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Abstract

In Mathematics and Computer Science, a graph is a structure made up of vertices (also
called nodes) and lines called edges such that each edge connects two nodes. Graphs are used
to depict various systems to facilitate further studies on them. In this simple study, we
represent the three (3) New Association of Tricycle Operators (NATO) stations, seven (7)
colleges (excluding the College of Agriculture and the College of Fisheries) of the Central
Luzon State University (CLSU), and some major road intersections in CLSU as vertices; while
the roads that connect them are represented by edges to obtain a graph representation for
CLSU. The shortest paths going to the seven colleges in CLSU from the three NATO stations
were then determined using the Dijkstra’s Algorithm, limited only on the condition thata NATO
driver has only one passenger or has more than one passenger but all of them are going to the
same destination. With this study, a NATO driver can save fuel, students can save time, and
Carbon Dioxide (CO2) emission from vehicles may be lessened by taking the shortest paths
determined. The study also serves as a motivation in appreciating the applications of
Mathematics in real life. For further study, it is good to determine the shortest paths from a
specific college going to every other college.

Keywords: Graph, Shortest Path, Dijkstra’s Algorithm, Gasoline Consumption, CO2 Emission

Introduction

The Central Luzon State University
(CLSU) is one of the renowned and prestigious
institutions of higher learning in the Philippines.
It is located at Science City of Munoz, Nueva
Ecija. With its agricultural state, the campusis a
sprawling 658-hectare area
(https://clsu.edu.ph/about-us/). Due to its

vastness, the means of transportation is very
important. The New Association of Tricycle
Operators (NATO) made it possible for the
students, faculty, and staff to conveniently go
from one place to another inside the CLSU
campus and arrive at their destinations on time.
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Since gasoline prices in the world
market have increased, and oil price hike in the
country is unending, one major problem of
motorists is the minimization of their gasoline
consumption. Also, time is another human
resource which must not be wasted. For a
student, time is very important, and every
second of it must not be wasted. Recognizing
these problems, the researchers want to help
the members of NATO CLSU in minimizing their
gasoline consumption and the CLSU students
in saving their time from commuting.

Knowing that gasoline consumption
and travel time is directly proportional to the
distance travelled, all other things equal (Sivak,
2013), like road conditions, vehicle conditions,
vehicle load, etc., minimizing the distance to be
travelled will minimize gasoline consumption
and travel time. Thus, by taking the shortest
path or route from a NATO station to a certain
destination in CLSU, the gasoline consumption
of aNATO driver will be lessened, and the travel
time of students will be lessened as well. Also,
according to WLTP Facts. EU, “the amount of
Carbon Dioxide (CO2) a vehicle emit is directly
related to the amount of fuel it consumes” for
this reason, reduced distance travelled may
reduce CO2 emission, which is beneficial to our
environment.

This study aims to determine the
shortest paths froma NATO station to different
places in CLSU by applying Dijkstra’s Algorithm.
Specifically, it sought to obtain a graph
representation of CLSU, and use the graph to
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determine the shortest paths from a NATO
station to every college in CLSU (except the
College of Agriculture and the College of
Fisheries).

This research study will be beneficial to
NATO operators, drivers, and their commuters,
especially the CLSU students. The study, in
addition, is beneficial to our environment.
Finally, this research can be a motivation to
others to learn how to apply graph theory or
even other branches of Mathematics in our
daily lives.

For the scope and limitation of this
study, only the main roads were considered as
edges of the graph. The road intersections,
NATO stations, and colleges were considered
as the nodes. Furthermore, the roads that
obviously give a long path from the starting
point or origin to the end point or destination
will not be considered. These ideas were
illustrated in Figure 1. The distinct nodes
representing the different colleges were
chosen to be located at the lobby or at the
middle front of each of the colleges. This study
is only limited on the situation that a NATO
driver has only one passenger (special trip) or
has more than one passenger going to the
same destination (regular homogenous trip).
Lastly, the study was conducted in 2014, and
thus, does not include newly constructed
buildings in CLSU such as the Department of
Hospitality and  Tourism Management
Department Building (Part of CHSI).
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Figure 1. CLSU map with the considered roads marked with redTines take.r‘i-;;i;&)‘agle Maps (Google, n.d.)

Essential Graph Theory Concepts

The field of Mathematics that studies
graphs is called Graph Theory. In this section,
we state some graph theory concepts which

are essential in the understanding of the
methods used in obtaining the results of this
paper. For further reading in Graph Theory, we
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refer the reader to Wilson (2010) and Bondy &
Murty (2008).

Definition 1. A graph G is a structure
consisting of two sets V(G) and E(G) where
V(G) is called the vertex set of G and E(G)
(possibly empty) is the edge set of G. The
elements of V(G) are called vertices or nodes
and the elements of E(G) are unordered pairs of
distinct vertices in V(G) called edges.

Definition 2. A weighted graph is a
graph whose every edge has an associated
numerical value which is called weight.

12

An example of a weighted graph (and
respectively, a graph) is givenin Figure 2. Let us
agree to call that graph as our toy graph. Our toy
graph G has vertex set V(G) ={A,B,C,D,E,F}
and edge set E(G) =

{{4,B},{A,C},{B,D},{C, D}, {C,E},{D,E},{D, F},{E, F}}

. The weight of the edge {4,B} is 5 while the
weight of the edge {E,F}is 7.

Figure 2. Our toy graph G.

Definition 3. A walk W in a graph is a
finite non-null sequence
Vg, €1, V1, €2, V3, ..., €, Uy, Whose terms are
alternately nodes and edges, such that, for 1 <
i < k,theends of ¢; arev;,_jand v;.

Since the ends of an edge e; are the
vertices v; and v;_;, we simply denote the walk
W = vy,e1,Vq,€3,Vs,..., € U DY

D
10
4 F
”
E
W = vy, vy, 0,,...,0, for simplicity. The
sequence of vertices and edges
{A,{A,B},B,{B,D},D,{D,E},E,{E,F},F} is an

example of awalk in our toy graph. The pictorial
representation of the walk is provided in Figure
3 with green-colored edges as guide. For
simplicity, the said walk can be rewritten as
{A,B,D,E,F}.

Figure 3. The walk {4, B, D, E, F} in our toy graph.

Definition 4. A trail is a walk with
distinct edges. On the other hand, a path is a
trail with distinct vertices. Finally, a cycle is a
trail whose origin (or starting vertex) and
terminus (or end vertex) are the same.

The walk {4,B,D,E,F} in Figure 3 is an
example of a trail and a path. The walk
{A,B,D,E,F,D,C,A}, pictorially depicted by
yellow-colored edges in Figure 4 is not a path,
but itis a trail and at the same time, a cycle.
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Figure 4. The cycle {4,B,D,E,F,D,C, A} in our toy graph.

Definition 5. A tree is a connected graph that
does not contain any cycle.

Our toy graph G is not a tree, however,
it contains tree components. For instance, the
walk {4,B,D,E,F}inour toy graphis a tree.

We now end the section by introducing
the Dijkstra's algorithm. The Dijkstra's
algorithm is an algorithm for finding the
shortest paths between nodes in a graph. It
was developed by computer scientist Edsger
W. Dijkstra in 1956 and published in (Dijkstra,
1959). Originally, the algorithm finds the
shortest path between two nodes, however
after 1959, various variants of the algorithm
were developed. A more common variant fixes
a single node as the "source node” and finds
shortest paths from the source to all the other
nodes; for instance, see Venkat (2014).

The details of the algorithm will be
presented in the next section. As a notation, we
let the node at which we are starting to be
called the initial node, the distance of node Y
to be the distance from the initialnode to Y, and
the unvisited set be the set of all unvisited
nodes.

Some research works that utilize
Dijkstra’s algorithm in determining a shortest
path or route from one place to another were
done by Shehzad and Shah (2009), Amaliah et
al. (2016), Ojekudo and Akpan (2017), Gunawan
et al. (2019), Fitriansyah et al. (2019). Shehzad
and Shah used Dijkstra’s algorithm to

Materials and Methods

The map of CLSU with its actual road
lengths used in this research was taken from
the Google maps (Google, n.d.). The actual road
lengths were measured in meters and were
rounded up to two decimal places. After that, a
graph representation of the CLSU map was
made. To form the graph representation (see
Figure 5), the roads were represented by lines
a- NATO Main Gate Station

determine and evaluate the shortest paths in
road network of Sindh-Pakistan. On the other
hand, the group of Amaliah used the Dijkstra’s
algorithm in finding the shortest paths among
cities in Java Island Indonesia. In a similar
manner, Ojekundo and Akpan used Dijkstra’s
algorithm in helping the Dominion Paints Nig.
Ltd in transporting their products from their
production plant to store of sales. The work of
the group of Gunawan focused on searching
the nearest specialist doctor in Bandar
Lampung Indonesia using Dijkstra’s algorithm.
Finally, the team of Fitriansyah used Dijkstra’s
algorithm to find a shortest path of tourist
destination in Bali.

Other research studies that utilize
Dijkstra’s algorithm are the study of Xiao-Yan
& Yan-Li (2010), Tirastittam &
Waiyawuththanapoom (2014), and Parsakhoo
& Jajouzadeh (2016). Xiao-Yan and Yan-Li
considered the application of Dijkstra’s
algorithm in logistics distribution line.
Tirastittam and Waiyawuththanapoom on the
other hand created a transport planning
system in Bangkok Metropolitan area using
Dijkstra’s algorithm. Lastly, Parsakhoo and
Jajouzadeh used Dijkstra’s algorithm in
determining an optimal path for the road
construction in Nahar Khvoran forest.

called edges and the road intersections and
destinations were represented by dots called
nodes. The nodes were labelled by the letters
of the English alphabet and some letters of the
Greek alphabet. Some of the node
representations were:
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a,- NATO 2" Gate Station
as- NATO Old Market Station

Q- College of Engineering

Q,- College of Arts and Sciences-Main (Now, College of Arts and Social Sciences)
Q;- College of Home Science and Industry

Q,- College of Education

Qs- College of Arts and Sciences-Annex (Now, College of Science)

Qq- College of Veterinary Science and Medicine

Q- College of Business Administration and Accountancy

The remaining nodes were named fromA — Z
and A; — H,. For the names of the other

nodes, we refer the reader to Antalan et al.
(2015).

C AT e qun

Figure 5. The weighted graph representation of the CLSU map.

In this research, the method used in
obtaining the desired shortest paths is a
variation of Dijkstra’s Algorithm. The following
are the steps of the algorithm.

Step 1: Construct an n column by (n+1)
row table where n is the total number of nodes
in the graph. In the first row of the table, label
the first column with “Current node” and label
the remaining columns with the nodes except
the initial node.

Step 2: Set the initial node as current
node.

Step 3: For the current node, consider
all its unvisited neighbors and calculate their
tentative distances. Tentative distances are
distances obtained based on the current node
(or row of the current node). Compare the
newly calculated tentative distances to their
corresponding current assigned values (or

current distances) and assign the smaller one
as the “new” current distance. Current
distances are distances obtained from the
previous current node (or row of the previous
current node). Assign infinity for all other
nodes. For simplicity, we use blank cell to
denote infinity. In the case of the initial node
being the first current node, just assign the
newly calculated tentative distances as “new”
current distance.

Step 4: When we are done considering
all the neighbors of the current node, mark the
current node as visited and remove it from the
unvisited set. A visited node will never be
checked again.

Step 5: If the smallest tentative
distance among the nodes in the unvisited set
is infinity or if all the nodes are already visited
then stop. The algorithm has finished. If not,

DOI: https://doi.org/10.22137/ijst.2023.v/n2.08

78



select the unvisited node that is marked with
the smallest “new” current distance, and set it
as the new "current node" then go back to Step
3.

llustration. Suppose in our toy graph,
we are asked to find the shortest paths from
the initial node A to all the other nodes. We
denote by d(X,Y) be the distance from node X
tonodeY.

Step 1: Construct an n column by (n+1)
row table where n is the total number of nodes

in the graph. In the first row of the table, label
the first column with ‘Current node” and label
the remaining columns with the nodes except
the initial node.

First, we construct the 6-column by 7-
row table below and label the first column-row
entry by “Current node” while the other entries
in the first row are labeled B,C,D,E, and F,
respectively (the non-initial nodes in our toy-

graph).

Current node B C

Step 2: Set the initial node as current
node.

Next, we set node A to be the current node
since it is our initial node.

Current node B C

D E F

A

Step 3: For the current node, consider

denote infinity. In the case of the initial node

all its unvisited neighbors and calculate their

being the first current node, just assign the

tentative distances. Tentative distances are

newly calculated tentative distances as ‘new”

distances obtained based on the current node

current distance.

(or row of the current node). Compare the
newly calculated tentative distances to their
corresponding current assigned values (or
current distances) and assign the smaller one
as the ‘new” current distance. Current
distances are distances obtained from the
previous current node (or row of the previous
current node). Assign infinity for all other
nodes. For simplicity, we use blank cell to

The unvisited neighbors of the current
node A are the nodes B and C whose distances
from A are 5 and 7 respectively. We then enter
the respective tentative distances of Band Cin
their corresponding columns in the table. Since
there is no distance of comparison at this
stage, the respective distances automatically
become the “new” current distance of node B
and node C from node A.

Current node B C

D E F

A 5(A) 7 (A)
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We note that the notation 5(A) in the B-
column above, means that the shortest path to
B from the initial node A is 5, and that path
passed through node A right before reaching
node B. This notation will be used throughout
the implementation of the algorithm.

Since node B has the shortest current
distance, we set it as the “new” current node.
We now check the neighbors of B which are C
and D.

To obtain the tentative distance of
node C, we add the current distance of node B
from node A to d(B,(C); that is, 5 + 8 = 13.

Similarly, the tentative distance of node D is
given by 5 + 12 = 17. Comparing the tentative
distance of node C from node A whichis 13 to
the current distance of node C from node A,
which is 7, the current distance is shorter, so
we set it as the “new” current distance of node
C from node A. Also, comparing the tentative
distance of node D from node A which is 17 to
the current distance of node D from node A,
which is infinity, the tentative distance is
shorter, so we set it as the “new” current
distance of node D from node A.

Current node B C D E F
A 5 (A) 7 (A)
B 5 (A) 7 (A) 17(B)

Step 4: When we are done considering
all the neighbors of the current node, mark the
current node as visited and remove it from the
unvisited set. A visited node will never be

checked again.

Observe that at this point, all the
neighbors of the current node B have been
considered. This means that B has been
already visited so we color the B-column to
denote that B is already an element of the
visited set.

Current node B C D E F
A 5(A) 7(A)
B 5 (A) 7 (A) 17(B)

Step 5: If the smallest tentative distance
among the nodes in the unvisited set is infinity
or if all the nodes are already visited then stop.
The algorithm has finished. If not, select the
unvisited node that is marked with the smallest
‘new” current distance, and set it as the new
"current node" then go back to Step 3.

Among the unvisited nodes, node C
has the shortest “new” current distance, so we
setitasthe “new” current node.Since d(C,D) =
5, and the current distance of node C from
node A is 7, we add them to get 12 as the
tentative distance of node D from node A. This
newly calculated distance, which is the

tentative distance, is shorter than the current
distance of node D from node A which is 17.
Hence, we choose 12 as the “new” current
distance of node D from node A. On the other
hand, d(C,E) = 3 and adding it to the current
distance of node C from node A which is 7,
gives 10 as the tentative distance of node E
from node A. Comparing the tentative distance
of node E from node A which is 10 to the
current distance of node E from node A which
is infinity, the tentative distance is shorter, so
we set it as the “new” current distance of node
E from node A. Then we color the C-column for
C has been visited.
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Current node B C D E F
A 5(A) 7 (A)
B 5(A) 7 (A) 17(B
C 5(A) 7 (A) 12(C) 10(C)
Continuing the process, we will arrive

with the table below.

Current node B C D E F
A 5(A) 7 (A)
B 5(A) 7 (A) 17(B)
C 5(A) 7 (A) 12(C) 10(C)
E 5(A) 7 (A) 12(C) 10 (C) 17(E)
D 5(A) 7 (A) 12(C) 10 (C) 17(E)
F 58 [ 70 [ 12€¢ | 1000 | 17(E) |

The last row is highlighted because of its
importance. It gives the shortest distance of
every node from node A. Also, from it, we can
determine the shortest distance of a node, and
a shortest path to every node from A. To obtain
the shortest path from the initial node A going
to the node, say F, just look at the last row of
the F-column.

From there, by the notation 17(E), we
see that the distance of node F from node A is
17 and that the shortest path going to F comes
from node E. Then look at the last row of the E-

column. We see that the shortest path to node
E comes from node C. The shortest path to
node C, as we can see at the last row of the C-
column, comes from node A, which is our initial
node. Therefore, a shortest path from node A
to node F is given by the path ACEF. By
applying the same method, we obtain the list of
shortest paths from node A with their
corresponding distances in Table 1.

Table 1. The shortest paths from node A with their corresponding distances in our toy graph.

DESTINATION | SHORTEST | DISTANCE
PATH
B AB 5
C AC 7
D ACD 12
E ACE 10
F ACEF 17

These paths are shown and are
represented by the broken lines in the graph

shown in Figure 6.

DOI: https://doi.org/10.22137/ijst.2023.v/n2.08

81



Antalan et al., - CLSU International Journal of Science and Technology - Vol. 7 No. 2, 2023

Figure 6. The shortest paths from node A to all the other vertices in our toy graph.

Results and Discussion

Applying the process discussed in the
previous section to Figure 5, the researchers
obtain the shortest paths from every NATO
station to the different colleges in CLSU. The

results are summarized in Tables 2 - 4. For the
complete details of the calculations, we refer
the reader to Antalan et al. (2015).

Table 2. The shortest paths from node a, with their corresponding distances.

Destination Shortest path Distance (m)
Q,(CEn) a;BMLKRSTUQ, 849.09
Q,(CAS Mam) a;BMNYXWQ,B, 818.32
Q5 (CHSI) a;BMNYXWQ, 677.05
Q,(CEd) a;BMNYXWQ,B,a,C,Q, 1075.34
Qe(CAS Amnex) a;BMNYXWQ,B,a,C, s 1132.53
Qe(CVSM) a;BMLKRSTH, G, 1251.18
(,(CBAA) a;BMLKRSTUQ,A,Q, 1064.93

Table 2 shows the shortest paths from
the NATO Main Gate station to the seven
colleges in CLSU with their corresponding
distances. If a student wishes to go to the
College of Arts and Sciences Annex (now
College of Science) via NATO tricycle, the
NATO driver must take the route shown in
Figure 7 with a total length of 1132.53 meters.

That is, from the NATO Main Gate station, the
driver must pass through the College of Home
Science and Industry via the road intersections
B,M,N,Y,X and W. Then, pass through NATO
Second Gate Station via the road intersection
B,. Finally, the driver must turn left via the road
intersection C; to arrive at the College of Arts
and Sciences Annex (now College of Science).

DOI: https://doi.org/10.22137/ijst.2023.v/n2.08
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Figure 7. The shortest path from the NATO MAIN GATE station to CAS Annex (now College of Science).

For the visual representation of the
paths stated in Table 2, we again refer the
reader to Antalan et al. (2015).

Table 3. The shortest paths from node a, with their corresponding distances.

Destination Shortest path Distance (m)
Q,(CEn) a,B;Q,4,0, 333.04
Q,(CAS Mam) a,B;Q, 202.92
(1;(CHSI) a,B;Q, 123.07
,(CEd) a,C 0, 275.22
(1<(CAS Annex) a,C, Qs 33241
Q,(CVSM) a,C,Q:F Qg 572.54
(,(CBAA) a,BQ,A,0, 481.36

Table 3 shows the shortest paths from the
NATO Second Gate station to the seven
colleges in CLSU with their corresponding
distances. If a student wishes to go to the
College of Veterinary Science and Medicine via
NATO tricycle, the NATO driver must take the
route shown in Figure 8 with a total length of
572.54 meters. That is, from the NATO Second
Gate Station, the driver must turn left via the

road intersection C;, then pass through the
College of Arts and Sciences Annex (now
College of Science) and road intersection F;
before arriving at the College of Veterinary
Science and Medicine.

DOI: https://doi.org/10.22137/ijst.2023.v/n2.08

83



Antalan et al., - CLSU International Journal of Science and Technology - Vol. 7 No. 2, 2023

G,
—
H, -
32929 5
17434 €, Dvsu
T 1
11358
‘|F1 137 61 E
5391 15128 e
q S 18208 ’ -
N a 1:-5% =l
3 7
14N R T i O, 5 CBAA cas ““"“9“95.‘
5821 568 26 a8 CEn 963 (). CAS-Main \ .
166,83 2 BQ.UP‘:”_B 1088
us D
H g5.2 \ 14634 20163 110 ‘.--_.-- c. & 1
17581 | K 14065 03 pume®® " CED
N 17R(F
fon44  E02 <0 an AT %
| CREY] o\ N > W 3 NATO Second
nto 0,0 1326 L 140, 14612 CHSI Gate Station
i 1212 2.1
. 7510 Y
13618 M
: ! 5237
6.4 152 B
Gl:? EEE Mol
c e AT @, NATO Main
. Gate Station

Figure 8. The shortest path from the NATO Second GATE station to CVSM.

For the visual representation of the paths
stated in Table 3, we again refer the reader to
Antalan et al. (2015).

Table 4. The shortest paths from node a5 with their corresponding distances.

Destination Shortest path Distance (m)
(,(CEn) a;FJLKPRSTUQ, 968.41
(1,(CAS Mam) a;FJLKPRSTUQ, A, Q, 1098.53
(1,(CHSI) a; FJLMNYXWQ, 1038.83
(,(CEd) a;FJLMNYXWQ,B,a,C,Q, 1437.12
Qe (CAS Annex) a;FJLKPRSTUQ, A, Q,F Qc 1462.42
(s(CVSM) a;FJLKPRSTH, G, 1370.50
(1,(CBAA) a3 FJLKPRSTUQ,A,Q, 1184.25

Table 4 shows the shortest paths from the
NATO Old Market station to the seven colleges
in CLSU with their corresponding distances. For
anillustrative example, if a student wishes to go
to College of Education via NATO tricycle, the
NATO driver must take the route shown in
Figure 9 with a total distance of 1437.12 meters.
Starting from the NATO Old Market Station, the

driver must pass through the College of Home
Science and Industry via the road intersections
F,J,L,M,N,Y,X,W. Then pass through NATO
Second Gate Station via the road intersection
B;. Finally, the driver must past through the road
intersection C; to arrive at the College of
Education.

DOI: https://doi.org/10.22137/ijst.2023.v/n2.08
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Figure 9. The shortest path from the NATO Old Market station to College of Education.

For the visual representation of the containing all the shortest paths from a
paths stated in Table 4, we again refer the particular start vertex (NATO Main Gate, NATO
reader to Antalan et al. (2015). 2" Gate, or NATO Old Market) to all the desired

To end the results section, we present  end vertices (Colleges in CLSU). The shortest
the shortest paths tree generated by the pathtreesare giveninFigures10 -12.
algorithm. The shortest paths tree is a tree

Figure 10. The shortest paths three from the NATO Main Gate station to the colleges of CLSU taken via
Google Maps (Google, n.d.).

DOI: https://doi.org/10.22137/ijst.2023.v/n2.08 85
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Figure 11. The shortest paths tree from the NATO Second Gate station to the colleges of CLSU taken via
Google Maps (Google, n.d.).
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Figure 12. The shortest paths tree from the NATO Old Market station to the colleges of CLSU taken via
Google Maps (Google, n.d.)

Conclusion

In this paper, following the 2014 setting
of establishments in CLSU, the shortest paths
going to the seven colleges of CLSU from all
NATO stations were determined using the
Dijkstra’s Algorithm, with the condition that a
NATO operator has only one passenger or has
more than one passenger but all of them are
going to the same destination. As a result, a
NATO driver coming from NATO Main Gate
station going to any of the seven colleges of
CLSU must follow the paths presented in Table
2. On the other hand, a NATO driver coming
from NATO Second Gate station going to any of
the seven colleges of CLSU must follow the
paths presented in Table 3. Finally, a NATO
driver coming from NATO Old Market station

going to any of the seven colleges of CLSU
must follow the paths presented in Table 4.

To further improve this study, the
researchers recommend the following: (1)
consider other frequent destinations in CLSU
such as food courts, the College of Agriculture,
and College of Fisheries, (2) consider as
additional edges of the graph the passages
which are not roads but NATO operators use as
their path, (3) consider the condition of every
road in giving its weight, (4) consider the
conditionthata NATO operator has at least two
passengers going to different destinations, and
(5) reconduct the study covering the recent
infrastructure developments in CLSU.
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