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Liberalisation — 01.01.2010

Purely commercial rail passenger services in Europe

B | Market closed for commercial national
rail passenger services,

Open access, but no external RUs
providing commercial national rail
passenger services .

— Open access with external RUs providing
commercial national rail passenger
services.

W | AT and CZ: commencing end of 2011,
external RUs providing purely
commercial national rail passenger
services,
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Liberalisation — Overview

Liberalisation time line

1 January 1993
Access for international groupings providing international services and for international combined transport
goods service providers

15 March 2003
Access fo the Trans-European Rail Freight Network for international freight services

1 January 2006
Access to the entire EU rail network for international freight services

1 January 2007
Access to the entire EU rail network for all types of rail freight (including domestic)

1 January 2010
Access fo the infrastructure in all EU Member States for the purpose of operating international passenger
services (cabotage permitted)

? December 2019
Access to the infrastructure in all EU Member States for all rail services, including domestic passenger
services
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Public Sector — Accessibility /Mobility

Individual Motorised Transport 1950 Public Transport

Figure : Mobility evolution in Switzerland?
— source: Entwicklung der MIV und OV Erreichbarkeit in der Schweiz:
1950-2000; Ph. Frohlich, M. Tschopp and K.W. Axhausen
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Market Settings
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Update of Planning

STRATEGIC - several years
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Rolling
Stock
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How to Measure Quality of a Timetable?

Timetable

\&

©

Waiting Time

VAN 777
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Transfers



Being on Time

Scheduled Delay

» Time

= Scheduled delay times value of time (Arnott et al. (1990))
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Running time multiplied by the value of time (Axhausen et al.
(2008))

Waiting time multiplied by the value of waiting time
(Wardman (2004))

Minimum transfer time multiplied by the number of transfers
and the value of waiting time (Wardman (2004))
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Ideal Timetable

The ideal timetable consists of such train departures that the
passengers’ global costs are minimized, i.e. the fastest most
convenient path to get from the origin to the destination
traded-off by a timely arrival to the destination for every

passenger.



set of origin-destination pairs

set of time steps t in the planning horizon

set of ideal times for OD pair i

set of operated lines

set of available vehicles on line /

set of possible paths between OD pair i

set of lines in the path p

running time between OD pair i on path p using line /
time to arrive from the starting station of the line / to
the origin of the pair i

demand between OD i with ideal time t’

minimum transfer time

cycle

value of the waiting time

value of the in vehicle time

coefficient of being early

coefficient of being late



the total cost of the passengers with ideal time t’ between
OD pair i

the total waiting time of the passengers with ideal time
t' between OD pair i

the total waiting time of the passengers with ideal time
t' between OD pair i using path p

the waiting time of the passengers with ideal time t’
between OD pair i on the line / that is part of the path
p

1 — if the passengers with ideal time t' between OD pair
i choose path p; 0 — otherwise

the final scheduled of the passengers with ideal time t’
between OD pair i

scheduled delay of the passengers with ideal time t’ be-
tween OD pair i traveling on the path p

the departure time of a train v on the line /

1 — if the passengers with ideal time t’ between OD pair i
on the path p take the train v on the line /; 0 — otherwise
frequency within cyclicity



Objective

min Z Z Dt .ct
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Feasibility Constraints
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Case Study — Israel

Nahariyya O

Passenger Station O
Ao Nahariyya - Be'r Shova Route emmme
Kiryat otzkin
i | Nhahriyya - Modi'in Route
Kiryat Hayyim O

Haifa - Kiryat Motzkin Route e
Hutsot HaMifrats O

Binyamina - Ashkelon Route e

Lev HaMifrats O

Haifa Center O
a

HaShmon: Kfar Sa

Be'er Sheva - Dimona Route
Haita Bat O
Gallim

TA. - Jerusalem Route

Haifa Hot O
HaKarmel

Atit O

Binyamina O

Kesariyya - Pardes Hanna

Kefar Sava -
Nordau
(AKos

Hod
HaSharon-
Sokoloy tyuk)

et T the ke
Savidor ' f A
wnaann 1 1L
LA Hahsases of Airport Center
o o o
-
e
Lod O Ramla 20
Rishon O o O
HoRiabame iy Shimesh Mo

Lehavim-Rahat
ODimona

heva Center

OD Matrix for an
average working day
(Sunday to Thursday)
in Israel during 2008
48 Stations

2256 ODs

36 (unidirectional)
lines

389 trains



Too Heavy — Branch-and-Price Framework

= Initial Solution
= Column Generation — Lower Bound

= Branch and Bound — Optimal Integer
Solution
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B S

@
H e Train Timetable
Iniial elumns 'l‘ Petah Tikva Kiryat Arye
CSepesssssemer’ towards South
Tel Aviv - University towards
North

11:25 - Nahariyya

11:31 - Hod HaSharon
11:45 - Akko

12:11 - Hod HaSharon

12:11 - Binyamina

12:25 - Nahariyya

12:31 - Hod HaSharon

12:45 - Haifa Center HaShmona
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e s,

Master Problem (MP)

Idea

= Formulated as a Set Partitioning Problem

= Decision variables are relaxed, solution
space restricted

= Consists of the feasibility constraints
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MP — Column

(Ll
=& TRANSP-OR

OD Dair i at time t’

Tirme |
Line Time 2.
Tirme |
Line 2 Time 2.
Line 3 Tirme |
Time 2
Line 4 Tirme |

Time 2
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set of all possible assignments
set of origin-destination pairs
set of all time steps
set of times that there is a demand between OD
i
set of operated lines
cycle
cost of the assignment a
demand using assignment a
number of available train units on line /
1 if OD pair i at time t’ is assigned in assignment a,
otherwise.

if the assignment a is using line [ at time t,
otherwise.

o = O



MP — Decisions

Solve Master |
Problem

So e JENRE LS

=& TRANSP-OR

o+ oOR

if assignment a is a part of the solution,
otherwise.

if there is a train scheduled on line / at time t,
otherwise.
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Sub-Problem (SP)

Idea

= run for each OD pair /, each ideal time
t' € T' and each path p € P’ separately

= Consists of the pricing constraints

Dual Variables

/
= o, B
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.

Pricing Solver

D SR g
with Negative

Reduced Cost

v

the origin destination pair

ideal travel time for OD pair i
path of the sub-problem

set of all time steps

the sequence of lines used to get
from the origin to the destination
running time of line /

running time to get from the start-
ing station of the line / to the first
station on the same line included in
the current path

the minimum transfer time

the value of time spent waiting
the value of time spent in vehicle
coefficient of being early
coefficient of being late



SP — Decision Variables

LIPS

..... T N g
with Negative
Reduced Cost

v

“Z TRANSP-OR

betaf

w

wi

aQ

1 if line / is used at time t,
0 otherwise.

the total waiting time of the

passengers

the waiting time of the passen-

gers when transferring to line /

scheduled delay of the passen-

gers

the cost of the passengers

N ()
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SP — Model
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State of the work

= Original Formulation — currently processing
= Initial Solution — halfway

= Master Problem — ready

= Sub-Problem — ready

= Data Processing — halfway
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New planning phase based on the demand
In line with the new market structure
Can handle both non- and cyclic timetables

Takes care of the connections, in the current practice:
— does not exist
— always imposed
Returns ideal timetables, its cost and the routings of the
passengers
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Thank you for your attention.
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