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In this paper, we present a restricted tabu search(RTS) algorithm that schedules jobs on identical parallel
machines in order to minimize the maximum lateness of jobs. Jobs have release times and due dates. Also,
sequence-dependent setup times exist between jobs. The RTS algorithm consists of two main parts. The
first part is the MATCS(Modified Apparent Tardiness Cost with Setups) rule that provides an efficient
initial schedule for the RTS. The second part is a search heuristic that employs a restricted neighborhood
generation scheme with the elimination of non-efficient job moves in finding the best neighborhood
schedule. The search heuristic reduces the tabu search effort greatly while obtaining the final schedules of
good quality. The experimental results show that the proposed algorithm gives better solutions quickly
than the existing heuristic algorithms such as the RHP(Rolling Horizon Procedure) heuristic, the basic

tabu search, and simulated annealing.
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AAE 9 249 REE A 7EA] o] F Aibal, el A4 2 Avgth M, T3 Avglr M 0|9} 2 a0 2 a3t

N% 71A15 poll W& RTS $1E| 59 48 e <E 3> HA o] 23 A4 W] BE so] AHE Aurd g
A= o] 93, o) Boll AL H AL BF ulagtolth <® 3 2o} RTS-Insere®] A7} RTS-Swap®] Aol vl AR
3> A AvgR*¥E B4 ROl FOIAE W) BE AYF N £2 ¢ e, 2 R A ol fe 2.2.18 22284 AF
2 71AS moll A Al aghel S ]y, Avg ¥ Fhutel o] Aol Fo] mHol ol W) Lmmack 71AE F

3t 3. RZ R @Rl o) F QAL & RTS ¢ el F Hlw g

RTS-Hybrid
A4 Z10] 10 20 30 40 50 60 70 80
Avg(0.2,* * 0.921 0.879 0.844 0.823 0.812 0.810 0.809 0.809
Avg(0.6,** 0.932 0.888 0.857 0.832 0.820 0.818 0.816 0.815
Avg0.10,** 0.934 0.898 0.867 0.836 0.829 0.819 0.820 0.819
Avg(0.14,* * 0.952 0.903 0.889 0.850 0.841 0.832 0.827 0.827
Avg(0.18** 0.959 0.910 0.891 0.878 0.860 0.842 0.838 0.835

Avg(*,25.%) 0.825 0.821 - - - - - -
Avg(*,50,%) 0.830 0.819 0.818 - - - - -
Avg(*,75,%) 0.889 0.863 0.828 0.816 - - - -
Avg(*,100,*) 0.917 0.872 0.844 0.821 0.817 - - -
Avg(*,125,%) 0.943 0.903 0.869 0.838 0.820 0.818 0.817 -
Avg(*,150,*%) 0.962 0.935 0.899 0.846 0.829 0.817 0.819 0.813

Avg(**.2) 0.911 0.879 0.859 0.837 0.828 0.821 0.820 0.819
Avg(*,* 4) 0.904 0.876 0.858 0.834 0.825 0.820 0.819 0.818
Avg(* *,6) 0.898 0.872 0.855 0.831 0.823 0.818 0.819 0.817

Avg*x¥) | 0940 0896] 0870 08441 0832 0824 0822] 082
RTS-Insert
et Zlo| 10 20 30 40 50 60 70 80

Avg(0.2,*.* 0.968 0913 0.884 0.859 0.829 0.826 0.821 0.820
Avg0.6,** 0.977 0.926 0.892 0.863 0.832 0.828 0.827 0.828
Avg0.10,%,* 0.980 0.948 0.897 | - 0.869 0.841 0.832 0.830 0.830
Avg0.14,* * 0.983 0.950 0.898 0.871 0.844 0.834 0.833 0.832
Avg0.18,* * 0,989 0.955 0.899 0.880 0.862 0.846 0.840 0.839

Avg(*,25.%) 0.831 0.829 - - - - - -
Avg*,50,%) 0.838 0.826 0.822 - - - - -
Avg(*,75.%) 0.906 0.871 0.838 0.821 - - - -
Avg(*,100,*) 0.944 0.903 0.852 0.835 0.824 - -
Avg(*,125,%) 0.989 0.932 0.880 0.848 0.833 0.828 0.825 -
Avg(*,150,*) 1.199 0.962 0.901 0.856 0.841 0.829 0.828 0.825

Avg(*,*2) 0.960 0.901 0.870 0.854 0.836 0.831 0.829 0.827
Avg(* * 4) 0.956 0.896 0.866 0.847 0.835 0.830 0.828 0.825
Avg(*,*,6) 0.852 0.890 0.861 0.841 0.832 0.829 0.827 0.823

Avg***) ] 0979 0939] 08941 0869 0842] 0833] 0830] 0830
RTS-Swap
EHAH210] 10 20 30 40 50 60 70 80
Avg(0.2,* * 1209] 1138 1.008] 0984 [ 0936] 0907] 088 | 0.871
Avg0.6,*.* 13201 1219] 1108|0996 0947 0918 0.891| 0.880
Avg0.10,** 1457 1.285 1189 ] 1.002| 0968] 0930 [ 0912} 090
Avg0.14,%* 1502  1.290| 1195 1.010| 0987 0939 0920] 0.908
Avg0.18,** 1588 1352| 1220 1088 0992] 0944] 0931 0918

Avg(*,25.%) 0.903 0.901 - - - - - -
Avg(*,50,*%) 0.928 0.920 0.918 - - - - -
Avg(*,75,%) 1.020 0.968 0.920 0.919 - - - -
Avg(*,100,*) 1.341 1.109 0.969 0.936 0.929 - - -
Avg(*,125,*%) 1.549 1.316 1.085 0.948 0.934 0.931 0.928 -
Avg(*,150,%) 1.764 1.374 1.190 0.997 0,945 0.930 0.926 0.925

Avg(**2) 1.330 1.170 1.078 0.985 0.954 0.931 0.928 0.921
Avg(* ¥ 4) 1.284 1.139 1.049 0.971 0,946 0.925 0.923 0.918
Avg(*,*,6) 1.252 1.100 1.019 0.957 0.938 0.921 0912 0.901

Avg**® T 1433 1257 1144 1016|0966 0928 0908  0.896
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37} o] 58 o)z 7} o] FolAA| Fe FEBY| W
A AL 9 &£fo] AL FEo] AXY Y
RTS-Hybrid= 451 0] -2t EF0| §& A2 AME3IEE BHf
EE @ Uy 39 3Rl 37 7199 E5E vehd & 8l
t}. & RTS-Hybride B} § & M9 o)A 8o} &8 Toln
gFeA g Febrke 54& BT Rt IE 39
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£¥ BT CPU A7t} ) CPU AIZHE 44 9fu|din) <1)
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¥ 4. 0&UE9) =23 o 288 AITHE)

R 3t 0.2 0.6 1.0 1.4 1.8
RTS-Hybrid| 274 | 295 3.04 3.31 3.54
RHP 64.24 | 6375 | 61.03 | 57.59 | 5148
BTS | 1089.32 | 1328.48 | 1356.63 | 1428.79 | 1542.94
SA 1002.40 | 1334.12 | 1391.35 | 1490.88 | 1603.82

5. RIS ¢ue)F9 4% Wit

4t 2R | BUU B | 45U BE

(%) (%) (%)

Avg(0.2,%%) 98.6% 1.4% 0.0%
Avg(0.6,%%) 96.5% 3.5% 0.0%
Avg(0.10,%%) | 94.8% 5.2% 0.0%
Avg(0.14,4%) | 92.5% 7.5% 0.0%
Avg(0.18,%%) | 92.0% 8.0% 0.0%
Avg(*,25,%) 93.5% 6.5% 0.0%
Avg(*,50,%) 94.5% 5.5% 0.0%
Avg(*,75,%) 94.5% 5.5% 0.0%
Avg(*,100,%) | 95.5% 4.5% 0.0%
Avg(*,125%) | 95.5% 4.5% 0.0%
Avg(*,150,%) | 96.0% 4,0% 0.0%
Avg(*,*,2) 95.0% 5.0% 0.0%

Avg(*,*,4) 95.0% 5.0% 0.0%

Avg(*,*,6) 94.8% 5.2% 0.0%

Avg(*,*,*) 94.9% 5.1% 0.0%

AR¥ CPU A|7HE K31 Qlth RTS-Hybrid €8] E0]
RHP Gag)Eo Hl3] oF 15uf o)A 24u] o] 4o} vi-¢- W&
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