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Abstract

It is advantageous to optimize the pipeline network
path in order to lower building costs. The main
problem in path optimization is finding the shortest
path for large amounts of data. The shortest path
issue for large data sets cannot be resolved by
Dijkstra's algorithm. To handle large amounts of
data when determining the pipeline network’s
shortest path, Dijkstra's algorithm has been
adjusted. Through simulation data, the suggested
modified Dijkstra's algorithm (MDA) for pipeline
system linking is validated and verified in this
work with the purpose of finding the shortest paths
that may avoid barriers for large data sizes.
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l. Introduction

The shortest path problem is said to apply
to pipeline network design. In an effort to increase
profits, businesses and agencies try to design
pipelines with the shortest path in order to lower
construction or operating costs or shorten the time
it takes for various products, such as solid, gas, or
liquid fluids, to arrive at their destinations [1, 2]. In
this context, the use of shortest path algorithms is
essential. Dijkstra's algorithm is one technique used
to solve shortest path problems. By calculating the
distance between the charts and a specified
location, the technique is used to determine the
charts' shortest path. Numerous applications, such
as Google Maps and Internet networks, used it to
determine the quickest route that might be taken
from one place to another.

Il.  Dijkstra's algorithm

One of the most well-known shortest path
algorithms is Dijkstra's algorithm, which is
recognized for its ability to resolve shortest path
problems for connected graphs with numerous
sources and a nonnegative weight value for a single
destination.

It calculates the shortest path between the
beginning and ending points of a connected chart
for each vertex in the graph. At the beginning, the
mark is equal to zero. However, the distance
between the beginning point and other points is
unknown because the marks in other vertices equal
infinite. Furthermore, it is necessary to identify if a
vertex has been visited or not.Once the algorithm
has traversed every vertex on the chart, it will come
to an end.

2.1. Steps of Dijkstra's Algorithm

Dijkstra's algorithm involves the following steps:

1. Label the starting node (choose the node with the
lowest node number if there are many nodes at that
moment).

2. Take into account the node that has the most
recent boxed label.

3. Decide which temporary label on the network is
the least expensive.

4. Continue from Steps 2 and 3 until you reach the
destination node.

5. Traverse the network by taking the shortest path
possible from the starting node to the destination
node.

I11.  Modified Dijkstra's Algorithm

The goal of this study is to determine the
pipeline network's shortest path, which will
minimize building costs. Every well refers to its
source, while the main station alludes to its goal.
This work presents the results of several
adjustments to the original Dijkstra's algorithm,
which leads to a modified Dijkstra's algorithm that
deals with large data sizes quickly while avoiding
any obstructions on the path connecting any two
places. A thorough explanation of the suggested
algorithm known as the Modified Dijkstra's
Algorithm (MDA) is given in this section [3].

The most well-known shortest path
algorithm is probably Dijkstra's algorithm. Some
cases of modification to the original Dijkstra's
algorithm have been covered in previous research.
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There are situations where finding the shortest path
between two nodes can be more expensive when
effort and time are crucial. A modified Dijkstra
algorithm was proposed by Gbadamosi and Aremu
(2020) as an alternative to the traditional algorithm
[4-6]. Creating a file with the vertices, edges, and
shifting probabilities between edges was part of the
technique. A random number generation approach
was used to create the probability. A 40-node
diagram was used to test the technique, and the
findings suggested the shortest path.

A better way to handle the problem of
determining the maximum load path is proposed by
Wei et al. (2019) as a modified version of Dijkstra's
algorithm [7-9]. On the other hand, the maximum
load path problem cannot be solved using Dijkstra's
technique for determining the shortest path.

Since the original Dijkstra's algorithm
cannot handle situations like these, it was modified
in this work to solve the shortest path issue, which
occasionally involves obstacles of various kinds [
10-12].

The updated Dijkstra's algorithm follows a
multi-step  process [13].  Following  the
establishment of the first well, the suggested
algorithm looks for the second closest well and
verifies that it complies with the following
requirements: no loop connecting any well to itself,
a one-way path connecting the locations, and no
closed-loop path. Furthermore, the distance will be
penalized by an infinite value if there is an
obstruction between the two sites [14]. As a result,
the system starts looking for a different route that
gets around this impediment and displays the best
option [15].

2.2. Steps of Modified Dijkstra's Algorithm

The MDA algorithm consists of the following
steps:

Step 1: Establish the starting point for the first well.
Step 2: Compute the distances between every
neighborhood point at the same time to find the
second closest well.

» The distance will be taxed by an infinite value if
there is an obstruction separating the two points. As
a result, the algorithm starts looking for a different
path that gets around the obstruction.

e Use the Euclidean distance formula to find the
distance between two points if there isn't an
obstruction.

* Determine which well is the second closest by
calculating the separations between other parallel
sites.

Step 3: By simultaneously calculating the distance
between each neighborhood point, the algorithm
keeps looking for the third well. The procedure is
the same as it was in step 2.

Step 4: Look for the following requirements for
constraints:

* No self-circuit for any well

* There is only one direction on the path connecting
the points—not two.

* No path with a closed loop.

Step 5: Finish the search that connects every point
to the terminus, which stands for the main station.
Step 6: Determine the total cost and distance that is
the shortest.

Step 7: Display the best answer and halt the
process.

IV.  Simulation

This section will cover the Modified
Dijkstra's method (MDA) for simulating random
data. Employing the Google Earth application,
random points were chosen, and their x- and y-axis
coordinates which indicate the point's location were
manually entered to create the random data, as
illustrated in Figure 1. Data was set to 100, 500,
1000, 1500, and 2000 points to assess how well the
MDA algorithm performed in determining the
minimal total cost and demonstrating the speed at
which the algorithm was implemented to produce
the shortest path. The MDA method produces the
best results for all datasets as far as total cost and
running time, according to the comparison results
in Table 1. However, GA required the longest run
time to yield the optimal result. When compared to
ACO, GA was able to find an improved option for
the number of points 100 and 500 in terms of
overall cost. In the meanwhile, when compared to
GA, the ACO algorithm produced a better result for
the numbers of points 1000, 1500, and 2000.

The results of the simulation demonstrated
that the shortest path algorithm, which is a
modified version of Dijkstra's algorithm, may
drastically lower both the overall cost and
computation time. Table 1 & Figure 2 show how
well this technique works with arbitrarily large
amounts of data. (Where RT stands for run time
and TC stands for total cost.)
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Table 1: Modified Dijkstra's Algorithm

No of MDA ACO GA
i RT RT RT
Points TC($ TC ($ TC($
®) (S) ®) () ® ()
100 771571599 1.59 721437429 38.57 638062487 968.55
500 1633525161 8.48 1672900349 250.29 | 1672712697 1157.93
1000 2248467589 23.65 2553898130 809.96 | 3408797284 1562.63
1500 3210539720 43.47 3728123743 1617.38 | 6932349303 1980.05
2000 3830218716 67.05 4591406791 1671.61 | 10306520252 2329.03
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Figure 1: The locations of 2000 random points
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Figure 2: Using the MDA algorithm for varying numbers of random data points, the final shortest path of each
scenario
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(@) Shortest path with the MDA algorithm for
100 poin. (b) Shortest path with the MDA
algorithm for 500 point. (c) Shortest path with
the MDA algorithm for 1000 point. (d) Shortest
path with the MDA algorithm for 1500 point.

(e) Shortest path with the MDA algorithm for
2000 point

V.  Performance of MDA Algorithm to
handle obstacles:
Overcoming the difficulties that emerge
in the network of pipelines is one of the issues
that earlier research has not been able to resolve.
No novel algorithm to tackle the hurdles could be
proposed by any earlier study [5] [6]. The
suggested MDA in this study was able to
successfully avoid the pipeline network's

obstructions. Thus, the performance of the MDA
algorithm in managing various barriers is
examined in this part. To do this, random barriers
have first been injected into the original dataset.
Table 2 presents five examples, with a data set of
100 points, of obstacles that arose along a
predefined path.

The results of the suggested MDA method
are displayed in Table 2, where the overall distance
increases as the number of obstacles increases.
Even though there seemed to be more barriers in
the pipeline network, the algorithm was still able to
generate the shortest path in less run time. The
locations of the barriers and the alternative route
designed to avoid them are shown in Figures 3
through 7.

Table 2: Analysis of obstacles appeared on the path of 100 points

No. of Total .
Point Number of obstacles Distance Cost ($) Run Time (s)
1-(21,22) | 123310.83 12,331,083 1.44
2-(21,22),(74.72) | 124120.03 12,412,003 1.44
100 3-(21,22),(74.72),(22,14) | 126752.61 12,675,261 1.43
4-(21,22),(74,72),(22,14),(86,89) | 128181.57 | 12,818,157 1.49
5-(21,22),(74,72),(22,14),(86,89), | 124421.00 12,442,100 1.42
(67,44)
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Figure 3: A new shortest path to avoid one obstacle (a) Shortest path for 100 points without obstacle. (b)
Shortest path for 100 points with one obstacle. Total distance (123310.83).
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Figure 4: A new shortest path to avoid two obstacles(a) Shortest path for 100 points without obstacle. Total
distance (123310.83)(b) Shortest path for 100 points with two obstacles. Total distance (124120.03).
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Figure 5: A new shortest path to avoid three obstacles(a) Shortest path for 100 points without obstacle. Total
distance (123310.83)(b) Shortest path for 100 points with three obstacles. Total distance (126752.61)
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Figure 6: A new shortest path to avoid four obstacles.(a) Shortest path for 100 points without obstacle. Total
distance (123310.83).(b) Shortest path for 100 points with four obstacles. Total distance (128181.57)
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Figure 7: A new shortest path to avoid five obstacles.(a) Shortest path for 100 points without obstacle. Total
distance (123310.83),(b) Shortest path for 100 points with five obstacles. Total distance (124421.00).

VI.  Conclusions

To minimize the cost of building the
pipeline network, this study suggests modifying
Dijkstra's algorithm to find the pipeline's shortest
path. The total cost and total duration needed for
implementing the algorithm are the most crucial
evaluation criteria. After running
several simulations, it was discovered that the two
most  significant  factors influencing this
optimization were the amount of data and the
distance that stood between the starting and
destination positions. A randomized data network
consisting of 2000 locations that needed to be
connected via the shortest path was subjected to the
new technique. The outcomes of the experiment
demonstrated that the altered algorithm could find
outstanding results in a record-breaking two
minutes. However, GA required the longest
possible run time to yield the optimal result. While
compared to GA, the ACO algorithm produced a
better total cost solution for the numbers of points
1000, 1500, and 2000. In the meantime, when
compared to ACO, GA found the optimal solution
for the numbers 100 and 500.Among the traditional
greedy algorithms is Dijkstra's algorithm. It was
used to find the graph's shortest path; however, the
path discovered by Dijkstra's algorithm might be
more expensive to build or might have obstructions
that raise construction costs. Based on this, a
shortened path calculation for huge data sets has
been developed by modifying the traditional
Dijkstra's algorithm. The outcomes demonstrated
that the altered algorithm performs exactly as
predicted.
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