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1 The Train Dispatching Problem

The RAS 2012 problem solving competition addresses a major real life optimization problem of the railroad industry –

the train dispatching problem (TDP). The problem asks for an integrated routing and scheduling decision for a set of trains

that run through the same infrastructure network and thus have to be scheduled carefully to avoid collisions. The goal

is to minimize the total cost of the schedule, which depends on the train route and departure and arrival times, i.e., the

objective function includes:

• the total delay (i.e., the difference between arrival time at the DESTINATION NODE and the sum of the ENTRY

TIME at the ORIGIN NODE and the total running time of the chosen route),

• the scheduled deviance over 2 hours for SA trains (i.e., arrival time (SCHEDULED ARRIVAL) at some intermediate

node and at the DESTINATION NODE),

• the terminal want time deviance over 4 hours (i.e., arrival time at DESTINATION NODE),

• and the unpreferred track time usage.

We refer to the competition document for the detailed problem definition. In particular, we try to use the same terms

and notation as far as possible. In this section we will only describe our assumptions and solution approach. Section 2 will

present a mixed integer programming model which is based on the idea of disjunctive constraints, see for example [1].

In those models the routing through the network is fixed and only the scheduling decision of the trains is optimized. We

tackle the TDP with a similar approach. However, we extend the models with respect to the passing and order decisions in

the sidings. Hence, instead of considering all possible routings in the original graph, we can focus on the routings in our

aggregated graph. In case of the TOY instance the graph reduces already to a simple path and thus the optimal solution

of our model produces an optimal solution of the TDP. Furthermore, we observed in our computational experiments

that already our start heuristic for choosing the routes produces high quality solutions. Our local search approach for
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varying the main routes improves the solution quality only by a small amount. Hence, we decided to save the additional

computation time. Finally, we discuss our results and solutions in Section 3.

In our approach we restrict the set of feasible solutions by the following additional assumptions:

• The set of trains is ordered by their resp. start times. Two trains running in the same direction are allowed to change

the order in which they run over a common track at most once. For example assume train A and train B run both

from west to east with A starting first and let e1, . . . , ek be the common tracks of A and B in order. Then either A

runs before B on all tracks, or B runs before A on all tracks (overtaking A before the first track) or there is some

i ∈ {1, . . . , k} so that A runs before B on tracks e1, . . . , i and B runs before A on tracks ei+1, . . . , ek. Note that for

trains running in opposite directions this relation is always true without any further assumptions.

• If two trains run in the same direction and a pass event occurs at some siding and the first train can use this siding

(w.r.t. the length restrictions (long trains) or being a HAZMAT train), then the first train is forced to use the siding.

If the first train is not allowed to use the siding but the second train (the passing train) is allowed then the second

train uses the siding. If neither train is allowed to use the siding then the pass event between those two trains is

forbidden at this siding.

• If two trains run in the same direction and a pass event occurs at some siding and the first train can use this siding

(w.r.t. the length restrictions (long trains) or being a HAZMAT train), then the first train is forced to use the siding.

If the first train is not allowed to use the siding but the second train (the passing train) is allowed then the second

train uses the siding. If neither train is allowed to use the siding then the pass event between those two trains is

forbidden at this siding.

• If there is a pass event between a heavy train (TOB > 100) and a none SA train, then the none SA train has to take

the siding.

• If two trains run in opposite directions, then we fix for each siding and each direction which train has to use the

siding. Again this decision may be changed if one of the two trains is not allowed to use the specific siding.

• We assume that no train starts within a siding. In this case we move the train to the first node after the siding. This

situation appears only at the beginning of the time horizon and should not be significant for further decisions.

• We assume that no siding starts or ends at the first or last node of the network. This is required because our model

depends on correct headway times on the arc before and after the sidings. If this property is violated (as it is the case

for some of the instances) we simply add an additional zero-running-time arc before/after the siding to the network.

• In our model the costs for each train as well as all headway restrictions have to be satisfied even if a train runs after

the end of the time horizon. This also implies that each train runs until it reaches its destination, no matter if this

happens within the time horizon or not.

• In our model the costs for each train as well as all headway restrictions have to be satisfied even if a train runs after

the end of the time horizon. This also implies that each train runs until it reaches its destination, no matter if this
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s = (v, u)

G = (V, S ∪M)

Figure 1: Aggregation of sidings.

happens within the time horizon or not. Note that this may lead to the situation, that a solution that is optimal

in our model may not be optimal in the original cost function.

• We simply ignore the minor cost invoked by the unpreferred track time usage. However, there is a straight-forward

way of extending our model.

The main difference to the original network is that we aggregate the labeled sidings, which are cycles, to a single

edge. In particular, we replace the set of all edges contained in the cycle by one edge s = {v, u} representing both ways

to connect v with u and vice versa. In contrast to the other edges of the network, which can be occupied by only one

train at each time, a sidings s ∈ S can handle at most two trains. These capacity restrictions of sidings will be enforced

in the model using constraints on decision variables encoding pairwise meet/pass events of trains. Figure 1 illustrates the

aggregation on a simple example with three sidings. The given graph on the top will be simplified to the path shown below.

Note that because an aggregated siding edge represents two actual paths in the original network we have to consider two

different running times (per train type and direction) depending on which of the two paths a certain train uses. We denote

the resulting graph by G = (V,M ∪ S) with M representing the remaining edges of the main track lines and let S be the

set of edges representing sidings.

2 A MIP Model for the TDP

We consider the following problem setting. The set of trains is denoted by R and is partitioned into eastbound and

westbound directed, i.e., R = E ∪W,E ∩W = ∅. Two trains r, r′ running in opposite directions are denoted by r ⊕ r′,

i.e., r ∈ E, r′ ∈ W and vice versa. In case of equally directed trains we use the notation r 	 r′, i.e, r, r′ ∈ E or

r, r′ ∈ W . Let D = (V,A) be the given directed routing graph based on G after our aggregation procedure, i.e., after

the contraction of cycles to siding edges as explained in Section 1. Thus, each arc a = (v, u) ∈ A is associated with

exactly one main track m(a) ∈ M or one siding s(a) ∈ S, respectively, representing the corresponding occupation and

the directed traversal from v to u.

Each train r ∈ R is associated with a path pr = (vr1, v
r
2, . . . v

r
nr
, vrnr+1) of length nr through D, i.e., vri ∈ V and

(vri , v
r
i+1) = ari ∈ A with i ∈ {1, 2, . . . nr} = Ir.

We use the notation v ∈ pr and a ∈ pr if the node v and resp. the arc a is contained in pr, as well as, s ∈ A(pr) if any

directed arc associated with siding s ∈ S is contained in A(pr). Furthermore, the corresponding node, arc, main tracks

and siding sets are denoted by V (pr), A(pr),M(pr) and S(pr), respectively.
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The final node vrnr+1 is a dummy node to control the arrival time at the destination of each train r. Our model is based

on an order concept for all trains. For this we assume that the set of trains is ordered, write r < r′ for r, r′ ∈ R, so that

r < r′ ⇒ dr0 ≤ dr
′

0 , with dr0, the entry time of train r ∈ R, i.e., early trains come first. Two trains can change their order

only on a siding arc, which represents that one train is going in the siding and the other stays on the main track, or on a

double-track section of the network with the two trains running on different tracks.

The train dispatching problem is to find valid departures times for all nodes visited by the train paths pr, r ∈ R. For

this we introduce continuous variables trvi ≥ 0 for each train r and each visiting node vri with i = 1, 2, . . . nr. In order to

model the headway constraints on each single track we introduce binary decision variables xr,r
′

m for r < r′ that represent

the order in which both trains run over some track m ∈ B(r, r′) := M(pr) ∩M(pr
′
) ⊆M with the interpretation

xr,r
′

m =


0 r runs first on m ∈M,

1 r′ runs first on m ∈M.

Furthermore we introduce binary variables yr,r
′

s for each s ∈ S with s ∈ S(pr) ∩ S(pr
′
) so that

yr,r
′

s =


1 if the order of r and r′ changes at s,

0 otherwise.

We model the objective function in terms of a linear function using additional arrival variables φrv for all nodes with

time preferences (SCHEDULED ARRIVAL, TERMINAL WANT TIME, and SA penalty). This subset of nodes is denoted

by Φr ⊆ V (pr) for each train r ∈ R. The preferred time is denoted by wr
v , which is 0 in case of waiting time penalization

or 120 for SA penalties. Thus, we set the cost crv corresponding to Table 2 of the problem document and the following

paragraphs (TERMINAL WANT TIME and SA penalty).

The TDP can now be stated as a mixed integer program as follows:
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min
∑
r∈R

∑
v∈Φr

crvφ
r
v, (TDP)

trv1 ≥ d0 ∀r ∈ R, (1)

φrv − trv ≥ wr
v ∀r ∈ R, v ∈ Φr, (2)

trvi+1
− trvi ≥ dvr

i ,v
r
i+1

∀r ∈ R, i ∈ Ir (3)

trvi+1
− trvi

− yr,r
′

s · δr,r
′

s ≥ dvr
i ,v

r
i+1

∀r ∈ R, i ∈ Ir, s = s(vri , v
r
i+1) (4)

tr
′

vr′
j

+M · xr,r
′

vr
i ,v

r
i+1
− trvr

i+1
≥ H if (25) applies (5)

trvr
i

+M · (1− xr,r
′

vr
i ,v

r
i+1

)− tr
′

vr′
j+1

≥ H if (25) applies (6)

tr
′

vr′
j

+M · xr,r
′

vr
i+1,v

r
i+2
− trvr

i+1
≥ H r 	 r′, (vri , vr

′

i+1) ∈ S (7)

trvr
i

+M · (1− xr,r
′

vr
i−1,v

r
i
)− tr

′

vr′
j+1

≥ H r 	 r′, (vri , vr
′

i+1) ∈ S (8)

tr
′

vr′
j+1

+M · xr,r
′

vr
i ,v

r
i+1
− trvr

i+2
≥ H r 	 r′, (vri , vri+1) = (vr

′

j , v
r′

j+1), vri+2 6= vr
′

j+2 (9)

trvr
i+1

+M · (1− xr,r
′

vr′
i ,vr

i+1

)− tr
′

vr′
j+2

≥ H r 	 r′, (vri , vri+1) = (vr
′

j , v
r′

j+1), vri+2 6= vr
′

j+2 (10)

tr
′

vr′
j

+M · xr,r
′

vr
i+1,v

r
i+2
− trvr

i+1
≥ H r 	 r′, (vri+1, v

r
i+2) = (vr

′

j+1, v
r′

j+2), vri 6= vr
′

j (11)

trvr
i

+M · (1− xr,r
′

vr
i+1,v

r
i+2

)− tr
′

vr′
j+1

≥ H r 	 r′, (vri+1, v
r
i+2) = (vr

′

j+1, v
r′

j+2), vri 6= vr
′

j (12)

tr
′

vr′
j

+M · xr,r
′

vr
i ,v

r
i+1
− trvr

i+2
≥ H r ⊕ r′, (vri+1, v

r
i ) = (vr

′

j+1, v
r′

j+2), vr
′

j 6= vri+2 (13)

trvr
i

+M · (1− xr,r
′

vr
i+1,v

r
i+2

)− tr
′

vr′
j+2

≥ H r ⊕ r′, (vri+2, v
r
i+1) = (vr

′

j , v
r′

j+1), vr
′

j+2 6= vri (14)

xr,r
′

ar
i+1
− xr,r

′

ar
i

= 0 ∀ari , ari+1 ∈ B(r, r′), (15)

xr,r
′

ar
i+k
− xr,r

′

ar
i
≥ 0 ∀ari , ari+k ∈ B(r, r′), k ≥ 2 (16)

xr,r
′

ar
i+k
− xr,r

′

ar
i
− yr,r

′

s = 0 ∀ari , ari+k ∈ B(r, r′), s(ari ) = s, k ≥ 2 (17)

yr,r
′

s − yr,r
′′

s ≥ 0 ∀(r, r′, r′′) ∈ C(s) (18)

yr,r
′

s + yr
′,r′′

s ≤ 1 ∀(r, r′, r′′) ∈ C(s) (19)

yr,r
′

s + yr
′,r′′

s + yr,r
′′

s ≤ 2 ∀(r, r′, r′′) ∈ C(s), not r 	 r′ 	 r′′ (20)

trvi ≥ 0 ∀r ∈ R, i ∈ Ir (21)

φrv ≥ 0 ∀r ∈ R, v ∈ Φr (22)

xr,r
′

m ∈ {0, 1} ∀(r, r′) ∈ B(r, r′) (23)

yr,r
′

s ∈ {0, 1} ∀s ∈ S(pr) ∩ S(pr
′
) (24)

Constraints (1) make sure that the departure time (ENTRY TIME) at the first node (ORIGIN NODE) is respected.

Constraints (2) allow for measuring the time differences of preferred events at certain nodes of each r ∈ R. Inequalities (3)

and (4) model that the departure times of two successive nodes of each train path respect the potential driving time

(including the corresponding offset δr,r
′

s if the siding is used).

5



Constraints (5)- (14) are disjunctive constraints using a trivial big M technique, which take the necessary headway

time denoted by H(= 5) for all situations. In case of two consecutive occupations of the same main track ((5) and (6)),

we have:

S 63 vri , vri+1 =


vr
′

j , v
r′

j+1 with r 	 r′,

vr
′

j−1, v
r′

j with r ⊕ r′.
(25)

Equalities (15) ensure that the order of two trains can not change on consecutive main tracks. For two trains running

in the same direction constraints (16) make sure that the order of the trains changes at most once and remains the same

until the end. Note that this is a problem simplification. However, the problem setting (running times) and the objective

function permits this restriction. Equalities (17) couple the changing decision within a siding with the corresponding order

variables.

In order to avoid that more than two trains occupy the same siding at the same time, we consider all sets of three trains

traversing the same siding s ∈ S, i.e.,

C(s) := {(r, r′, r′′) ∈ R : s ∈ S(pr) ∩ S(pr
′
) ∩ S(pr

′′
) and r < r′ < r′′}.

Inequalities (18) call for transitivity in case of order changes in siding s ∈ S, i.e., it is not allowed for train r′′ to

overtake r without overtaking r′ before. Inequalities (19) restrict the number of simultaneous changes in siding s to one.

Note that constraints (18) and (19) also imply

yr,r
′′

s + yr,r
′

s ≤ 1 ∀(r, r′, r′′) ∈ C(s).

Constraints (20) model the capacity for the sidings in case of opposite directed trains. Finally, (21)-(24) defines the

domains of the corresponding continuous or binary variables.

We only want to mention that we skip the details for the MOW restrictions in model TDP. In our implementation

we only added another binary variable and two big M constraints to ensure that the time of any corresponding departure

event does not violate the time window of the MOW, i.e., the event starts after the end of the MOW or the event is already

finished before the MOW begins.

3 Results

All computation were done on an Intel Core 2 Extreme X9650 Quad Core with 3GHz using Cplex 12.4 and Python 2.7.

For the tiny TOY instance we could provide an optimal solution which can be seen in Figure 2. Train B1 waits in the siding

until train C1 and A1 released the main track.
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(a) TOY (b) RAS3

Figure 2: 3D visualization of solutions with TRAVIS.

Table 1: results found for given data sets

SCENARIO ROWS COLUMNS seconds objective

toy 111 64 0.01 762.69
1 10436 3117 0.74 862.12
2 23556 6055 299.78 3178.80
3 26191 6598 299.91 7906.21
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in Informatics (OASIcs), Dagstuhl, Germany, 2011, Schloss Dagstuhl–Leibniz-Zentrum fuer Informatik, pp. 1–14.
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Appendix

Table 2: Statistics for the Resolved System of RAS DATA SET TOY
Train Delay

Time
Arrive
at

Arrive
Time

Req.
SA

SA diff SA Penalty Req.
TWT

TWT diff TWT
penalty

Unpref.
Track

C1 0 0.0
6 2400.0 3000 600.0 0.0
12 4800.0 6000 1200.0 0.0 7200 2400.0 0.0

A1 1200.0 0.0
6 3780.0 2400 -1380.0 0.0
12 6000.0 4800 -1200.0 0.0 8700 2700.0 0.0

B1 3292.916 0.0
6 6096.076 -3000 -9096.076 -1896.076
0 8516.244 5400 -3116.244 0.0 4800 -3716.244 0.0
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Table 3: Statistics for the Resolved System of RAS DATA SET 1
Train Delay

Time
Arrive
at

Arrive
Time

Req.
SA

SA diff SA Penalty Req.
TWT

TWT diff TWT
penalty

Unpref.
Track

A1 0 0.0
37 2398.5 3600 1201.5 0.0
39 4945.5 7800 2854.5 0.0 5400 454.5 0.0

A2 1771.364 0.0
37 6124.737 7800 1675.263 0.0
39 10573.374 12000 1426.626 0.0 9000 -1573.374 0.0

B2 38.282 0.0
37 13936.396 15600 1663.604 0.0
39 16920.16 19800 2879.84 0.0 16800 -120.16 0.0

C1 0 0.0
37 17598.0 19200 1602.0 0.0
39 20970.0 24600 3630.0 0.0 21600 630.0 0.0

C2 0 0.0
37 25273.286 27000 1726.714 0.0
39 28881.0 33000 4119.0 0.0 28800 -81.0 0.0

E1 1774.286 0.0
37 35911.286 36000 88.714 0.0
39 40933.286 44400 3466.714 0.0 39000 -1933.286 0.0

B3 83.72 0.0
37 38809.291 40200 1390.709 0.0
39 41693.791 45000 3306.209 0.0 42000 306.209 0.0

B1 174.846 502.597
37 10595.221 12600 2004.779 0.0
0 13884.995 17400 3515.005 0.0 13800 -84.995 0.0

D2 2030.572 680.439
37 21077.275 21600 522.725 0.0
0 25466.176 28200 2733.824 0.0 23400 -2066.176 0.0

D1 0.005 0.0
37 26334.857 29400 3065.143 0.0
0 30903.429 36600 5696.571 0.0 31200 296.571 0.0

D3 2395.162 0.0
37 35026.837 35400 373.163 0.0
0 39402.8 41400 1997.2 0.0 37200 -2202.8 0.0

F1 2393.796 0.0
37 53256.648 57600 4343.352 0.0
0 64221.22 75000 10778.78 0.0 63000 -1221.22 0.0
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Table 4: Statistics for the Resolved System of RAS DATA SET 2
Train Delay

Time
Arrive
at

Arrive
Time

Req.
SA

SA diff SA Penalty Req.
TWT

TWT diff TWT
penalty

Unpref.
Track

A1 739.929 0.0
37 2398.5 3600 1201.5 0.0
39 6072.429 7800 1727.571 0.0 5400 -672.429 0.0

E1 1470.811 0.0
37 4790.182 6600 1809.818 0.0
39 10403.712 14400 3996.288 0.0 9600 -803.712 0.0

D2 3667.518 0.0
37 3804.168 3600 -204.168 0.0
39 9402.593 9600 197.407 0.0 6600 -2802.593 0.0

C2 1425.429 0.0
37 198.0 0 -198.0 0.0
39 5343.429 5400 56.571 0.0 3600 -1743.429 0.0

B1 830.186 0.0
37 7393.261 4800 -2593.261 0.0
39 10968.418 9000 -1968.418 0.0 9600 -1368.418 0.0

A2 2349.885 0.0
37 12365.473 11400 -965.473 0.0
39 15042.736 15600 557.264 0.0 12600 -2442.736 0.0

A3 0 0.0
37 16798.5 18000 1201.5 0.0
39 19345.5 22200 2854.5 0.0 19800 454.5 0.0

F1 5820.314 0.0
37 28322.065 29400 1077.935 0.0
39 38869.403 41400 2530.597 0.0 33600 -5269.403 0.0

B2 937.232 0.0
37 31837.851 26400 -5437.851 0.0
39 35901.107 31200 -4701.107 0.0 35400 -501.107 0.0

C1 383.775 0.0
37 35894.917 26400 -9494.917 -2294.917
39 39457.864 31800 -7657.864 -457.864 39000 -457.864 0.0

D1 0 0.0
37 40525.5 43800 3274.5 0.0
39 44722.5 51000 6277.5 0.0 44400 -322.5 0.0

E2 5557.292 0.0
37 6485.294 1800 -4685.294 0.0
0 12783.58 10800 -1983.58 0.0 7200 -5583.58 0.0

E3 284.727 0.0
37 5667.429 9000 3332.571 0.0
0 11434.437 18000 6565.563 0.0 12000 565.563 0.0

B3 2535.433 608.924
37 9015.353 11400 2384.647 0.0
0 13275.008 16800 3524.992 0.0 10800 -2475.008 0.0

F2 17401.066 2211.429
37 37287.818 30000 -7287.818 -87.818
0 52511.357 51000 -1511.357 0.0 36000 -16511.357 -5711.357

C3 563.568 552.857
37 22613.571 20400 -2213.571 0.0
0 26040.0 25800 -240.0 0.0 25200 -840.0 0.0

E4 638.573 0.0
37 27219.545 30000 2780.455 0.0
0 32812.982 37800 4987.018 0.0 32400 -412.982 0.0

A4 1210.93 0.0
37 36284.225 31800 -4484.225 0.0
0 39513.316 36600 -2913.316 0.0 39000 -513.316 0.0
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Table 5: Statistics for the Resolved System of RAS DATA SET 3
Train Delay

Time
Arrive
at

Arrive
Time

Req.
SA

SA diff SA Penalty Req.
TWT

TWT diff TWT
penalty

Unpref.
Track

B3 32.133 0.0
37 2714.75 -3000 -5714.75 0.0
39 5579.986 1800 -3779.986 0.0 6000 420.014 0.0

C2 517.123 0.0
37 3943.555 0 -3943.555 0.0
39 7551.27 6000 -1551.27 0.0 7200 -351.27 0.0

D1 1125.7 0.0
37 5139.698 4200 -939.698 0.0
39 9019.391 10200 1180.609 0.0 7800 -1219.391 0.0

E2 1486.714 0.0
37 17274.117 18000 725.883 0.0
39 22375.714 26400 4024.286 0.0 21000 -1375.714 0.0

E3 0.008 0.0
37 18760.909 21000 2239.091 0.0
39 23332.909 28800 5467.091 0.0 24000 667.091 0.0

F2 16397.558 0.0
37 49592.558 37200 -12392.558 -5192.558
39 57914.558 51000 -6914.558 0.0 42000 -15914.558 -5114.558

A5 8460.445 0.0
37 39955.945 32400 -7555.945 -355.945
39 42502.945 36600 -5902.945 0.0 34200 -8302.945 0.0

E4 8527.558 0.0
37 46257.558 40800 -5457.558 0.0
39 51829.558 49800 -2029.558 0.0 43800 -8029.558 0.0

D2 4037.405 0.0
37 44051.404 42000 -2051.404 0.0
39 47931.096 48000 68.904 0.0 43800 -4131.096 0.0

A1 1383.643 0.0
37 2246.798 2400 153.202 0.0
39 4898.143 6000 1101.857 0.0 4200 -698.143 0.0

B2 3279.837 0.0
39 6148.997 4800 -1348.997 0.0 3000 -3148.997 0.0

E1 0 0.0
37 6289.143 10200 3910.857 0.0
0 12380.571 19200 6819.429 0.0 13200 819.429 0.0

F1 11680.99 2933.299
37 23056.987 18000 -5056.987 0.0
0 34021.558 34800 778.442 0.0 23400 -10621.558 0.0

A3 148.978 442.285
37 21162.701 22800 1637.299 0.0
0 23903.844 27000 3096.156 0.0 24000 96.156 0.0

B4 6341.139 552.857
37 28913.143 16800 -12113.143 -4913.143
0 38680.714 21600 -17080.714 -9880.714 32400 -6280.714 0.0

C3 3409.724 4041.567
37 36422.465 30000 -6422.465 0.0
0 40338.383 36000 -4338.383 0.0 37200 -3138.383 0.0

A4 922.614 0.0
37 35960.059 33600 -2360.059 0.0
0 39225.0 38400 -825.0 0.0 39000 -225.0 0.0

A2 3601.714 0.0
37 4390.292 2400 -1990.292 0.0
0 7268.577 6600 -668.577 0.0 4200 -3068.577 0.0

C1 5197.724 0.0
0 8540.577 6000 -2540.577 0.0 4200 -4340.577 0.0

B1 3209.085 0.0
0 4695.369 1800 -2895.369 0.0 1200 -3495.369 0.0
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