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Overview

Part I:

e Problem Definition

e Flow Based Model:
— Train length problem

— Other Solvable Cases

Part II:

e Hard Cases

e Open Problems



Problem Definition
Goal
Given: Periodic train schedule (times, stations)
Produce: Minimum cost train assignment
Example: Minimize number of cars
Constraints and Variants

Maintenance: Cleaning, supplies, safety inspec-
tions, repairs...

Routes: Empty movements allowed? Variable
train sizes? Identical cars?...

Station Limits: Capacity, track topologies and
shunting, train arrival safety time buffers...
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CISALPINO Example

Basel 6:17

Firenze 16:00

Geneve 6:05
Geneve 9:05

Milano
Milano
Milano
Milano
Milano

7:15

11:10
17:10
17:55
18:10

to Milano 10:50
to Zurich 22:53
to Milano 9:50

to Venezia 15:57
to Stuttgart 14:00
to Stuttgart 17:00
to Basel 21:41

to Zirich 21:31
to Geneve 21:55

Stuttgart 10:02 to Milano 16:45
Stuttgart 16:02 to Milano 22:45

Venezia 17:00

Zurich 6:33
Zurich 7:04

to Geneve 23:55
to Milano 10:15
to Firenze 14:06



Departure
station | time

Arrival
station | time

A 7:45
B 15:00

Time
14 16

6 8 10 12

v
Station A
B

B 12:45
A 20:00
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Departure Arrival
station | time | station | time

A 745 B 12:45
B 10:30 A 15:30
Time

6 8 10 12 14 16 18 20

Station A
B

. Departure Station . Arrival Station

Scheduled Route
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How Many Trains?

e Solution: A set of cycles

e Cycle: Represents what a set of trains do

e Cycle Length = Number of Trains
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Transform to Graph

Arrivals Departures
A at 15:00 @ —= @ D at 12:15
B at 11:00 @ —= @ D at 22:10
Bat14:20 @ —= @ Cats5:10
C at 12:.00 @ « @® A at 9:50

Cat15:35 @ —= @ B at 11:00
D at 8:05 @ = @ C at 12:05
D at 19:08 @ —= @ C at 15:00
Eat12:12 @ = @ E at 6:00

Route: Leave A at 9:50, Arrive C at 12:00

Map routes to arrival and departure nodes.



Bipartite Matching

Arrivals

A at 15:00

B at 11:00

B at 14:20

C at 12:00

C at 15:35

D at 8:05

D at 19:08

E at 12:12

Wait for next departure

Departures

D at 12:15

D at 22:10

C at 5:10

A at 9:50

B at 11:00

C at 12:05

C at 15:00

E at 6:00

Edge weights = Train waiting times



Faster Basic Rostering

Compute:

1. Number of trains to start with

2. Assign trains to routes
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What did we solve?

e Cost: Number of trains:
— Each train is an identical unit.

— Each route needs one train.

e [ here are no empty train movements.

e NoO trains need maintenance. Ever.



Bipartite Matching

Arrivals Departures
A at 15:00 @ — @ D at 12:15
94/,:7
B at 11:00 @ e @ D at 22:10
Bat 1420 @ @ C at 5:10
/ -
C at 12:00 @<~ @ A at 9:50
\\\ -
NS
C at 15:35 S SO @ B at 11:00

. W@ cati20s

AN

@
D at 8:05 @
@
@

D at 19:08 @ C at 15:00
E at 12:12 @ E at 6:00
B « ENPTY
- 7D CS

Wait for next departure

Edge weights = Train waiting times



The Train Length Problem

e Cost: Number of cars (train units)

— For each route a minimum number of
units is needed

— Each train unit is self powered (i.e. no
locomotives)
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Min Cost Flow Circulation

For every route:
1. Min Train Length: [;;

2. Linear Cost Function: ¢;; - ;4

Min Cost Flow Circulation:

Minimize
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Periodic Timetable = Periodic Solution?

For a daily schedule, does a station start each
day with the same number of trains?
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Periodic Timetable = Periodic Solution?

For a daily schedule, does a station start each
day with the same number of trains?
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Periodic Solutions

e easy to follow

e used by railway companies

Are they optimal (w.r.t. more general ones)?
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Further Desiderata
e Equalize Mileage

e Overnight wait vs Station security
NO OVERMIGHT
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