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IMEPIAHWH:  Xmv  magovoa  eQevvnTiky]  goyaoio
naQovoLaleTal N e@aguoyr) twv aAyoolOuwv Dijkstra ko
Bellman-Ford oto xdoo 1twv eykataotAcEWV TG
TAVETUOTNULOUTIOANG Xepowv tov Aebvouvg INavemotnuiov
EAAGDOG, Yot TNV TROOEYYLOT) TV OLUVTOUOTEQWY dADQOUWY
amo emAeyuéveg 0éoelg, oe dukpooa Ktigla. OLeykataotdoelg
TOU  EKTIAEVTIKOV  WQUUATOC AVATIAQAOTAONKAV He TN
HOQ®T] YQAPOUL, TOL OTOIOL OL KOQUEES elvat eTAeypéveg
Oéoelc kaL KTiQLX, eV oL aKpEG elvat oL dIXdQOUEC, e Ta Bdon
TOUG VOt AVTIMROOWTEVOLVY Ta pkn Tovs. H Am anopdoewv
yix T dnuoveyia Ttwv  PEATIOTWV  dLXdQOUWV KAl O
OXEDATUOC XAQTWV HE AMOTUTIWHEVES TIS TIQOTELVOUEVES
dLadopéc, amoteAovv éva MoAVTAOKO MEOBANUA TO Oomoio
umogel  va  emAvOel pe Vv e@aguoyr)  aAydolOuwv
OUVTOUOTEQWY HOVOTATIOV. LUUTEQAOUATIKA, 1) EQAQUOYT|
Twv aAyoolOuwv Dijkstra xat Bellman-Ford £€detée oti eivat
QAMOTEAETUATIKOL YIX TNV TQOCEYYLON TwV BEATIOTWV —
OUVTOHOTEQWYV DAXDQOHUWV KAL HTOQOVV VA EPAQUOOTOVV HE
emTUXIX OTO OXEDATUO TTOAVTTAOKOTEQWVY dtxdoopwy. TéAog
N e@aguoyn)  dVo  daOQETIKWV  aAyoQiBuwv  mov
mooeyyilovv To D0 MEOPANUA eTuTEémeL TNV emiPBefaiwon
NG £YKLEOTNTAGS TWV ATOTEAETUATWY TOUG.

AéEeic kAewdid: aAyopBuog Dijkstra, aAydoiOuog Bellman-
Ford, yodgot, ovvtoudtegn diadgopr}, XAQTeS DAdQOUWY.

ABSTRACT: This research paper presents the application of the
Dijkstra and Bellman-Ford algorithms at the premises of the
campus of the International Hellenic University in Serres, for the
approximation of the shortest routes from selected locations to
different buildings. The facilities of the educational institution
were depicted in the form of a graph, whose nodes are the
selected locations and buildings, while the edges are the paths
with their weights representing their lengths. Making decisions
to create optimal routes and designing maps with the proposed
routes is a complex problem that can be solved by applying a
shorter path algorithm. In conclusion, the specific application of
the Dijkstra and Bellman-Ford algorithms has proven to be
effective in approaching optimal - shortest routes and can be
successfully implemented to even more sophisticated routes.
Finally, the application of two different algorithms approaching
the same problem enables the validity of their results.

Keywords: Dijkstra algorithm, Bellman-Ford algorithm, graphs,
shorter path, route maps.

[. INTRODUCTION

The problem of identifying the shortest paths is one of the
most researched combined optimization problems [1]
with implementation in many different fields, such as
business plans, social networking tools, computer science
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transport networks, the generation of maps and
applications with paths, etc. The algorithms of finding the
shortest paths were initially developed to improve
computer networks, due to the fact that the concept of
computer networking is based on a large extent in the
graph theory [2].

Ahuja et al.,, in 1990 [3], in an extensive research paper,
presented several algorithms for identifying the shortest
paths, which were based on the Dijkstra algorithm using
different data structures. The Dijkstra algorithm has
many variations, however, it's principal structure permits
the calculation of the shortest path between the selected
nodes, in a guided graph or not, with negatively weighted
edges [4,5,6]. There are cases where the Dijkstra algorithm
is used to configure more complex models to calculate the
shortest paths [7].

The Dijkstra algorithm was proposed in 1959 by the Dutch
computer scientist Edsger Wybe Dijkstra, from which it
took his name [8,9] and together with Bellman-Ford, they
constitute the most generally accepted as well as
widespread algorithms for discovering the shortest paths
[10,11]. Accordingly, the Bellman-Ford algorithm was
named after Richard Bellman and Lester Ford Jr. and
calculates the shortest paths from a source node to the
other nodes of a graph, at a slower time than the
equivalent Dijkstra algorithm [5,12]. The main advantage
of the Bellman-Ford algorithm is its ability to handle
graphs with negative edge weights. In 2012,
Meghanathan [13] reviewed the Dijkstra and Bellman-
Ford algorithms to approximate the shortest graph paths
and concluded that the time complexity for the Dijkstra
algorithm s O(IEl*logl V1),
corresponding to the Bellman-Ford algorithm is O (| E |
| V 1). Where V is related to the vertices or nodes of the
graph and E corresponds to the edges.

classified as while

There are many applications of the Dijkstra algorithm,
such as optimizing the routes of an urban rail network, in
order to present the framework of the development of
future smart cities based on the shortest route [14],
designing the evacuation of buildings during critical and
dangerous incidents, identifying the shortest route that
someone could follow in order to leave the building in the
shortest possible time [11]. More specifically Dijkstra’s
algorithm has been applied in many cases to calculate the
shortest paths in a building faster evacuation [15] - [16] -



[17]. Li et al. in 2016 [18] used the Dijkstra algorithm to
simulate the optimal aisle network for classrooms
evacuation in a primary school campus and Choi and Chi,
in 2019 [19] create a model with the same method which
locate the fastest, safest and finally optimal paths for a
building evacuation. Finally Dijkstra algorithm is a useful
technique when looking for the faster path between a
single source and a single destination node [20,21].

A special and remarkable application of the Dijkstra and
Bellman-Ford algorithms is the implementation of
printed or digital navigation maps as well as navigation
apps in the university communities. All university
members have to move from one place to another for
various reasons, such as lectures' attendance, meetings'
participation, administrative affairs conduction, parking,
books' lending and/or study in the library of the campus,
events attendance in the amphitheater, dining, as well as
rest / relaxation in green areas and/or in the canteen. Thus,
for the effortless and punctual transfer, a proper choice of
routes must be accomplished, especially in the case of
large university communities. Selecting the optimal
routes is a problem of identifying the shortest paths,
where the cost may be the length of the route or the time
needed to access it.

Gao et al.,, in 2014 [22], used the Dijkstra and Bellman-
Ford algorithms to track the shortest paths between
Carnegie Mellon University buildings in Silicon Valley,
USA. Agarana et al, in 2016 [23], expounded the
implementation of the Dijkstra algorithm for finding the
shortest paths in a tram transportation network between
several locations on an extended hypothetical campus.
They used traveling time as the cost, knowing the
distances between the various nodes and assuming that
the tram will move at an average speed of 50 km/h. Lateef
et al, in 2017 [24], suggested an algorithm for the
development of a navigation application in the buildings
and premises of a Nigerian university, geared to provide
assistance to a new visitor at the university. The proposed
algorithm that was used to identify the shortest routes
from the university's principal administration building to
all other buildings, was the Dijkstra.

Sadavare and Kulkarni [25], in 2012, applied the
algorithms of Dijkstra as well as Floyd-Warshall and
Bellman-Ford in order to simulate shorter paths, aiming
to infrastructures development such as cable television,
electricity and telephone networks or water pipelines. In
their research, they shaped a graph where the vertices
represented specific locations in the city and the edges
imprinted the roads or routes between the vertices. The
cost of construction or the length of ducts or cables was
established as the weight of the edges.

If there was the possibility of transportation without any
obstacle, then obviously a straight line would be the
shortest route between two nodes. However, in the real
world, as on campuses, there are buildings, green areas,
obstacles, etc. that make it impossible to move always
straight ahead not to mention that it is more difficult to
find the shortest route, especially when the environment
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is unknown. The purpose of the particular research is to
present an optimization model, that deals with the
selection of the optimum (shorter) routes on the campus
of the International Hellenic University in Serres.

II. METHODOLOGY
A. Research area

The scope of the research is the campus of the
International Hellenic University, located in Serres,
specifically at the southern edge of the city. The given
campus occupies an area of approximately 196.5 hectares,
of which about 144.4 stremmas with establishments are
for [26]. More specifically, the
implementation of the Dijkstra and Bellman-Ford
algorithms for identifying the shortest paths was
conducted in the aforementioned area, where facilities

available use

and configured paths already exist, that is the 144.4
stremmas. Fig. 1 presents a topographic diagram of the
campus of the International Hellenic University in Serres,
appearing the northern area, in which the facilities have
been already developed, as well as the southern region,
which is available for future exploitation.

Figure 1 - The campus of the International Hellenic University in Serres

B. The implementation of the Dijkstra and Bellman-
Ford algorithms

B1. The structure of the graph

A graph G consists of two sets, specifically the set of nodes
or vertices V(G) and the sum of lines E(G) and is
represented as follows:

G=V,E) (1)

Each edge of the graph connects two nodes and is
represented as a pair (xi, X)EE(G) [27]. A sequence of
successive nodes, which are connected to each other via
edges, is searched in order to find the shortest paths. The
node that constitutes the starting point for a path in the
graph, is called the source node (Vs) and the endpoint of



the path is called the destination node (Va). The route or
the path (P) is the sequence of the nodes connecting the
source node to the destination node:

P=V, >V >l )

The weight of the edges (w) is also called cost, while it
receives exclusively non-negative values. It must be noted
that the Bellman-Ford algorithm has the ability to handle
graphs with negative edge weights. However, there is no
physical meaning on the representation of the paths’
length with negative values, therefore, the present
research does not use the specific feature of the Bellman-
Ford algorithm. Finally, the distance (D) is the sum of the
weights of the edges for each possible path connecting the
source node to the destination node and is
mathematically expressed by the Eq. 3.

n-1

D=w(P) = Z w(Vi, Vis1) ®
=1

After checking the sums of the edge weights from all the
possible paths between the source node and the
destination node, then the smallest sum, which is called
the minimum cost, is chosen:

Dinin (Vs = Vg) = min {w(P)} 4)

The Dijkstra and Bellman-Ford algorithms calculate the
shortest paths in a directed or non-directional graph with
non-negative edges.

B2. The configuration of the graph

The used methodology for the configuration of the graph
includes the determination of 22 nodes or vertices
corresponding to 1 central entrance gate, 15 building
establishments and finally 6 central points, which were
selected having as the criterion the spatial planning of the
campus facilities. Specifically, it was estimated that there
are 6 points of more frequent passage on the possible
paths on the campus premises, based on the locations of
the buildings on the area. Table 1 analyzes the nodes of

the graph with the necessary explanation for each one.

Table 1 — The nodes of the configured campus graph

Nodes Interrelation — Illustration of the nodes
1 Central entrance gate
2 Management building
3 Library
4 Multi-purpose building

Central point between the Administration
5 building, the Library and the Conference
center

Central point between the Library and the
Conference center

7 Student club

Central point between the Student club, the
8 multi-purpose building and the building of
Economics

9 Conference center
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Nodes Interrelation — Illustration of the nodes

10 Department of Computer Engineering

11 Laboratory of Management and Economics

12 School of Management and Economics

13 Central point between the Conference center
and the Canteen
Central point between the Conference

14 center, the Canteen and the Topography
building

15 School of Technology Applications

16 Central point between the school of
Economics and Management

17 School of technological Appliance

18 Canteed

19 Laboratories of experiments

20 Laboratory of Engineering

21 Outdoor amphitheater

» Department of Topography and
Geoinformatics

For the calculation of the weights, the distances that a
visitor spends in order to travel from one building to
another was measured. These distances are not the lines
that link the nodes of the graph, but the paths in the
campus area. Essentially, it has been assumed that the
transition from one building to another is followed by
defined (logical) routes (walkways and streets) rather
than accessing green areas or blocks. The total paths
representing the graph edges were measured in the
design environment and are listed in Table 2. It must be
noted that the graph is non-directional, and consequently,
the movement between the nodes can be done and vice
versa, thatis 1 — 2 or equivalent 2 — 1.

Table 2 — Edges weights (distances between nodes)

Edges Weights Edges Weights
1—2 85 9—21 144
1-3 130 10—14 78
1-5 101 10—22 78
1—6 180 11-12 80
2—3 167 11-15 126
2—4 82 11-16 64
2-5 111 12—13 124
2—8 185 12—16 54

2—12 192 12—-17 114

2—13 212 12—20 146
35 119 1221 244
3—6 135 13—14 129
3—9 160 13—16 137
4—5 146 13—17 123
4—7 135 13—18 53
4—8 127 13—19 239

4—13 240 13—20 139
5—6 87 13—21 127
5—8 167 14—18 232
5—9 101 14—21 109

5—-12 173 14—22 78

5-13 100 15-16 64




Edges Weights Edges Weights
5—17 317 15—17 75
6—9 111 15—19 123
6—10 148 15—20 177
6—14 134 16—17 54
7—8 101 16—19 104
7—11 128 16—20 162
8—9 223 17—19 120
8—11 86 17—20 110
8—12 87 1721 203
8—13 204 18—19 244
8—16 71 18—20 144
9—10 209 18—21 85
9—-13 87 1920 150
9—14 130 20—21 154
9—18 76 2122 142

Fig. 2 shows the shape of the graph in the background of
the topographic diagram of the campus facilities and in
the next Fig. 3, the graph with the weights of the edges is
presented.

B3. The development of the Dijkstra and Bellman-Ford
algorithms

The development and implementation of the Dijkstra and
Bellman-Ford [28] algorithms were conducted in the
MATLAB programming language environment. The data
in both algorithms is input in the form of a table:

Pl—l P1—2 P1—21 P1—22
P2—1 PZ—Z P2—21 PZ—ZZ
P;= b 5)
21-1 21-2 P21—21 P21—22
|P2soy Poos Pya21 P22—22J

The values of the table are the distances between the
nodes (ie the weights of the edges) as measured and
presented in Table 2, while when two nodes are not
interconnected, the 0 the
corresponding field. The Dijkstra and Bellman-Ford
algorithms are implemented according to relations 6 and
7:

value is entered in

[cost rute] = dijkstra(G,V,,Vy) (6)

[cost rute] = Bellman — Ford(G,V;, V) (7)

Where: cost: is the minimum cost, ie, in this case, the total
length of the shortest route, rute: is the sequence of the
nodes defining the resulting path, Vs: source node
(starting point) and Vd: destination node (endpoint).

The models of the Dijkstra and Bellman-Ford algorithms
can be applied to all possible paths derived from the
graph formed for the campus of the International Hellenic
University in Serres. In this case, different paths were
chosen to simulate the two models, while the choice was
focused on the more complex ones, thus, demonstrating
the effectiveness of the Dijkstra and Bellman-Ford
algorithms.
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III. RESULTS

Table 3 lists the results of all Dijkstra and Bellman-Ford
algorithms applications for finding the shortest paths on
the campus of the International Hellenic University in
Serres. It must be noted that each calculated route is valid
also vice versa, with the same cost and the same (yet
inverse) node sequence.

Table 3 — Results of the Dijkstra and Bellman-Ford algorithms

Source | Destination | Min
a/o | node node cost Route
Vs vd cost rute

1 1 7 302 1-2-4-7

2 1 17 324 1-5-13-17

3 1 15 392 1-5-12-16-15
4 1 19 432 1-5-12-16-19
5 1 21 328 1-5-13-21

6 1 9 202 1-5-9

7 1 22 392 1-6-14-22

8 2 15 310 2-12-16-15
9 2 10 346 2-5-6-10

10 2 9 212 2-5-9

11 3 7 384 3-2-4-7

12 3 22 347 3-6-14-22
13 3 19 450 3-5-12-16-19
14 4 11 213 4-8-11

15 4 18 293 4-13-18

16 4 10 381 4-5-6-10

17 7 9 324 7-8-9

18 7 20 334 7-8-16-20
19 7 10 503 7-8-5-6-10
20 9 11 288 9-13-16-11
21 9 19 326 9-13-19

22 10 3 283 10-6-3

23 10 17 330 10-14-13-17
24 11 3 372 11-12-5-3
25 11 18 254 11-16-13-18
26 12 3 292 12-5-3

27 15 4 262 15-16-8-4
28 15 10 405 15-17-13-14-10
29 16 3 346 16-12-5-3
30 16 7 172 16-8-7

31 16 10 344 16-13-14-10
32 17 2 300 17-16-12-2
33 17 3 342 17-13-5-3
34 18 7 358 18-13-8-7
35 19 2 350 19-16-12-2
36 20 4 360 20-12-8-4
37 21 2 338 21-13-5-2
38 22 4 445 22-14-6-5-4
39 22 12 331 22-14-13-12

Fig.4,5,6,7,8 and 9 present the results of the Dijkstra and
Bellman-Ford algorithms for determining the shortest
paths from campus gate (source node 1) to various
destination nodes (individual buildings 20, 15, 18, 22, 11
and 19).
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of the topographic diagram of the facilities of the International Hellenic Univer:

2 — The graph on the background

Figure
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Figure 4 — Outcome from the algorithms implementation - path from the Figure 7 — Outcome from the algorithms implementation - path from the
gateway (node 1) to destination 20 gateway (node 1) to destinations 22
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Figure 5 — Outcome from the algorithms implementation - path from the Figure 8 — Outcome from the algorithms implementation - path from the
gateway (node 1) to destinations 15 gateway (node 1) to destinations 11

Figure 6 — Outcome from the algorithms implementation - path from the Figure 9 — Outcome from the algorithms implementation - path from the
gateway (node 1) to destinations 18 gateway (node 1) to destinations 19

Fig. 10 and 11 illustrate some of the shortest paths,
resulting from the implementation of the Dijkstra and
Bellman-Ford algorithms to the campus topographic
background.
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Figure 12 - Campus map with routes from the gate to specific buildings: 1 (Central entrance gate) - 20 (Laboratory of Engineering): yellow, 1 (Centrél
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entrance gate) - 19 (Laboratories of experiments): red and 1 (Central entrance gate) - 22 (Department of Topography and Geoinformatics): blue
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Figure 13 — Campus map with accessible routes: 7 (Student club) - 20 (Laboratory of Engineering): yellow, 3 (Library) - 17 (School of technological .
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Appliance): red and 4 (Multi-purpose building) - 10 (Department of Computer Engineering): blue

The data in Table 3 exhibit that from the simulated routes
the largest one is between nodes 7 and 10 with a length of
503 m and a node sequence of 7-8-5-6-10. The smallest
route is between nodes 16 and 7 with a length (cost) of 172
m and a sequence of nodes 16-8-7, while the average
length of the routes amounts to 332.5 m.

The mapping of certain paths in the topographic diagram
of campus facilities (Fig. 10 and 11) shows the
convenience of graphically illustrating the results.
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Particular mention should be given to the routes
identified from the main entrance gate of the campus to
various buildings, since the entry into the university area
is the most important starting point for the search of
various points, services, buildings, etc. Thus, the larger
routes simulated by the main entrance of the academic
institution are: (1) 1-19, with a length of 432 m and a
sequence of nodes 1-5-12-16-19, 2) 1-15, with a length of
392 m and a sequence of nodes 1-5- 12-16-15 and 3) 1-22,
with a length of 392 m and a node sequence of 1-6-14-22.



Obviously, the routes between neighboring nodes were
not simulated as the distances between them are small,
while the node sequence will consist exclusively of the
source node and the destination node. Additionally, such
a calculation is not relevant for the approximation of the
shortest paths at the premises of the campus of the
International Hellenic University in Serres.

IV. CONCLUSIONS

Identifying the shortest routes to specific destinations is
an issue that every visitor can encounter, especially in a
new and unknown area. This issue appears to be greater
when the search for shorter paths is related to
professional activities, such as for members of a
university community. There are cases where the areas
occupied by university facilities are quite extensive with
many buildings, thus the existence of appropriate maps,
instructions or applications to find the shortest path is
totally necessary.

This research paper demonstrates that the campus
facilities (i.e. the International Hellenic University in
Serres) can be configured as a graph, to which the Dijkstra
and Bellman-Ford algorithms are applied and the
requested shortest paths, with accuracy and speed, are
extracted every time. This dissertation, as shown in Fig.
10 and 11, could be the basis for the creation of printed or
digital maps with instructions for finding the shortest
paths in the university area. For example, Fig. 12 and 13
show maps of the campus with the shortest routes
between specific destinations. Furthermore, the specific
study could be leveraged for the development of an
application with these capabilities, as in the case of Gao et
al., 2014 and Lateef et al., 2017.

The main advantage of this research is the fact that two
simple algorithms such as the Dijkstra and Bellman-Ford
can be applied, with some assumptions or admissions, for
estimating the shortest paths on campus. Simultaneously,
the simulations of the Dijkstra and Bellman-Ford
algorithms, through the computing environment of a
mathematical programming language, provide great
speed for the calculations of the shortest paths, from each
point in the university area. Even though the Dijkstra
algorithm is mentioned in the literature as faster than the
Bellman-Ford algorithm, in the particular case, no
differences arose concerning the computation speed as
well as the results output. Possibly, time differences are
more distinct in applications of algorithms with more
complex graphs.

Another capability that emerges from the specific
research is the creation of new proposed routes, with
small interventions in the infrastructure of the green areas
or small tiers, in order to optimize some complex paths.
In particular, if the existing campus infrastructure
appears a rather complex route, requiring unnecessary
traffic around non-accessible areas, it is possible with a
small intervention to become shorter.
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In general, the successful application of the Dijkstra and
Bellman-Ford algorithms to identify the shortest paths in
campus
expanding also to the interiors of buildings with
instructions for the shortest paths between halls, offices,
workshops, administrative departments, etc. Eventually,
it must be highlighted that both algorithms in each
simulation of the desired paths yielded the same results,
which substantiates their proper development and
implementation.

outdoors generates the prerequisites for
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