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Solution of reentrant scheduling problem with uncertain processing time

ZHU Yan-yan, XU Zhen-hao', GU Xing-sheng

(School of Information Science and Technology, East China University of Science and Technology, Shanghai 200237,
China)

Abstract: Aiming at a kind of reentrant scheduling problem that processing time is difficult to accurately express, an
scheduling model is constructed taking E/T penalty interval is as the objective. A method considering interval extreme
value and interval span is designed to compare different penalty intervals for E/T quantitatively. At the same time, the
proportion of interval extreme value and interval span can be adjusted according to the actual demand or the tendency
of schedulers. In addition, according to the established scheduling model, a variable neighborhood chemical reaction
optimization algorithm (VNCRO) is proposed. Four kinds of chemical reactions are designed. The on-wall ineffective
collision adopts the idea of tracking the optimal particle in the PSO algorithm and the method of variable step size
neighborhood. The inter-molecular ineffective collision makes the information exchange among the molecules in the
population. Combined with the decomposition reaction and synthesis reaction, the local search and the global search
reach a better balance. The reliability of the model is verified by simulation experiments. By comparing with CRO,
DICA, IDABC, DWOA algorithms, the superiority of the VNCRO algorithm in resolving reentrant scheduling problem
with uncertain processing time is illustrated.
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HCFISCHR [91 B4 f 2 B B BR800 4 1l /488 A 425 430 0 [ R
SRR, & BB ST IZ AT 10 I E, 45 R in & 2
Frs.

N T B UE A SR I B bR R B0 B E/T X )
BE/IN, R F SCHR [17] 091X 18] AT R B LG 5 925, Rom —
AR T 53— AN X TR R L, B

1 a—0b)+(a—0
P(a>b):2(1+|a(b|+)|a(b|)+lab)’ (10
Horl o BRI DX TR AH A 35 53 K 2

M A6) THE LLE A H A5 IRCer N H 5
BRI A B /T A8 17 IX 8] L SCRR [91 16 f N H A eR 2T
E /T % 31 DX 18] K () AT BERE, TH 545 - 23 51l 0 0.146 3
0.2530. 0.0580. 0.2572. 0.1665. 0.2586. 0.107 1.
0.198 1. 0.024 9. 0.060 8 0, 23 /N F-0.5, Ui B A L[
VA E 45 SR BT 48 11 X [A] K B AT REPEAR /. BB %)
ORI DL, A SO TR B3 28 B %) 68 DR 40 B LI
RA3x3x3HF10x6x5 AN FAH, A SCTHE 1) Bk
B2 AR, AR SR H ) B bR bR 2 AT DURR A 7 2 1)
05 1), 8 2888 X ) W8 A A X 5 i o R A B vy Fll s,
fi B/T 45 577 X 18] A5 5 A1 B/T 4 53 1 9% 2h 3 B A 21
H ) SR T SCHR (9] 5K FH B E A ek X TR) AR A AN X
Vi) 8825 P2 P B B AN T 42 14, B X [ A (1 A e 1 e A
RIEEL:)

*2 RMMERREEELSRE/ TESTMEEMEXILL

B R RCer NEWEEME/TET  fNBEREBNWE/TET  RCpr NEMREHMEENE  fFABWRENSENE
3x3x3 [4.4,28] [19.4,33.8] 23.6 14.4
5x3x3 [0,9.2] [0, 18.18] 9.2 18.18
10x3x3 [0,20.9] [14.04,59.14] 20.9 45.1
5x5x5 [0,6.04] [0,11.74] 6.04 11.74
10X5x%5 [3.78,95.72] [46.92, 150.3] 91.94 103.38
5%6x5 [0,24] [6.6,33.64] 24 24
10x6x5 [64.8,255.46] [192.24,359.88] 190.65 167.64
5x6x10 [0,5.04] [0, 12.72] 5.04 12.72
10x6x 10 [0.26,50.53] [45.3,105.42] 50.27 60.12
5x12x10 [43.2,162.42] [135.2,267] 119.22 131.8
10x12x 10 [252.48,589.74] [703.86,1189.7] 337.26 485.84
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BURMEBELLE

AR R - S S AL B2 (VNCRO) 78 73 fiff S5
ESR Ay ST B 1) T 3 A BB AR B T )

FxE AR ] (50 23, BERE 5 8 20 1 R AR BOR A2 AL,
B Y R A e DL AR, SE BN R A R, R PR T AR
HRIE H M Rl EE S VR AR AT A R AR P K

£3 THEILFERNMILE RS CRODICA, IDABC, DWOA B A%
MBI 5% ECerf/ME RCpr &kl P B/MEIMBXE SAREMMKE  XEFSE S
VNCRO 10.16 10.16 10.16 [4.4,28] [4.4,28] [4.4,28] 200
CRO 10.16 10.16 10.16 [4.4,28] [4.4,28] [4.4,28] 200
3x3x3 DICA 10.16 10.16 10.16 [4.4,28] [4.4,28] [4.4,28] 200
IDABC 10.16 10.16 10.16 [4.4,28] [4.4,28] [4.4,28] 200
DWOA 10.16 10.16 10.16 [4.4,28] [4.4,28] [4.4,28] 200
VNCRO 2.76 2.76 2.76 [0,9.2] [0,9.2] [0,9.2] 200
CRO 3.06 3.72 3.498 [0,10.2] [0,12.4] [0, 11.66] 200
5%3x%3 DICA 2.76 3.72 3.234 [0,9.2] [0,12.4] [0, 10.78] 200
IDABC 3.06 4.14 3.426 [0,10.2] [0,13.8] [0,11.42] 200
DWOA 3.06 3.54 3.282 [0,10.2] [0,11.8] [0, 10.94] 200
VNCRO 6.24 6.42 6.27 [0,20.8] [0,21.4] [0,20.9] 200
CRO 8.58 11.28 10.16 [0,28.6] [0,37.6] [0.08, 33.76] 200
10x3x%x3 DICA 6.24 9.04 7.284 [0,20.8] [0.4,29.6] [0.24,23.96] 200
IDABC 6.9 93 7.894 [0,23] [0,31] [0.16,26.1] 200
DWOA 6.24 6.84 6.36 [0,20.8] [0,22.8] [0,21.2] 200
VNCRO 1.8 1.86 1.812 [0, 6] [0,6.2] [0, 6.04] 200
CRO 1.8 3.12 2.46 [0, 6] [0,10.4] [0,8.2] 200
5%x5x%5 DICA 1.8 3.12 2.04 [0, 6] [0,10.4] [0, 6.8] 200
IDABC 2.04 3.66 2.838 [0,6.8] [0,12.2] [0,9.5455] 200
DWOA 1.8 2.94 2.39 [0, 6] [0,9.8] [0,7.97] 200
VNCRO 28.44 33.54 30.516 [1.8,92.4] [4.8,105.4] [3.78,95.72] 200
CRO 40.56 48.3 45.244 [15,115.2] [11.4,145.8] [13.42,132.92] 200
10x5x%5 DICA 30.84 40.98 36.064 [3,98.8] [16.2,115] [8.14,109.36] 200
IDABC 32.28 49.04 40.528 [7.8,97.2] [20, 136.8] [13.5,117.06] 200
DWOA 28.44 36 33.216 [1.8,92.4] [3.6,115.2] [15.4,103.4] 200
VNCRO 7.2 7.2 7.2 [0,24] [0,24] [0,24] 200
CRO 7.2 8.58 7.908 [0,24] [1.2,27] [0.6,25.56] 200
5%x6x5  DICA 7.2 9.42 7.806 [0,24] [3.6,26.6]] [0.72,25.06] 200
IDABC 7.2 9.72 7.86 [0,24] [0,26.4] [0.06,25.52] 200
DWOA 7.2 8.7 7.752 [0,24] [0,29] [0.12,25.68] 200
VNCRO 99.78 106.02 102.558 [58.8,254.2] [60,273.4] [64.8,255.46] 300
CRO 118.26 135.54 128.706 [82.8,283.8] [101.4,316.6] [93,305.02] 300
10x6x5 DICA 105.72 117.36 110.656 [67.2,262.8] 70.2,297.6] [72.84,271.92] 300
IDABC 110.16 122.52 117.606 [70.2,273.6] [82.2,298.8] [76.5,290.02] 300
DWOA 100.44 123.48 114.732 [64.8,248.4] [90,291.6] [79.2,276.84] 300
VNCRO 1.44 1.62 1.512 [0,4.8] [0,5.4] [0,5.04] 300
CRO 2.16 3.18 2773 [0,7.2] [0,10.6] [0,9.22] 300
5x6x10 DICA 1.5 2.52 1.872 [0,5] [0,8.4] [0, 6.24] 300
IDABC 1.8 3.42 2.4 [0, 6] [0,11.4] [0, 8] 300
DWOA 1.5 3.12 2.263 [0,5] [0,10.4] [0,7.11] 300
VNCRO 14.58 16.2 15.26 [0,48.6] [0, 54] [0.26,50.53] 300
CRO 24.18 30.24 26.982 [3,76.6] [5.4,93.6] [3.72,84.98] 300
10x6x10 DICA 15.12 16.02 15.846 [0,50.4] [0,53.4] [0.12,52.66] 300
IDABC 15.24 22.08 19.422 [0,50.8] [1.2,72] [3.18,60.5] 300
DWOA 15.06 17.46 16.404 [0,50.2] [2.4,55] [0.84,53.56] 300
VNCRO 64.2 67.92 66.006 [39,162] [47.4,163.2] [43.2,162.42] 300
CRO 83.7 90.66 86.934 [64.8,192.6] [62.4,219] [66.72,200.82] 300
5%x12x10 DICA 65.82 78.72 72.858 [44.4,160.2] [67.2,172.8] [53.4,171.66] 300
IDABC 68.64 85.2 75.99 [38.4,177.6] [69, 192] [54.66, 180.42] 300
DWOA 66.3 79.14 71.3 [342,165] [64.2,178.2] [48.8,172.6] 300
VNCRO 263.16 287.22 277914  [235.8,562.8] [274.8,591] [252.48,589.74] 1200
CRO 362.34 396.9 381.894 [363.6,723] [392.4,799.8] [380.94,765.06] 1200
10x12x10 DICA 292.08 337.74 318.606 [264,621.6] [346.2,664.2] [307.46,652.74] 1200
IDABC 311.4 366.48 332.574  [307.8,627.6] [363.6,736.8] [317.04,685.86] 1200
DWOA 286.14 322.26 300.16 [258.6, 609] [286.8,691.8] [269.6, 640.8] 1200
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R 75 3, A7 7 BATEANF A AR AR AR L
R IR AR B AR R BE 1, [R5 SR 1R SR R R
A P 0 AR, (001 BAT ) AT B 20 12 ST B g
735 X5y 5 A8 S R FH A2 SCf S8R, A b 1) 11 23
T REMGHEAT (5 B AT

N T BAEARST Y 32 4RI 2 S AR AL S
12 (VNCRO) IS, ide 35 B AL A= 1l 1) A [ RS

SGEAT FATERE A, [ 5 CROU, DICA!®!

IDABCH?!, DWOA PO JUFh By AT L3, Xof P B2
SRR R L SCHR P S 8, S R RIS AT e A
7] 3% AR VR B % A B S35 47 10 %, 3 B IR Cr
B /ME B RAE AP 254E, RCrp B/ AIMELGT B X ] L ¢
TRAELNE B [X 8] 1 X 8] S 34 4H, 146 3 B (5x6x5 &

12 3 0] DLBA S S A () R ARE 11 5 491
VNCRO HERIRCrr s /ME « e KAE AP 3B ZRAL
F-CRO. DICA. IDABC. DWOA, [iti % 5151 £ A5 ] 35
K, I 35 5 o B .

K192 i 7 AR S5 R, 5 M A RCrr
{19 ~F- S5 0 Ac S it 288 (T T4 0 ASE 1) 3 K, B9 1Y)
WAL SO BT o, R A 1 B 48] 5 S IR K ). A
B9 H ] DU th: CRO FA YL SR FE AL SO FE #%st
#5; VNCRO 5 DICA FJ Y $4 F #2101, VNCRO 1
Sh 4 T 4T IDABC S92 WS SAGH i e 12, U Sl 4
g 72 DWOA 32 IS S50 FE AR R, Wi il R AR
U A2, NFR 3 %R 7] LA H, DWOA 1R 45 7 Fa N
Je ¥R e M, WSSO FE P, P SR W S 2 SR A T o

RHEBIR S A TR, 638 T, 5 GHLED). BEIA A H L

60
—VNCRO 300
CRO
DICA w250
-- IDABC o :
% 40 ---DWOA Eay ;
ﬁ-\_ B 2007
: S |h
< & 150f ™
100
% 50 100 150 200 0 50 100 150 200 250 300
SRS EL SRS IR
(a) 5x6x5HUtE (b) 10x6x 5K
250 700
— VNCRO ~——VNCRO
CRO CRO
o 2000 DICA gm 600 ‘\‘ - BhroA
w w i -~ IDABC
ol B 500Ny, ---DWOA
& o) B
Q M ‘17
= 400,
300 , , . : .
0 50 100 150 200 250 300 0 2 4 6 8 10 12

KSR E/10°
(d) 10x12x10H#E

SSEVREL
(c) 5x12x10¥#

9 SHESRWSHZXIEL

*x 4 AREEEBAREFMSTD

VNCRO CRO DICA IDABC DWOA
S A
ARE/ % STD ARE/ % STD ARE/ % STD ARE/% STD ARE /% STD

3x3x3 0 0 0 0 0 0 0 0 0 0

5x3x3 0 0 26.78 02325 17.17 0.308 8 24.13 0.3029 18.91 0.169 8

10x3 %3 0.48 0.0615 62.82 09161 16.73 0.7811 26.51 0.658 1 1.92 0.2400

S5X5%5 0.67 0.0240 36.67 0.4740 13.33 0.3757 57.67 0.4919 32.78 0.4263

10x5x5 13.44 2.2444 66.09 2.464 4 32.39 3.3992 48.78 4.069 4 16.79 2.9623

S5X6X5 0 0 9.83 0.4700 8.42 0.7672 9.17 0.8366 7.67 0.604 1

10x6x5 433 27709 29.22 48754 11.1 3.6954 18.08 3.4059 14.98 8.3644
5x6x10 2.92 0.0540 92.59 0.3653 30 0.3115 66.67 0.4717 57.15 0.4710
10x6x10 4.44 0.2786 85.06 1.7591 8.68 0.4526 33.21 19551 12.51 0.8284
5x12x10 2.81 0.9620 35.41 2.0487 13.49 3.6780 18.36 4.7729 11.061 5.6134
10x12x 10 5.61 8.2785 45.12 11.3432 24.07 13.3333 26.38 18.3149 26.38 15.8141




%58

AHIE F: T A0 TR R 2 69 5T & NGB R AL 69 K AR 1135

N T IS EERITERE, NGEit2A A B o Hr B
AP AR E P, TS AT SR 5 2
ARG R WA 1 73 i 72 ARE AR 1 %2 STD (N 72
MATIE SRR KD, Bl
mean — 1min

. x 100 %, (17)
min

ARE =

N
1 i
STD = J ¥ E (RCL — mean)?. (18)

=1
T R FEA4FTR. K49 ARE & 1% 5L AT
KT ¥R 5 BT A S B R 1 B A0 A AH B BLAS
HAE T i 22, ARE 8/, 50925 BT 3R (1) 1 35918 5 & A
B RUER BT, Bk P RE B . R4 ik v] DL
1, VNCRO /] ARE 5 CRO. DICA. IDABC. DWOA
AH PGB /N, 15 B AR ST P 4t B Y 1 BE B F . STD
N, BB R AR R L. N R 4 iE v LLE
i, VNCRO K STD 5 CRO. DICA . IDABC.DWOA #{
Eb LT #0852/, 16 B VNCRO [ 82 5E P B it
N T #E— i VNCRO 15 1 E/ T #& 1 [X 7]
BN P R (16), BA5x 1210 1, 50 5 Fh i X
Vi) PS54 A 1 LU T B FEE, 43 W] e B e
[ 0.5 0.3036 0.4243 0.3927 0.4390]
0.6410 0.5 0.6118 0.5909 0.6164
P = 105657 0.3559 0.5 0.4606 0.5143
0.5884 0.3890 0.5366 0.5 0.5465
10.5543 0.3482 0.4853 0.4487 0.5 |

(19)
MR SR (210 48 7 20 7 2%, VNCRO. CRO.
DICA. IDABC. DWOA [{J E /T & i [X [8] (1 00 /5 %5 2>
N0, 4. 2. 3. 1, VNCRO [ E/ T4 11 X [a] £t
Hd /N, X TR /N 1) AT R FE f oK. DA T ik TSR
il BASE 1) S48, VNCRO B3 1 51 X [a) £/ (1 AT
JE 0  f K. PRI, VNCRO S92 78 1 5 T hn Tt
) AT 5 1 A] BN ] @ _E 5 CRO. DICA. IDABC.
DWOA # Eb 1 g B ATC.

4 & #

2 SC At S TR 0 BN D) AR AR SE T R B RS EE N
A B 1 A, LA [X [ R Ak B AR f 5 S ), 2 5 7 AR
() 2 AR ot A5 B /T A8 571 413 2 [X [ 3, e 1A
AT LA A i L, R T U A/ 30 5 X
N e 01 X 1 25 P I 2, 65 753 X ) A1 [ )
5 BE T o5 1 LT T . A2 R AR A B A R
RS 798, (RSO B 1S, A OB R AR L 2%
S SEARA S, R PR T30 5 oo e L T ER

AN RS, R R P AR 25 K AR A R 5 VR A
J5) AR 2R S NORS A 45 5 BT Vvt ) 20 AR SR 5 B
S RLIX P4 JR 8 2R AT 9, A BT Hh B et e o7
R FEEAE R R 5 R R Z AE B 1y 11
7. G A S SR A R M SRR TR A Y
HIIERRE T o Hh SRR A e AR .
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