheduling in dynamic as-
sembly job-shops to minimize the sum of weighted earli-
ness, weighted tardiness and weighted flowtime of jobs.
Computers & Industrial Engineering, 2005, 49(4) . 463-
503

[ 3] Mebarki N, Shahzad A. Correlation among tardiness-
based measures for scheduling using priority dispatching
rules. [International Journal of Production Research,
2013, 51(12) . 3688-3697

[ 4] Khalouli S, Ghedjati F, Hamzaoui A. A meta-heuristic

— 988 —

approach to solve a JIT scheduling problem in hybrid flow
shop. Engineering Applications of Artificial Intelligence,
2010, 23(5): 765-771

[ 5] Rahmani D, Heydari M. Robust and stable flow shop
scheduling with unexpected arrivals of new jobs and un-
certain processing times. Journal of Manufacturing Sys-
tems, 2014, 33(1) : 84-92

[ 6] 2. BGE T Wi Ab AT A 22 (8] A5 7 My i i A
SR, 2008, 27(10) . 215217

[ 7] Eberhart R C, Shi Y. Particle swarm optimization: devel-
opments, applications and resources. In; Proceedings of
the 2001 Congress on Evolutionary Computation, IEEE,
2001, 1. 81-86

[ 8] Karanki S B, Mishra M K, Kumar B K. Particle swarm
optimization-based feedback controller for unified power-
quality conditioner. IEEE Transactions on Power Delivery,
2010, 25(4) . 28142824

[ 9] Voumvoulakis E M, Hatziargyriou N D. A particle swarm
optimization method for power system dynamic security
control. IEEE Transactions on Power Systems, 2010, 25
(2): 1032-1041

[10] Sun J, Fang W, Xu W. A quantum-behaved particle
swarm optimization with diversity-guided mutation for the
design of two-dimensional 1IR digital filters. IEEE Trans-
actions on Circuits and Systems II: Express Briefs, 2010,
57(2) . 141-145

(11]) g€, 22, Mol JETHA AR5 A% g
TIHPRLT REOUAC ST B9 A2 TR BE S5 5 MROR 2224k
(BE2£RR) , 2014, 52(01) : 9397

[12] HEH, REH. FTRT R 2 ARl 4510
VHEE. IgsciE K2g2a4, 2007, 41(10) : 1657-1657

[13] LiuB, Wang L, Jin Y H. An effective hybrid PSO-based
algorithm for flow shop scheduling with limited buffers.
Computers & Operations Research, 2008, 35(9) . 2791-
2806

[14] 2R, E30R, KOS B TR TR ABRILER
KRG R . P E LR TR, 2006, 17(10)
1044-1046

[IS] A5, mst, SRR 4. SRRl 2 18] 38 K A B
JUCRL T REAR SR TR PLAR WU 3 R 4, 2006,
12(6) : 911917

[16] Zeiguide. Z2 i [a] PR3l 4= )8 B2 [ R AT 5 5 TR
P [ g 3] s B rp R %, 2010.



ZRYR ] 25 TR A B BIORL TR DU AL Y 22 I 1) PR3l 42 1 9 E F 5

24-28 quence dependent setup times flowshop problem with
[17] Naderi B, Zandieh M, Roshanaei V. Scheduling hybrid makespan and weighted tardiness objectives. European

flowshops with sequence dependent setup times to mini- Journal of Operational Research, 2008, 187 (3); 1143-

mize makespan and maximum tardiness. The International 1159

Journal of Advanced Manufacturing Technology, 2009 , 41 [19] BreM, XU, SR RS f k2

(11-12) ; 1186-1198 JEHT R Job-Shop ¥ B4, ARV ALK 2%, 2009,
[18] Ruiz R, Stiitzle T. An iterated greedy heuristic for the se- 39(11): 127-131

Research on the job-shop scheduling problem with multi-time

constraints based on discrete particle swarm optimization

Li Jiming, Xu Zhenhao, Gu Xingsheng
(Key Laboratory of Advanced Control and Optimization for Chemical Processes,
Ministry of Education, Shanghai 200237 )
Abstract
The job-shop scheduling considering the time constraints of processing time, setup time, transit time and earli-
ness/tardiness punishment was studied by the application of particle swarm optimization (PSO) , and the influences
of the constraints on the scheduling were analyzed. Then, a hybrid discrete (HD) PSO ( HDPSO) algorithm for
solving the job-shop scheduling with multi-time constraints was designed. The algorithm uses the opposition-based
learning to initialize population to improve the quality of the initial population. It also implants the memory mecha-
nism into the discrete PSO to speed up convergence. At last the algorithm adopts a modified variable neighborhood
search (VNS) to strengthen the local search ability. The effectiveness of the proposed algorithm was demonstrated
by the experiments on different simulation examples.

Key words: job-shop scheduling, setup time, transit time, earliness/tardiness, hybrid discrete particle

swarm
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