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Abstract

Cities are undergoing rapid changes continuously due to the high demands of
this era, and simultaneously affect several life fields, namely urban transport.
High demands are triggering people to travel more frequently than ever; thus,
they utilize public transportation more and private transportation less as the
latter ceased to fulfill all the transportation needs. Thus, public transportation
demand has been increasing greatly alongside citizens’ needs. Nonetheless,
many cities lack proper urban traffic planning and organization, while some
lack an urban transport service. Ferizaj, a city in Kosovo, is one of the cities
that lacks an urban traffic designation; hence, this paper presents a designed
urban traffic model, precisely suitable to fulfill the urban transportation need
for Ferizaj city. This model is designed under the utilization of applied ma-
thematics’ techniques and operational research. Several factors have been
considered, following the geographical distribution of the population, existing
roads, and residents’ needs. Consequently, the Solver program has been used
as an optimization tool to find the shortest path and most economical paths,
added in the discussion part. Besides, the likelihood of the designed urban
traffic model’s application in Ferizaj is discussed, considering its viability and
application conditions. This study presents mathematical constraints to de-
sign a model of the bus network in Ferizaj through Solver. We have used ma-
thematical optimization methods, graph theory, the simulation model thr-
ough the Solver computer program for network minimal distances and pre-
senting the first model of the Urban traffic network in Ferizaj.
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1. Introduction

The development of public urban transport is an important topic in modern so-
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ciety. As cities grow, so do people’s need for transportation, and not all of these
trips can be made by private transportation. Therefore, there is a need to provide
a well-organized urban public transport to efficiently meet the demands of citi-
zens. Planning and optimization of public urban transport is needed to make the
best possible use of economic resources, better functionality for citizens, and
preserve the environment. Thus, the requirement of this paper constitutes basic
information for proper transport planning using operational research tech-
niques.

Sustainable and integrated transport is associated with several challenges, es-
pecially in urban public transport within cities and peripheral regions. Many re-
gions worldwide face the problems of increasing individual motorized transport,
causing many negative phenomena such as traffic jams, parking problems in city
centers and increased pollution from the number of emissions. Governments
and local authorities are trying to solve these problems by making various in-
vestments in public transport.

The research in urban public transport aims to optimize urban traffic lines,
find shorter routes, and reduce travel time that overall brings economic and en-
vironmental benefits. A combination of mathematical models and operational re-
search techniques are used to optimize the urban public transport network.

Ferizaj has not had an urban bus transportation network within the city yet.

Traveling in an urban network represents an interaction between the demand
for transport and means of transport, road networks, population distribution as
well as the existing road infrastructure. In this research paper, Solver is used to
finding a solution that satisfies the constraints and minimizes the objective cell
value. The mathematical relationships between the objective and constraints and
the decision variables are used to get the solution for optimized Urban Traffic in
Ferizaj. With the Simplex LP Solving method, we could find a globally optimal
solution given enough time [1].

Many researchers have analyzed the urban public transport service problems
using various mathematical and operational research methods.

In [2] an optimization model is developed for the bus transit network based
on the road network and the origin-destination area (OD). The model aims to
achieve minimum transfers and maximum passenger flow for line length and
non-linear rates as constraints. The Coarse-Grain Parallel Ant Colony Algorithm
(CPACA) was used to solve this problem. To effectively search for optimal glob-
al solutions, we use a pheromone distribution orientation rule to regulate ant
path search activities according to objective value. Parallel Ant Colony Algo-
rithm (ACA) is used to shorten the computation time. The model was tested
with Dalian city survey data. The results show that in an optimized bus network
with fewer transfers and travel time, the application of CPACA effectively in-
creases the calculation speed and quality.

[3] Ant Colony Optimization algorithms are used for more efficient road traf-
fic. In traffic management, these algorithms have growing popularity, with their

ability to find optimal solutions in situations where traditional methods fail to
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find any good solution. A transport system where ACO has been used to help
with the transport network problems is on the London Underground network.
The network consists of 270 connected stations along with a combined total of
250,000 miles of roads and transports around 1.107 million people to London
each year. With this size and volume of users, disturbances in specific areas can
greatly impact the network. Therefore, finding an effective diversion around any
particular problem in a short period of time is vital to prevent blockages that can
spread throughout the system.

In [4] the problem of finding the shortest path is solved through the Ant Co-
lony Optimization algorithm (ACO), which is based on the Ant Colony meta-
heuristic method. One of the most important elements of any algorithm based
on the Ant Colony paradigm system’s use is the rules for creating paths leading
from a starting point to the endpoint.

[5] optimizes the distribution of bus routes in Wuhan duke to alleviate or
solve the problems exposed by the extension of existing roads in the city, e.g.,
reducing overlapping roads, increasing network coverage, and reducing the
main road’s burden. This research has used a method for designing various tran-
sit routes based on stops, which treats some railway routes as constraints. Ge-
netic algorithms have been applied to search for the optimal combination of
candidate pathways. Evaluation based on optimization results is generated to
analyze whether the expected improvements have been achieved, especially in
the short term.

In [6] some of the basic line planning models, identification of their characte-
ristics, mathematical approaches, and line planning algorithms are presented.
Furthermore, similar topics are highlighted, such as current and future research
directions, and the line planning process is examined. It is assumed that the in-
frastructure has already been provided and introduced as a public transport
network. In particular, it is assumed that the stations are fixed, and the set of
possible node pairs will be given. These can be roads (by bus) or the rail system
(rail, tram, or underground). Line planning includes the defined number of lines
and line routes. They also include determining the frequency of lines, i.e., how
often these services should be provided. The problem of line planning is finding
the line system, ensuring that urban public transport is convenient for passen-
gers and small costs.

[7] proposes a methodology for the optimal development of transit networks,
which minimizes transit transfers and total user costs while maximizing service
coverage, the information provided on transit demand and the transit network
road network area. Research provides an effective mathematical and computer
tool with minimal support of the heuristic method. The methodology includes
the representation of road transit networks and the solution of search spaces, the
objective functions that represent the user’s total costs, and the users’ lack of wil-
lingness to make transfers. The methodology has been tested with solutions to
problems published at this stage and has been implemented on a large scale in

network optimization in Miami-Dade County, Florida.
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2. Methodology

The methodology used in this paper is the collection and processing of data re-

lated to urban transport and the definition of optimization criteria [8], the use of

mathematical methods, and the Solver program for the design of urban trans-

port, which has not yet been implemented in the city of Ferizaj. Mathematical

optimization methods, graph theory, and solver programs are used. Sustainable

and integrated transport is associated with several challenges, especially in urban

public transport within cities and peripheral regions.

The paper is based on the following objectives:

o Minimize the length of roads between origin and destination for certain

paths

o Proposal for the urban public transport network in Ferizaj.

In Figure 1, the Map of Ferizaj is presented from Google Map. We have
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Figure 1. Ferizaj roads with intersection with numbers.
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placed the numbers at each intersection and measurements between the points
obtained in the geoportal. The geoportal is a web portal used to find and access
geographic information via the Internet. Each intersection has been assigning a
random number that we will consider from now on as nodes.

In Figure 2 all nodes are connected based on existing paths, and we have
created the graph where all the work from now on is based on this graph through
graph theory.

All paths between nodes are measured, and we have at our disposal the values
of the lengths of all the paths for use in this paper. Using mathematical con-
straints, we have placed all this data in the Solver program to find the shortest
possible routes and, consequently, the urban traffic network model in general in

the city of Ferizaj.

Figure 2. Directed graph with nodes with numbers.

DOI: 10.4236/jcc.2020.812004

a4 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2020.812004

B. Cerkini et al.

3. The Design of Bus Transportation Network in Ferizaj with
Solver

Solver is an optimization tool used through Microsoft (MS) Excel that uses ge-
netic algorithms (GA) and linear programming technology that quickly solves
various problems in finance, distribution, resource allocation, manufacturing,
engineering, etc [9]. Virtually any type of problem that can be modeled in MS
excel can be solved with Solver, including the impossible ones and complex non-
linear problems [10].

Solver represents optimization through the fastest and most advanced genetic
algorithms ever used. Through the most powerful application of optimization
techniques based on algorithms, the solver can find optimal solutions to prob-
lems that are considered unsolvable for linear and nonlinear optimizers. [11].
Optimization is a process of finding the best solution to a problem that can have
many possible solutions.

The transport network is presented with a graph G(V; E) with a set of nodes
and of streets [12]. Notice the number of joints with | V| = n and the number of
roads |E] = m [13]. We will define the variables 0 and 1 for uy

1 If thereis a path between nodes i and j
i~ {0, others

If there is a path between nodes v;and v; then this is applied:

u; +Uuy =1

Since there is a starting and a final node, the eventual solution of the shortest
path is a direct path between them [14]. Nodes x;and x; may be limited as below:
u; +u; <1
i,jeV
Every bus line has only one starting node described as “line in” and one end
node described as “line out”. Joints in between have both “line in”, and “line
out” and off-road nodes have neither the “line in” nor “line out”. So, we define
“net flow” as “line out” minus “line in”. Because of the nodes in the applicable
path there is an “out line” and the nodes in the applicable path have no “line in”,

so we have:

z].uij <lVieV

In order to calculate the distance of each applicable road we need to find the

shortest path:
min$ =3 Zj I
We can present the problem of the shortest road model as follows:

1, isstarting node
s.t.Zuij _Zuii =:-1, iislast node
! ! 0, others
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u; €{0,1},v(i,j)eE,

The new model of the Urban Traffic Network in Ferizaj will contain eight bus
lines. All these nodes with the corresponding numbers can be found in the maps
of Figure 1 and Figure 2 to find all the bus lines.

In Table 1 are shown eight bus lines with origin and destination nodes.

After we enter all needed data’s we will start to find shortest path between ori-
gin and destination nodes for all eight bus lines.

The objective in this case is to minimize total costs and is placed in the Target
Cell which we call “Optimization Goal”. In Table 2 is shown the net flow of the
starting node is 1 and the last node is —1.

The column “Road Selected by Solver” have all results presented with “0” or
“1”. “0” is when the Solver does not select the road, whereas “1” is selected by the
Solver [15]. Out of eight bus lines, we have shown results only for bus line 1 be-
tween nodes 1 and 40 in Table 3. This table shows results with “1”, which is the
road selected by the Solver, and none of the results with “0”. The total minimum
length for bus line 1 is 4456 meters.

Similar action was conducted for all eight bus lines, the obtained results of

which are presented in Table 4 through the Solver.

Table 1. Bus lines with origine and destination nodes.

Bus Line Origin Node Destination Node
1 1 40
2 6 46
3 7 11
4 7 48
5 26 15
6 34 21
7 26 47
8 26 49

Table 2. Starting and end point.

Node Net flow 1 Starting Point, —1 End Point All Paths around the Node
1 1.00 1 1-59, 1-26, 1-6
40 -1.00 -1 40-4, 40-41

Table 3. Path between node 1 and 40 selected by Solver.

From Node To Node Length of the Road in meter Road Selected by Solver
1 59 310 1
59 35 53 1
35 2 120 1
2 39 520 1
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Continued
39 3 573 1
3 4 1660 1
4 40 1220 1

Target Cell 4456 m

Table 4. Selected urban transport bus network in Ferizaj through Solver.

Selected urban transport bus network in Ferizaj through Solver

Bus Line Paths between Nodes Length in Meter
1 1,59, 35, 2, 39, 3, 4, 40 4456
2 6, 60, 36, 57, 5, 31, 56, 46 5568
3 7,8,27,9,10, 11 6354
4 7, 14,13, 48 1640
5 26, 33,17, 55, 16, 15 2296
6 34,19, 44, 20, 21 2858
7 26, 54, 24, 47 2410
8 26, 54, 24, 49 2213

4. Conclusions

As stated already, public urban transport is a critical modern society topic no-
wadays. It facilitates the daily transport of citizens providing services that private
transport cannot. In this regard, since no public transport is available in Ferizaj
yet, only some independent bus lines from city to villages around trips, this
called for a designation of public transport. Hence, this paper presented a desig-
nation of a public transport model for Ferizaj by considering the existing roads
and citizens’ needs. This public transport model was designed under mathemat-
ical optimization methods, graph theory, and solver program as an optimization
tool to find the shortest and most economical paths. The designation process has
been presented through several graphics above, in detail, results of which are
promising to fulfill and facilitate the citizens’ transportation needs. Essentially,
public transportation in Ferizaj can play an important role in improving and
providing different benefits, including direct benefits to the passengers and in-
direct benefits to society.

Nonetheless, this research had its own limitations. The actual bus station loca-
tion has not been studied to collect data on whether it meets the requirement to
have the new public urban transport design applied. Nevertheless, this paper,
despite bringing an innovative solution to Ferizaj’s public transport, paves the

way for future studies regarding the analysis of bus station location.
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