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Society

* Prefer as planned
* Less changes on short notice
» Fast-generated schedule after disruption
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Rail
Undertaking
Cancel fewer trains 7T
f . Short term
_____________________________________________ * Financial loss

'High cancellation cost .+ Employees’ working time loss |

’
_______________________________________________________________________________________________________________
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Rail
Undertaking
Cancel fewer trains 7T
f . Long term
_____________________________________________ ~ « Less trust from passengers

ngh cancellation Cost .+ Poor competitiveness
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Our scenario
Daily driver shortage

 Take leaves in short notice
* Insufficient standby drivers

Goal
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+oneBBRSERN )

[p—— -

« # Task cancellations
« # Changed tasks
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MILP problem

Obijective function

minimize f(xg,d' Zg,d)
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MILP problem

Obijective function

minimize f(xg,d' Zg,d)

Total number of
unassigned tasks
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MILP problem

Obijective function
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MILP problem

Constraints

* Consistent connections of time and geographical location
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MILP problem

Constraints

* Consistent connections of time and geographical location

Total working time

 Driver’s license

Rest
Break T: Break time duration

Maximum work hour without a break
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MILP Model with Approach Based on
Commercial Solver Tabu Search

- to get the optimal - less computational time
solution and space

- good enough result
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Tabu Search

A local search-based heuristic that avoids revisiting
solutions by recording the recent history of the search in
a short-time memory called Tabu List. [1]

[1] Froger, A. et al. (2016) ‘Maintenance scheduling in the Electricity Industry: A Literature Review’, European Journal of Operational Research, 251(3), pp. 695-
706. doi:10.1016/j.ejor.2015.08.045.
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Initial Solution

| " Tabu List
Generate Candidates i . i
. . i » Short-time memory
Not in Tabu List i . .
l . * Avoiding local optimum

Find Best Candidate

___________________________________________________
\
1
1
1
1

. Termination Criteria
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l .« Terminating the approach !
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Initial schedule s:

- Drivers with feasible schedules
- Unassigned tasks

- Standby drivers
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of s’

Termination Criteria?
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Initial schedule s:
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Feasibility Check

Equivalent with the constraints in MILP
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dlff
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Approach: Neighboring Solutions hu s
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B Selected unassigned task
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Strategy |: Directly assign to all drivers
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MILP Model vs Approach

Data size Method Time Space Successful Assigned Rate
EO.SO*La rge 1. ‘lt_S;dF T Tabu-Search-based Approach 9.7 s 0.16 GB 8/18
MILP Model (Gurobi 11.0) 0.7 h 12.24 GB 10/18
f_o__75_*|_;rg: } - _|'_m7di_ul;| Tabu-Search-based Approach  12.3 s 0.18 GB 12/22
| R B ———
,—_——— MILP Model (Gurobi 11.0) 7.5 h 35.00 GB 17/22
| One-day | _ -rl;g: T Tabu-Search-based Approach  21.7 s 0.20 GB 29/37

— — — —

\ Schedule J

MILP Model (Gurobi 11.0)

out of space
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Approach: one-day schedule

On-duty
88 drivers
On-duty
drivers 99 11
([ X
A S 16 Standby
Absent drivers
Unassigned
Standby O OO 42 / \l/ \
drivers YAV 16 tasks
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Approach: one-day schedule

Unassigned tasks

Before 42

Calculation Time: 19 seconds
Calculation Space: 0.2 GB

After 10
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Approach: one-day schedule Re-assigned Task
/ Deadheading Task

|'1_13'] L_____(-.-____-._._J /
112| L _ e _______ e __
111 b N _EmEm J
110[ | I e ]
106 | L D _ L __ N _
Standby |105 I e ___ L J
Drivers |104i ) L_______]_ __________ J
1103 - - IS S _
§|102 Lo ISR ______ ——_
9101 I POTEEE __ )
£ 100 | Lo___Jo___wewew______ E - S Unchanged Task
99 Lo POEE___ W
= Lo P SN _____ PSS ______ I /
| 64| L P .
_ LA _ SO __ e ________________
On'.dUty | :EI L. N e
Drivers I 30| L L. _________ L __ I
| 19 L S _——______ . _____________
lel SUSSSSSSS__ e ______ e I
—

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2
Time (h)
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Approach: performance
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Approach: performance

Assigned Rate Changes While Calculating with Different Value of ndiff
oo8y —11 /o

- 1 I J /_rl_ / \
— 3 [ Level of freedom |
— 5
0964 . | |
. | n4iff: maximum allowed |
Zu |difference between # |
e 0.94 | tasks unassigned from |
S | driver d and # tasks |
8 602 - \SSSIgned to driver d. /l
0.90 -

Time (s)
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— ~— A
Approach: performance  minimize f(xgq,254) =AY Y zga+ (1 —I\) N
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