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Freight Train Locomotive Rescheduling Problem
after Disruptions

KEISUKE SATO! and NaoTO FUKUMURAT!

Railway operators adjust timetables and accordingly reschedule rolling stock
and crew duties in a disrupted situation. This paper discusses a rescheduling
problem of locomotive assignment to freight trains after the timetable adjust-
ment is done. We model the problem as an integer programming one with
set-partitioning constraints, taking maintenance of each locomotive and capac-
ities of maintenance centers into account. It is solved by a combination of its
set-covering relaxation and column generation. Numerical experiments using
real data have revealed that our method provides a locomotive rescheduling
plan of satisfactory quality in acceptable time. We have also observed that
our relaxation approach speeds up the computation time by a factor of several
when the time span for the rescheduling is long.
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Fig.1 Timetable/locomotive scheduling plan and adjusted timetable.
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Fig.2 Network representation.
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Fig.3 Notations.
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Table 1 Disruption cases.
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Table 2 Problem size (average of 5 cases).
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03 00oOooooooooloooOonoo
Table 3 Results and solution time (average of 10 trials).

No. | OO (h) | DOODO Z'™F | gap(%) ¢ S |PF| | 0ODOO (s) (RMP,) (SP) (IP) | 0D0ODOO (s)
1 36 6.0 | 1,200.0 0.00 [ 6.0 | 8,904.1 1.4 0.4 0.9 0.0 1.5
1 48 6.0 | 1,200.0 0.00 | 83 | 9,595.2 2.7 0.9 1.8 0.0 3.5
1 60 6.0 | 1,200.0 0.00 | 7.1 | 9,585.9 3.7 0.9 2.7 0.0 4.1
1 72 6.0 | 1,200.0 0.00 | 7.6 | 9,720.1 6.2 1.4 4.8 0.0 7.2
2 36 16.0 | 5,340.0 0.00 | 19.2 | 10,461.1 6.2 4.1 2.1 0.0 7.2
2 48 14.0 | 5,240.0 0.00 | 29.1 | 11,290.7 13.0 7.3 5.8 0.0 16.7
2 60 14.0 | 5,120.0 1.23 | 32.3 | 12,956.0 27.9 12.9 13.0 2.0 40.0
2 72 14.0 | 4,840.0 0.46 | 23.6 | 13,419.3 27.9 10.2 16.1 1.6 30.9
3 36 | 0000 — — [ 24.2 | 11,0784 7.6 4.9 2.7 0.0 9.6
3 48 18.0 | 8,440.0 0.00 | 23.6 | 12,746.2 12.9 7.5 5.4 0.0 14.9
3 60 16.0 | 7,860.0 0.00 | 25.5 | 14,848.4 22.0 10.6 11.4 0.0 24.4
3 72 17.0 | 7,720.0 0.00 | 36.3 | 18,732.5 55.2 28.7 26.5 0.0 66.1
4 36 | 0000 — — [ 12,0 | 9,706.9 2.5 1.3 1.3 0.0 4.0
4 48 21.0 | 5,560.0 0.00 | 19.4 | 10,874.6 6.9 3.4 3.5 0.0 10.1
4 60 20.0 | 5,540.0 0.00 | 28.9 | 14,620.8 20.4 10.4 10.0 0.0 25.3
4 72 21.0 | 5,240.0 0.00 | 39.6 | 17,997.6 50.6 26.5 24.1 0.0 71.7
5 36 | 0000 — — | 3.0 8,716.0 0.9 0.2 0.7 0.0 1.0
5 48 45.0 | 16,160.0 0.25 | 24.6 | 12,460.5 13.0 7.4 4.2 1.4 16.5
5 60 43.5 | 15,668.0 2.00 | 29.4 | 15,763.7 29.6 15.3 9.9 4.3 34.7
5 72 44.7 | 14,402.0 0.80 | 43.9 | 20,411.3 68.8 37.8 26.0 5.0 78.4

04 O0000O0OO0OOO0D1I000000
Table 4 Rescheduling plan summary (average of 10 trials).

No. 00 (h) ooooo ooooooD ooooo
5 48 11.0 123.0 7.0
5 60 12.0 127.4 7.7
5 72 12.0 132.9 8.0
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05 O0O0O000000O0O0O00001I000000
Table 5 Solution time without set-covering relaxation (average of 10 trials).

No. | OO (h) Vi S|PF| | 0OOO (s)
4 36 | 9.2 | 9,997.4 2.8
4 48 | 26.4 | 17,068.8 18.8
4 60 | 45.4 | 27,991.1 76.5
4 72 | 85.1 | 49,856.4 309.6

obooooobooobooooboooboooooboocoooo
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——vith set-covering
relaxation

— = without set—covering
relaxation
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Fig.7 Iteration and objective value (1st trial at No 4, h = 60 hours).
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