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Abstract

The optimal solution of minimum cost for aircraft landing problem (ALP) is very difficult problem because the
approached aircraft are random time interval. Therefore this problem has been applied by various metaheuristic
methods. This paper suggests O(nlogn)polynomial time heuristic algorithm to obtain the optimal
solution for ALP. This algorithm sorts the target time of aircraft into ascending order. Then we
apply the optimization of change the landing sequence take account of separation time and the cost
of landing. For the Airland]l through Airland8 of benchmark data of ALP, we choose 25 data until
the number of runway m that the total landing cost is 0. We can be obtain the optimal solution for

all of the 25 data. Especially we can be improve the known optimal solution for m = 1of Airland8.
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E 1. Airland? offd|
Table 1. Example of Airland1

Landing time Penalty cost per unit time Separation time after ¢ landing before j can land (t,)
Plane(Pheranc Target Latest
() t(\‘rlﬂ)e Earllezt time| tirr?e time Landing bffore target] Landmg(ff)ter targetl 1« | 5 3|l 4|56 7]8]9]10
' i (T,) (Z,) = z
1 54 129 155 559 10 10 - 3(15]15]|15[15]|15| 15|15 156
2 120 195 258 744 10 10 3| - |16 [15[15|16[15[ 15|15 ( 15
3 14 89 98 510 30 30 15|16 | - 8| 8| 8| 8] 8| 8| 8
4 21 96 106 521 30 30 1511 8(-| 8 8| 8| 8| 8| 8
5 35 110 123 556 30 30 15115 8 8| - 8| 8] 8| 8] 8
6 45 120 135 576 30 30 15116 8| 8| 8| - 8| 8| 8] 8
7 49 124 138 577 30 30 15|15 8| 8| 8 8| -] 8| 8] 8
8 51 126 140 573 30 30 15|15 8| 8| 8 8| 8| -| 8] 8
9 60 136 150 591 30 30 15|15 | 8| 8| 8 8| 8| 8| - 8
10 85 160 180 657 30 30 15|15 | 8| 8| 8| 8| 8| 8| 8] -

Il. ALP2| Ct&tA|Zt FTFSO ghnz

.
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e 2.

Airland1 <l#] dlelglel] dis) FTFSOE 283t Ade
a3 26l AAE] AUk A7IHE m=1,2,3 SR HE

3k
Landing Penalty N ’

P a time cost Separation time
E | T, | Li | cg| ¢ |1]|2]3|4|5|6|7[8]9(10
3114189 (98|510(30(30|1919-| 8 8 88| 8 g 8
4 121196 |106(521130|30 (1919 8-| 8 88| 8 g 8
5 |35 [110(123|555(30 (30 |1919 8 8-| 88| 8 g 8
6 | 45 [120(135|576( 30 [ 30 | 1919 8 8 8-(8| 8 g 8
7 149 [1241138|577|(30 |30 |1919 8 8 8 8-| 8 g 8
8 | 51 [126(140|573 (30 (30 |1919 8 8 8 8 8-| 8 8
9 | 60 [135(150|591(30 |30 |1919 8 8 8 8 8 8-] 8
1 154 [129]155(559( 10 | 10 (- | 3119419 14 15 19 14 19 1E
10 [ 85 1160180657 | 30 [ 30 |19 19 8 8 8 8 8 8 8-
2 [120|195(258|744| 10 | 10 | 3[- 191919141919 1§ 15

8/8/30 17/8/30 12/8/30 3/8/30 2/830 10/8/30 51510 | 251530 781510
Atytfeg(cp) (10)
At=T:Ty

10/830  -35/8/10

27N

8/8/30 17/8/30  12/8/30 3/8130 2/8/30 10/830 51510 251530 781510

30/8730  103/1510

(a) Landing sequence
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Landing tme | Penalty _cost Sep. Actual | Penal
P %l glrn| L e | o ﬂrr\eL%?ﬁﬂ:Qg Time | Cost
3 14 89 | 98 | 510 30 30| 8] 98 0 0
4 21 96 | 106 [ 521 30 30 8 06 0 0
5 35 10 | 123 | 555 30 30 8 | 118 -5 150
6 45 20 | 135 | 576 30 30 8 26 -9 270
7 49 24 | 138 | 577 30 30 8 34 -4 120
8 51 26 | 140 | 573 30 30 8 42 2 60
9 60 35 | 150 | 591 30 30 5 50 0 0
1 54 29 | 155 | 559 10 10 5] 165 10 100
10 85 60 | 180 | 657 30 30 5] 180 0 0
2 120 95 | 258 | 744 10 10 258 0 0
700
(b) Optimal solution for m =1
. . Penalty
Landing time Actual
P q e cost 'I%errﬁ)e Landing "o
E T, | L | o Time | Time | Cost
3 14 89 | 98 [510f 30 [30]| 8 98 0 0
4 21 9% | 106 (521 | 30 [30] 8 106 0 0
[5 35 110 | 123 | 555 | 30 [ 30 8 123 0 0 |
Lz 49 24 [138 [ 577 30 [30] 8 8] 0 0 ]
9 60 35 50 [591( 30 [30f 8 50 0 0
10 85 60 | 180 | 657 | 30 | 30 80 0 0
0
N . Penalty
Landing ti Actual
P; a; Andne fme cost %e"ﬁ’e Landin Penalty
£ T, L, cp | o Time | Time | Cost
[6 [ 45 [ 120 | 135 |5/6] 30 [30] 8 | 135 [ 0 |
8 51 126 [ 140 [ 573 | 30 | 30 15 143 3 90 ]
1 54 129 | 155 | 559 | 10 [ 10 3 158 3 30
2 120 | 195 [ 258 | 744 | 10 | 10 258 0 0
120
. B Penalty
Landing ti Actual
P; a; ne e cost 1§|enee lLandiin Penalty
E, T | L | ¢ | ¢ Time | Time | Cost
3 14 89 98 | 510 | 30 | 30 8 98 0 0
4 21 96 | 106 | 521 | 30 [ 30 8 106 0 0
[6 45 120 [ 135576 [ 30 | 30| 8 132 -3 90 |
8 51 126 [ 140 [ 573 [ 30 | 30| 8 140 0 0 ]
9 60 135 [ 150 | 591 | 30 [ 30 8 150 0 0
10 85 160 | 180 | 657 | 30 | 30 180 0 0
90
. Penalty
Landing ti Actual
P; a; ne e cost 1§|enee lLandiin Penalty
E T. | L | ¢ | ¢ Time | Time | Cost
[[5 35 110 | 123 | 555 | 30 [ 30 8 123 0 0 |
Lz 49 | 124 [138 57730 [30] 15 138 [ 0 0 ]
1 54 129 [ 155559 | 10 | 10| 3 155 0 0
2 120 | 195 | 258 | 744 | 10 | 10 258 0 0
0
(c) Optimal solution for m =2
Landing time  |[Penalty cost! S Actual Penalty
P | a; Cp. Landing
E T, L; Cp ¢, | Time Time | Time | Cost
3 (1418 | 98 [510| 30 [ 30 8 98 0 0
4 121 | 9 | 106 | 521 | 30 | 30 8 106 0 0
6 (45120 | 135|576 | 30 | 30 8 135 0 0
9 [ 60| 135|150 [ 591 | 30 | 30 8 150 0 0
10 | 85 [ 160 | 180 | 657 | 30 | 30 180 0 0
0
Landing time  |Penalty cost S Actual Penalty
P | q PRI . TEp» Landing|
‘L i i ([ LL Ime 'nm Til'ne CDSt
535110 [ 123 | 555 | 30 30 8 123 0 0
7 149|124 | 138 (577 | 30 30 15 138 0 0
1 |54 (129 [ 155 | 559 | 10 10 3 155 0 0
2 1120|195 | 258 | 744 | 10 10 258 0 0
0
Landing time  [Penalty cost! S Actual Penalty
P; | a; €. llanding
E T, L, cp ¢, | Time Time Time | Cost
8 [ 51 126|140 [ 573 ] 30 [ 30 140 0 0
0

(d) Optimal solution for m=3

a2l 2. Airland1 Hl[olEfoll chgt FTFSO

Fig. 2. FTFSO for Airland1 data
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TS : Linear Programming(LP)Based Tree Search
DALP-H1 : Dynamically ALP-Heuristic

DALP-OPT : Dynamically ALP-Optimization

EOH : Extremal Optimisation-Hybrid

FCFS : First-Come First-Served (Target time ordering)
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Table 2. The result of FTFSO for experimental data
| n|lm P, T,—t)) e,
Target time ordermg 3-4-5-6-7-8-9-1-10-2
1 Optimal seque! 3-4-56-7-8-9-1-10-2
R1: 3(98,0-4(106,0)-5(118, 5)%(126 9)%7(134 -4)-8(142,2)-9(150,0)-1(165,10)-10(180,0)—2(258,0) 700
R1: 3-4-6-8-9-10 90
2 3(98,0)-4(106,0-6(132, 3)%(140 0)-9(150,0)-10(180,0) 0
Airland1| 10 5(123, O)ﬂ7(138 0) 1(155,0)%2(258,0)
R1: 3-4-6-9-10 0
3(98,0)-4(1086, %)%(1%5 (%)49(150,0)40(180,0) 0
3 5(123,0)-7(138,0-1(155,0)-2(258,0)
R3: 8 0
8(140,0)
Target time ordering: 3-4-5-6-8-7-9-10-1-14-13-2-12-11-15
1 Optimal sequence : 3—4—-5-6-8—7-9-10-1-14-13-2-12-11-15
R1: 3(90,-3)—4(98,0)-5(106,-5)-6(114,-6)-8(122,2)—-7(130,9)-9(138,10)—10(151,0)>14(171,0)-13(181,0-1(196,41)-2(250,0-12(313,0)~ 1,480
11(341,00-15(344,2)
R1: 3-66-7-10-14-13-2-12-11 210
3(93,0)-5(111,0)-6(120,0)-7(128, 7)ﬁ10(151 0)-14(171,00-13(181,0)-2(250,0)-12(313,0)-11(341,0)
arang2| 15| 2 589115 0
fran 4(98,0)-8(120,0)-9(128,0)1(155,0)15(342.0)
R1: 3-6-6-10-14-13-2-12-11 0
3(93,0)-5(111,0)-6(120,0)-10(151,00-14(171,0)-13(181,0)-2(250,0)-12(313,00-11(341,0)
3 R2: 4-8-9-1-10 0
4(98,0)-8(120,0) F({1328 ,0)-1(155,0)-10(342,0) 0
7(121,0)
Target time ordermg 1-6-8-4-12-10-9-11-19-20-3-2-7-15-5-18-14-13-17-16
1 Optimal sequence @ 1-6-8-4-12-10-9-11-13-20-3-2-7-15-5-18-14-13-17-16
R1: 1(82,0-6(101, 5%8(109 1)-4(117,00-12(125,-1)-10(133,3)-9(141,9)-11(149,0)-19(160,0)—20(169,0)-3(184,24)-2(197,0)—7(229,0)— 820
15(268,0)-5(261,0)18(287,0)~14(316,0)—13(336,0)17(339,1)-16(409,0)
R1: 1-6-12-9-11-19-20-2-7-15-56-18-14-13-16 60
1(82,0)-6(106,0-12(126,0)-9(134,2)—11(149,0)-19(160,0)—20(169,0)—2(197,0)-7(229,0)~15(258,0)-5(261,0)—18(287,0)—14(316,0)—~
2 R;@(%O)HWB(AO% ,0) 0
Airland3 | - 20 8(108,0)-4(117,0)-10(130,0)-3(160,0)~17(338,0)
R1: 1-6-12-11-19-20-2-7-15-5-18-14-13-16 0
1(82,01-6(106,0)—12(126,0)-11 (149,0)%9(160,0%20(169,O)ﬁQ%?ZO%)HKZZS,O)W5(258,0)%5(261 ,0)-18(287,00-14(316,0)—13(336,0)—
3 R2: 8-4-10-3-17 0
8(108,0)%1(117,0)ﬁ1§§1‘390,0)ﬁ3(160,0)%7(338,0) 0
9(132,0
Target time ordering: 1-2-5-9-8-6-7-13-12-16-19-18-17-15-3-4-10-14-11-20
1 Optimal sequence : 1-2-5-9-8-6-7-13-12-16-19-18-17-15-3-4-10-14-11-20
R1: 1(82,-10)-2(90,-3)-5 (98 0)-9(106,-6)-8(114,-2)-6(122,5)—7(130,12)—13(138,1)-12(146,-10)-16(154,-2)-19(162,-6)-18(170,1)— 2,520
17(178,8)-15(186,12)-3(201,18)~ 4(270,0)-10(280,0)~14(291,0)-11(295,0)-20(357,0)
R1: 156-8-6-13-12-19-15-4-10-14-11-20 330
) 1(92,0-5(100,2)-8(110,-6)-6(118, W)H13(137 O)A12(1256 0)%19(168 0)%15(176 2)-4(270,0)-10(280,0)-14(291,0-11(295,0)-20(357,0) 310
2(93,0)-9(110,-2)-7(118, 0)*16(156 0)— 18(164 -5)-17(172,2)-3(187,4)
R1: 158-7-13-12-18-3-4-10-14-11-20 70
1(92,0-9(110,-2)-7(118,0)-13(137, 0)42(156 0)-18(169,0)—3(184,1)-4(270,0)-10(280,0)-14(291,0)-11(295,0)-20(357,0)
Airland4 | 20| 3 2: 281611 0
2(93,0)-8(116,0)-16(156,0-17(170,0)
R3: 561 60
5(98,0)—6(117,0)-19(166,-2)—15(174,0)
R1: 159-13-12-18-4-10-14-11-20 0
1(92,0-9(112,00-13(137, O)H12(156 0)-18(169,0)—4(270,0)-10(280,0)—14(291,0)-11(295,0-20(357,0)
R2: 281617 0
4 2093, 0)%8(%3]650) 16(156 0)-17(170,0) 0
(98,0)%(117,0)%19(168,0)%3(183,0)
R4: 715 0
7(118,0)—15(174,0)
Target ti me ordering: 3-4-5-8-6-7-9-10-14-19-17-13-18-20-1-212-15-11-16
1 Optimal sequence : 3-4-5-8-6-7-9-10-14-19-17-13-18-20-1-2-12-15-11-16
R1: 3(82,-8)44(90,-4)%5(98,—7)H (WOS,— 5)-6(114,2)-7(122,10)-9(130,13)-10(138,1)~14(146,-5)—19(154,1)-17(162,3)-13(170,9)~ 3,100
18(178,16)20(186.4)1(201,46)7(246,0~13(280,0)-15(301,0)->11(307,0)16(393,0)
R1=3-5-6-9-10-14-17-18-20-2-12-15-11-16 270
3(90,0)-5(104,-1)-6(112,0)-9(120,3)-10(137,00-14(151,0)-17(159,0)—18(167,5)—20(182,0)-2(246,0)-12(280,0)-15(301,0)-11(307,0)~
2 16(393,0) 380
R2=4-8-7-1-19-13
4(94,0-8(104,-7)-7(112,0)-1(138,-17)-19(153,0)—13(161,0)
R1: 3-6-6-10-14-17-20-2-12-15-11-16 30
. 3(90,0)-5(105,0)-6(113,1)-10(137,0)-14(151,0)-17(159,0)-20(182,0)—2(246,0)—12(280,0)-15(301,0)—11(307,0)—16(393,0)
Airland5 | 20 3 R2: 4-8-9-1-18 140
4(94,0)-8(111,00-9(119,2)-1(147 -8)-18(162,0)
R3: 7-19-13 0
7(112,00—19(153,0)-13(161,0)
R1=3-6-9-10-14-17-20-2-12-15-1116 0
3(80.01-5(105,01-81(117.0)10(137.0/~14(161.017(159.0)20(182.0-21246,0)~12(280,0-15(301.0)-11(307.0~16(363.0) 0
4(94,0)8(117,0>18(162,0)
4 R3: > 0
7(112,0)-19(153,0-13(161,0) 0

R4: 6-1
6(112,0-1(155,0)
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A n| m Pty T,—t,) e,
Ta rgel time ordering: 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24-25-26-27-28-29-30
Optimal sequence : 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24-26—26-27-28-29-30
11 R1:1(0, O)ﬂ2(96 17)-3(192,48)—4(392,188)-5(464,200)—6(560,240)—7(760,232)—8(832,197)—9(1032,302)—10(1112,346)—11(1184,394)>12(1280 | 24,442
,360)~13(1461,415)>14(1591 485) ~15(1671,535)>16(1751,585) ~17(1831,598) ~16(1903,261)19(1999,284) ~20(2180,410)~21 (2252, 178) >
22(2348,180)*23(2576 317)ﬁ24(2656 229)-25(2728,247)—26(2928,249)—27(2998,115)—28(3098,116)—29(3170,124)—30(3266,175)
R1: 124-6-7-8-11-13-16-14-18-19-21-22-24-26-27-29 270
1(0,0)-4(204,0)-6(320,0)—7(528,0)-8(635,0)—11(790,0)~13(1046,0)~16(1166,0)—14(1276,170)—18(1642,0)—19(1738,23)-21(2074,0)—>
2 2(2170 2)—24(2427,0)-26(2679, 0)*27(2883 0)—29(3046,0)
Airlands | 30 R2: 2-3-5-9-10-12-15—-17-20-23-25-28-30 284
2(79,0-3(175,31)-5(271,7)-9(730,0)-10(810,44)12(920, O)ﬁéggégﬁi 8;*17(1233 ,0)-20(1770,0)-23(2259,0)—25(2481,0)-28(2982,0)—~
R1: 1-4-6-7-8-11-13-16-18-21-24-26-27-29 0
1(0,0)-4(204,0)-6(320,0)—7(528,0)—8(635,0)~11(790, O)ﬂ 3(1046,0)—16(1166,00-18(1642,0)—21(2074,0)-24(2427,0)-26(2679,0)—
27(2883,0)—29(3046,0) 0
3 R2: 2-9-12-15—17-20-23-25—-28-30
2(79,0)-9(730,0)-12(920,0)—15(1136,0)—17(1233,0)-20(1770,0)—23(2259,0)—25(2481,0)—28(2982,0)—30(3091,0) 0
R3: 3 10-14-19-22
3(144,0)-5(264,0)-10(766,0—14(1106,0)—19(1715,0)-22(2168,0)
Target time ordering: 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24-25-26-27-28-29-30—
31-32-33-34-35—36-37-38-3940—41-42-43-44
Optimal sequence : 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24-25-26-27-28-29-30-31
—32-33-34-35-36-37-38-39-40-41-42-43-44
1 R1: 1(0,00-2(96,-41)—3(296,25)—4(376,25)-5(456,25)—6(528, 25)—7(624,-2)—8(720,-7)-9(920,25)—10(992,25)—11(1192,25)-12(1264,25)—13 1.550
(1464,25)-14(1544,25)—15(1616,25)—16(1816,25)—17(1896,25)—18(1968, 25)—~19(2168,25)—20(2248,25)—21(2320,25)—22(2416,25)-23(2616, '
25)—24(2688,25)—25(2888,25)—26(2968,25)—27(3048,25)—28(3128,25)—29(3200,25)—30(3296, 25)—31(3496, 25)—32(3568, 25)—33(3768,25)—
34(3840,26)—35(3936,25)—36(4136,25)—37(4216,25)—38(4296, 25)—39(4368, 25)—40(4464,25)—41(4560,25)—42(4656,25)—~43(4752,25)—~44(49
Airland7 | 44 52,25)
R1: 1-2-7-8 0
1(0,01-2(137,0)-7(626,0)-8(727,0)
R2: 3-4-5-6-9-10-11-12-13-14-15-16-17-18-1 93%}()_1201 1%22%312347&5*26—'27*28%29*30—'3W —32-33-34-35-36-37-38 0
2 3(271,0)-4(351,0)-5(431,0-6(503,0-9(895,0)—10(967,0)—11(1167,0)—12(1239,0)-13(1439,0)-14(1519,0-15(1591,0)~16(1791,0)-17
(1871,0)-18(1943,0)~19(2143,0)-20(2223,0)-21(2295,0)-22(2391,0)-23(2591 0)-24(2663,0)~25(2863,0)-26(2943,0)—27(3023,0)-28(3103
10)-29(3175,0-30(3271,0)-31(3471,0)-32(3543,0)-33(3743,0)-34(3815,0)-35(3911,0)~36(4111,0)-37(4191,0)-38(4271,0)-39(4343,0)~
40(4439,0)-41(4535,0)—42(4631,0)-43(4727,0)—44(4927.0)
Target time ordering: 1-6-8-4-12-10-9-11-3-19-20-2-7-15-5-24-18-14-23-13-17-50-26-25-43-16-35-22-27-44~
45-49-28-32-29-33-47-34-37-38-48-21-30-39-46-31-3640-41-42
Optimal sequence : 1-6-8-4-12-10-9-11-3-19-20-2-7-15-5-24-18-14-13-23-17-50-26-16-25-43-35-22-27-44-45
—49-28-32-29-33-47-34-37-38-48-21-30-39-46-31-36-40-41-42
1| R1:1(82,0)-6(100,-6)-8(108,0)—4(116,~1)-12(124,-2)~10(132,2)-9(135,3)11(149,0)-3(152,-8)—19(160,0)—20(175,6)—2(197,0)-7(229,0)~ 1.945
15(258,0)-5(261,0)-24(269,0)~18(287,0)-14(316,0)~13(325,-11)-23(333,0)~17(341,3)-50(345,0)—26(378,0)~16(390,~19)-25(398,0) '
43(401.0)-35(410,-2)-22(425,0)-27(428,2)—44(441,-9)~45(456,0)—49(471,3)~28(498,0)-32(512,0)~29(516 -5)—33(524,0)~47(527,0)—
34(556,-6)-37(564,0)-38(569,-3)~48(577,0)-21(61 9,-9)%30(63?1,?()72%98)658,4)446(673,O)H31 (688,14)-36(717,0)-40(725,0)~41(740,8)—
R1: 1-6-10-9-11-19-14-23-17-25-16-22-45-29-37-48-30-31-41 60
1(82,0-6(106,0)-10(130,0)-9(133,1)11(149,0)-19(160,0)—14(316,0)-23(333,0~17(341,3)-25(398,0)—16(409,0)—22(425,0)—45(456,0)
—29(521,0)-37(564,0)~48(577,0)-30(634,0)-31(674,0)—41(732,0)
Airland8 | 50| 2 R2: 8-4—12-3-00-27—15-5-24-18-13-5026-43-35-27—44 492832334734 382 1-39-46-36-40-42 75
8(108,00-4(117,00-12(126,0)-3(154,-6)-20(169,0)—2(197,0)-7(229,0)15(258,0)-5(261,0—24(269,0)—18(287,0)—13(336,0)—50(345,0)—
26(378,0)-43(401,0)-35(411,-1)-27(426,0)-44(450,0)~49(468,0)~28(498,0)~32(512,0)-33(524, 0)~47(527,0)-34(562,0)38(572,0)-21
(628,0)39(654,0)—46(673,0)—36(717,0)—40(725,0)—42(763,0)
R1: 1-6-12-11-19-14-23-25-16-22-45-29-37-48-30-31-41 0
1(82,0)-6(106,0)—12(126,0)-11(149,0)-19(160,0)—14(316,0)-23(333,0)-25(398,0)—16(409,0)-22(425,0)—45(456,0)—29(521,0)-37(564,0)
—48(577,0-30(634,0)-31(674,0)—41(732,0)
R2: 8-4-10-20-2-715-5-24-18-13-50-26-43-2 44490832334 T~34-38-2 13946364042 0
3 8(108,0)-4(117,0-10(130,0-20(169,0)-2(197,0)—7(229,0)—15(258,0)—5(261,0)—~24(269,0)-18(287,0)13(336,0)—50(345,0)—26(378,0)—
43(401,0)-27(426,0)-44(450,0)~49(468,0)-28(498,0)~32(512,0)-33(524, 0)47(527,0)-34(562,0)-38(572,0)-21(628,0)-39(654,0) 46
673,0-36(717,00-40(725,0)-42(763,0)
R3: §-3-17-35 0
9(132,0)-3(160,0)-17(338,0)35(412,0)
SCS : Scatter Search £ 394 7+ AE dlolEo) vl m = 1,2,3,49] &F
BA : Bionomic Algorithm 2 75 wE AFHES F3sie] 3+3+3+4+4+3+
HBA : Hybrid Bat Algorithm 2+3=257] =7 Ag golE& FAT ] ot} o= A

PSA : Awasthi et al.(5)
GRASP : Greedy Randomized Adaptive Search Procedure

ACA : Ant Colony Algorithm

TACA : Improved Ant Colony Algorithm

CA : Cellular Automation FTFSO= 874 Eﬂo]ﬂg] 257} 52 RE dloge]
CAO : Cellular Automation-based Optimization 3 HAA AE TS & F Sdrh 591, 719 A3
GA : Genetic Algorithm Y, FElzEoy vERFE| 2B Y ofudt duE|EogE
ACGA : Ant Colony optimization Genetic Algorithm A & 3kA 53 Airland8e] m =1 EFZ dHlo|E
FTFSO : First-Target First-Served (Target time o] e 7)ol Lzl A & Zopt% Mgk g9=

FHE ¢, o & X, B vlug Ajolnt

ordering) Optimization Ak
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Table 3. Comparison of algorithm performance

=t | ] m | = | TS |DALP-HI [DALP-OPT] EOH [FCFS| SCS | BA | HBA| PSA [ GRASP | CA | ACA | IACA | CAO | GA [ACGA[ rrreo
= npm opt | (1) (2) (2) 46|06 67| (D] (B (3) (9) (8) (7,8) 9) | (10| (10)
1| 700] 700 740 740] -] 1790] 700[ 700] - | 700] 700| 1260] 1150] 700 700| 820 700| 700
Airland1| 10| 2 | 90| 90 120 90| -| 120| ‘90| ‘90| 90| ‘90 oL 7E o] Te0 5| 90 'e0| 90
3 o o 0 of -| o o o o o - 0 0 -l o o 0
1 1480| 1480 1870 1730 -| 2610| 1480| 1480| - | 1480| 1480( 2500 1840| 1480| 1480| 1720] 1720| 1480
Airland2| 15| 2 210| 210 210 210 -l 210| 210 210{ 210| 210 - - 210 210 -l 2200 210 210
3 0 0 0 0 - 0 0 0| 0 0 - - 0 0 - 10 0 0
1| 820] 820] 14d0]  940] -| 2930 820| 822.3| - | 820] 820| 2150 2540| 820] 820| 1750 50| 820
Airland3| 20| 2 | 60| 60 60 60| -| 60| 60 60| 60| 60 -1 77E Teo| 60 S| 570 60| 60
3 0 0 0 0 - 0 0 0 0 0 - - 0 0 - 320] 0 0
1 | 2520] 2620]  2670] 2700]  -| 6290| 2544| 2520 - | 2520 2520| 3300] 4820] 2520 2520] 6880 4480] 2520
artanda| 20| 2 | “630| “640 6s0|  680| -| 1560| 640| 40| e40| “640 -7 Tes0| 640 -l 1770 es0| 640
3 | 130 130 130|  130| -| 330| 130 130| 130| 130 -l 4 3] 130 -| 600 130| 130
4 o o 0 of -| 6| o o of o - 0 0 -l 380 0 0
1 | 3100] 3100] 6130] 3810] -| 8370] 3290| 3100] - | 3100] 3100| 4300 6260| 3100 3680 5800 4800 3100
ariands| 20| 2 | 680| 650| 1070|680 | 1440| 650| 50| 890| 650 5L 1200 730 -| 1650 729| 680
3 | 170] 170 240 240  -| 240 170| 170| 170| 170 -l 4 30| 170 -| 560 240| 170
4 o o 0 of - "o of o o o - 0 0 -| om0 "o 0
1| 24 om0 omas| oassn| | P 2 gaaan| - | 231 gaaan| P31 ea001| 2aadz| 24a42| - 24442| 24442
Arlands| 30 2 | gga| 554 882 T 809|  -| ge| 2| 554 636| ge2 S| 2 To304] Te37 B e
3 | 0 of | & s ol o - 240 44 o 0
aronc7| 24| 1 | 1680 1550|  3074|  3974| | 1660| 1550| 1550\ - | 1660| 1550| 6247| 5342 150| 1550| - 1660| 1550
2 0 o 0 o -] o o o o o - 0 0 -l 4 200 0
2683 9964
1| 10| 1950  2915|  2000| 2320 ~ 5| 2%k} 2041) - | 1995| 1950 7040| 13840| 2185| 2635| - 3240| 1945
Airland8| 50| 2 | 135| 13 265| 13| -| 1014] 37| 13| 180 136 - Tess| 166 5| 4 Tieo| 136
3 o o 0 of - o ™ ol of o B T 44 o 0
4825
Case,” Transportation Science, Vol. 34, No. 2, pp.
v 2= 180-197, May 2000.
T EE (2) J. E. Besley, M. Krishnarmoorthy, Y. M. Sharaiha, and D.
N L Jigtel Bl Ci Abramson, “Displacement Problem and Dynamically
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