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Table 1 Processing time for the rough wller fan ily of wo stage
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Table 3 Experin ental resulis for the rough wller fan ily of o stage
N xM1 xM2 ( )
FCFP | LTPT | DPSO
1 6x 2x2 29 28 26 {215643)
2 6x2x3 27 25 23 (416532
3 6x3x%3 23 22 21 {12546 3)
4 §x 2x3 48 43 40 (17584362
5 8x 3x3 41 38 35 (17685342
6 8x 3x4 41 33 31 {(37841,26 3)
7 10x 2% 4 48 42 41 (87296453 1Q1)
8 10x 3% 3 41 41 37 (5368471092 1)
9 10x 3% 6 41 32 31 {(18510,1,264309)
10 12x 4% 4 43 43 40 (2843635971112 1Q 1}
11 12x 4% 8 42 35 33 {71148 121,23 6 5 9 10}
12 | 12x 5% 10 37 31 31 {7,114 1, 812233 6 910)
13 16x 5% 5 45 48 40 {(52411,3697810 14 12 13 16,15 1}
14 16x 6% 6 39 42 36 (73104 1,26 148 11,3513 129, 16 15)
15 | 16x5x10 45 36 35 (L1027 138 11123, 16 36 49, 14, 15}
16 | 20x 4x6 56 51 50 (21395836 17,20 7 10,12 11 16 4 18, 15 19 14, 1}
17 | 20x 7x7 45 43 37 (191723469 1,510 8715 13 1120, 12 14 16 18}
18 | 20x 5x 10 51 41 40 (87,11, 17 1213, 16 18 46,53 20 9 10, 14, 153 2 1 19}
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Table 4 Experimental results br the rough roller fan ily of three- stage
N xMI xM2 xM3 ( )
FCFP | LTPT | DPSO
1 6x 2x2x4 53 49 47 {52146 3]
2 6x 2x3x3 53 46 44 {5264 1 3
3 6x 3x3x2 41 41 39 {21,564 3
4 8x 2x2x2 68 61 59 (8265471 3)
5 8x 2x3x2 63 57 53 {(36847123)
6 8x 3x3x2 55 48 46 {45387621}
7 8x 3x6x4 53 43 43 {36748 123)
8 10x 2x 4 x2 63 61 60 {(169341,283 10}
9 10x 3x3x2 56 55 49 (16185421039
10 10x 3x6x2 53 45 45 (23567491 1Q 8
11 10x 5% 10 x 2 41 36 35 (1746105123809
12 10x 5% 10 x 4 41 34 33 (367104813209
5 DPSO CPLEX
Table5 Canpantive results of two stage for DPSO and CPLEX
N xMI1 xM2 () ( )
DPSO | CPLEX | DPSO | CPLEX
1 6% 2x2 2% 26 0.015 | 0 015 (21,564 3)
2 6x2x3 23 23 0.015 | 0 015 (41,653 2)
3 6x 3%x3 21 21 0.015 | 0. 015 (12546 3)
4 8x 2x3 40 40 0.043 | 0.450 {17584362)
5 8x 3x3 35 35 0.043 | 0.450 {17685342)
6 8x 3x4 31 31 0. 045 | 0.450 {37841263)
7 10x 2x 4 41 40 0. 091 | 38 266 (3871069432 1)
8 10x 3x3 37 37 0. 091 | 38 266 (3368471092 1)
9 10x 3x6 31 31 0. 091 | 38 436 (178310,1,264309)
6 DPSO CPLEX
Table 6 Com parative results of three- stage for DPSO and CPLEX
N xMI xM2 xM3 L ( )
DPSO | CPLEX | DPSO | CPLEX
1 6x 2% 2x4 47 47 0.093 | Q 015 {52146 3]
2 6x 2x 3x3 44 44 0.093 | Q 015 {5264 1 3
3 6x 3x 3x2 39 39 0.093 | Q 015 {21,564 3
4 8x 2x 2x2 59 59 0.116 | Q 510 (8265471 3)
5 8x 2x 3x2 53 53 0.116 | Q 510 {(36847123)
6 8x 3x 3x2 46 45 0.117 | Q 510 {1457623S8)
7 8x 3% 6x 4 43 43 0. 116 | 0 510 (36748123}
8 10x 2x 4 x2 60 60 0. 221 | 42 395 {16954 1,283 10}
9 10x 3x3x2 49 48 0.222 | 42 395 (15849762 10Q 3
10 10x 3x6x2 45 45 0. 306 | 43 266 (2336749110 8
11 10x 5x 10 x 2 35 35 0. 306 | 43 266 (146105123809
12 10x 5% 10 x 4 33 33 0. 307 | 43 266 {(36710,48 13209
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Roller annealing scheduling m ethod based on discrete particle svam optin i
zation

SONG Jiwei TANG Jiafu
Key Laboratory of Integrated A utamation of Pwcess Industty MOE Northeastern University Shenyang
110004 Chia

Abstract A wo stage and three-stage now ait hybri flov shop (NWHFS) scheduling problen is consdered
against a background of the scheduling problem of roller annealing operation n cast steel plant of a roller cor
poraton For the nowait constraint betw een o sequential operations of a johy the nowait akoribm of grad-
ing (NWAG) isdesened On this basis we tried to canbine NW AG w ith the d iscrete particle svam optin r
zatbn (DPSO) akoritm to sole the built nteger progranm ng model In the smulation expermentw ih the
real datg the feasbility and the effectiveness of the algorithm are dem onstrated by the cam parisons and analy-
ses of resulls and the equipment refomation strategies of actual reference valie are given aswellwhth is
beneficial for the policym aker to arrange pwoductbn reasonab k.

Key words annealing operatbn of roller nowait hybrd flow shog DPSO; no-wait algorithm of grading



