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Abstract. Optimization of rail transport is complex because of the industry’s multiple constraints. The transport
of containers is very particular since it is characterized in addition to its specificities as a product to be loaded
and transported by a strong instability of the demand. So far research in this area has dealt only with the separate
treatment of the train load and transport problem. The present study focuses on optimizing resources facing
unstable demand for the combined problem. Mathematical models are proposed to assign customers demands
to wagons and for railcars allowance per axis depending on the available park, the locomotive capacity and the
train length. An algorithm for the train load problem is also suggested. The models have been tested to measure
their efficiency by comparing them to an existing train planning model and to manual assignment adopted in the
rail industry. Some test results are finally reported to show how a novel formulation can simplify the resolution

of a complex problem.

1 Introduction and literature review

Rail transport is a unique production of services that in-
volves several stakeholders at once to respond to cus-
tomers orders for different products to be transported.
Each product imposes specific constraints. The design of
efficient rail supply chain is challenging particularly con-
tainers transport and that for several reasons. The orders
are divided into forecasted and sudden orders which we
know about only the day before. The characteristics of
the demand are variable over time, in terms of quantities
(number of containers) and technical specifications (nature
of containers and their weights). The demand is also very
unstable. The delivery times of these products are very low
in a highly competitive market. This traffic is also charac-
terized by the multiplicity of stakeholders which makes its
management particularly difficult. The rail network and
the transport plan impose strict constraints that need to be
respected.

The optimization of rail transport can be done by dif-
ferent methods that aim to the most appropriate planning.
We can therefore intervene on loading on trains, alloca-
tion on the network or strategic planning of needed trains.
Some works treated loading on trains particularly inter-
modal ones. Corry and Kozan [1] propose a mixed-integer
programming model to determine the spatial arrangement
of containers on a train known as the train planning prob-
lem to minimize a weighted total number of wagons re-
quired and equipment working time. They then use heuris-
tics local search and simulated annealing algorithm be-
cause of the large number of variable. Ambrosino and Siri
[2] propose mathematical models to find the optimal as-
signment of containers to train slots while allowing the
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possibility of reshuffles in the stacking area and to not
sequentially load the train to minimize the unproductive
movements. Foti et al.[3] present a basic model of the train
load planning problem which is then extended in order to
be more realistic and to better represent the re-handling
operations in the storage area. The results were obtained
by boolean optimization. Large problems can be gener-
ated even with a low number of containers and wagons.
The model gives small formulas to counter this difficulty.

Another stream of research was about allocation in the
network. Zhao et al.[4] propose a mathematical model
for the empty cars allocation problem in railway networks
with dynamic demands to minimize the total cost incurred
by transferring and storing empty cars in different stages
of the demand. They then propose a genetic algorithm to
generate approximate optimal solutions. Mutyavavire and
Battle [5] establish a linear mathematical model as a de-
cision support system to the empty wagon re-distribution
management problem. They focus mainly on network ca-
pacity and resources constraints in their formulation. Lam
et al.[6] propose an approximate dynamic approach for
determining optimal strategies to relocate empty contain-
ers in the containerized sea-cargo. They use a simulation
based approach known as the temporal difference learn-
ing for average cost minimization to determinate approxi-
mate optimal solutions to the stochastic model (two-ports
two-voyages). Azanov et al. [7] use graph theory to for-
mulate a model to minimize the number of locomotives
used for the transportation of the trains by choosing routes
of the trains and locomotives. Mathematical definitions
of a railway haul, a train path, a train route, and a loco-
motive route are suggested to do so. An heuristic search
algorithm is then proposed to find an approximate solu-
tion of the problem by maximizing the usage of locomo-
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tives that started earlier compared to others. Newman and
Yano [8] address the problem of determining day-of-week
schedules for both direct and indirect trains and containers
routing decisions in a rail intermodal setting. The integer
program proposed seek to minimize operating, handling
and yard storage costs while meeting on-time delivery re-
quirements. They also develop a decomposition proce-
dure that yields near-optimal solutions and a method for
providing tight bounds of the objective function. The ar-
ticle [9] can be classified in the last category. Jonaitis [9]
highlights the importance of planning process of rail trans-
portation. These problems are strategic, tactical and oper-
ational. They also can have different targets weather they
concern the timetable, the rolling stock and the crew. He
focuses on planning the structure and volume of the rolling
stock. He proposes two approaches to determine the de-
mand for trains, the first seeks to find quantitative parame-
ters of rolling stock and the second relies on them. The de-
termination of optimal service life of the trains, is impor-
tant too, considering elements such as repair costs, number
of overhauls, current expenses and operational character-
istics.

This article deals with the problems of trains loading
and allocating railcars to a destination taking into account
the constitution of the trains. These problems are treated
separately in all the reviewed articles. The models pro-
posed aim to jointly minimize resources and maximize
loading on the trains by considering several relevant train
constitution and transport constraints. An algorithm sug-
gested provides an optimal solution for the train load prob-
lem.

2 Problem definition and formulation

The model proposed to optimize containers rail transport
focuses mainly on the train load problem and combines it
to take into account the constraints of the axis assignment.
This work is based on the reality of the Moroccan rail net-
work and Moroccan containers trains, but a generic model
that can be applied to any other network is proposed.

We need first to specify all loading patterns in advance.
Our decision variable will then be the number of wagons
of each loading pattern. In the Moroccan railways, cus-
tomer demand is formulated with the number of containers
40 foot (I=2) and 20 foot (/=1) to transport and the tonnage
of each container. We have two types of wagons 19.9m
(k=1) and 14m (k=2). The weight constraints in this case
will always be respected and can therefore be omitted from
the model except for the arrangement d= 1 where we can
place 3 containers 20 foot given lengths constraints. How-
ever, if the three containers are very full, their weights can
exceed the maximum weight of the wagon. In this case the
wagon 19.9 m will only support 2 containers 20 foot in this
disposition. We solve therefore the problem with only four
loading patterns since the first one will become similar to
the third with a longer wagon. It is interesting to choose in
this case this less long loading pattern for the economy of
length. Other important assumptions to describe the model
can be enumerated. Axis assignment constraints such as
the wagons offer, the length of the train to be sent and the

maximum capacity offered by the locomotive are consid-
ered. The assignment per axis is unique since it considers
not only the quantity to be sent in number of wagons, but
also the quantity of each loading pattern to be sent, hence
the quantity of each type of wagons to send in such a way
that customer demand is placed on the trains according to
the loading patterns obtained. Figure 1 represents all the
five possible configurations of which 4 maximize the load-
ing on trains.

d=1 d=2
wagon 19.9 m wagon19.9 m
20foot | 20foot | 20 foot M 20 foot
d=3 d=4
wagon 14 m wagon 14 m

a=5
wagon 14 m

20 foot

Figure 1: All possible loading patterns in Moroccan rail-
ways

2.1 Indices

Let us introduce the following notation:

e c: containers (c=1...C) where C= max;(q;)
e [: type of containers (/=1...L)

o k: type of wagons (k=1...K)

e a: axis (a=1...A)

e m: locomotive series (m=1...M)

e 5: location of the container in the disposition or slot
(s=1..8(d))

e d: loading pattern (d=1...N)

Sets of types of containers, types of wagons, axes, locomo-
tives, slots, loading patterns, containers of type 1 and type
of containers in the disposition are defined respectively as
follows:

L=1{1,...,L},K=({1,.... K}, A={1,...,A},
M={1,....M},8@d)={1,....,S@} N ={1,...,N},
Q =1{1,....q}, L@d) ={1,..., L)}

2.2 Parameters
The following parameters are used to define the problem
throughout the paper:

e ny: Number of containers type 1 loaded in the disposi-
tion d.

e ¢;: Number of containers of type 1 in the order.
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e P;: Empty weight of a container type 1.
e T.;: The weight of container c of type 1.
e T,'%*: Maximum weight a wagon of type k can support.

e ¢;: The non useful extremities of a wagon of type k
(length that remains unused from the flat railcar after
having loaded containers).

e O;: Available offer of saint wagons type k.

e T\ Tare or empty weight of a wagon of type k.

e [;: Length of wagons type k.

e L,,;: Maximum length of the train allowed on the axis a.

. Tl.’%x: Maximum weight that a locomotive m can tow on
the line section (i, ).

o T7*: Maximum weight that a locomotive m can tow on

the axis a where T7,¢*=Min(77"%*).
ijm

e T,: Total tonnage of the order transported to a. We have:

C
Ta:ZZTcl

L
c=1 I=1

e N;: Number of patterns/dispositions for wagons type k
(No =0).

e N: Total number of possible arrangements of all types
of containers and wagons.

e L: Number of type of containers used in the problem.
e K: Number of the type of wagons.
e [,,: Length of the locomotive of series m.

e S(d): Number of containers locations in the disposition
or number of slots in the disposition.

e [(d): Number of types of containers in the disposition.

2.3 Variables

In the the next models, the variables considered are:

e x;: The number of wagons of loading pattern d, to trans-
port for the order of the site.

e y;: The number of wagons type k to be transported for
the site is as the following:

Ni+Ni—1

Y = Z Xd
d:Nk,]-Fl

For model 2, we will need an additional binary variable
to ensure compliance with maximum weight of wagons.

® 7,45 1s equal to 1 if the container c type 1 is assigned to
the location s in the loading pattern d, and O otherwise.

x4 and z.4, represent the decisions variables. It is inter-
esting to use x4 instead of x,; in the models since this
formulation is easily adaptable to others load configura-
tions and industries.

o xg: The optimal number of wagon type k and loading
pattern d. In this case:

Yr = Z Xdk

Y
1]
—_

2.4 First mathematical model for train load and
transport problem

This first model tests the weight constraint of the first dis-
position since the others are always verified. We set 3
loops to go through the indices of the three containers
placed on the first disposition. The containers must nat-
urally not have the same index. We ensure to have that by
a condition. Whenever the total weight of the 3 containers
do not exceed the maximum weight that the disposition 1
can support, the submodel 1 is executed. If the weight con-
straints of the first load configuration are not verified, the
model eliminates disposition 1 since it becomes equivalent
to 3 and the problem is solved for the four remaining pat-
terns (submodel 2). We can also retain the indices of the
containers to be placed together for this disposition after
testing weight constraints.

The submodel 1 can be formulated as follows:

N
min Zxd (1a)
d=1
N
anlxd =4, le L (1b)
d=1
Ni+Ni—1
Xg =y <0, keXK (Ic)
d=N;_1+1
K Ni+Niy

Z Xg(Ly +ex) <Ly —ly, a€cA meM
k=1 d=N_+1

(1d)
K Ni+Nii
T+ )T Y % <Ti, acA, meM (le)
k=1 d=Ni_+1
L K Ni+Ni—1
ZP?QZ"' (i Z xg <T, aeA meM
=1 k=1  d=Nj_+1
(1f)
Xd» yx €N (1)

The submodel 2 that considers only four dispositions if
weights constraints are not verified for the first disposition
is:
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the tonnage of the train do not exceed the maximum ton-
nage that the locomotive can support on each axis for full
containers. This tonnage varies from one locomotive to
another and from one section of the line to the other. Con-
straints (1f) are dedicated to the case of empty containers
transport. So, we will have (1e) or (1f) depending on the
case. Constraints (1g) specify the nature of the variables.
The objective function (2a) and constraints (2c) to (2h) are
similar to the above objective function and constraints but
are applied for the second condition. The additional con-
straint (2b) fixes now the number of loading patterns for
wagon k=1 to I instead of 2 since one loading pattern that
uses this type of wagon is eliminated.

This model generates few numbers of variables but a
large number of constraints because of the conditions we
test. The second model we present is therefore better.

The first model which executes the appropriate math-
ematical submodel depending on the case considered is
structured as represented in the algorithm 1.

2.5 Second mathematical model for train load and
transport problem

This second model tests weight constraints of the first dis-
position thanks to the binary variable. It also provides us
with the indices ¢ type /=1 of the containers to place on
each slot of the disposition 1. We do not need the loops

IWTSCE’18
Algorithm 1: Model 1
N 1 forci=1 to g;do
min Zxd (2a) 2 forc,=1 to gq;do
d=2 3 forc;=1 to g do
Ny =1 (2b) 4 if (ci#¢c, and c1#c¢3 and ¢, #
N c3) then
anlxd =q, lel (2¢) 5 if (Te,1 +Tepn +Tey1 < T7 then
a= 6 L Execute submodel 1
Nit N1 +1 7 Execute submodel 2
Xq = Y < Oy, keK (2d) B
d=N](,1+2 _
K Ni+Ni_1+1
Xg(Ly +er) <Lgs—ly, a€cA meM
=1 d=Np+2 and the conditions anymore. So we add to constraints (1b)
(2e) to (1f), the following constraints:
K Ni+Nj—1+1
T+ ) T¢ > x ST/, aeA, meM (26 4 sq
k=1 d=Ni_1+2 Z ZTCI Zelts < T (3a)
L K Ni+Ni-1+1 c=1 s=0
ZPI;ql + ZT,?’ Z Xq < Tf;x, aeA meM @ S(D)
=1 k=L d=Ni-1+2 chlls = X111 (3b)
(zg) c=1 s=0
Xds Yk € N (Zh) el
Dz <x, seS) (3¢)
The objective function (1a) minimizes the total num- c=l
ber of wagons used of each loading pattern. The con- )
straints (1b) aim to maximize loading of containers of the ZZ“ s<l ceQ (3d)
customers demand on the train. Constraints (1c) repre- s=0
sent the offer constraint. Constraints (1d) guarantee the Ze0 =0, ce O (e)
respect of the train length during the formation. The max- if T, =0 then z.41;=0 endif, ceQ;, seS()
imum length permitted depends on the axis (specificities (31)
of the design of the network). Constraints (1e) ensure that X4, yi €N, zns  binary (3e)

Constraint (3a) tests the weight of containers to place
them on the slots of the disposition 1. Constraint (3b) en-
sures that the total number of containers assigned to each
slot in the disposition is equal to the number of wagons
of the loading pattern multiplied by the total number of
containers in this loading pattern. Constraints (3c) illus-
trate that for the same slot and disposition, the number of
different containers is at most equal to the number of wag-
ons of the disposition. Constraints (3d) guarantee that one
container can be placed only in one slot in a load configu-
ration. Constraints (3e) and (3f) are specific to the formu-
lation of the model and are used to avoid contradictions.
Finally (3g) specify the nature of the variables.

This model can be easily generalized to test weight
constrains of all load configurations. It generates an ac-
ceptable number of variables and constraints. They are
here more reduced because we test only one loading pat-
tern.

3 An algorithm for the train load problem

The following algorithm provides an optimal solution for
the train load problem considering both weight and length
constraints of containers and wagons. We need to start first
such as the previous models by determining all possible
load configurations considering only length constraints.
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At this step, we know exactly how many containers and
from which type to be placed on each type of wagon to
maximize loading on the train. We have then to define an
order of the dispositions that the algorithm must follow.
We order the load configurations from the most optimal
one to the least. In our case study for example, to maxi-
mize loading on the trains, d =1 is better than d =3, since
in the first disposition there is 3 containers for one wagon
and in the third disposition only 2 in the wagon. Simi-
larly d =3 is better than d =5, since for the same type of
wagon, it contains one container more. Moreover, if we
have 2 containers of different types, the second disposition
is better than the fourth or the fifth. If there is no particular
order for the rest, we just place the remaining dispositions
in an arbitrary way. Here the order is d =2, d =1, d =4,
d =3 and finally d =5. Consider sigma the permutation
of the elements of the set of dispositions {1,2,3,4,5} so
as to have the predefined order. Let us denote O(d) this
predefined order and here this set is O(d) = {2, 1,4,3,5}
where sigma(1)=2, sigma(2)=1, sigma(3)=4,sigma(4)=3
and sigma(5)=5.

The algorithm then tests the weight constraints for
each disposition from the first in the defined order to the
last. If the weight configuration is not verified, it passes
to the next disposition. If this condition is verified, it in-
crements the number of wagon of this disposition, change
Var; to one to specify that the containers on that wagon
have been assigned and finally it stores the indices of con-
tainers to be placed together in this loading pattern and
that are already assigned in indicey. T)(i;s) represents the
tonnage of container ij; type L. i is the index of the con-
tainer in a location s. In this section we use L(d) presented
previously which is the number of types of containers in
the disposition. For instance, L(d) =2 for disposition 2
since it carries 2 types of containers 20 foot and 40 foot
and L(d)=1 for all the remaining dispositions.

This algorithm can easily include train constitution and
transport constraints.

4 Experiment results

In this section, we first present results of the two mathe-
matical models and the algorithm for the Moroccan rail-
ways. A second subsection deals with the comparison be-
tween the train planning base model (TPM) and the part of
our model that consider only length constrains since it is
the case of TPM.

4.1 Comparison with manual planning

We have tested our models and algorithm in the case of
Moroccan railways. We compared the operator’s manual
planning with our results. The table below presents the
data of the day 24 May 2014. In the database, we have
only the total tonnage of the containers of the same cate-
gory so we considered that they all have the same weight.
However, the models solve even containers of different
tonnage. The table 1 shows that our models and algorithm
provide an optimal number of wagons to send to the cus-
tomer compared to manual planning. There is a difference

Algorithm 2: Solving the train load problem

1 Set the tables T(q;) , Var/(q;) with I={1,... L(d)}
and T; > 0, indice (x4,S (d)) for d={1,... N}

2 Initialize Var,=0I[={1,... L}, indice,=0
d={1,...,N}

sforj=1 to Ndo

4 d=sigma(}j),

5 (Enter to the d in the order defined)

6 LU={1,.... L}, s, 5={1,...,n4},

7

8

9

for/=1 to L(D)do
fors=1 to ngdo
L ils
10 forii, =1 to g;do
1 (This instruction is structured as nested

loops for i;; obtained above, It is applied
the number of time the locations are in the
disposition, S(d) times)

12 if (Tl(ils) >0 and Varl(ils) =

0 and (i #ips or i+

iiy) or iz #ipy) then
13 (this condition tests all i;; in the nested
loops and defined above)
14 if
L(d) na
DD Tty < TP
=1 s=1
then
15 Xg=x4+1
16 for/=1 to L(d)do
17 fors=1 to ngdo
18 Varg(ils) =1
19 fors’=1 to S(d)do
20 indicey(xq4, 8) =i
21 -Eliminate the location

s and the container
assigned ij; so that

22 to have

(indicey (x4, 5”) #
indice (xq4,8"))

23 for s’={1,...,S(d)}
-Assign the next
container i; to the next
location by reentering
this loop

in the dispositions obtained by the models and the algo-
rithm due to the fact that the two mathematical models
consider the train’s length constraints. The dispositions
obtained by them are therefore shorter than the algorithm
which solves only the load problem. With the first order
of the table, our models propose to send 14 wagons with a
total length 266.8 m while the algorithm propose the same
number for a length of 272.7 m. In the table 1, note that
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x;; refers to the optimal solution with the models and x7
to the optimal solution with the algorithm.

Table 2 illustrates the results for the whole month
where 262 could be saved for more orders. This month
was chosen because it represents the highest season.

May 2014
31 days

# wag. used | # wag. required | Gain
1470 1208 262

Table 2: Results of the case study for May 2014

They are several indicators that can be used to demon-
strate the efficiency of our models and to evaluate the per-
formance of rail transport. Some of them are presented in
table 3 and calculated in table 4 to measure improvement.

Indicators Definition

Routing of the
park for a period

# of wagons used in the period
/Total wagons in operation
during this period

Average tonnage per
per wagon for
a period

Tonnage in the period/
# of wagons in the period

# of containers
in the period/

Average # of
containers per wagon

for a period # of wagons in the period

Table 3: Definition of indicators

Indicators May 14 Before | After | Improved
Routing 9 7 22.22 %
Average tonnage

per wagon 1996 | 243 | 21.74 %
Average number of

containers per wagon 1.35 1.64 | 2148 %
# wagons used 1470 | 1208 18 %

Table 4: The improvement of indicators in the case study

4.2 Comparison with train planning model

The objective of the train planning model (TPM) is to de-
cide where each particular container should be loaded on
a given train while minimizing the weighted sum of the
number of wagons used in the train loading plan. It con-
siders lengths of containers, slots and wagons by using a
binary decision variable U,s; which is equal to 1 if con-
tainer c is assigned to slot s in pattern d of wagon w. Each
slot can carry a container of the same length. The mixed
integer linear programing model (MILP) of train planning,
TPM, generates a large number of variables which makes
most authors try to simplify and extend it. For example,
TPM generates 40000 binary variables for 50 containers,
40 wagons, an average of 10 patterns each and 2 slots per
wagon [1].

In the comparison below, we consider the part in our
models that take into account only length constrains of
wagons and containers. Let us also choose another exam-
ple apart the one of the Moroccan industry to show the

adaptability of the proposed models to other industries.
Consider we have one type of wagon of length 19.9 me-
ters and 3 types of containers, 20 foot, 30 foot and 40 foot.
We first need to define all possible loading patterns. We
obtain dispositions that can carry two containers. Another
specific hypothesis to this example is to limit the num-
ber of slots to 2, so we consider that the containers trans-
ported are filled to their maximum capacity. In this case
the first disposition can only carry two containers 20 foot.
Figure 2 presents all the permitted configurations consid-
ering length constraints. In this specific example, weight
constrains are respected which justifies also not including
them.

d=1 d=2
20 foot | 20 foot 30 foot I 20 foot
d=3 d=4

20 foot M 30 foot 30 foot

Figure 2: All possible loading patterns of the example

The part in our models which is equivalent to the TPM
is the following:

N
min Zxd (4a)
d=1
N
anlxd =4, lelL (4b)
d=1
xg €N (4c)

The model for this example is as follows:

min xj; + X + X3 + X4 (5a)
2x1 + X+ X3 = q (5b)
X +2x4 = o (5¢)
X3=q3 (5d)
X1, X2, X3, X4 € N (5e)

Table 5 illustrates the difference between the two mod-
els in terms of number of constraints and variables. The
proposed model formulated as an integer linear program-
ing model (ILP) reduces them considerably compared to
the basic model existing in the literature which makes it
easily extendable to take more elements into account. In
the previous section for instance, we integrated weight
constraints for a more realistic load problem but also train
constitution and transport constraints for a combined res-
olution.

Computational times for the instances considered are not
reported since there are very low for both the models and
the algorithm (around one second).
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loading pattern d
of wagon w

IWTSCE’18
Origin Destination T T, Total T. T/ q1 q1 9 # wag.used X Xy # wag.required Gain
Casa RN Marrakech 93.95 15.85 109.8 2.61 36 2 17 12 of d=1, 11 of d=1 14 3
and 2 of d=4 2 of d=2,
and 1 of d=5
Casa Mita Marrakech 44 8.8 13.2 2.20 2 2 4 2 of d=2 2 of d=2 2 2
Casa RN Fes 26.89 9.96 36.85 26.89 1 1 2 1 of d=2 1 of d=2 1 1
Casa RN Casa Mita 582 0 582 26.45 22 0 12 11 of d=3 11 of d=3 11 1
Marrakech Casa RN/ 1075.94 800.06 1876 22.89 47 40 72 39 of d=2, 40 of d=2, 44 28
Mita 4ofd=3 3of d=3
and 1 ofd=4  and 1 of d=5
Tanger Med Casa Mita 590.44 208.69 799.13 28.12 21 23 34 21 of d=2 21 of d=2 23 11
and 2 of d=4 and 2 of d=4
Fes Casa RN 24.6 0 24.6 6.15 4 0 3 1 of d=5 1ofd=5 2 1
and 1 of d=1 and 1 of d=1
Total 239822 1043.36  3441.58 133 68 144 97 47
Table 1: Comparison between models, algorithm and manual planning the 24 May 2014
Elements TPM Proposed model Gap  Improvement TPM Proposed model Gap Improvement
considered/Models
Data Nature of the model MILP ILP MILP ILP
# of containers 8 8 (4 of 20 foot, 40 40 (20 of 20 foot,
3 of 30 foot 15 of 30 foot
and 1 of 40 foot) and 5 of 40 foot)
# of wagons 4 4 20 20
# of slots 2 2 2 2
# of patterns 4 4 4 4
Results # of variables 256 4 252 98.44 % 6700 4 6694 9991%
# of constraints 60 2 58 96.67 % 2
Value of the 4 4 20 20
objective function
(optimal)
Patterns used Container ¢ to 3ofd=2 Container ¢ to 15 of d=2
place in slot s of and 1 of d=3 place in slot s of and 5 of d=3

loading pattern d
of wagon w

Table 5: Comparison between the proposed model and the TPM

5 Conclusion

The paper deals with the train load and transport planning
problem. The objective is to minimize the number of wag-
ons and to maximize loading on trains while satisfying
train constitution and transport constraints. We have pro-
posed two mathematical models different in formulation
that can be used to solve the combined problem. An algo-
rithm that provides optimal results is also proposed for the
train load problem. The models and the algorithm have
been tested on real data of railway industry. The part of
our model that considers only length constraints has been
compared to the base train planning model that takes into
account only these elements. Our proposed model simpli-
fies the formulation and therefore reduces considerably the
number of constraints and variables. The two models can
be extended specially the part of transport per axis to treat
multiples destinations in each axis and multiples axes. We
also can consider strategic planning over multiple periods.
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