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Overview of railway optimization What is there to optimize?

Decision-making in the railway industry

Various temporal and
geographic scales

Multiple actors and
resources, endless
constraints

One objective: good
service at reasonable
cost

Figure 1: Planning process [Schlechte, 2012]
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Overview of railway optimization What is there to optimize?

Why should we optimize anything?

To improve passenger satisfaction

To reduce costs and resource use

To focus skilled operators on the truly difficult issues

WARNING
Optimizing is not always necessary or useful.

Human expertise remains essential.
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Overview of railway optimization Some major challenges

Challenges for railway optimization

Mathematical complexity > airline industry

More moving stuff Less moving freedom

Complex information systems

Until recently, lack of incentives
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Focus on train platforming Problem description

Goal

Everything in this section is based on Zwaneveld et al. [1996].

Input Arrival and departure
times at a station

Output Optimal “routing” of
all trains

Figure 2: The railway station of Zwolle
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Focus on train platforming Problem description

Variables

Train routes = sequences of track sections from station entrance to exit

Figure 3: Two possible routes through Zwolle station
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Focus on train platforming Problem description

Constraints (1)

Individual constraints: each train can use specific routes & platforms

Figure 4: Two routes and their platforms
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Focus on train platforming Problem description

Constraints (2)

Couple constraints: two simultaneous trains must have compatible routes

Figure 5: Conflicting routes
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Focus on train platforming Mathematical modeling

Some notations

t ∈ T : trains r ∈ R: routes

Rt: routes possible for train t

ICt,t′ : couples of incompatible routes for t and t′

Xt,r = 1 iff train t is assigned to route r
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Focus on train platforming Mathematical modeling

A maximum independent set problem

(t1, r1) (t1, r2)

(t1, r3)

(t2, r1) (t2, r2)

(t3, r1) (t3, r2)

(t3, r3) (t3, r4)

(t4, r1) (t4, r2)

(t4, r4)

one route only

conflict

transfer

(t1, r3)

(t2, r1)

(t4, r1)

(t3, r3)
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Focus on train platforming Mathematical modeling

A maximum independent set problem (2)

We build the undirected graph G = (V, E) with

V = {(t, r) : t ∈ T, r ∈ Rt}
E = {((t, r), (t′, r′)) : t = t′ or (r, r′) ∈ ICt,t′}

We look for the largest set of mutually unrelated vertices.

If there is a feasible platforming, it will have |T | elements.
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Focus on train platforming Mathematical modeling

An Integer Linear Program (1)

This problem can be formulated as an Integer Linear Program.

The decision variables are Xt,r = 1 iff train t is assigned to route r

The objective is to maximize the number of trains assigned:

max
∑
t∈T

1[t is assigned] = max
∑
t∈T

∑
r∈Rt

Xt,r
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Focus on train platforming Mathematical modeling

An Integer Linear Program (2)

What are the constraints ?

Either we select a route or we don’t: Xt,r ∈ {0, 1}

We cannot select two different routes r and r′ for the same train t.
Hence, at most one of Xt,r and Xt,r′ is equal to 1. This means:

∀(r, r′) ∈ R2
t , r 6= r′, Xt,r +Xt,r′ ≤ 1

We cannot select incompatible routes r and r′ for two trains t and t′:

∀(r, r′) ∈ ICt,t′ , Xt,r +Xt′,r′ ≤ 1
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Focus on train platforming Mathematical modeling

An integer linear program (3)

We finally obtain:

max
∑
t∈T

∑
r∈Rt

Xt,r

s.t.



Xt,r ∈ {0, 1} ∀t ∈ T, ∀r ∈ Rt

Xt,r +Xt,r′ ≤ 1 ∀t ∈ T, ∀(r, r′) ∈ R2
t , r 6= r′

Xt,r +Xt′,r′ ≤ 1 ∀(t, t′) ∈ T 2,∀(r, r′) ∈ ICt,t′
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Focus on train platforming Solution tricks

Clever initialization

Initial assignment: until all trains are routed
1 Select the train t∗ with the fewest available routes
2 Choose a route r∗ for t∗ that “leaves many options” to the other trains

Feasible set preprocessing: remove dominated routings
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Focus on train platforming Solution tricks

Valid inequalities

Linear Program = polyhedron

Integer Linear Program =
discrete points inside a
polyhedron

Tighter polyhedron =⇒ faster
branch & bound
Solution: add valid inequalities

Example: clique inequalities for the maximum independent set

Xt,r +Xt,r′ ≤ 1 can be strengthened into
∑
r∈Rt

Xt,r ≤ 1
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Appendices

If you want to know more

Some reviews on railway optimization: Caprara et al. [2007, 2011]

A recent book with many different problems: Borndörfer et al. [2018]

A master’s thesis by a friend from SNCF on train platforming:
Kamenga [2016]
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