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Abstract This paper presents a dynamic approach to the vehicle scheduling problem. We discuss the
potential benefit of our approach compared to the traditional one, where the vehicle scheduling
problem is solved only once for a whole period and the travel times are assumed to be fixed. In
our dynamic approach, we solve a sequence of optimization problems, where we take into
account different scenarios for future travel times. Because in the multiple-depot case we
cannot solve the problem exactly within reasonable computation time, we use a "cluster-
reschedule" heuristic where we first assign trips to depots by solving the static problem and
then solve dynamic single-depot problems. We use new mathematical formulations of these
problems that allow a fast solution by standard optimization software. We report on the results
of a computational study with real life data, in which we compare different variants of our
approach and perform a sensitivity analysis with respect to deviations of the actual travel times
from the estimated ones.
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Ê Á�ß Ö�× Ç Ä Å Â Ê È Á�á Ú á>Æ Î Ä�Ç Ã È Ó�Á�Ê Á�â�Ê Ë Ö Î Ä�ã Ú�ä�Ä�Ç Ã È Ó_Â Ã Ä�Î Ä Ç Ö Ì Â Ç�É È Î�Â Ã�Ä�Å Æ Ç Ä Ç�À'Æ Á Ð À À Ò Æ Ç�Ó'Ä Ì Ì
É È Î'Â Ã�Ä�Å Æ Ç Ä�Ó�Ã Ä Î Ä�Ó'Ä�Ð È�Á È Â'Ö Ç Ä�Â Ã Ä�Ã Ê Ç Â È Î Ê Å Æ Ì�Ð Æ Â Æ�Ï Å È Ì Ö Ô>Á å Ñ�É È Î�Ð Ê æ�Ä Î Ä Á Â'Ç Ä Â Â Ê Á Ë Ç'È É�ç è�é ê
ë ì í î�ï ð ñ ò ó�ô�õ÷ö>ó ø ê î�ë ì ó ê ñ ö�ù�ó ò�ú û�ü ó ì í ý þ ó î�ñ î ó ÿ������;ë ì ó���ó ò ý ó ê ë ø ð ó�ú û�ë ò í � î�î ë ø ò ë í ê ð�þ ø ë ó
ø ê ÿ	��
_ë ì ó�ý ú î ë�ú û�ë ì ó î ó�ÿ ó þ ø � î è

l #V %L  DC #V %L  DC #V %L  DC
120 112.4 2.03 10639 113.3 0.49 1064 113.9 0.81 8022
60 112 3.74 18558 114.5 0.72 1743 115.2 1.36 6780
30 111.7 5.69 29372 114.1 1.08 4222 115.6 2.19 11458
15 111.5 9.20 51067 114 1.72 9528 115.8 3.60 25780
10 111.4 9.47 47578 114.4 1.75 6239 116.3 3.67 22358
5 111.2 11.04 64726 114.6 1.99 8214 116.6 4.44 25450
1 111.5 12.23 65431 115.1 2.10 8723 116.6 5.02 27416

Average
0 I II
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l #V %L  DC #V %L  DC #V %L  DC #V %L  DC
120 116 0.3 660 116 1.0 1120 113 1.0 260 114 0.5 690
60 118 0.6 2420 117 1.4 4250 113 1.0 260 115 1.0 5200
30 117 1.6 12540 116 2.4 9220 113 0.9 740 115 1.6 5480
15 117 2.0 15500 116 3.2 11480 113 1.5 10190 116 3.0 16990
10 117 2.4 13010 116 4.2 10020 113 1.7 9110 116 3.4 19440
5 117 3.4 17650 116 4.9 15340 114 1.2 4190 117 3.9 15720
1 117 3.5 18150 116 5.5 17560 116 1.4 7280 117 4.6 18550

l #V %L  DC #V %L  DC #V %L  DC #V %L  DC
120 112 0.6 1200 113 1.6 67890 112 0.5 610 113 0.5 550
60 113 0.4 1720 114 1.2 28390 114 0.5 520 115 1.5 2610
30 113 1.0 2260 115 1.6 29120 114 0.8 5590 116 2.1 13670
15 113 1.4 23480 115 3.4 94920 114 1.2 6660 116 3.4 12950
10 113 0.9 3540 115 3.0 39330 114 1.0 4660 117 1.6 11700
5 114 1.5 6460 117 4.3 63990 114 1.4 5750 116 4.0 11600
1 115 2.0 5060 117 4.7 53900 115 1.3 6630 116 4.5 18320

l #V %L  DC #V %L  DC #V %L  DC #V %L  DC
120 112 0.8 2860 112 1.2 2930 114 0.4 100 114 0.8 630
60 114 1.3 1640 115 1.8 9650 115 0.8 2610 116 2.2 5610
30 113 0.8 1120 116 2.3 3310 115 1.1 3310 117 3.3 7600
15 113 1.5 9020 116 4.3 13840 114 3.0 5670 116 6.0 20430
10 113 2.2 7770 116 5.3 20470 115 3.1 6780 116 6.2 26450
5 113 2.5 21440 116 5.7 23700 115 3.5 7590 116 7.7 29530
1 113 2.5 20670 116 6.0 23660 116 3.3 7880 117 8.3 26390

l #V %L  DC #V %L  DC #V %L  DC #V %L  DC
120 115 0.6 3560 115 1.4 4990 114 0.0 0 115 0.1 10
60 117 0.9 3910 116 2.3 6160 114 0.2 170 115 0.7 830
30 116 2.1 8610 117 3.2 9420 113 1.0 2220 115 2.3 26790
15 115 2.3 10900 116 4.1 9780 113 1.6 2480 116 3.5 59830
10 116 2.5 5660 118 4.1 8050 115 1.1 1600 117 3.4 65380
5 116 2.3 5500 118 4.2 7130 114 1.4 2570 118 4.0 62650
1 116 2.8 9070 117 5.3 17660 115 1.6 2680 118 4.9 69730

l #V %L  DC #V %L  DC #V %L  DC #V %L  DC
120 113 0.5 1260 114 0.6 1310 112 0.2 130 113 0.4 100
60 114 0.4 850 114 0.7 1580 113 1.2 3330 115 0.9 3520
30 114 0.7 2980 114 1.4 5570 113 0.8 2850 115 1.7 4400
15 114 1.4 8120 115 2.5 11100 114 1.3 3260 116 2.5 6480
10 114 1.4 7440 116 3.1 16460 114 1.0 2820 116 2.3 6280
5 114 1.5 8570 116 3.4 18400 115 1.2 2420 116 2.4 6440
1 113 1.6 7580 116 3.5 21580 115 0.9 2230 116 2.8 6810
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¯ ° ± ° ² ³�¯ ´ µ ¶ ° ² ´ ·�¸1¹�µ ° º ´ ¶ » º�¼ ½)¾�¿ ² ¿'· ´ °)´ À ° ² Á&² Â ¾�´ ·'° º ¾�¯ ² Â ¾�´ Ã�° º ¾�¿ ¾ µ ± Ä ¯ ¼ ± µ ¯ ´�° º ¾�¿ ¾ µ ± Ä�³ ´ ¯ ° ¯
± Å ¾�³ µ ¾ ± Å µ Ä'µ ´ ½)¾ Å�° º ± ·	² ·	° º ¾�¯ ° ± ° ² ³�³ ± ¯ ¾ ¸Æ ·yÇ�² » ¶�Å ¾&È ¼�½)¾&¯ º ´ ½É° º ¾&³ ´ Á&À ¶ ° ± ° ² ´ ·y° ² Á�¾'² ·y¯ ¾ ³ ´ · ¿ ¯'Ê ³ ´ µ ¶ Á&·yË)Ì)Í�Î ¼5° º ¾'· ¶ Á�Ï�¾ Å�´ Ã
² ° ¾ Å ± ° ² ´ · ¯	Ê ² ° ¾ Å ¸ ÎÉ± · ¿Ð° º ¾'Á&± Ñ ² Á�¶ Áx³ ´ Á�À ¶ ° ± ° ² ´ ·Ò° ² Á&¾	´ Ã�´ · ¾	² ° ¾ Å ± ° ² ´ ·Ò² ·Ò¯ ¾ ³ ´ · ¿ ¯*Ê Á�± Ñ Î
Ã ´ Å�° º ¾�µ ± Å » ¾ ¯ °�¿ ¾ À�´ ° ¸�Ó�º ¾�³ ´ Á&À ¶ ° ± ° ² ´ ·*° ² Á&¾�Ã ´ Å�° º ¾�´ ° º ¾ Å�¿ ¾ À�´ ° ¯�² ¯�Á�¶ ³ º	¯ Á�± µ µ ¾ Å�° º ± ·	Ã ´ Å
¿ ¾ À�´ °�Ô ¸

l CPU iter. max CPU iter. max
120 128 10 56 7 10 1
60 168 19 46 11 19 1
30 278 37 45 21 37 1
15 934 71 75 77 71 2
10 760 104 56 56 104 1
5 1271 204 46 108 204 1
1 5967 861 56 508 857 1

Depot 4 Depot 4
I II
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I II
gap gap

minimum 3.42% 5.11%
maximum 3.60% 5.95%
average 3.51% 5.70%
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Day 1 2 3 4 5 6 7 8 9 10 av.
Heuristic 117 113 114 116 113 115 115 115 114 113 114.5
Optimal 111 110 110 112 110 110 111 112 110 110 110.6
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l %L DC %L DC
120 2 13.0 11814.9 13.7 20844.1
120 1 6.8 3194.5 7.3 10737.1
120 0.5 3.2 1568.4 3.7 8723.3
120 0.25 0.9 1124.6 1.2 8126.8
60 2 12.5 12759.0 13.9 18799.7
60 1 6.6 4034.3 7.6 9249.1
60 0.5 3.3 2329.6 4.1 7407.0
60 0.25 1.1 1813.0 1.8 6862.3
30 2 12.4 12817.8 13.8 22715.0
30 1 6.7 5916.6 7.7 13758.8
30 0.5 3.4 4684.8 4.5 12119.6
30 0.25 1.4 4289.4 2.5 11558.3
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