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The Problem (TraVis by M.Kinder)
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Conflict-Free-Allocation
me 5255 .

ICE: F04-330

IWCE: 294-320

RE: 2553-225

ICE: 240-266

ICE: 231257

ICE: 1530-206
ICE 176-202

RE: 1383-175

IWCE: 122-1457

ICE 11&6-142
ICE: 1323137
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Railway Timetabling —

State of the Art
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Complexity

Proposition [Caprara, Fischetti, Toth (02)]:

OPTRA/TTP is NP-hard.

Proof:

Reduction from Independent-Set.
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Track Allocation Problem

Thomas Train Requests ‘ Scheduling Digraph ‘ Timetable
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Packing Models

= Conflict graph

= Cliques

» Perfect

Cacchiani (2007) — Path Compatibility Graphs
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Arc Packing Problem

(APP) o
max > Y PaTy
1€ acA .
S.t. >Sooxhb— Y ozt <§w) YweV,VieZ (i)
a€5,£OUt(v) aEcs,f;n(v)
SOy ot <1 Ve e C (ii)
1€ZacA
xt € {0,1} Vae A VieZI (iii)
Variables

= Arc occupancy (request i uses arc a)

Constraints

= Flow conservation and

(PPP) transformation from arc to path
= Arc conflicts (pairwise )

variables (see Cachhiani (2007))

Objective

= Maximize proceedings
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Packing Models

= Proposition:
The LP-
relaxation of
APP can be
solved in
polynomial
time.

= ..andin

W practice.
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Novel Model

= Track Digraph

>

= Timeline(s)

= Config paths

A

Artificial arcs represent valid successors !
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Path Coupling Problem

(PCP) |
max > > PuTp
pEP aEp
S.t. > zp <1 Veel (i)
pEP;
>, yg <1 Vyed (ii)
q€Q;
> oxp— Y yg <O Va € AN A; (iii)
aEpeP acqeQ
yg €1{0,1} Vqe Q;,VjeJ (iv)
rp €{0,1} VpeP;,Viel (v)
Variables

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

Constraints
= Path and config choice

" Path-config-coupling (track capacity) | (ACP) transformation from path to arc
Objective Function variables (see Borndorfer, S. (2007))
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=  Maximize proceedings
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Linear Relaxation of PCP

(MLP) |
max > D PaTp
pEP a€p
s.t. Sz, <1 Viel (i) '
2, o 80
> Yyg <1 VyjeJ (ii) TC 4
qEQ; ]
Y xp— Y yg <0 Va€ AruAjy (i) )\
aE€peP ac€qeQ a
0<y, <1 VYgeQ (iii)
dual variable information about useful to
’yz bundle price analyse request
7T ] track price analyse network
=== )\ a arc price -
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Dualization

(DLP)
min X mit
jeJ i€l
s.t Y+ 2 Aa
acp
T — > Aa
acq
Vi
Aa

VpeP,Viel
Vg€ Q;,VjeJ

Viel
V(IEA]UAJ
vjieJ

(i)

(i)
(i)
(iv)
(V)
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Pricing of x-variables

(PRICE (x)) 3p€P;i: v < X (Pa— Aa)
acp

Ca — —Pa + Aa

Pricing Problem(x) :

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

Schlechte

/

mJ

(PRICE (y)) dq € Qj . ;< > Aa

acq

Ca — —)\a,

Pricing Problem(y) :

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

(PRICE (x)) dPp€P;i: v < X (pa— Aa)
acp

E> M = g]ean Z(pa_ka)_%a Viel

acp

E> ni+v>> (pa—Xa) Viel,peP;

acp

E> n; + ~; satisfies (DLP)(7)
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And analogously ...

(PRICE (y)) - q < Qj : Uy < a%q)\a

0, = max A — i, V3 €J
E> J q€Q; C%:q ¢ J

|l> 9j+7TjZZ>\an€J,q€Qj

acq

E> 0; + m; satisfies (DLP) (i)
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Pricing Upper Bound

(max{n+-~, 0}, max{6+m,0}, ) is feasible for (DLP)

|l> /8(’77 T, >‘) = Z maX{’Yi+77i, O}_I_ Z max{ﬂ-j_l_ej) O}
i€l jeJ
e Lemma [ZR-07-02]: Given (infeasible) dual
variables of PCP and let v, ,(PCP) be the optimum
objective value of the LP-Relaxtion of PCP,

then:
v, p(PCP) < B(v,m, \)

Schlechte
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Model Comparison

e Theorem [ZR-07-02]:
The LP-relaxations of ACP

and PCP can be solved 1n APP
polynomial time. II
e Lemma [ZR-07-02]:
v; o(PCP) = v, 5(ACP) APP <> ppp

= v p(APP) = v, ,(PPP) ﬁ II

< v, (APP")
ACP <(—)> PCP
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Two Step Approach

TS-OPT

Duals by Bundle

ﬁ Method '1

1. LP Solving

A

Pricing by
oo | o
Shortest Path

T < 7

2. IP Solving

Rapid Branching
Heuristic
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Branch-Bound-Price

or Dive-Generate
/@

2
52,

J
el

Evaluation of only few highly different sub-

== problems at iteration j to reach IP-Solutions fast.
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Rapid Branching

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

Update [ S ] Column
Upper Bound Generation

Go on if target was reached, :> I
| J

otherwise pseudo-backtrack.
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Results

e Test Network

® 45 Tracks

e 37 Stations

e 6 Traintypes

e 10 Trainsets

e 146 Nodes

e 1480 Arcs

e 96 Station Capacities
¢ 4320 Headway Times

Thomas
Schlechte



33

Model Comparison

e Test Scenarios

H __I \ @ ‘E‘ @ ‘@]@ Animation IE
[ ] 1 46 Tra I n Req uests ST = Network display : Blocking time gis“m,jg S—

58 324-329
ICE: 321-324

Problem information ¥

5B:316-321
e 285 Train Requests LT i s
Tracks 58: 301-306
IC: 296-299
e 570 Train Requests i I 5257 2
g 58: 282-287

17-2
18-1 58: 277-282
; (| IC: 274-277
L E RE: 270-274

19-1 [

19-2 3B 262-267
20-1 ICE: 259-262
RB: 256-260
;2_i 5B: 251-256

21-2
22-1 SB: 241-345

22-2
= RE: 232-236

5B 227-232
5B 222-227

e Flexibility s
e 0-30 Minutes

58 212-217
ICE: 204-207
538: 199-204
ICE: 196-199
RE: 155-182
5B: 183-188

e earlier departure penalties

5B 169-174
5B 164-169

IC: 156-159

e |ate arrival penalties

FB: 143-147

YU WG TR RV AN

e train type depending profits
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Run of TS-OPT /LP Stage

5 scenario 570 trains

X10

10

B(y, 7, A)
of | —v(RPLP)|

objective value

20 40 60 80 100 120 140
Thomas. column generation iterations
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Model Comparison

4 scenarios 146

T e dJ

. 3 arEy
__ . (APF]
...V, ,(ACP)
—V,,(ACP) |
v, o(PCP)
v, (PCP)

objective value

i i |
2 6 10 14 18 22 26 30
flexibility t
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Model Comparison

2x 10° I scerllarios 285 | 4X 10° I I sclenarios 5|70 I

1.8 - f 3.5

1.6F 4 _.::::-r(.w”'-

145 ] il |
% 1.2 ] % 250 ‘“VLP(APP,)
FE  [--vie(APPY 5, v, (APP)
i [ —VieAPPY & ...V, (ACP)
o R N __v,,(ACP)

o / —V;p(ACP) s : v, p(PCP)

4 =l o5’ i v,,(PCP)

: |—Vv,p(PCP) Z B(RPLP)
0/ 6 10 ' 18 52 26 3 %z 4 6 : 0 12 14 16 18

14 8 1
flexibility © flexibility ©

For details see [ZR-07-02, ZR-07-20].
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Outlook

Algorithmic Developments
e Bundle method ‘e
e Model refinement (connections) 0 é
e Adaptive IP Heuristics

e Dynamic Discretization

Simulation of results by

Railsys® |
=
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