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Modelling needs assumptions...

A farmer has some chickens who don't lay
any eggs. The farmer calls a physicist to
help. The physicist does some calculation
and says "I have a solution but it only
works for spherical chickens in a vacuum!".
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Functional requirements from real-time traffic
management

Infrastructure Rolling Stock Operations
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Example: Railway network of the Railway
~operations laboratory (EBL) at the ETH Zurich

Source: archive of the institute for
transport planning and systems (IVT)
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Example: Railway network of the Railway
operations laboratory (EBL) at the ETH Zurich

: archive of the institute for
rt planning and systems (IVT)

Utal

= Macroscopic representation
of the entire network
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Example: Railway network of the Railway
operations laboratory (EBL) at the ETH Zurich

Source: archive of the institute for
transport planning and systems (IVT)

Ypslikon

= Microscopic representation
of station Ypslikon

E108—0 w10 -
W __F208—0 \ 53

w9 w8

N
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Functional requirements from real-time traffic
management

Infrastructure
= Macroscopic

= Microscopic
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Functional requirements from real-time traffic
management

Infrastructure
= Macroscopic
= Mesoscopic
= Microscopic
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Functional requirements from real-time traffic
management

Infrastructure
= Macroscopic
= Mesoscopic Functional requirement (Radtke 2014)
= Microscopic "the microscopic infrastructure is not only

suitable but even mandatory for exact
running time calculation, timetable
construction, possession planning and
railway operational simulation, conflict
detection and resolution.”

Radtke A (2014) Infrastructure modelling. In: Hansen IA, Pachl J (eds) Railway Timetabling and Operations, 2nd edn, Euralil
press, Hamburg, Germany, chap 3, pp 47-63.
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Functional requirements from real-time traffic
management

Rolling Stock
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Example: Speed limits on consecutive sections

speed

speed limit

| | Jsection
1 | 2 | 3
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Example: Speed limits on consecutive sections

speed

Maximal speed speed limit

| | Jsection
1 | 2 | 3
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Example: Speed limits on consecutive sections

speed

Maximal speed speed limit

Realizable speed

| | Jsection
1 | 2 | 3
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Functional requirements from real-time traffic
management

Rolling Stock

= Maximal speed
= Realizable speed
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Functional requirements from real-time traffic
management

Infrastructure Rolling Stock Operations
= Maximal speed
= Realizable speed
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Functional requirements from real-time traffic
management

Operations
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Functional requirements from real-time traffic
management

Operations
= Monitoring
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Functional requirements from real-time traffic
management

Travel with Dep. Prognosis To Platformi Station Occupancy

] = Monitoring
ICN 1532 : ; Liss . : ) . ._ ) " PunCtuaIity

S 29 6673

S 317366 Porrentruy
Olten 17:48

(Olten - Luzern) Construction work: Brittnau-Wikon - Dagmersellen {SBB CFF FFS) IR Olten - Luzern Between
Brittna on and Dagmersellen on the Olten - Luzern line, only limited train sen are operating. IR Olten - Luzemn
[
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Functional requirements from real-time traffic

management

Travel with Dep. Prognosis To

ICN 1532 ca. +3 min

S 29 6673

$ 317366

Luzern
Olten 1
Luzern
[&] (Oiten - Luzern) Construction work: Brittnau-Wi
Brittnau-Wikon and Dagmersellen on the Olten - L
[
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Operations

= Monitoring

= Punctuality
= |nfrastructure

Ambra Toletti et al.
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Functional requirements from real-time traffic
management

Operations
Travel with Dep.  Prognosis To latronnrstation Occupancy | M on |t0 rl N g

17:32 ca. +7 min Basel SBB 1. 8§ 2. §if
Olten 17:32 - Liestal 17:47 - Basel SBB 17:59

17:40 ca. +3 min : - P — . ton 8 . P u n Ctu al ity
" = |nfrastructure
= Rolling Stock

S 29 6673
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Functional requirements from real-time traffic
management

Travel with Dep. Prognosis To Platformi Station Occupancy

Operations

= Monitoring
e e — = Punctuality
ATl Tl [ e BN = |nfrastructure
= Rolling Stock
= Staff

S 29 6673
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Functional requirements from real-time traffic
management

Travel with Dep. Prognosis To Platformi Station Occupancy

Operations

= Monitoring
= Punctuality
LA | i 755 g e . Infrastructure
Rolling Stock
Staff

S 29 6673
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Functional requirements from real-time traffic
management

Operations

= Monitoring
= Punctuality
= |nfrastructure
Rolling Stock
Staff
= |ntervention

Functional requirement (Corman and Meng 2013)
Actions considered by rescheduling:

= re-timing an event (e.g. the arrival at or the
departure from a station);

= re-ordering trains on a shared infrastructure;
= |ocal re-routing (e.g. platform change);

= global re-routing;

= re-servicing. < Breaking connections, cancelling trains, skipping or adding stops

Corman F, Meng L (2013) A review of online dynamic models and algorithms for railway traffic control. In: Intelligent Rail
Transportation (ICIRT), 2013 IEEE International Conference on, pp 128-133, DOI 10.1109/ICIRT.2013.6696281
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Mathematical models

Continuous time

= Event Scheduling Problem (ESP);

= Alternative Graph (AG);
= Flexible Path (FP).
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Discrete time

Arc Packing Problem (APP) and its
weak version (APP’);

Path Packing Problem (PPP);
Arc Configuration Problem (ACP);
Path Configuration Problem (PCP);

Resource Tree Conflict Graph
(RTCG) and Tree Conflict Graph
(TCG),

Resource Conflict Graph (RCG);

REFormulated Simultaneous train
Rerouting and Rescheduling (REF-
SRR).
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= Alternative Graph (AG);

= Flexible Path (FP). -

U%!nsﬁtuf flir Verkehrsplanung und Transportsysteme
Institute for Transport Planning and Systems Ambra Tolettietal. | 23.07.2015 | 32



Mathematical models

Continuous time
= Discrete events: v¢
= Times: t¢ >0
= Fixed routes
- Train run:

cType:tg, —t5 = f(5 s,

U%!nsﬁtuf flir Verkehrsplanung und Transportsysteme
I Ambra Toletti etal. | 23.07.2015 | 34

nstitute for Transport Planning and Systems



Mathematical models

Continuous time

Discrete events: v¢
Times: t£ >0
Fixed routes

- Train run:

cType . tg, — I, 21&31,32)

* Sometimes referred to as passing constraints
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cRun: minimum running time
cRun: maximum running time
cDwell: minimum dwell time

cDwell: maximum dwell time
cPass: earliest time*
cPass: latest time

cOveralll cOverall :
minimum/maximum running time
from the departure from the first
station v to the arrival at destination
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Mathematical models

Continuous time

= Discrete events: v¢
= Times: t¢ >0

= Fixed routes

- Train run:
cType :ts —ts > f7
ype - lg, —Ig, —f(ShSz)
- Interactions = cConn: minimum connection time

W - W = cConn: maximum connection time
cType g, — 15, > f

(51.57) = cDep/ cDep : minimum/maximum

(W Z Z,W Z W W,Z
cHead : (IS;.; —I5, = f(s],52,53,54)) v (ISI —Is, =2 f(Sl 152153154))

** usually defined for ESP only
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Mathematical models

cPass
cllun @ (DUJPEEQ cRun (Zj (Dmrll@

= ESP

cConn
cDep _
cConn
i @ / 2\ @ /’ﬁ\ /\ /)\ \
Ug cRun @ cDwell Td cRun Qf/’v cDwell Yd cRun W cDwell\_W;
cRun cRun (Dwrii cRun cRun
- AG @10\ ()111\2 @ \ ’02 "/JID; Uit
cStart cRun cRun cDwell cRun clRun "
Heoad cConn
vo cHead
cConn
cStart 2 [ 9 2 9
v v v V..
@ cRun clRun cDwell KCB cRun @ cllun Euwiy
cOut
cPass
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cRun
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Mathematical models

Continuous time

Discrete events: v¢
Times: t£ >0
With routing: x¢ € {0,1}

XH =1
{ o Vz

xDZ — 1
Z X; = Z x; VJ,Vz
ics_(J) ved, (J)
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Mathematical models

Continuous time

Discrete events: v¢
Times: t£ >0
With routing: x¢ € {0,1}
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-Train run:
cType 15, —t5, +M(1—x7) > f(ZShSz)

-Interactions
Type:tf, 15, +M(1 )+ M(1—x}) = fi"s

cHead 15, —t5, + Mh;" + M(1 —x;) + M(1 =) >[5, 5. 5
r5, 13, F M) ML) ML X)) = 5
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Mathematical models

Continuous time

= Event Scheduling Problem (ESP);

= Alternative Graph (AG);
= Flexible Path (FP).

U%!nsﬁtuf ftir Verkehrsplanung und Transportsysteme
Institute for Transport Planning and Systems

Discrete time

Arc Packing Problem (APP) and its
weak version (APP’);

Path Packing Problem (PPP);
Arc Configuration Problem (ACP);
Path Configuration Problem (PCP);

Resource Tree Conflict Graph
(RTCG) and Tree Conflict Graph
(TCG),

Resource Conflict Graph (RCG);

REFormulated Simultaneous train
Rerouting and Rescheduling (REF-
SRR).
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Mathematical models

Discrete time

= Action: a
= Decision: xZ € {0,1}
- Train run: Uniqueness and continuity

Z <1 Vz

acdy(s:)

Z Xy — Z X, =0 vvé{szatz}avz

acdy(v) acd_(v)
= Decision for a sequence of actions: x, € {0,1}
- Train run: unigueness:

fo,gl Vz
p
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Mathematical models

Discrete time

= Action: a = aStart: departures from the first
= Decision: x; € {0,1} node;

- Train run: Uniqueness and continuity aEnd: arrivals at the last station;
= aRun: runs;

Z X, <1 Vz = aDwell: dwells in stations;
a€d(s:) = alnfeasibility: infeasibility

Z Xy — Z X, =0 vvé{szatz}avz

acdy(v) acd_(v)
= Decision for a sequence of actions: x, € {0,1}
- Train run: unigueness:

Y5, <1 vz

p
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Mathematical models

Discrete time

= Action: a
= Decision: xZ € {0,1}
- Conflicts
Z(Z a)er?; <1 VCe (5;»,1’

= Decision for a sequence of actions: x, € {0,1}
- Conflicts:

Z(Z’p)ﬂc%@.x;}, <1 VC € Cgr,i’
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Mathematical models
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Matematical Models

Functional requirements

Meeting functional requirements with
mathematical models
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Table 1 Models and functional requirements: x means that the model satisfies the functional requirement;
(x) means that the requirement is satisfied off-line (i.e. for timetabling); o means that there is a model
extension which satisfies the requirement

| continuous time | discrete time
=9 -9 O | & 8 d v 2 O
- = @) e O = ) o
902 £ < | E == B 25|22 |=
: Macroscopic X X X X
infrastructure o
microscopic X X X X X X
rolling max. speed X X X X X X X X X X
stock real. speed o o X X
timetable X X X X
closed tracks X X X X
operations re-timing (x) | x| x | (x) | (x)| (x) | (x) X (x) | x
re-ordering (x) | X | x | (x) | (x)] (x) | (x) X (x) | %
re-routing o x | (x) | (x) | (x) | (x) X (x) | x
connections ¢ X
cancel train o x | (x) | (x) | (x) | (x) X (x) | x
. : on tracks on paths
pairwise conflicts
conflict cliques

U%!nsﬁtuf ftir Verkehrsplanung und Transportsysteme
Institute for Transport Planning and Systems Ambra Toletti etal. | 23.07.2015 | 47



Conclusion and outlook

= Models that satisfy all the functional requirements
identified exist.

= Some models are very similar to each others.

= Future work:

= Develop a model for rescheduling starting from the current existing
models, which already satisfy the functional requirements.

= Take advantage of the similarity with scheduling models that have
fast solving techniques.
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ETH:urich

Thank you for your kind attention!

Questions?
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