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Abstract — The article presents an algorithm of forming
dynamic table of routs for multimodal passenger transportations. Il. PROBLEM DEFINITION

The algorithm selects the optimum route using one of criteria: For organizing of goods transportation routing there are a

fare, travellmg time, comfort Ieygl. It is shown that the proposed |5t of approaches and algorithms [6]. The main attention there
method can find routs with minimum number of transfers. The s~ jayoted to principles of loop routes constructing with
fff\?fg\r?\, 'Ist Lﬁ'éigﬂ;&i dgggfnfﬂs:fpgqagi of .p:.ogra”?m'”g minimization of total route length. Also different genetic
: gion founstic routs. algorithms are becoming more popular [7, 8], their operation

Keywords — routing, algorithms of route selecting, multimodal 'S based on random search principle. The issue of optimization

transportations, automation of transportations control, LabVIEW, for passenger transportation Can be related to the problem

combined transports c!?ss [fgcir finding the shortest distance between a couple of

cities [9].

I. INTRODUCTION Network protocols for data routing or solving the transport
Organization of multimodal transportations is one oftask are commonly involve Dijkstra’s algorithm [10]. In this

passenger transport systems directions that is actively beifgethod. f|(;1d|ng the Iwa)ll with mhmlmum wfe|ghted length is
developed. Building wide multimodal networks is perspectivé’ctermined via serial selecting the most of route map points.
not only in the regional level but also needed for urbarioWever for multimodal transportations such approach is not
environment of megalopolises [1, 2]. very efficient. It will require making an exhaustive search,

close alternative routes to the shortest one are not taken into
Different model variants for combined transportations inaccount at the end. In addition, the algorithm does not

[3] use for the optimal route selecting a serial search of attonsider multiple layers of routing maps.

transition ways with comparing of cost and journey time. It is i : - .

shown in review [4] how different vehicles could be classified, 1N€ figure 1 show some variants of touristic travelling

for combined passenger transports. Besides that, the authdg!,es for different transportation modes in Irkutsk Region and

suggest that planning of routes should be separate f espublika Buryatiya [11]. The identification numbers of

transportations of passengers and their massive luggage. ~ POINts on the map are explicated in the Table I. Multimodal
transportations for these regions include railroads, motor

Discussed in the article [S] concept of routing for auto-vehicles (regular bases, taxi), airlines and water transport.
transport tourists proposes to use the following criteria: routEach segment of the map can combine several variants of
distances, transition time, quality of service, safety level an¢ransition not only for different modes but also for several
so on. At the end all these particular factors are beingransport companies.

converted into a generalized preference scale. . . .
As it can be seen from the figure 1, even relatively low

But in our opinion, the most important parameters fomumber of touristic places produces a wide transportation net
passengers are total cost, journey time and comfort leveh case of multimodal system. In order not to complicate the
Buisness trips can be characterized by urgency so it isxample, there are only the most popular tourist routes on the
important to shorten time loss. People who are used tmap. The places for visiting can be also different for summer
travelling would have a desire to save money. Someone woulthd winter touristic seasons.
prefer to enjoy their journey with maximum conveniences.
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Fig. 1. A map of popular tourisric routes in Irkutsk Region.

Self-reliant planning of transitions is quite hard for
passengers especially when they have time limitations. Even if lll.  ALGORITHM OF DYNAMIC ROUTING
there is an integrated data base providing with information The proposed method is based on cyclic forming of route

about all transport mode schedules, a passenger will be n@hle with accumulating of transitions. A block diagram of
capable to find the most suitable and available route. using operations is shown in the figure 2.

Thereby, there is a requirement of automated forming a On the first step, the information about segments of the
table of all transition combinations of travelling lines, androute map is loaded from a txt-file. A user inputs a point of
selecting the optimum route with taking into accountdeparture and a place of arrival via choosing variants from
passenger preferences and multimodal character @futomatically formed list of available points. Then one of
transportations. selecting criteria is marked. It can be minimum cost of

The aim of the article is to design an algorithm of selectind®Urney, shortest time or maximum comfort level.
the optimal route and verify its operating for touristic routes in  Next step begins with making a list of segments and

Irkutsk Region. forming an adjacency and incidence matrices. In cells of the
adjacency matrix are written information about all variants of
TABLE . LIST OF POPULAR TOURISIC PACES SHOWN IN FIGUHE transition between neighbor points. The incidence matrix only
contain “NaN" and “1” values.
Ne Place Ne Place . .
After that that we need to build dynamically a route table.
1 Irkutsk 10 Talci Dynamic forming means that all routes are composed step-by-
2 Arshan 11 Baikal Harbor step in parallel via adding a new transition every loop
iteration.
3 | Tunkinskaya Valley] 12 Listvyanka
. Choose
Load a List of T . Evaluate Export
4 Slyudyanka 13 Bolshoye Goloustnoye Segments from ml‘\ldspgn?‘t‘on > Route Results to
_ * txt File ode m Factors * txt File
5 Baikalsk 14 Peschanaya Bay * Se‘z‘;ems ‘ ?
6 Vydrino 15| Tazheransky Steppes Caves ~Form Choose the
Adjacency and Forma Onti N Forma
7 Enkhaluk 16 Maloe More Incidence g Route Table ;};tlmmn Route List
: : Matrices oute
8 Ulan-Ude 17 Sarminskoe Ravine
9 Gremyachinsk 18 Olkhon Fig. 2. Block diagram of the algorithm.
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Irkutsk | Slyudyanka

Irkutsk Talci

]I Irkutsk |#I Irkutsk I I#

Tunkinskaya

Irkutsk Valley

Irkutsk Ulan-Ude

2| tkusk | siyudyanka Irkutsk | Styudyanka | Baikalsk Irkutsk | Slyudyanka | Baikalsk Ikutsk | Slyudyanka | Baikalsk
Irkutsk Talci Irkutsk Talei Irkutsk Talci Listvyanka Irkutsk Talei Listvyanka
Tunkinskaya ﬁ [Tunkinskaya # Tunkinskaya # Tunkinskaya
L v sk [T R ks |G sk [TV siyudyanka
Irkutsk | Ulan-Ude Irkutsk | Ulan-Ude Irkutsk | Ulan-Ude Irkutsk | Ulan-Ude
3| tkusk | Siyudyanka | Baikalsk Irkutsk | Slyudyanka | Baikalsk | Vydrino Irkutsk | Slyudyanka | Baikalsk | Vydrino Ikutsk | Slyudyanka | Baikalsk | Vydrino
Ikusk | Talei | Listvyanka Ikusk | Talei | Listvyanka Ikusk | Talei | Listvyanka | Baikel Ihutsk | Talei |Listvyanka | B2el
# # Harbor # Harbor
Tunkinskaya [Tunkinskaya [Tunkinskaya [Tunkinskaya
sk |1 T styudyanka nhisk [T trkusk |11 T fstyudyanka trkusk |11 T Styudyanka | Baikalsk
Irkutsk | Ulan-Ude Irkutsk | Ulan-Ude Irkussk | Ulan-Ude Irkutsk | Ulan-Ude
Irkutsk | Slyudyanka | Baikalsk | Vydrino fGi Irkutsk | Slyudyanka | Baikalsk | Vydrino fGremyachinsk Irkutsk | Slyudyanka | Baikalsk | Vydrino |Gremyachinsk
Irkutsk | Styudyanka | Baikalsk | Vydrino | Ulan-Ude Irkutsk | Slyudyanka | Baikalsk | Vydrino | Ulan-Ude Irkutsk | Slyudyanka | Baikalsk | Vydrino | Ulan-Ude
4 || trkusk | siyudyanka | Baikalsk | Vydrino Ikutsk | Slyudyanka | Baikalsk | Vydrino | Enkhaluk Ikutsk | Slyudyanka | Baikalsk | Vydrino | Enkhaluk Ikutsk | Slyudyanka | Baikalsk | Vydrino | Enkhaluk
- Baikal " # é 2
Irkutsk Talei | Listvyanka | o Irkutsk Talei  |Listvyanka S::::'r Irkutsk Talei | Listvyanka S:‘;z'r Slyudyanka Trkutsk Talei || Listvyanka S;:ﬁlr Slyudyanka
Tunkinskaya ' Tunkinskaya Tunkinskaya Tunkinskaya . .
L v Baikalsk trkuisk | T Siyudyanka | Baikalsk rkuisk | TR styudyanka | Baikalsk sk 1T Baikalsk | Vydrino
Irkutsk | Ulan-Ude Irkutsk | Ulan-Ude Irkutsk | Ulan-Ude Irkutsk | Ulan-Ude

Fig. 3. Diagram of dynamic forming of a route table. Numbers indicate couting of loop iterations.

Forming routes are filled in the table in rows. During each At the end of the procedure we get a table that contain all
iteration, the algorithm adds new columns and checks if possible transit points for transportation from the departure
route in the row is finished or not. A route becomes pointlesplace to the chosen arrival point. The final route table for the
if it contains transit points more than one time. example is in figure 4. If we set a 14% threshold of filling then
there will be only one variant with minimum amount of

An example of step-by-step finding variants of transition, - - <ivions: airline Irkutsk — Ulan-Ude.

from Irkutsk to Ulan-Ude is presented in figure 3. The
procedure reminds of process of a tree roots system growth The next step of the algorithm shown in the figure 2 is
and splitting. For this reason, graphs representing such routimfpoosing a way of transition for each segment of formed
tables are often called trees. Succession of operations: routes. At first, corresponding cells from the adjacent matrix
are entirely copied into a new table of transitions. Then

1. Initializing. At first, it is created a string table with the ;o aion’ in every cell is sorted according to the chosen
only one cell. Then the departure point is inserted into th%riteria

cell.

If the main priority is minimization of cost, we leave only

a for low-cost fare. After that, the residual variants are

sorted with ascending of journey time. We should leave the

shortest ones. And, at last, if there are still several modes, we

«  All neighbor points are found for the last non-emptyexclude variants with low level of comfort. In otkewords,
element of an analyzing row. The current row isthe order of priorities is “cost — time — comfort”. Another
duplicated and one of found adjacent points ispossible way of sequent selecting is excluding sorting “time —
inserted at the end of every line copy. In our analogygost — comfort”, or “comfort — time — cost”.

2. Annual growth of roots (outer loop). It is added an emptyy .
column on the right of the table. After that all rows are
checked in the inner loop:

it is equivalent of root spitting. Route Table
. i . . ﬁ:ﬂ Irkutsk |Syudyanka |Baikaisk \Vydrino Enkhaluk |Gremyachinsk Juian-ude
* If the last non-empty element is the destination point, s Jsuiei Jestest o [enbe _oarvie
. Irkutsk |Syudyanka |Baikaisk \Vydrino Gremyachinsk |Enkhaluk Uian-Ude.
then the last column of current row is left empty. e [Syuayaia [k [vyimo——[Gremyacost [Vt
Irkutsk Syudyanka | Baikaisk \Vydrino Uian-Ude.
3. Dying of growing upward roots. It is checked weather == e I P I [ o o
transition points are repeated in rows. If a route is looped fsc 6 i oot [shuerte _[ssaskfido__[Gemchise etk e
. Irkutsk Talci Listvyanka  |Bakal Harbor |Slyudyanka |Baikalsk Vydrino | Gremyachinsk |Ulan-Ude
then the whole row is removed from the table. e — e EEE BEee ETE O [
Irkutsk Tunkinskaya |Slyudyanka |Baikaisk Vydrino Enkhaluk |Gremyachinsk | Ulan-Ude
4. Checking the limits of roots’ spreading. Here we need to jiec _jinwor jowome e oowe _eoas e
! . ! . rkut unkinskaya |Slyudyanka |Baikalsk Vydrino |Gremyachinsk | Enkhaluk IUan-ude
evaluate a threshold which indicates a relative number of [frus o T S e
. . . . Irkutsk inkinskay udyanka ikalsk /di lan-Ude
rows with accomplished routes. If this ratio exceeds a e i

certain percent, the outer loop is stopped. Otherwise, we
should go to the second step and repeat one more cycle ofig. 4. An example of finished routing table for passenger
the table enlarging. transportations Irkuts — Ulan-Ude

209



£

ATLANTIS . . .
PRESS Advances in Engineering Research, volume 158

When a transport mode is chosen in every segment, the Figure 5 presents the front panel of user interface and
algorithm evaluates total costs, general time and mean level bfock diagram of code in the main program. On the first page
comfort for each row in the route table. The priorities and thef the menu you can see a list of segments for Irkutsk Region
procedure of route selecting is analogous. Eventually a routeute map. The following two pages indicate the adjacency
list contain information about transitions most correspondingnd incidence matrices.

{0 passenger's requirements. The last page of the menu show the route table and the

If there are routs with the same set of characteristicspute list with the results of the program run. There is only one
alternative variates are also included into the route list. Theoute conforming to the selected requirement of minimum
results are displayed on the screen and exported to a txt-file. cost. It is the path “Irkutsk — Slyudyanka — Baikalsk — Vydrino

— Ulan-Ude". For test input data the total cost is 990 roubles,
IV. PROGRAMMING OF THE ALGORITM journey time is 7.46 hours. Admittedly, it is the cheapest

. . ) _ variant among 15 other routes.
For automatic execution of the operations according to the

algorithm we have created a program in graphical medium The program is based on module programming principle.
LabVIEW. Advantages of this language of programming ard’he operations from figure 2 are realized in subprograms
fast developing of applications, high functionality, and(modules). Pushing of virtual buttons is processed in the Event

gn List | Adj; Matrix | i Matrix | Route List | List | Adj; Matrix | i Matrix Route List |
- Total cost,
Routing Map Route Table roubles
Depature Arrival Distance, km Transport Mode Time, hours  Cost, rub. Comfort | & ij 0 - o
sk Syudyenke o sl o] T S 3 Irkutsk |Shudyank JBaikalsk Vydrino  JEnkhaluk |Gremyachi JUlan-Ude 2770,00
Shyudyarka Irkutsk 110 Individual taxi 172 2300 4 éjg_ Tkutsk  |Shudyank |Bakalsk  |Vydiino  |Enkhaluk |Ulan-Ude 1210,00
Irkutsk Tunkinskaya valley 133 Private helicopter 1,34 5000 1
Tunkinskaya valley | Arshan 133 Private helicopter 1,34 6000 1 Irkutsk | Styudyank | Bakalsk Vydrino  |Gremyachi |Enkhaluk  Julan-Ude 3020,00
Irkutsk Ulan-Ude 232 Arline N2102 0,67 3320 1 - -
Ulen-Ude Trutsk 3 Arline Ne108 0,57 3320 1 Iutsk |Siudyank [Bai@isk |Vydrina | Gremyachi Ulan-Ude 1620,00
Irkutsk Siyudyanka 110 Fixed-run taxi NOS48 1,99 180 5 T
Shyudyarka Irkutsk 110 Fixed-run tasi N2560 1,99 180 5 rkutsk Baikaisk _|JVydrina _[JUbn-Ude 990,00
Trkutsk Slyudyanka 144 Commuter electic rain N96305 3,15 181 5 Irkutsk Tala Listvyanka |Bakal |Shyudyank | Baikalsk Vydrino Enkhaluk 6802,00
Shyudyanka Irkutsk 194 Commuter electric ran N96335 | 3,19 191 5 T a
Irkutsk Siyudyanka 144 Long-distance train Ne2 2,05 957 3 Trkutsk Talci Listvyanka | Baikal |Shyudyank |Bakalsk  JVydrino JEnkhaluk 5242,00
Shyudyanka Irkutsk 144 Long-distance train Ne77 2,05 957 3
Irkutsk Siyudyanka 1% Long-distance train Ne62 2,05 1396 2 =
Slyudyarka Triutsk 144 Long-distance train Ne77 2,05 1396 2 Route List
Irkutsk Tald 47 Regular bus Ne147 0,5 85 5 N B B N STy P
Tad Itk e R bus N 147 o5 e : Optimum route: Irkutsk - Sludyanka - Bakalsk - Vydrino - Ulan-Ude
Trkutsk Tald 47 Individual taxi 0,59 330 4
Tald Irkutsk a7 Individual taxi 0,55 330 4 1) Irkutsk - Slyudyanka: Fixed-run taxi N2548 (1,99 hours; 180 roubles; 5 dass)
Trkutsk Bolshaye Goloustnoye: 120 Individual taxi 2,19 2400 4 2) Shyudyanka - Bakalsk: Regular bus N2658 (0,75 hours; 50 roubles; S class)
Bolshoye Goloustnoye  Irkutsk 120 Individual taxi 2,19 2400 4 3) Baikalsk - Viydrino: Commuter electric train N96601 (0,55 hours; 60 roubles; 5 dlass) =
Trkutsk Bolshoye Goloustnoye: 120 Reqular bus N2530 34 350 5 4) Vydrino - Ulan-Ude: Regular bus (4,17 hours; 700 roubles; 5 dass)
Bolshoye Goloustnaye Irkutsk 120 Regular bus N2530 34 350 5
Irkutsk Peschanaya Bay 116 Individual taxi 3,09 3800 4 Journey duration - 7,46 hours
Peschanaya Bay Irkutsk 116 Individual taxi 3,08 3800 4 v Total cost - 990,00 roubles
4
Comfort class - 5,00 -
Load Depature Arrival Form Export Load Depature Arrival Form Export
Data Itsk | Uenude < Routes Results Data Irwtsk = Ulnude 5| It
File Path L Floor of File Path Floor of
- r—— Selecting Criterium T ished e Selecting Cricerium d
£\ BBVIEV r \2BVIEW ’
Project, g routes (%, Project| ¥ routes (%
g D"’ﬁ'" = Jluw cost Variant (%) STOP 5 pmﬁ'\' = JLUWV cost Variant (%) STOP
engis ‘ _ engia ‘

Ja[[0] "Culc™ value Change

M Low-cost Variant™ N3
Tradettan Parameters Total cost, roubles 1 o
W — . [
=+ PCaption. Text
CunnaftzvlityMahlx.vl Cornectivity Map
H (]
1
En ChoossWays.vi Index Array
= im
I B2 FBL
IncidenceMatrix. vi — L {Foe]]
W—
E ChooseTracki |
d Incidence matrix = racdis
Bul\dRuutETrel.vl Tracks
D]
Start
Load [P — ]
RingText. TextH TracksMap
Matrix type Fish {0 e B, e (5]
- [ — 1]
RingText TextH HighlightMap. i
o [ 1-t=- =
[oBLH———
floor (%)

Fig. 5. Automatic forming of the route table in a program designed in LabVIEW language. Top teft panel — graphical user interface; top right panel —

menu page with the results of selecting the optimum route; bottom panel — block diagram of the main program.
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V. CONCLUSION AND DISCUSSION OF RESULTS

The suggested algorithm for dynamic forming of route
tables allows one to find all available variants passenger
transportations from the departure place to the destination
point. Adjusting of the routing table-filling threshold can
detect routes with minimum number of transitions. Selecting
of transport modes and determining the optimum route are
realized with taking into account the most important for
passengers’ criteria: total cost, journey time and comfort level.

Testing the software implementation of the algorithm by
the example of Irkutsk Region tourist routs has shown its
efficiency. Using string formats for storing variables in the
program allows solving the routing task for arbitrary given
names of route map points. Visual user interface of the
program is very useful and convenient. It is also available to
insert a map into the front panel of the program and illuminate
routes with virtual light emitting diodes.

References

[1] T. Brands, E.C. van Berkum, “Performance of a Genetic Algorithm for
Solving the Multi-Objective, Multimodal Transportation Network
Design Problem,” International Journal of Transportation, vol. 2, no. 1,
pp. 1-20, 2014.

[2] C.E. Ferrell, M. Carroll, B. Appleyard, D. Reinke, S. Ashiabor, R.
Dowling, H.S. Levinson, E. Deakin, and R. Cervero, Reinventing the
Urban Interstate: A New Paradigm for Multimodal Corridors.
Washington, DC: The National Academies Press, 2011.

[3] E.A. Kravchenko, A.E. Kravchenko, “Competitiveness Different Modes
of Transport in the Resort Area Based on the Theory of Quality
Logistics Transport Service of Bus Transport,” International Journal of
Experimental Education, vol. 1, no. 8, pp. 28-34, 2015.

[4] E. Martynova, S. Gusev, “Multimodal Freight and Passengers: Logistics
Organization of Options,” Modern Problems Of Russian Transport
Complex, vol. 2, no. 3, pp. 145-153, 2013.

[5] A.S. Ermakov, “Autotourism ltinerary Development Methodology,”
Universities for Tourism and Service Association Bulletin, vol. 7, no. 3,
pp. 39-44, 2014.

[6] M.S. Pozidaev, Algorithms for solving the transport problem of routing.
Tomsk: Tomsk State University, 2010 [Ph.D. dissertation, p. 115, 2010].

[71 W. Fan, R. Machemehl, “Optimal Transit Route Network Design
Problem with Variable Trans-it Demand: Genetic Algorithm Approach,”
Journal of Transportation Engieenring, vol. 132, no.l, pp. 40-51,
January 2006.

[8] V.S. Tarasyan, A.Y. Polushkin, “Transportation Problem with a
Mediatorand Its Solution Using Evolutionary Methods,” Innotrans, vol.
17, no. 3, pp. 13-17, September 2015.

[9] A. Levitin, Introduction ot the Design & Analysis of Algorithms, 1st ed.
Villanova University: Addison-Wesley, 2003.

[10] E.W. Dijkstra, “A note on two problems in connexion with graphs,”
Numerische Mathematik, vol. 1, issue 1, pp. 269-271, December 1959.

[11] N.V. Krol, N.V. Davydova, R.Y. Upyr, “Organization of multimodal
passenger transportation as the basis of touristic business in Eastern
Siberia,” Proceedings of International scientific and practical conference
Transport-2015, vol. 1, pp. 135-137, April 2015. [Conf. Transport-2015,
p. 505, 2015].

211





