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Development of an Algorithm for Searching Railroad Routes to Ensure Ar-
rival at the Specified Time

The article considers the problem of developing an algorithm for searching railroad routes that en-
sures arrival at the specified time. The brief description of the existing railroad Internet resources
in Ukraine is presented, necessary basic information and criteria for route selection is discucced. In
this article the algorithm for route searching and its comparison with Dijkstra’s algorithm is pro-
posed.
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Introduction

In our high-speed and mobile life a man is of-
ten confronted with the need to choose the best route
on a given criterion. There are widespread services to
assist in the laying of roads and hiking trails. These
services are widely used in computers and gadgets for
automatic routing. Also human always has the ability
to lay route by himself. However, our country still has
no tool for the construction of optimal rail routes us-
ing computer.

Problem description

There are many difficulties when you are lay-
ing a route by yourself: absence of direct trains, ab-
sence of free places for needed trains, forced waiting
during trip, etc. Existing Ukrainian internet services
make it possible to search trains with given stations -
endpoints, to check availability of free places and to
buy tickets online. These are examples of such inter-
net services: e-kvytok.com.ua, gd.tickets.ua, trav-
el.tochka.net, poizd.aviakassa.net etc.

A good example of a resource for the laying of
the railway (and car, bus, bicycle, pedestrian) routes
with transfers and a possibility to choose one of sev-
eral founded routes is a German internet resource
vvs.de. This resource also allows you to book tickets,
rent a car and to book accommodation.

Creating a service for laying railway lines will
solve a lot of problems and will be useful to users of
Ukrainian railways.

Basic data and choice criteria

Route is a path between two points (stations).
Each route has a distance and travel time associated
with it [1].

First of all, to find routes user should specify
the required parameters: endpoint and time on which
he wants to arrive at the end point. Additional param-
eters include total travel time, number of transfers,
time between transfers, total cost of travel and other
according to user’s needs.

Depending on user’s requirements, route se-
lection criteria may be like: arrival time, travel time,
cost, number of changes, the waiting time between
transfers, and other. Criteria may be combined by
"AND" / "OR". In case when a few routes were
found, user may choose the optimal route to his mind.

For example, let’s consider a drawing that
shows the trains motion from city A to D (Fig. 1).

Figure 1 — Diagram of train’s motion
from city Ato D

Let’s suppose that user wants to get routes
from A to D. In this example we have three possible
routes:

1) train 1 (goesto B), 2 (to C) and 3 (to D);

2) train 5 (goes to O), 4 (to D) with one

change on station O;
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3) train 5 (goes to M), 6 (to N) and 3 (to D)

Depending on the characteristics of the routes
user has possibility to choose one of them on favor.
The main task is to free the user from checking
schedules and provide giving him finished list of pos-
sible routes with showing all the necessary infor-
mation on train.

Algorithm for searching railroad routes to
ensure arrival at the specified time

During the algorithm a specified number of
cascades is formed and corresponding number of
routes sets. A word “cascade” in this context means
trains, which pass specified stations. Number of gen-
erated routes set corresponds to the number of cas-
cade, which trains are added to routes and set number
equals to trains count in route. The route contains
trains from cascades, following one another. Number
of cascades depends on the depth of the search. In
most cases the number of transfers does not exceed
two, so this number may be set by default, or user can

with two changes on stations M and N.
set the value by himself. The total number of cas-
cades and routes sets equals N+, where N is maxi-
mum count of changes.

The first step is to introduce the basic data —
departure station and destination station (start and end
points), the critical time of arrival. Before formation
of the first set of routes the "zero" set of routes is cre-
ated, which adds a new empty route with initial data
(destination station and the critical time).

For creating each new set of routes the previ-
ous one is used. During the formation there are
searching trains, which are going through a given
station, then amount found routes are searched trains,
that go through the required departure station. In case
when needed trains are founded formed completed
routes are added to result, in opposite case routes are
added to the group of routes that will be used for next
search with one new change.

Algorithm of search is shown in figure 2:

Initial data:
Stations A, B,
Crit. time tMax,
Number of changes X,
Time between changes t

Create a list of routes, add initial route into it

¥
A N=1.X+1
¥
For each route from
' 3 < list >
¥

For each stop of
last added train
except dest.st.

New train = Part of curr. train (From
stop to dest.st. of curr. train)
Dest.time = Route’s dest.st.

Crit. time = Route's crit. time - X

Searching trains that
follow through dest.st.
and arrive before
critical time

¥
_><_For each train from >
found trains
¥
New route = Current route
Add current Train to route
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throuh A
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Figure 2 — The algorithm for searching railroad routes

For example let’s consider drawing that
shows the relation of the trains and cascades (Figure
3).

The first cascade consists of trains 3, 4, that
are passing through the destination (D). In the first
set we have two routes: (3) and (4).
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The second cascade consists of trains 2, 5, 6,
that pass stations, where trains from previous cas-
cade makes stop. Routes count is increasing, that’s
why in the second set we have three routes: (2-3),
(6-3), (5-4). As can be seen, the train 5 from route
(5-4) passes the reference point, so the route is add-
ed to the list of filtered.
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The third cascade consists of train 1 and train
5, but last one goes only to the station M, so in the
third set we have two routes: (1-2-3) and (5-6-3).
These routes are also added to the list of filtered.

With these data we can make up the table of
relation of cascades and routes (Table 1), cascades
and trains (Table 2), trains and routes (Table 3).

| cascade
Il cascade =— — —
|l cascade

Figure 3 — Diagram of the relation of the trains and

cascades
Table 1
Routes Cascades
| | 1
(1-2-3) 1 1 1
(5-6-3) 1 1 1
(5-4) 1 1
Table 2
Trains Cascades
| | i
1 1
2 1
3 1
4 1
5 1 1
6 1
Table 3
Trains Routes
(1-2-3) | (5-6-3) | (5-4)
1 1
2 2
3 3 3
4 2
5 1 1
6 2

The nuances of software code development

Software implementation of the algorithm re-
quires presence of specialized models: routes, trains,
changes, etc.

The route model may contain an array of

trains, time of departure and time of arrival, depar-
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ture and destination stations, the critical time and an
array of changes.

The train model may contain time of depar-
ture and time of arrival, departure and destination
stations and an array of stops.

The stop model may contain a reference to
train, station, where this train makes stop, time of
stop and time of departure.

The change model may contain references to
trains, first train arrival time, second train departure
time, station where this change may be done.

The proposed algorithm will be implemented
with programming language C#. Developed models
will become a part of automated supporting system
of reflected railway transport models. Such system is
a specialized software for object-relational mapping
objects. It means that for connection of models there
may be used links which make easier transition from
one model element to another [3].

Comparison of the algorithm with the exist-
ing analogue

For laying routes such algorithms as Dijks-
tra’s algorithm, Lee algorithm, k-nearest neighbor
algorithm and other are most often used. However,
in case of searching exactly railroad routes taking
into account their specific may be useful only Dijks-
tra’s algorithm with condition that as distance to the
point may be taken cost or time of a ride.

In general case, Dijkstra’s algorithm is based
on assigning to point some weight coefficients, and
besides coefficient of point gives value of distance
from reference point to current. Gradually these co-
efficients are decreasing with some iterative proce-
dure and on each iteration step only one coefficient
may become permanent. The latter indicates that
coefficient is not upper bound anymore and equals
minimum distance to current point [2].

Let us consider the figure, where trains mo-
tion from city A to D from previous examples is
represented as a graph (Figure 4):

When applying Dijkstra algorithm during
each iteration there is not only calculating distance
from one point to another, but also there is a com-
parison of this distance with other possible values.
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Figure 4 — Graph for Dijkstra’s algorithm with cas-
cades from developed algorithm
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In this case the total number of iterations
equals eight. It should be mentioned that significant
disadvantage of Dijkstra’s algorithm is that there
must be ready graph with all points. So, this algo-
rithm requires the prior formation of a graph through
other means.

Conclusion

In contrast to Dijkstra's algorithm, algorithm
for searching railroad routes does not require recal-
culation of the distance to a point for each iteration,
and therefore has a smaller number of execution
steps. Besides, during algorithm execution there is

an automatically formed graph, which contains a
certain number of cascades of trains. A user-
specified search depth not only helps to find routes
according to user’s wishes, but also guarantees that
graph will not be overloaded with unnecessary in-
formation.

The proposed search algorithm ensures the
arrival at destination point at the specified time. The
algorithm may be taken as the basis for development
of corresponding Internet service. Currently, similar
services for train routes searching are not present in
Ukraine. Therefore, creation of such service can help
to solve a lot of problems of Ukrainian railway us-
ers.
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I.€. TPUHEBUY’, C.€. )KEBKUK?, L.51. 3EJIE-
HbOBA'

! Iloweupkuit HatioHANBHMIT TeXHIYHMH YHIBEpCHTET
2 HAITTIKTB ACY 3T «Yxkp3ami3HUIs»

Po3po6ka ajaropurMy nomyky 3ajJi3HHYHUX Mapl-
PYTiB, 110 FAPaAHTYIOTH NPUOYTTS /10 33JaHOT0 Yacy

VY cTarTi po3mIsHyTa 3a/1a4a po3poOKU aNropu-
TMY TOIIYKY 3aJi3HUYHUX MapUIPYTiB, IO T'apaHTy-
I0Th TPUOYTTS 0 3a]1aHoro Yacy. HaBeaeHo KOpOTKHMH
OIUC CTaHy ICHYIOUUX 3aJII3HUYHHUX IHTEPHET-PECyPCiB
VYxpainu. HaBeneHo ocHOBHI HeoOXifHI AaHi 1 KpuTe-
pii s BuGopy Mapmpyty. HaBeneHo mponoHoBaHUI
AITOPUTM TOIIYKY MapIIpyTiB, a TaKOXX MOPiBHIHHSI
AITOPUTMY 3 aJIrOpUTMOM JleHKcTpu.

Knrouosi cnosa: mapwipym, anzopumm, anzopumm
Heiitkempu, zpagh-cxema, modenv, 3aniznuunuil mpa-
Hcnopm, inmepHem-pecypc

Haoitiwna 0o peoaxyii 10.04.2012

W.E. TPUHEBUY?, C.E. )KEBKUK?, U.51. 3EJIE-
HEBA!

! JloHelKuit HAIOHATBHBII TEXHUYECKHIA YHUBEPCUTET
2T TIKTB ACY XT «YKp3aJIU3HBILS

Pa3zpaboTka ajropuTtMa INoMCKa >KeJe3HOHOPOKHBIX
MapUIPYTOB, rApaHTHPYIOIIMX NPUObITHE K yKa3aH-
HOMY BpeMeHH

B craree paccMoTpeHa 3asaua pa3pabOTKH aJrOpUTMa
MOKCKA JKEJIE3HOJOPOKHBIX MapHIPyTOB, TapaHTUPYIO-
IMMX NpUOBITHE K 3a/laHHOMY BpeMeHH. Kpartko ommca-
HO COCTOSIHHE JKEJIE3HOIOPOKHBIX HMHTEPHET-PECYPCOB
VYxpaunsl. [IpuBeneHsl He0OXOAUMbIE TaHHbIE M KpUTe-
pum U1 BeIOOpa Mapuipyta. [IpemmoskeH anroputM mo-
HCKa MapLIPYTOB, & TAK)KE BHIIIOJHEHO CPAaBHEHUE aJIrO-
pUTMa C aIrOpUTMOM JIeHKCTpBI.

Kniouegvie cnosa. mapwipym, anzopumm, anzopumm
Heitkempul, zpagh-cxema, mooens, »Heene3ano0opoHCcHbvlil
mpancnopm, unmepHem-pecypc
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