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Zuse-Institute-Berlin (ZIB)

Konrad Zuse was the creator
of the first fully automatic,
programm controlled and
freely programmable
computer working in binary
floating point arithmetic. The
Z3 was finished in 1941.
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Planning in Public Transport

Stragetic Tactical Operational

Stage Stage Stage

Y V
resource aquisition resource allocation
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Timetabling (PESP & TTP & TPP)

periodic passenger
versus
individual cargo traffic

Optimization Model
maximize

track utilization
timetable attractiveness

subject to

safety requirements
time windows
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Railway Timetabling (TTP) -

State of the Art

Charnes and Miller (1956), Szpigel (1973), Jovanovic and
Harker (1991),

Cai and Goh (1994), Schrijver and Steenbeck (1994),
Carey and Lockwood (1995)

Nachtigall and Voget (1996), Odijk (1996) Higgings,
Kozan and Ferreira (1997)

Brannlund, Lindberg, Nou, Nilsson (1998), Lindner
(2000), Oliveira and Smith (2000)

Caprara, Fischetti and Toth (2002), Peeters (2003)
Kroon and Peeters (2003), Mistry and Kwan (2004)
Barber, Salido, Ingolotti, Abril, Lova, Tormas (2004)
Semet and Schoenauer (2005),

Caprara, Monaci, Toth and Guida (2005)

Kroon, Dekker and Vromans (2005),

Vansteenwegen and Van Oudheusden (2006),
Cacchiani, Caprara, T. (2006), Cachhiani (2007)
Caprara, Kroon, Monaci, Peeters, Toth (2006)
Borndoerfer, Schlechte (2007)

Fischer, Helmberg, JanBBen, Krostitz (2008) ...

non-cyclic timetabling literature




Computational Complexity

Proposition [Caprara, Fischetti, Toth (02)]:
OPTRA/TTP is afp-hard.

Proof:

Reduction from Independent-Set.

Thomas
Schlechte

B - » » »

(1,5) (2,5) (2,;1) (3,4;) (4,;) t



Microworld (htto.// www.railml.org)
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® RailML Standardization

« Infrastructure (lines, switches, signals, gradient

« Rolling Stock (engine, brakes, wagon ...

o T[]

imetable

B% The railML.org Initiative - Mozilla

. Ele it Wew Go Bookmarks Iook Window Help

[ @0 @ @ @ S Ptpi{fwinraiml. orgfenyintroduction/introduction. bl =] [Cusearch éa

.| 48 Home E5Bookmarks < The Mozila Or... % Latest Builds

RailML.org wiki | Forum | C p  Imprint

T Jsearch

v

The railtiL.org mmamg was founded in early 2001 against the background of the chronic dificulty of connecting different raitway IT applications. Its main objective is to enable
with each other. Today, the connection of various raitway software packages is beset with problems. The purpose of the
TAML b Fiatve b Bozn 10 find, iocuse and present 2yetomatis, AV basad salfions for a4 Sath axchangs setwaen raibway applications

v

Since 2001, on the basis of information on the railvIL.org website, our project partners have been working on the simplification of data links for information exchange between differert
| computer applications. The result has been the development of the Railway Markup Language - railML® - which delivers a universally applicable data exchange format and is thus I
| ] making a substantial contribution to this simplification |

v

RailMLB s it evlutonaty roject of by companies, cofre and conauling i, snd acsderic nsttuions ocated n 3 umbar of courtriss. The Fraurthofer it for
Transport ani Systems (V) and this initiative. The railMLE standard is not the product of central bodies. Instead, it has been developing in a
Vet WSS e amnng he miahed partnore. All merosted insiulions and busnesses are inited (o contaet us and particinate in the raL.crg Itete.

v

This website provides additional information on our project. The results to date of railML org are available for download fiom this website, subject to our licensing conditions. You wil
find XML schemas, sample data files and the detailed ralML® specifications.

Home | Wiki | Forum | Contact | Siternap | Imprint
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From Microscopy to Macroscopy

N/ N N7 2N
N N
Block & Signal System Station Layouts
Headways Station Capacities

2 (3 |4 | |
1 |1 |2
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Macroscopic Infrastructure

* Traintypes =
« Stations (standard, deadend or pseudo)

« Capacities (per traintype, per mode) ®

« Turnaroundtimes (per traintype) A
 Tracks (connecting sides of stations)

 Driving Times (per traintype, per mode)

« Headway Times (per traintype combination)

MacroInfra.xsd -
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Train Requests

e Traintype and utility value e
e Departure Station

 preferable time window (min,opt,max) ®
* Arrival Station

 preferable time window (min,opt,max)
e Optional Stops €
e preferable arrival time window
 preferable departure time window
 preferable dwell time (min,max)

RequestSet.xsd
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Train Timetabling Problem

set of train request

set of railway slots for request 1 € I
conflict sets, {(P; € 27, kq)}

utility of e € I forpe P
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Optimization Approach

Timetable
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Schlechte




15

Overview

Thomas
Schlechte

1. 1dea & Motivation

2. Train Timetabling Problem
3. Column Generation Approach
4. TTPLib 2008




16

Packing Models

Conflict graph

Maximal cliques
f) Perfect graph

Thomas
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Lukac (2004) - conflict graphs of quadrangle linear
headway matrices

Borndorfer, Schechte(2007) - conflict graphs of block
occupation (interval graphs)
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TTP as Path Packing Problem

(PPP)
max > ul
1€ peP; b p
S.t. > ZU;’) <1 Viel (i)
=
> xp < Ke Vee C (i)
pec
r, €1{0,1} Vpe P,Viel (i)
Variables

®  Path usage (request i uses path p)

Constraints
® Do no violated conflict sets
Objective

= Maximize proceedings/utility PhD Thesis V.Cachhiani (2007) - details
P g on TTP formulated as (APP) and (PPP)
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Novel Model

Track Digraph

Timeline(s)

Config paths

Artificial arcs represent valid headways !
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Path Coupling Problem

(PCP) o
max Sy ubal
el peP; PP
s.t. > zp <1 Viel
pEP;
2. Yg =1 vied
q€Q;
2. Tp— 2. Yg =<0 Va € AfNA;
a€peP a€qeQ
yqg €1{0,1} Vqe Q;,VjecJ
zp €{0,1} VpeP;,Viel
Variables

®  Path und config usage (request i uses path p, track j uses config q)

Constraints

®  Path and config choice

®  Ppath-config-coupling (track capacity)
Objective Function

Thomas ™ .. i
Schlechte Maximize proceedings

(i)
(i)
i)

(iv)
(v)
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Linear Relaxation of PCP

(MLP)
max >y ul !
el peP; PP
s.t. Sy, <1 Viel (i) '
2 o 80
> yg <1 VjelJ (ii) 705
qeQ; ]
S oxp— Y oy <0 Va€e A;UA; (i)
a€EpEP P acqeQ ! )\CL
0<y, <1 VgeQ (iif)
dual variable information about useful to
’yz bundle price analyse request
7T ] track price analyse network
)\CL arc price -

Thomas
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Dualization

(DLP)
min > i+ >
JjeJ el .
s.t. vi+ S A > S ub VpeP,Viel (i)
acp acp
Ti— > Ag >0 Vg e Q;,VieJ (i)
acq
vi >0 Viel (i)
Ao >0 Va € AfUA; (iv)
M >0 Vied (v)
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Pricing of x-variables

(PRICE (x)) dp€P;: v < X (Pa— Aa)
acp

Ca — —Pa + Aa

Pricing Problem(x) :

Acyclic shortest path problems
for each slot request 1 with
modified cost function c !
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Pricing of y-variables

TN

1B

Thomas
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(PRICE (y)) dge Q] . o < Z_)\a‘
acq

Pricing Problem(y) :

Acyclic shortest path problem
for each track j with modified
cost function c !




PCP-Run of TS-OPT /LP Stage

5 scenario 570 trains

X10

10

“B(y, @, A)
of —vV(RPLP)|

objective value

20 40 60 80 100 120 140

column generation iterations
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Linear Relaxation

T

1 solve linear program by primal, dual simplex or
s barrier (interior point method)
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Cutting Planes

i~ current solution has fractional variables

s IMprove by valid cutting planes
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Branching

T

s current solution is infeasible (at least one forbidden
Thomas fraCtional Value)
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Branching on Variables

@)

= split problems into sub problems to cut off current
e solution

Schlechte




Branching on Constraints

T

@)

Ui split problems into subproblems to cut off current
solution
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Two Step Approach

Duals by
T5-OPT (> | LP-Solver (CPLEX) |,
Pricing by
1. LP Solving K= Column Dijkstra’s
Generation Shortest Path
N

N w

2. IP Solving [<—=| Rapid Branching
Heuristic
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Branch-Bound-Price

Evaluation of only few highly different sub-

problems at iteration j to reach IP-Solutions fast.
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Rapid Branching (S.Weider 2007)

Node selection of set of fixed to 1 variables by using
perturbated cost function (bonus close to 1.0).

ﬂ

Update

Upper Bound

é ll

Column
Generation

Go on if target was reached,
otherwise pseudo-backtrack.

o[ s ]




TTP-Models in TS-OPT

Theorem|[BS08]: The
optimal value (v, p(PCP)) Of

the LP relaxation of PCP can
be computed 1n polynomial —

time.

Theorem|[BS08]:

v p(APP) = v, ,(PPP).
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1. 1dea & Motivation

2. Train Timetabling Problem
3. Column Generation Approach
4. TTPLib 2008




TTPLib Concept

Infrastructure
Provider

Train
Operators
SELEHK

Bgagals
e,

i
.......
S
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Solution -
A Macroscopic Timetable

Schlechte

e List of scheduled train paths
« sorted list of used macroscopic tracks
e arrival times at visiting stations
 departure times at visiting stations

e
A
®
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3d Schedule by TraVis (by B.Erol)

Eile G options P Edit (@) Help

[ |w ] %% #] [@]0[8]@] mmum (o]

Network display 4] Blocking time display
@ Train paths ¥ 4

2 Solution ¥
a Tracks £

[057] 21-2
[058] 22-1
[059] 22-2
[060] 23-1
[061] 23-2
[062] 24-2
[063] 24-1
[064] 25-2
[065] 25-1
[066] 26-2
[067] 26-1
[068] 27-1
[069] 27-2
[070]79-1

n71170 2

@ stations &

[00] HLER -
[01] HHI
[02] HNOS
[03] HWU =
[04] HWHN
[05] HG
[06] FK
[07] FKW
[08] HEBG
[09] HWAR
[10] HA
[11] HHM
[12] HWEZ
[13] HLI -

[ERTRTIT

; Requests ¥

@ Traintypes £

= 497

[»

IC2546: 382-399

RB24306-2: 375-385
RE24484-3: 366-376

1]

524341-3: 334-348

ICE242/952-1° 317-327
RE24484-2: 306-3 16

59%341-2 274-288 L
1025465 269-272

RB34306-1 255-265
RE24484-1 246-256
REZ24208 237-247

REZEO4: 195-205
REZ5170: 184-194

1= 13 22-1 (HLER. - HH)

Memory usage: 116 MB | 12.11 %
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TTPLIb 2008 ritp.//ttplib.zib.de

¥ TTPLib: Train Timetabling Problem Library - Mozilla Firefox

Datsi  Beabsiten Ansicht Chionik  Lesszeichen  Estras  Hills

@ -

Teli) G

Lo @ D mesgl zb der

Train Timetabling Problem Library

Konrad-Zuse-Zentrum fir Informationstechnik Berlin (ZIB)
Division Scientific Computing
Department Optimization

HOME

Main Page
LIBRARY
Download
Submnission
INFORMATION
Bibliography
Conferences
DOWNLOAD

Traifis

DOCUMENTATION
Problem Descnption
Ezample
File-formats
Privacy Policy

Welcome to TTP-Lib

TTP-Lib is alibrary of test instances for the Track Allocation Problem initiated during the "Trassenbarse"-Fraject. Our
wigion is that TTPLib hecomes an important portal for everyone wiorking on the Track Allocation Problem also known
as Train Timetabling Problem. For this purpose we want to establish an library of test instances including informations
like bounds, best known solutions et cetera

In addition we provide TraVis, a wisualization tool based on JavaView . Mathias Kinder and Berkan Erol developed
this tool at ZIE to wisualize train timetabling problems in 3d; getting some useful insights. We cordially invite you to
download and use this instrument

TTP-Lib is maintained at ZIB by Ralf, Bornddrfer, Berkan Erol and Thomas Schlechte and has been launched
05/01/2008. Special thanks ta Soren Schulz, Andreas Tanner and Christian Weise for preparing the instances of
version 1.0

To attain this goal we require your help!

TTP-Lib is only useful if itis kept up-to-date and enhanced by its user. You can help us in various ways, e.g

+ submitting news test instances,

+ submitting new solutions or dual bounds for existing test instances,

+ using test instances from the TTPLID in your computational studies,

+ using visualization tool TraVis,

+ submitting nevs entries or corrections to the bibliography or the conference list,
+ joining our E-mail list ttplib@zib de,

+ referencing TTPLib and TraVis in your papers,

If you have any further information or comments to improve TTP-Lib, please do not hesitate and e-mail directly to
ttplib-webmaster@zib de.

Thomas
Schlechte

Fertig
dstat| B & (53 ? ) Mucke a0 EXTERN [H:] | | Microsaft PowerPaint . | (5 Zuse Institute Berlin - . | &2 optaD.zib.de - PUTTY | &) TTPLib: Train Tim... (£} Windows Media Player I « Z5®I[8] 1320
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TTPLib 2008 - Dummy Instances

* network wheel

e 11 train request scenarios

« contributed by A.Tanner ( WIP — TU Berlin)
« 10/11 solved to optimality by TS-OPT




“  TTPLib 2008 -
Hanover/Kassel/Fulda

e network hakafu

50 train request scenarios

 contributed by S.Schultz, A.Tanner and A. Reuther
» 42/50 solved to optimality by TS-OPT




“  TTPLib 2008 -
Hanover/Kassel/Fulda

» network hakafu_stations

50 train request scenarios

 contributed by S.Schultz, A.Tanner and A. Reuther
» 42/50 solved to optimality by TS-OPT
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TTPLib 2008 — wheel_req10.xml

Thomas
Schlechte

APP Cplex:
0096: Tsopt_CPLEX_Msg(): 36000 2311  572.8283 734  568.3799  680.5584 7685482 19.74%
0096: Tsopt_CPLEX_Msg(): Elapsed real time =
0096: Tsopt_CPLEX_Msg(): 6335.98 sec. (tree size = 14.52 MB
0096: Tsopt_CPLEX_Msg(): , solutions = 38
0096: Tsopt_CPLEX_Msg(): )
0096: Tsopt_CPLEX_ Msg(): 36050 2315 cutoff 568.3799  680.5584 7694860 19.74%
0096: Tsopt_CPLEX_Msg(): 36100 2317 cutoff 568.3799  680.5584 7701564 19.74%
0096: Tsopt_CPLEX_Msg(): 36150 2325  570.6950 530 568.3799  680.5584 7709180 19.74%
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TTPLib 2008 — wheel_req10.xml

ACP Cplex:

0096: Tsopt_CPLEX_Msg(): 400 93  595.5520 1602  595.2397  630.6793 243827 5.95%
0096: Tsopt_CPLEX_Msg(): 450 87 597.7870 522  595.2397  630.6793 258572 5.95%
0096: Tsopt_CPLEX_ Msg(): 500 103 cutoff 595.2397  630.6793 278680 5.95%
0096: Tsopt_CPLEX_Msg(): Elapsed real time =

0096: Tsopt_CPLEX_Msg(): 94.16 sec. (tree size = 0.24 MB

0096: Tsopt_CPLEX_Msg(): , solutions = 2

0096: Tsopt_CPLEX_Msg(): )
0096: Tsopt_CPLEX_Msg(): 1900 35 620.3472 555 620.1883 630.0373 871767 1.59%

Thomas
Schlechte
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TTPLib 2008 — wheel_req10.xml

Thomas
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ACP SCIP:

time | node |left ILP iterl mem Imdpt Ifrac Ivars Icons Icconslcols Irows Icuts Iconfsistrbrl dualbound | primalbound | gap

2963ml294600 | 109 199418kl 97MI 581 -1 11kI8692 18398 | 11kiI8325 | 781 27kl 105kl 6.233377e+02 |1 6.223653e+02 1 0.16%

2964ml294700 1 57199439kl 94MI 58| -1 11kI8683 18519 | 11kI83251 78| 27kl 105kl 6.232824e+02 1 6.223653e+02 | 0.15%

SCIP Status : problem is solved [optimal solution found]
Solving Time (sec) : 177894.99

Solving Nodes  : 294763
Primal Bound 1 +6.22365324690698¢e+02 (103 solutions)

Dual Bound : 4+6.22365324690698¢+02
Gap :0.00 %
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Please Contribute -
Improve TTPLIb !
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bl Prolem Liviory - Bzl Ficles HLIE
Dési Besbebn frch [hek  Lessmchen Eome Bl

E 0@ B e SIS =

o Welcome to TTP-Lib

{-'MMG TTP-Lib i< 3 Wbrary of t2at inslances for e Track AlCEnon Problemininatsd dring e Nbarsa™-Prajct. our
Sukmissivn isian Is thet TTPLIb becomes an importent portal for everyane working on the Track Allacation Problem aka kncwn
& Train Timetabling Pratlem. Fer this prposewe werkba establish on librery of testinstances including informations
BOSEMITITR ke bauncs, best ke oktions et celers.

Biblophy
Corferances n addition we provide TraVis, avisualization tacl based cn Javallew: hathiss Kindar and Berken Enal developed

this toal at AE b kL in 34, usefud insights YW cardially imita wou o
DOWILOAD wrioad an LSe This ISR

Tea¥s

DOCTMENTATION
‘Preblem Deserption
Taangle
File-Formatr
Fervacy Poliry

s maireained et 7B by Ria¥, Bornoortar, Berkan Erol and Thomes Schischs andhas bagn laurchad
050172008, Specialthanks to Seren Schulkz, Andraas Tarnat and Christian Weiss for preparing tha nstancas of
varsion 1.0,

To attain this goal we require your help!
TTP-Lib I anly useful i tis kept up-to-date and enhanced by s user. You can help Ls invericus weys, 9.

+ subeitiing riew test instances,

+ subenitting ne saltians or ol bounds for sdsting tast instencas,

+ using best instences fromthe TTFLibinyour computational sudies

+ usinguisualization tard Tralvis

. g OF COTREHONS 1o o e CONTErEnce 1L
« Jaining our E-mail It ok @b o,

+ Tefereriing TTPLIL and Travis in your papers,

Fyouhava any further infarmatian cr comments toimprove TTP-LIb, please do ot hesitate and a-mail drecthy to
tpdib-wabmastarBzit de.
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By submitting

* new test instances

* new solutions or upper bounds

* new entries to the bibliography and conference list

By using
e instances from the TTPLib in your computational studies
« free visualization tool TraVis
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Fon (+49 30) 84185-317 |
Thomas Schlechte Fax (+49 30) 84185-269
Zuse-Institut Berlin (ZIB) | gchlechte@zib.de
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