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Abstract: - Freight trains use railroad network to transport goods from an origin to a destination. The small
consignments are accumulated and arranged in a nearby marshal yard and transported to the destination marshal yard
for delivery. Strategy to choose these marshal yards plays an important role in freight traffic control, management and
economy. A shortest path algorithm combined with a genetic algorithm optimization technique is developed in this
paper to identify the potential locations of the marshal yards in a given railroad network based on minimization of
transportation cost.
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1 Introduction provider. As the number of yards increases, total hauling
Freight trains use existing railroad network to haul €St may decrease up to a certain extent but the yard
freight cars from an origin to a destination. The haulingconstruction — cost will increase proportionately.
incurs cost to the service provider. This cost iSThe_rgfore, the selection of the yard _Io<_:a_t|on is a crucial
dependent on the distance covered by the freight train of€cision. This can be done by optimizing the cost of
the travel time, number of freight trains and the numberhauling and construction of yards together.

of freight cars being used for the transportation. The o ) ) _ )
number of freight trains is again dependent on thelhe QeC|S|on of selecting yard locations raise following
maximum number of freight cars that can be hauled by Zuestions:

locomotive. Sometimes the number of freight cars

shipped from the origin to the destination is not enough ® Which locations can be considered as the
to run the freight train with maximum or full capacity. potential origin and destination yards?

This leads to under capacity movement of the freight

train and increase in the operation cost. To reduce the ® Which origins can be grouped for a particular
operation cost, the under capacity freight trains from origin yard?

nearby origins are gathered at one location, accumulated

and rearranged to form a train of capacity and hauledto e Which destinations can be grouped for a
another nearby common location to their destinations. particular destination yard?

These points of common locations are known as yards.

In this study, the yard close to the origins is termed as e How should the routes be oriented?

origin yard for those set of origin locations and the yard

close to the destinations is termed as destination yard for e How many yards are necessary to minimize the
those set of destination locations. Construction and overall cost of operation?

maintenance of these yards also incur cost to the service
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The answers to these questions are interrelatedy Theln this figure the circles are the nodes and the number
need to be addressed together not separately. Thereforimside them are the unique number to identify them. The
we need to understand the railroad network, the shortedines connecting the nodes are the links of the network
path algorithm and the optimization process involved inand the numeric value on these links are the impedance
the solution methodology. for the connecting nodes. This impedance is in the form

of travel time. The links in this figure do not have any

direction. This type of network is known as non-oriented
2 Railroad Network network and it resembles two-way railroads.

Railroads run width and breadth of a country and form a

network. The railroad network as any other network can

be defined as a combination of set of nodes of branches Problem Formulation

[1]. The nodes signify the point where two or more rail- Let N; be the number of cars need to be hauled from
line merges or diverges. These nodes are interconnectemfigin ‘i’ to destination ‘j’. If the maximum number of
by branches denoted by block-sections or links. Incars that can be hauled by a locomotive jg«fhen the
general, the railroad network can be represented as aumber of trains required to haul Nij cars is given by:
graph with relationship between the connecting nodes.

The impedance between the nodes defines the T; = Round up to higher integer of {NNmay)
relationship. It can be in terms of travel cost or travel

time and so forth. In this study symbolically the network If the fixed cost to haul a train is F and the variable cost
is represented as G(N, A), where N denotes the nodeper cars is V to haul for unit time then the total cost to
and A denotes the links and the travel time as thehaul N; is given by:

impedance to the links. Every node in this is a potential

yard location. It depends on the minimization result Total cost = (F T+ V N;) x Travel time

which nodes will be ultimately considered as the yard

location. An example railroad network is shown in Fig. Calculation of travel time is another optimization
1. For convenience the network is shown in square gridprocess where we have to consider either the train will
but in practical it will not be in a square grid. The freight move through the nearest yards or directly from origin to
cars starting from their origin are hauled through thedestination. If the cost to haul the train directly from
nodes to their destination. Among these intermediateorigin to destination is cheaper compared to hauling it
nodes any pair of nodes can be the origin and destinatiothrough the nearest yards then the trains should be

yards of the freight cars. hauled directly from origin to destination. If the train is
hauled through the yards then the train is first hauled to
@ 3 @ 2 @ s nearest yard. There, other trains are accumulated and
new trains are formed of same destination or destination
yard. Then, those trains are hauled to their respective
2 5 1 7 destination locations. Therefore, the yard locations are

the critical parameters in this problem which need to be

O 3 Y 5 Yo 5 @ found out. The travel time can be considered as the
N o/

function of the yard location. If the location can be

presented by 1 or 0, where 1 represents the location is
selected as a yard location and O for not selecting as a
yard. The objective of this problem is to minimize the
total cost and it can be presented as follows:

O——0O—0—0©

2 5 ‘ 5 > > (F% VN )xTravetime i # ]
j=1 =1
Where,
@ d @ . @ - @ Travel time = f (Yard Location)
Fig. 1: A railroad network Yard Location= liflocationiselected
0 if locationisnoselected
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Freight trains routes are chosen in such a waythleat  Step 3: The elements of the predecessor matrix is
costs least. The path which yields least cost for a pair otalculated as follows:
origin and destination is known as shortest path. Several

algorithms are available to calculate and identify the gt for d¥ = gkt
shortest path in the road network. One of the mostqif = ‘E_l’ . ! (4)
efficient algorithms to find the shortest path from one a; otherwise

node to all other nodes in a network was given by E.W.

Dijkstra in 1959 [2]. But in practical transportation Step 4: If k = n, then the algorithm is completed, else if
problem it is often required to calculate the shortest patik<n, then k is increased by 1, i.e. k = k + 1 and the
between all pairs of nodes in the network. So, a speciajyhole process is repeated from step 2.

type of algorithm developed by R.W. Floyd in 1962 [3]

is used to find the shortest path between all pairs oSample shortest path information for a pair of origin and
nodes. This algorithm is discussed in detail in thedestination obtained by Floyd’s algorithm is shown in
following section. Fig. 2. In the figure the links with double line arrow
shows the shortest path to reach the destination node 19,
20 and 23 from the origin node 22. Any other path
4 Floyd’s Algorithm [3] joining node 22 to node 19 or 20 or 23 will cost more to
The Floyd'’s algorithm starts by denoting all the nodesthe user.
with unique integers 1, 2, 3..., n. Then the initial matrix
for shortest path costs Do and predecessor matrix Qo along with this algorithm optimization tool, Genetic
formed. If there exists a link between a pair of nodesAlgorithm (GA), is integrated to find the optimum
then the initial cost is the minimum cost of the links number and location of the yards. The GA used for this
connecting those two nodes. df denotes the cost of study is a modified from the conventional process.
Details of GA are discussed in the following section.

the shortest path from node i to node j at iteration 0 then 5 3
the values of the initial matrix will be as follows: @

dg = mirlly (iAo )00 1)
where,
.(i, j) =length of il link between node i and node j

1)

So the value ofdi? = 0 when i = j and if there are no
branches between the nodes then mathematically the
cost is considered to be infinitydﬁ’ =0). Q 5 i
For the initial predecessor matrix the values are
considered as follows:

i )
qi(j) :{_

After defining the initial matrices followings steps need
to be followed to obtain the shortest path between all
pair of nodes:

fori# j
otherwise

)

Fig. 2: Shortest path from node 2 to node 6, 10, 11, 14,
15 and 16

©

5 Genetic Algorithm
GA is one of the nontraditional evolutionary
optimization algorithms envisaged by Professor John

Step 1: Considerk =1

Step 2: Each elemerdi‘j‘ of the shortest path matrix is
obtained using the following equation:

k-1
ij

d¥ = min|d?,d%" +di 3)
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Holland of University of Michigan, Ann Arbor in the
mid sixties [4]. This algorithm mimics the natural
evolution of genetics to constitute the search for the
optimum value of a mathematical function [4]. Similar
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to gene where genetic properties are stored, th®mple  grouped together to form a freight train of capacity. If
candidate solution of the variables is coded in a stringhe number is not sufficient to form a train of capacity
structures. This particular problem is about finding thethen the train is made as close as to the capacity. The
optimal location of the yards and the variables whichallele corresponding to yard locations which didn’t
govern the location have values either 1 or 0. The valugualify or not considered in the process are changed to
1 stands for the location selected as a yard and the valu@alue 0. Also the pair of origin and destination yard
0 otherwise. Therefore, the variable values can bdocations which connects only one pair of origin and
directly used in the gene and their position candestination is also eliminated from the consideration list.
correspond to the unique node identification number.  The freight cars in this case are assumed to take the
The yard locations in the railroad network don’t have shortest route of the origin and destination pair. After
any regular pattern. Therefore, only mutation is used ashis, the cost to haul the freight cars from origin to origin
the evolution technique in the solution process. Toyard, origin yard to destination yard and destination yard
expedite the solution process, the variable value of théo destination or directly from origin to destination is
corresponding locations which don't qualify as a yard incalculated depending on the situation. The cost is
a particular solution is changed to 0. Following this in calculated based on the shortest path information
the calculation process will eventually mimic the between the pair of origin and destination through the
Darwin’s principle of “survival of the fittest”. Details of origin destination yards if any. The duplicate sets of
application of the algorithms in the solution process issolutions are removed from the parent pool of solution.
discussed the following section, methodology. After that the solutions are sorted and they are ready to
create child alternative solutions.

6 Methodology In this study child set of alternatives are created by

The problem of finding the appropriate number andMmutating the parent set of solution. The parent set of
location of yards is solved using shortest path algorithmSelutions are considered one by one. The present yard
and GA. The shortest path algorithm is used to find thdocation from the solution is swapped with another
route from the origin to destination through yards if any. "@ndomly chosen location not considered as yard in the
The GA is used to find the number and location of thesSolution. This is done for all sets of parent solution and
yards. Both of these methods are used simultaneously? tUns it creates a complete set of possible child
here. The chromosome of GA is used to define theSolution. Then the cost to haul the freight cars from the
location of the possible yards. Each chromosome’s allel@1din to their respective destination either through the
of the GA used here represents the nodes in the networ®19in, destination yards or directly is calculated. This
and they are coded with 1 or 0. The positions of allele incalculation is similar to that of the parent set of solution.
the chromosomes are considered as the unique noddere also the shortest path information is used for the
number of the network. On the other hand, the value 1 ofalculation. The obtained child solution set is compared
allele represents the node as a yard location and th@ith the parent set as well as among itself and the
value O represents the node not considered as a ya@iplicate solutions are removed from the child set of
location. The positions of allele and their values areSolution. After this the present parent solution pool is

determined randomly using uniformly distributed Updated with best solutions from the parent and child
random numbers. solution pool. With the new set of parent solution, the

whole process of creating child set of alternatives is

Initially a set of parent chromosomes are created as thEePeated till the parent solution is no longer updated in
initial parent solution pool and cost to haul the freight the process.

cars to their destination through the origin yard and

destination if any is calculated. The calculation process

starts by finding the nearest origin and destination yard/ Problem Solution

location for the pair of origin and destination of freight A simple network of sixteen nodes (Fig. 1) is considered
cars. The shortest path information obtained fromas a case study for this problem. This link travel time
Floyd’s algorithm is used to select the route from origininformation is used to obtain the shortest path
to nearest origin yard, nearest origin yard to a possiblenformation using Floyd’s algorithm as described before.
destination yard and from there to the final destination.In this study the maximum capacity of a freight train is
This process is repeated for all sets of origin andconsidered to be thirty freight cars. The variable cost to
destination pairs. Now the freight cars from its origin arehaul a freight car is one unit per hour and the fixed cost
assumed to haul to its origin yard. There all cars from allfor a train is hundred units per hour. The construction
other nearby origins destined to same location areand maintenance cost of a yard is considered to be five
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Analyzing this information with the methodology

in table 2. The number of freight cars need to be hauledleveloped, node 7, 10 and 11 of the network is obtained
from the origin to their respective destination is shownas the optimum yard location. So, the optimum number

in table 1.
Table 1: Freight car demand
Origin Destination No. of cars

1 11 80
1 16 100
2 12 50
2 14 50
2 16 10C
3 6 100
5 9 70
5 16 25
9 4 10
9 5 13
10 1 40
12 9 20
15 3 18
15 7 10

Table 2: Costs considered for the study

Type of cod

Amount (Unit)

Hauling cost of a ci

1 per unit timi

Fixed hauling cost of a tre

100 per unit tim

of yards required for this hypothetical problem is three.

If no yard has been considered then the total hauling cost
would have been 43891 units but the freight cars

redirected through origin and destination yard reduced
the hauling cost to 42341 units. This reduced cost also
includes the cost incurred for the yards. The optimized

original destination schedules of the freight cars are
given in table 3.

The schedule in table 3 describes how the freight cars
will be hauled from their origin to destination through
the intermediate yards if any. For example freight cars
from node 1 forms six full capacity train of 180 freight
cars and hauled to node 10. From there along with other
freight cars seven trains are formed. Six are of full
capacity and one with 25 freight cars, 5 less than full
capacity making a total of 205 cars. They are then
hauled to node 11. From there along with other freight
cars originated from other nodes, 8 trains of total 225
freight cars are formed and hauled to node 16. One train
with 15 cars and rest are of full capacity trains. In this
process 80 cars are hauled from node 1 to node 11 and
100 cars from node 1 to node 16. In the same process
cars from other origin are hauled to their destination.

Construction and maintenance The freight car movement schedule in the network is

250 each location

cost of yards shown in Fig. 3.
Hauling capacity of a locomoti' | 30 freight car
3 /1'4\ 2 trains of 50 cal /1'5\ 8 trains of 225 cars 16
Table 3: Obtained original destination schedule N 8 § i O
Origin | Destination | No. of cars @ﬁ oo
1 10 18¢ zel 2
2 7 20C 6 trains of 180 car L s of 10 E g g
3 6 100 : :ﬁ:g:; g; ig ﬁ::s g?rgiﬂs of g’%gs 2 trains of 50 cal
5 9 70 0 dilfmﬂ'ﬂiﬂz_ﬂmn oT20car 4 < 1 train of 20 ca% 19
5 10 25 § g § . ?’31 train of 20 cars ; . é g
; 151 2103(: ° T * A; :' 7 trains of 200 ca - E E 5 )
5 4<6 7 8

9 10 10 41 ) /gﬁrgmluuca - (_% .
10 1 40 gl Is 8 % o2
10 7 10 H L 5 5| |e2
10 9 20 gk £ gl E-=
10 11 205 a X
11 7 28 w @ \3/ 1 train of 10 car: @
11 10 20 Fig. 3: Freight car movement schedule
11 12 50
11 14 50 .
11 16 0L 8 Conclusion
12 11 20 The methodology proposed here is capable of finding
15 11 28 yard locations for any size of rail-road network. The
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solution depends mostly on the different costs
considered in the study, the origin destination locations,
number of freight cars and of course on the network
considered. Therefore the locations may change with the
variation of those factors. At present the process
discussed here to find the yard location has certain
limitations in the calculation process. They are discussed
as follows:

e The model is not tested with real data, all
information were hypothetical.

o Capacities of the yards are not considered in the
study.

e Yard time is not considered in the study.

These limitations can be incorporated in the model in
future works, which will make the calculation more
robust.
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