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Table 1 Related parameters of block
I I ) R I PR 5,
0 2 1 1 9 7 5 3 E—
1 2 1 2 22 21 20.5 19 0
2 1 1 2 18 16 14 13 0
3 2 2 2 15 13 12 11 0
4 3 1 2 17 15 13 11.5 0
5 2 0 2 13 12 11.5 10 0
6 2 1 3 29 27 25 23 12345
7 5 1 1 10 8 6 4 e
8 5 1 2 19 17 15 13 7
9 4 1 2 20 19 18 17 7
10 5 2 2 18.5 17 16.5 15 7
11 6 1 2 17 15 13 12 7
12 5 0 2 20 18 17 16 7
13 5 1 3 35 32 30 28 8910 11 12
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2
Table 2 The result not with regularity
0 1 1 1 1
1 0 0 0 1
2 1 1 1 1
3 0 0 0 1
4 1 1 1 1
5 0 0 1 1
6 0 0 0 1
7 1 1 1 1
8 0 1 1 1
9 0 1 1 1
10 0 0 1 1
11 0 1 1 1
12 1 1 1 1
13 0 0 1 1
5
Fig. 5 The mining sequencing without regularity
3
Table 3 The result with regularity
0 0 1 1 1
1 0 0 1 1
2 0 1 1 1
3 0 1 1 1
4 0 1 1 1
5 0 0 1 1
6 0 0 1 1
7 1 1 1 1
8 1 1 1 1
9 0 0 0 1
10 0 0 0 1
11 1 1 1 1
12 1 1 1 1
13 0 0 0 1

6

Fig. 6 The mining sequencing with regularity
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Table 4 Comparison of solution time for block sequence problem

( sec) ( sec)
CPLEX
block/ +VE®@ LR! R CPLEX LR! o (
period CPLEX +VII® +VI! N LR3 CPLEX |+VE+VI'| +vI! s LR?
FVE® | v v FVI2 4V 2 v
+ VI )
+ VIS@
1 56/6 2.01 0.52 / / / 29.81 2.97 / / / 49 16 | 14
2 56/10 13.11 4.39 / / / 116.73 62.41 / / / 92 | 41 | 38
3 304/6 1015.74 | 321.13 / / / 2144.26 | 1437.95 / / / 37 21 | 19
4 304/10 1289.57 | 501.82 / / / 3456.86 | 2 063.62 / / / 103 |39 |35

5 1 060/6 1698.43 | 734.74 168.26 184.37 226.82 | 6265.73 | 5163.98 | 894.34 989.15 994. 85 1789 | 63 | 59

6 1 060/10 1936.27 932.51 330.35 405.15 427.31 >24h 5923.75 | 1468.05 | 1704.82 | 1959.04 | 3015 74 | 68
7 1 980/7 2014.26 | 1495.04 238.47 274.28 300. 32 >24h 7 905. 81 1178.74 | 1346.37 | 1503.72 | 5 839 75 73
8 2 880/7 1489.24 982. 18 883.79 980.52 1018.53 >24h >24h 1869.63 | 2053.92 | 2560.36 | 7316 | 146 | 138
9 9 400/10 >24h >24h 1376.31 | 1842.89 | 1894.26 >24h >24h — — 8 348.94 | 15748 | 276 | 263
10 | 10 819/10 >24h >24h — — 2 572.61 >24h >24h — — 8 832.71 | 21 856 | 292 | 285
11 14 153/12 >24h >24h — — 4 235.57 >24h >24h — — 12 904.23 | 30 432 | 485 | 472
12 | 29277/12 >24h >24h — — 8 566.29 >24h >24h — — 15 872.88 | 58 935 | 985 | 943
4 : CPLEX
1) 31.90%  48.27%

@ VE variable elimination
® vl valid inequalities VI? \US
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Research on open—pit mine production scheduling problem with regularity
consideration

LIU Wen-bo' > SUN DeHfeng' TANG Liin'

1. Institute of Industrial & Systems Engineering Northeastern University Shenyang 110819  China;
2. Liaoning Provincial College of Communications Shenyang 110122 China

Abstract. Open pit mine production scheduling is to specify the sequence of blocks extraction from the mine
so0 as to obtain the highest NPV satisfying a variety of physical and economical constraints. According to pro—
duction characteristics in practice the evaluation of regularity is taken into consideration and then an integer
programming model is established. Lagrangian Relaxation ( LR) method is proposed to solve the problem.

Valid inequalities are established based on the knapsack structure of priority constraints to accelerate the algo—
rithm without hurting the optimal solution; and then fast feasible solution strategy is constructed based on Di-
rected Acyclic Graph structure; variable reductions are carried out to reduce the problem scale through strate—
gies of earliest start time and latest start time. Computational results indicate that the proposed approach out—
performs standard solver CPLEX in computational time. The proposed model and solution can realize the goal
of regularity maintaining and profit maximizing while satisfying all production constraints.

Key words: open-pit mine production scheduling problem; 0 —1 integer programming; Lagrangian relaxation;

directed acyclic graph
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