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Railway Planning
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It all started . . .
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¢. 600 BC - A basic form of the railway, the rutway,
- existed in ancient Greek and Roman times, the
most important being the ship trackway Diolkos
across the Isthmus of Corinth. Measuring between 6
and 8.5 km, remaining in regular and frequent
service for at least 650 years, and being open to all
on payment, it constituted even a public railway, a
concept which according to Lewis did not recur until
around 1800. The Diolkos was reportedly used until
at least the middle of the 1st century AD, after
which no more written references appear.

Timeline of railway history; From Wikipedia, the free

encyclopedia
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Gotdimctions My places & co
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@ sthmia, Corinthia, Greece
s Destrten-Showpsors

~ Suggested routes
EL. Venizelou/EA. Bevidéhou 9.1 km, 12 mins

Palea EO Athinon Kotinthou! 11.4 km, 16 mins
Mlakaut O Abnviv Kopiveou

Driving directions to Isthmia, Greece
“This route has tolls.

Diolkos Studios
99 Posidoros st.
Loutraki 203 00, Gresce.
1. Hoad north on PosidonosiTlooeiBiovos

50m
2.Tum ight onto M. MerkouriM. Mepxodpn

-

[+ 3. Tum fght onto EI. Venizeloul/Epar.0d.
Megaron-Perachora/EA. BeviZéhou!
Enap.08. Meydpwr-epdxwpa
‘Continue to follow EL. VenizeiouEA.
Bevgehou
s3km
> 4 Tum fght onto Palea EO Athinon
Korinthoulfakoié EO Anviov Kopiveou
20m
1 5. Tum lft toward Epar.Od. Gefiras
Isthmou - sthmion/Emap.5. égupas
10800 - oty
Partal toll road

Figure : Source — Google Maps
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Railway Planning Horizon
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Day 0

Figure - Canadian Soldiers Building a Light Railway, [ca.1918]!
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Line Planning Problem
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Line Planning Problem (LPP)

Line(s)
Max Direct Pass.

“The TransSiberian Railroad in the Early 20th Century.
—
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LPP Model |

G=(V,E) — undirected graph G representing the railway network
veV — set of stations
ecE — set of edges representing the tracks between stations
peEP —  set of unordered pairs of stations (p = (p1, p2)) with positive demand
dp — number of passengers, that want to travel between stations p; and p,
E, — set of edges on the shortest path between stations p; and p>
de =3, ecE, d, — the total number of passengers, that want to travel along edge e
lel - set of potential lines (assumed to be known a priori)
E — set of edges of the line /
feF — set of potential frequencies
ceC — set of available capacities
iel — set of indices representing combination of assigned capacity ¢
and frequency f to a line /
ki — operational cost for a combination i (e.g. train driver, conductor(s),

carriage kilometers

o = 1 if and only if line /; is to be operated with a frequency f; and capacity ¢;,
T 0 otherwise.
dp  — number of direct passengers traveling on line / between the pair of stations p
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LPP Model Il

max wl-ZZd/p—Wzlzk;-x; (1)
leL peP il
st > oxi<t, vielL,
icl:l=1
(@)
> ficiox > de, Ve € E,
icl:ecE);
3)
> dp<fic-x, VIeELVeckE,
pEPecE,
(4)
> dp<d, VpeP,
IEL:E,CE)
(5)
x; € {0,1}, Viel,
(6)
djp >0, vieLVpeP.
@)
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Train Timetabling Problem
m Non-Cyclic
m Cyclic
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Train Timetabling Problem (TTP)

Non-Cyclic Cyclic

= departs differently over the = departs at every cycle

time horizon = good for "unplanned" user

= prior knowledge of the

= higher cost
timetable needed

= |ower cost

-.;'RANSF‘-DR .ﬂ)ﬂ.

ECOLE POLYTECHNIOUE

I
FEDIRALL DE LAUSANNE

15/ 28



Train Timetabling Problem
m Non-Cyclic
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Non-Cyclic TTP
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Non-Cyclic TTP Model |

G=(V,A) - directed acyclic multigraph G

veV — set of nodes

acA — set of arcs

teT — set of trains

ac At — subset of arcs used by train t

o — source node

T — sink node

Pa — profit of arc a

5 (v) — set of arcs in A? leaving the node v

0 (v) — set of arcs in A? entering the node v

C — family of maximal subsets C of pairwise incompatible arcs

. = { 1 if and only if the path in the solution associated with train t contains arc a,
a 0 otherwise.
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Non-Cyclic TPP Model Il

max Z Z Pa- Xa
teT acAt
s.t. > o xa <1,
a€d; (o)
Z Xa = Z Xa,
a€d; (v) aeé:r(v)
Z x3 <1,
aeC
Xa € {07 1}7
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vte T,

(9)
Vte T,Vve V\{o,7}

(10)
vCeC,
(11)

Vace A
(12)
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Train Timetabling Problem

m Cyclic
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Cyclic TTP
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Cyclic TTP Model |

G=(N.AUA®) - graph G representing the railway network

nmeN ~  set of nodes

acA — set of regular tracks

aeA® ~ set of single tracks a

teT — set of trains

neN'CN — set of nodes visited by train t

a€ A'C AUA® - set of tracks used by train t

(t.t) e T, —  set of all pairs of trains (t,t'), that travel along the track a in the same

direction, where ' is the faster train

set of all pairs of trains (t, '), that travel along the single

track a in the opposite direction, where t departs from n

and t’ departs from m

teFdF2 ~ set of all trains t, that have a fixed departure (arrival) at node n
(t.t)eS, ~ set of all train pairs (t,t),¢ < t/, for which the departure

times are to be synchronized at node n

set of all train pairs (¢, '), t < ¢/, for which turn-around or
connection constraint is required from train t to train t’ at node n
— cycle of the timetable

— general headway upon departure and arrival at every node

— time it takes to the train ¢ to traverse the arc a

(t.t)eT;

(t.t) e Gy

—  dwell time window of the train t at the node n

— fixed arrival /departure window of the train t at the node n,
=7

— time window for the synchronization of trains t and t] at node n

-~

in the case of completely fixed arrival/departure f{

~ time window for the connection or turn around constraint

between trains t and t' at node n

al, — arrival time of train t at node n
di - departure time of train t from node n

Ll

~ TRANSF'D R ECOLE POLYTECHNIOUE

FEDERALE DE LAUSANNE
22 /28




Cyclic TPP Model Il

max  F(a,d) (13)
st ah,—di=rt mod b, VteT,aeA
(14)
di—ate [ﬁ,djr] mod b,  Vte T.Vne N,
(15)
df —die [st 5 mod b,  Vne N,¥(t t') e
(16)
df —abe [c o) mod b,  Vne N,¥(t,t') € Gy,
17)
df —die[ri—rf +hb—hmodb  VaeAW(t,t)E T,
(18)
A —die[rirrl +hb—h modb  VacAW(tt)e T,
(19)
Vne NVt e F,
(20)
Vne NVt e F],
(21)
al,die{0,b—1}, Vte T,¥ne Ny
(22)
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Possible Research
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Ideal Train Timetabling Problem |
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|deal Train Timetabling Problem I

Inputs
= OD per minute (desired time of departure)
= trip threshold (binary; wait amount of time before "trashing"
the trip)
= cost figures
Model
= maximize profit
= operational constraints
Outputs
= optimal solution
= or cost function
Why not done yet?

= demand is "abstract"
= complexity (dv per passenger)
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Potentional Outline
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Thank you for your attention.
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