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Abstract: The population of the city of Tirana is getting bigger. Transportation in this city has become extremely heavy. Many of its citizens
choose to move using their vehicles thus causing an overcrowded traffic. It has happened to all of us to get stuck in the traffic of Tirana, to

be late for our destinations and to be stressed by that chaos.

The use of public transport would be a successful way of reducing the traffic. In this paper we have treated Dijkstra Algorithm and its
application in railway system of transport for the proposed Tram system for the city of Tirana. Considering the expansion(map) and relief of
this city, we think that it is very favorable to build a tram system in this city. The results of this paper help to have a clear idea of the
construction of the tram and a prediction of how it will work and how much it can facilitate the traffic in Tirana.

Keywords: GRAPH, OPTIMIZATION, DIJKSTRA ALGORITHM, SHORTEST PATH, TRAMWAY

1. Introduction

Tirana is the largest urban center in Albania and with the largest
concentration of population. Its number and size and the daily need
to move face one real challenge in transportation and another within
the city. Heavy traffic, a negative effect for the movement, takes up
a lot of time for the public tranport, creates an uncomfortable
situation for your children if you have to use the public transport to
do daily necessities. Many cities in the world have applied the trams
much earlier; The first electric and Tram line in the world was
constructed in Sestroretsk in St. Petersburg, Russia, and it was
invented by Fyodor Pirotsky in 1875. [4]

Later, using a similar technology, Pirotsky commissioned the first
public electric tram in St. Petersburg. The second Tram was
introduced by Siemens & Halske at the Berlin Industrial Fair in
1879. The first electric tram used for permanent public service was
the Gross - Lichterfelde tram in Lichterfelde near Berlin in
Germany, which was opened in 1881. It was built by Werner von
Siemens. This was the first successful commercial electric tram in
the world. Initially it received the current from the rails (Guarnieri,
2020). The main purpose of this paper is to assess the opportunities
offered by Tirana for the construction of a Tram network that will
connect with each other the key points of the city.

Nowadays, the need to move from one place to another is becoming
more and more difficult. Traffic delays, buses in poor technical
conditions, inaccurate bus arrival times at the station, are becoming
more and more worrying for people. During the peak of people's
movement, it is almost impossible to reach the station and at the
same time for the bus to come on time. The bus delay increases the
number of people waiting at the station, and consequently it will be
filled to the first two or three stations above its capacity.

The use of Trams in many parts of the world has facilitated the
travel of people within the city, being separated from the road
network, which makes Trams have no delays during the journey.
We think that the introduction of the tram system is a necessary
condition for the city of Tirana as well.

Advantages of the usage of the Tram

Unlike buses, trams (electric) do not emit smoke during use
which would affect air quality. Compared to buses, tram noise is
generally perceived to be less disturbing. However, the use of solid
axles with wheels fixed on them causes slippage between the
wheels and the rail when cornering. This produces a characteristic
loud, high-frequency noise, often referred to as a "noise".

Trams can be adapted to the number of passengers by adding
more carriages during hours of high passenger flow (or removing
them during hours of lower flow). For these flows adjustments no
additional driver is required as it would be required for buses. In
general, trams offer a higher capacity service than buses.

Multiple entrances allow trams to fill up faster than buses,
which tend to have a single entrance. This, combined with faster
acceleration and braking, allows trams to maintain higher speeds
than buses.
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Tram stops on the road are easily accessible, unlike subway
and railway stations located underground (with some escalators,
stairs, etc.).

Roads for trams are narrower than for buses. This saves
valuable space in cities with high population densities or narrow
streets.

Passenger comfort is normally higher than buses due to
controlled acceleration, braking and turn service. Rail transport as
used by the tram ensures a safer journey than using the road by bus.

Since the railways are visible, it is easy for pedestrians to know
where the tram routes are.

Trams can run on renewable electricity without the need for
very expensive and short — lived batteries.

2. Methods and Theory

Many practice problems can be solved more easily if presented
through schemes of consisting of node points and joining lines
having ends at these points. The study of these schemes and their
properties was the driving force behind the creation of graph theory.
The first work that marks the birth of this discipline of applied
mathematics was published by Euler in 1736 and it is known as the
problem of the seven bridges over the river in the town of
Konigsberg. In the park of this city crossed a river on which were
built seven bridges connecting the banks of the river as in Fig. 1:

Fig. 1 [5]

The park visitors wanted to know if they could walk in this park by
crossing once and only once at each of the bridges and back to the
starting point. Considering the four parts of the land (shores) as
nodes and the bridges as connecting lines between them, a scheme
(graph) is constructed as in Fig. 1. The problem mentioned above is
now formulated: Can we cross this scheme by passing only once
each of its connecting lines and return to the starting point? Euler
proved that such a walk is impossible because of the existence in
this scheme of nodes from which a number of odd lines emerge. In
practice, problems that are well reflected through such schemes, are
often encountered. We can mention the scheme of transport
between several centers, the scheme of water supply network,
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electricity network, telegraph network in an area, the scheme of
work operations in the process of carrying out a work project, etc.

3. Graphs. Key Concepts

Definition 1: An oriented graph is a pair formed by a set of
elements X ={x,X,,...X.} and a family U ={u,,u,,...,u,} that has
as elements ordered pairs of elements of X . We denote it by
G=(X,U).

The elements of set X are called the vertices of the graph, while
the elements of U are called its arcs. The number of graph vertices
is called the graph order. The element of U consisting of the
ordered pair x;,x; of vertices is denoted by the symbol (x;,x;) . For

i? i

the arch (x,x;) the vertex x is called the beginning, while the
vertex x; is its end. The shape arch (x;,x) is called a loop. An
element (x;,x;) can be part of several times in U . If the element
(%, x;) that repeats the most, takes part p - times in U , then the
graph is called p - graph. [1-3]

3.1 The Shortest Path Problem

Suppose that in a 1-graph G =(X,U) to each arc ueU we
have correspond a nonnegative real number I(u). We call the
number I(u) the length of the arc u (in the graph this number will
be written next to the corresponding arc). In practice the numbers
I(u) have different meanings depending on the real situation that is
represented by the graph G and the problem that is posed for
solution. Their meaning is not only that of the distance between the
respective vertices as it may be in the case of studying the road
network of a country, but in other cases it may be the cost or time of
performing different works in a project, the amount of transport ,
etc.

Let u =[xi,xil,xiz reen X ,xj] be a path from vertex x; to vertex X; in

graph G .
Definition 2: The length of the path « in G is the sum of the
lengths of the arcs that make it up. We note:

() =106, %)+ 106, %+ + 10X, %;)
Definition 3: The minimum distance from the vertex X to the
vertex X; is called the length of the shortest path from X to X; on

G . We denote itby I"; . [1-3]

3.2 Dijkstra’s Algorithm

In different algorithms, the process of equipping vertices with
labels is also used to find the minimum distances, which facilitates
the work in determining the minimum paths themselves. We give
below such an algorithm that solves the problem of finding the
minimum distances and shortest paths from a given vertex that we
denote se X to every other vertex of the graph with n vertices
and nonnegative lengths of arcs. In this algorithm, each vertex of
the graph is assigned a label with two divisions. Labels are
temporary or final. At each step of the algorithm the set of graph
vertices is divided into two subset S and X —S, where S is the
set of vertices with final labels up to that moment. The temporary
label of a vertex X is again separated into two and marked with

(7(x;),%.) . In each step of the algorithm the last vertex that enters

S plays a special role for the next step, so we denote ithy X .
Dijkstra Algorithm
Initial step: We put the final label [0,—] on the vertex S , and the

temporary label [oo,—] on each other vertex. We get S ={s},
m(s)=0, z(x)=ooforeach x, € X —{s}. In the case of the vertex
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S the label indicates that the minimum path length fromS to S is
0.Wemarkit s=X .

General step: a) Examine the vertices y ¢ S such that the arch
(X,y) €U . For each such vertex ywe compare the first indicator
7z(y) of its existing label with the sum z(X) +1(X,y) wherel(X,y)
is the length of the arc (X,y). If z(X)+I(X,y) < z(y) then we put
to the vertex y a new temporary label, in the first partition of
which we place 7#(X)+I1(X,y), and in the second we put X. If
z7(X)+1(X,y) = z(y), the label of the vertex y is currently

unchanged. After these actions we move on to b).
b) We choose a vertex z ¢S such that: 7z(z) = misn{fr(y)} (in case
ye

there are several as such, one of them is considered). If 7z(z) =,
the algorithm is complete. In this situation there are no paths from
S to the vertices X —S in the graph and the minimum distances
from S in each vertex of X —Sare oo, while the minimum
distances from S in one vertex xeS are given by the first
indicator of the final of the vertex x. If z(z)#, then, we
consider the label of the vertex z to be final and insert the vertex z
into the set S, then we haveS=Su{z}. IfS= X, where the
algorithm is complete, each vertex has received the final label and
the indicators z(x;) of these labels are the minimum distances from

s to X .If S= X, we repeat the general step taking X=1z. [1-3]

4. Results and Discussion

Tirana is one of the largest cities in Albania, and meanwhile the
place that offers more opportunities in many different aspects of
life. Due to the opportunities it offers, it has also had a relatively
high population, compared to other cities. Tirana has a population
of approximately 912,190 inhabitants [7]. This figure often causes
congestion and difficulty in moving around the city. One of the
ways of traveling, mostly, is public transport. It has happened to all
of us at least once to use this transport and we have encountered
delays in stations, traffic jams, etc. One way to solve the problem
for the whole society is to build tram railways. One of its main
advantages is that it circulates on rails, has frequent stations, has a
high capacity of passengers, passes through populated areas and
most importantly does not create traffic or obstacles for citizens
moving with their vehicles. So the Tram is a way of travel that has
lower travel costs, less time to the destination and no delays at
stations. We have built a plan for tram railways in Tirana. We have
assumed 33 stations that in our case represent graph vertices
scattered in the most frequented and populated areas of the city. We
have drawn all 33 stations in a graph, based on the map of Tirana,
and we have connected these stations (vertices) with ribs between
them. We emphasize that the connection of the stations in the graph
is done by means of the existing land roads that the city really has.

Fig. 2 shows the legend of public transport in Tirana.

While in Fig. 3 it is given the proposed scheme for the construction
of the tram system.

We have placed each station by a number for ease of operation
in the built graph. The first presumed station is Kashari with
corresponding number 1, Treshi with no.2, Instituti with no.3,
Paskugani with no.4, Babrroi with no.5, Tufina with no.6, Porcelani
with no.7, Shkoza with no.8, Brryli with no.9, Spitali Néné Tereza
with no.10, Bulevardi i Ri with no.11, Lapraka with no.12, Sheshi
Shgiponja with no.13, Kthesa Kamzés with no.14, Yzberishti with
no. 15, Sharra with no. 16, Kombinati with no.17, Fabrika e Miellit
with no.18, 21 Dhjetori with no.19, Blloku Vasil Shanto with no.20,
Block with no.21, Sheshi Néné Tereza with no.22, Parku Rinia
no.23, Rruga Kavajés with no.24, 9 Katéshet with no.25, Bulevardi
Zogu | with no.26, Sheshi Zogu i Zi with no.27, Qyteti Studenti
with no.28, Kopshti Zoologjik with no.29, Sauku i Ri with no.30,
Rrethrrotullimi i Saukut with no.31, Sauku i Vjetér with no.32,
Qendra Tregtare TEG with n0.33
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The distances between the vertices of each of the two vertices
(expressed in kilometers) are as below:

Kashar — Treshi (1-2) 3.5km
Kashar — Kthesa Kamzés (1-14) 4.3 km
Kashar — Yzberisht (1-15) 3.6 km
Treshi — Instituti (2-3) 1.16 km
Treshi — Kthesa ¢ Kamzés (2-14) 1km
Instituti — Paskugan (3-4) 3.66 km
Paskugan — Babrru (4-5) 2.17 km
Paskugan — Bulevardi i Ri (4-11) 1.7 km
Babrru — Tufiné (5-6) 1.8 km
Tufiné — Porcelan (6-7) 1.56 km
Porcelan — Shkozé (7-8) 5 km
Porcelan — Spitalet (7-10) 1.3 km
Shkozé — Brryli (8-9) 4 km
Brryli — Spitalet (9-10) 1.13 km
Brryli — Parku Rinia (9-23) 1.65 km
Brryli — Qytet Studenti (9-28) 2.18 km
Spitalet — Bulevardi Zogu | (10-26) 1.3 km
Spitalet — 9 Katéshet (10-25) 1.4 km
Bulevardi i Ri — Laprak (11-12) 3.4 km
Bulevardi i Ri — Bulevardi Zogu | (11-26) 1.18 km
Lapraké — Sheshi Shgiponja (12-13) 0.7 km
Lapraké — Bulevardi Zogu | (12-27) 2.3km
Sheshi Shgiponja — Kthesa e Kamzés (13-14) 1 km
Sheshi Shqgiponja — Yzberisht (13-15) 2.5km
Sheshi Shgiponja — Fabrika e Miellit (13-18)  2.14 km
Sheshi Shgiponja — Bulevardi Zogu | (13-27) 3 km
Kthesa Kamzés — Yzberisht (14-15) 3km
Yzberisht — Sharré (15-16) 4 km
Yzberisht — Kombinat (15-17) 2.36 km
Sharré — Kombinat (16-17) 1.3 km
Kombinat — Fabrika e Miellit (17-18) 2.22 km
Kombinat — Sauk i Vjetér (17-32) 8 km
Fabrika e Miellit — 21 Dhjetori (18-19) 1.23 km

the lowest distance is 4.66

the lowest distance is 8.32

—E5} (4]

westdistance is 0

H—F—0

estdftance is 4.3

Fabrika e Miellit — Kopshti Zoologjik (18-29) 2.66 km
21 Dhjetori — Blloku Vasil Shanto (19-20) 0.5 km
21 Dhijetori — Sheshi Zogu i Zi (19-27) 0.8 km
Blloku Vasil Shanto — Blloku (20-21) 1.18 km
Blloku — Sheshi Néné Tereza (21-22) 0.5 km
Blloku — Kopshti Zoologjik (21-29) 1.66 km
Sheshi Néné Tereza — Parku Rinia (22-23) 1km
Sheshi Néné Tereza — Qytet Studenti (22-28)  1.29 km
Parku Rinia — 9 Katéshet (23-25) 0.8 km
Parku Rinia — Rruga e Kavajés (23-24) 0.75 km
Rruga Kavajés — 9 Katéshet (24-25) 1.19 km
Rruga Kavajés — Bulevardi Zogu | (24-26) 1 km
Rruga Kavajés — Sauku i Ri (24-27) 4.5 km
Bulevardi Zogu | — Sheshi Zogu i Zi (26-27) 1 km
Qytet Studenti — Sauku i Ri (28-30) 2.27 km

Kopshti Zoologjik — Rrethrrotullimi Saukut (29-31) 2.17 km
Sauku i Ri — Rrethrrotullimi Saukut (30-31) 1.32 km
Sauku i Ri — Qendra Tregtare TEG (30-33) 2.3km
Rrethrrotullimi Saukut — Sauku i Vjetér (31-32) 0.5 km
Rrethrrotullimi Saukut — Qendra Tregtare TEG (31-33) 3 km

Since the algorithm is being applied to a real problem, and the
conditions of this problem are not known, the need arises to make
some assumptions as follows:
- that the moving speed of the tram is constant all the way it will
traverse
- the tram will not have delays at stations
- shorter distance means lower time cost
- the road to be traversed will be one-sided
Now applying Dijkstra Algorithm where as the initial vertex we
have taken Kashar ie the vertex 1, we find the minimum distances
from this vertex to all other vertices as well as the shortest path
from 1 to any other vertex

In Fig. 4 it is shown the minimum distance from vertex one to
any other vertex. As well as the shortest path form vertix one to
thirty-three in blue ink.
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Dijkstra algorithm now allows us to calculate the minimum
distances from Kashar to the other stations specified in the graph
and also to calculate the shortest path from Kashar to any other
station as follows:

I;, =3.5km t,=[1-2]

I}, = 4.66km s =[1-2-3]

I;, =8.32km ph,=[1-2-3-4]

I, =10.49km g, =[1-2-3-4-5]

I} =12.29km 44, =[1-2-3-4-5-6]

I}, =11.9km i, =[1-14-13-27-26-10-17]
I}, =17.73km gy, =[1-14-13-27-26-10-9-8]

Ilo =11.73km 4,

[1-14-13-27-26-10-9]
[1-14-13-27 - 26-10]

I/, =10.6km M1

I, =9.4km thy =[1-14-13-12-11]
I;,, = 6km iy, =[1-14-13-12]

I}, =5.3km fy 1 =[1-14-13]

I}, = 4.3km th0 =[1-14]

I;,s = 3.6km fh 15 =[1-15]

I; s =7.26km s =[1-15-17 -16]

I/, =5.96km 1, =[1-15-17]

I,y = 7.44km g =[1-14-13-18]

I/, =8.67km o =[1-14-13-18-19]

I; 5o =9.17km o =[1-14-13-18-19 - 20]

l;,, =10.35km 4, =[1-14-13-18-19-20-21]
l;,,=10.85km 4, =[1-14-13-18-19-20-21-22]
I} ;s =11.49km g1, =[1-14-13-27-26-24-23]

I; 4 =10.3km ty 0 =[1-14-13-27 - 26— 24]

I; 5 =12km f 5 =[1-14-13-27 - 26 -10- 25|

I} 5 =9.3km 5 =[1-14-13-27 - 26]

I, =8.3km oy =[1-14-13-27]

I} o =12.14km 44,0 =[1-14-13-18-19 20— 21— 22— 28]
I; o =10.1km fy 30 =[1-14-13-18—29]

I} 4 =13.59km
Iy =1227km 44
I, =1277km .,

1,32

Il =1527km 4,

fy 5 =[1-14-13-18 29~ 31-30]
[1-14-13-18-29-31]

[1-14-13-18-29-31-32]
[1-14-13-18-29-31-33]

Now we can get the information we need for the construction
of the Tram railways starting from Kashar to any other station.
Today we are in the age of modern technology, where the world
tends to improve and make the most of its benefits more and more.
The use of trams will not only facilitate the movement of people in
the capital but will positively affect the cleanliness of the
environment. The biggest challenge, the most important process to
be done in the city is the construction of tram infrastructure,
because there is not enough space in the capital.

5. Conclusions

In this paper we reach the following conclusions:
* Graph theory finds wide application in everyday life in practical
problems and especially helps designers in the field of construction
and transport to determine the shortest paths between two or more

cities, centers, buildings or any designated destination as a vertex in
the graph.

* The problem of shorter paths cuts the cost expressed in time or
monetary value in investments.

« Finding shorter paths meets the requirements of passengers to get
to the desired destination faster.

« Dijkstra algorithm turns out to be very practical in applications in
everyday life, mainly in transport problems.

« In this paper we came to the conclusion that the shortest path from
Kashari to TEG is Kashar — Kthesa Kamzés — Sheshi Shqiponja —
Fabrika e Miellit — Kopéshti Zologjik — Rrethrrotullimi Saukut —

TEG with the length I ,, =15.27km
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