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Abstract: In graph theory, detecting the shortest path between two active nodes remains a significant challenge in the research
community. Finding the minimum-cost path between two nodes remains an important research problem with numerous practical
applications. Although Dijkstra’s algorithm provides efficient shortest-path computation for graphs with non-negative edge weights
and Bellman-Ford handles negative edge weights, neither algorithm simultaneously offers efficient computation, reduced search
space, and low computational overhead. This limitation motivates the development of a hybrid algorithm that combines the strengths
of both approaches while overcoming their individual weaknesses. In this paper, we propose a novel hybrid DB Algorithm that
integrates the Bellman—Ford and Dijkstra algorithms to efficiently compute shortest paths in weighted graphs containing negative edge
weights while reducing computational time and search-space complexity. The proposed DB Algorithm addresses the limitations of
existing shortest-path algorithms by reducing computational overhead while efficiently handling negative edge weights and
minimizing time and space complexity. The proposed algorithm is evaluated using two key performance metrics: Time to search for
the Shortest Distance (TSSD) and computational space complexity. Experimental results demonstrate that the proposed DB Algorithm
significantly reduces computational overhead while accurately identifying shortest paths in weighted graphs. Simulation results
validate the effectiveness and computational efficiency of the proposed DB Algorithm. In the future, the proposed DB Algorithm has
potential applications to wireless communication systems, network routing, multidirectional communication protocols, and quantum
computing applications.

Keywords: Hybrid, DB-Algorithm, Active Nodes, Shortest Distance (SD), Time to Search Shortest Distance

1 Introduction

The well-studied research topic in graph theory is the shortest-path. It is indeed a major issue and a serious challenge in
the research community. The study of shortest path problems between the vertices (nodes) and edges (lines) in a graph
is an active research topic for research community. Therefore, a great deal of attention has been paid in graph theory
to optimizing shortest-path, with the minimum length criteria between two nodes. Therefore, numerous algorithms have
been redesigned and implemented for finding a shortest path between two nodes. Due to its wide range of applications
which include network routing protocols, route planning, traffic control, path finding in social networks, computer games,
and transportation systems, forging us an exclusive state of shortest path issue in the graphs. The purpose to find the
shortest path with all variants between two nodes in a graph is a complex act that needed to be resolved with the special
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techniques in mathematics. Several numbers of techniques suggested by the research scholars include Greedy algorithm,
M. Fredman, Floyd Warshall algorithm [1, 2], Dijkstra’s shortest path algorithm [3,4], Bellman Ford-algorithm [5, 6], and
Genetic algorithm for optimizing the route between the two nodes in a graph. These algorithms are designed to determine
the shortest path in a graph. Shortest path algorithms constitute a family of algorithms used to solve shortest path problems.

Several research solutions have been implemented to overcome the short path problems in a graph. However, they fail
to address all the variant vulnerabilities of space and time that are associated with the shortest paths [7, 8]. Our aim is to
present a new hybrid algorithm model which handles all inherited limitations and vulnerabilities that occur in previous
algorithms. The new hybrid model has been proposed to sort out the time and space complexity issues for graph in this
paper. It has an ability to find the shortest path between two vertices or nodes in graph theory.

2 The Proposed DB-Algorithm

The proposed DB-algorithm is the Hybridization of two or more meta-heuristic optimization algorithms for searching
for the most suitable and optimal solution in a specific search space [9, 10]. The proposed DB-algorithm works on both
positive and negative edge weights through parallel operations. Therefore, parallel operations of the proposed algorithm
hold good properties which make it capable of working on different methods and resolving the problems efficiently. For
example, searching is efficient when the problems can be solved with many solutions.

Prime objective of Hybridization is as:

1.To address vulnerability of specific meta-heuristic optimization algorithm.
2.To address limitations of specific meta-heuristic optimization algorithm.

3.To counter disadvantages of specific meta-heuristic optimization algorithm.
4.To integrate the advantages of specific meta-heuristic optimization algorithm.

In the proposed DB Algorithm, Phase One (P1) represents a search-space pruning stage in which the Bellman—Ford
algorithm is used to identify feasible shortest-path candidates while handling negative edge weights. This stage generates a
reduced search space by eliminating infeasible or non-promising paths. Phase Two (P2) applies Dijkstra’s algorithm to the
reduced search space generated in Phase One, thereby improving computational efficiency. Therefore, the term “phase”
refers to two sequential computational stages rather than graph clustering, and no partitioning of vertices into mathematical
clusters is performed. Figure 1 depicts the concept of hybridization of two meta-heuristic optimization algorithms which
addresses the limitations and vulnerabilities by integrating the advantages of other meta-heuristic optimization algorithm
and facilitates commitment for convergence with fewer time parameters and space complexity.

Hence, the proposed DB-Algorithm is a possible method for solving the negative weights in the search space. It can
overcome the limitations which are constituted by the previous designs. The proposed algorithm can perform parallel
search of various nodes in space which has the ability to consume less time in space to achieve target. This ability will
become a benchmark to be the fastest algorithm. Dijkstra’s shortest path algorithm has a blind search. It calculates the
entire path from source to destination, which makes algorithm inefficient because it wastes more time to reach to the
necessary-resources. In addition, if the space search of an algorithm increases, the time required for the optimal path also
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increases exponentially. In addition, it works with non-negative weights for the edges with slight modifications but fails
for negative weight in the space graph, which swings the system and hangs the final results. However, nested loops taken
by Dijkstra’s algorithm leads to increase the search time in space [11,12]. Due to some limitations of Dijkstra’s algorithm
like using nested loops, which increase the search time, it becomes necessary work for research community to implement
a new algorithm which can span less time in space, using limited loops. In this regard a new DB-Algorithm algorithm has
been proposed.

The proposed DB-algorithm provides a more accurate and realistic approach in nature in the context of real-world
problems. The DB-algorithm works with both positive and negative edge weights. It overcomes the limitations of
Dijkstra’s Algorithm. Initially Bellman-Ford-algorithm is initiated with parameter subjected to target search space; the
output of this search will be input for Dijkstra’s Algorithm and is search space for the second algorithm. However, the
proposed algorithm is shown in Figure 2, which is free of negative edges and is smaller in size than previous designs.

3 The Java Code Segment using for the proposed DB-Algorithm

Optimal Shortest Path selection process for the proposed DB-algorithm has been checked in the java cod as:

Declare Int N_D Number_of Node, N_C Number_of_Cluster, D_N Distance Between Nodes
Int N, Loop-1_Count, Ny, Loop-2_Count

Start phase one - Level 1
Start phase one - Level 2
Start phase one - Level 3
Repeat-Step-3 for i = 1,2,...,n Start-Loop One
Repeat-loop for i = 1,2,...,n Start-Loop Two
Optimal Cluster Selection Process Start
Check if a[V;,i] =0
Optimal Shortest Path Selection Process Start
In case no direct-edge among V; & V;
Then: leng[i] = Infinity [Infinity value is taken to be 999]
path[i] = 0 [Invalid path]
Else: leng[i] = a[Vy, i] and path[i] = V,
End Phase One - Level 3
End Phase_One - Level 2
End Phase_One Level - 1

Second Level Clustering Start with new non negative search space, shortened search space
Start Phase Two Level 1
Start Phase Two Level 2
Start Phase Two Level 3
Repeat-Step3-for i = 1,2,...,n Start Loop One
Repeat-loop for i =1,2,...,n Start Loop Two
Optimal Cluster Selection Process Start
Check if a[Vy,i] =0
Optimal Shortest Path Selection Process Start
In case no-direct edge among V; & V;
Then: leng[i] = Infinity [Infinity-value is taken to-be 999]
path[i] = 0 [Invalid path]
Else: leng[i] = a[Vy, i] and path[i] = V
End Phase_Two Level 3
End Phase _Two Level 2
End Phase_Two Level _1

Optimal Shortest Path Selection Process End: Print Result.

4 Flow Chart

Figure 3 describes the flow chart of the proposed algorithm.
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Fig. 3: The Proposed DB-Algorithm Flow Chart

5 Result

5.1 System Configuration

—Machine: Dell Latitude 3440

—Processor: 13th Gen Intel® Core™ i7-1355U, 1.70 GHz

—RAM: 16.0 GB (15.7 GB usable)

—Operating System: Windows 11 Education, Version 23H2 (OS Build 22631.4391)
—System Type: 64-bit operating system, x64-based processor

—Device ID: C7C2F718-4A80-4576-94C2-E6ATEEF45FCA

—Windows Feature Experience Pack: 1000.22700.1047.0
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5.2 Graphs with 3 vertices

We tested the algorithms with graphs containing 0, 1 and 2 vertices, using different paths. The execution time of the DB
algorithm was calculated and compared with that of Dijkstra’s algorithm. All the test results are provided below (see
Figure 4 for a graphical representation and Table 1 for detailed numerical values), and the result is clearly mentioned in

Table 2.
Fig. 4: Graph with Shortest path
Table 1: Adjacency Matrix of 3 vertices
0| 1| 2
0| 0| 7 3
1 | 702
2 |3 210
Table 2: Shortest path and execution time table (3 vertices)
SN Vert. Target Possible Best Total Dijkstra Algorithms DB Algorithms
1 O ertex Target Possible Best Total Execution Time Execution Time Convert to
(Source-to-Dest.) | Shortest Path | Distance Complexity Complexity (Nano Second)
01 03 0-1 0-2-1 5 19779800 ns 0.1005 ms 100,500 ns
02 03 1-0 1-2-0 5 18160900 ns 0.083 ms 83,000 ns
03 03 2-1 2-1 2 19289700 ns 0.0873 ms 87,300 ns
04 03 2-0 2-0 3 19910900 ns 0.0924 ms 92,400 ns
Average Execution Time 19285325 ns - 363200 ns
Execution time calculated based on different shortest paths:
Dijkstra Algorithms Average — DB Algorithms Average
Percentage Faster = L g — g~ g g x 100
Dijkstra Algorithms Average
19285325 — 363200
= x 100
19285325
18922125
= ———x 100
19285325
=98.12% QY
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Figure 4 and Table 2 demonstrate the performance of the proposed DB Algorithm on a small graph containing three
vertices. The algorithm correctly identifies the shortest paths while reducing the search space before applying Dijkstra’s
algorithm. The experimental results show that the hybrid approach significantly decreases execution time without affecting

the correctness of the computed shortest paths.

5.3 Graph with vertex -4

We tested the algorithms with graphs containing 4 vertices shown in Figure 5 using different paths. The execution time
of the DB algorithm was calculated and compared with that of Dijkstra’s algorithm. All the test results are provided and
mentioned in Table 3 and Table 4 determines the shortest path and execution time which clearly shows that DB algorithm

result is 99.50% better than Dijkstra’s algorithm.

6

Fig. 5: Graph with shortest path

Table 3: Adjacency Matrix of 4 vertices

0 1 2 3
0 0 3 4 5
1 3 0 5 2
2 4 5 0 6
3 5 2 6 0
Table 4: Shortest path and execution time table (4 vertices)
S. No. | Vertex Target Possible Best | Total |Dijkstra Algorithms DB Algorithms
T Target Possible Best | Total Execution Time |Execution Time| Convert to
(Source-to-Dest.) | Shortest Path | Distance Complexity Complexity |(Nano Second)
01 4 1-2 1-2 5 27752100 ns 0.0889 ms 88900 ns
02 4 0-3 0-1-3 5 21884000 ns 0.122 ms 122000 ns
03 4 3-0 3-0 5 20483600 ns 0.125 ms 125000 ns
04 4 2-3 2-3 6 23297200 ns 0.098 ms 98000 ns
05 4 2-0 2-0 4 17697000 ns 0.1159 ms 115900 ns
Average Execution Time 22222780 ns - 109960 ns
©2026 NSP
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Execution Time Calculated based on different shortest paths:

Dijkstra’s Algorithms Average — DB Algorithms Average "

Percentage Faster = 100

Dijkstra’s Algorithms Average
22222780 — 109960

22222780
2211282
= 820 100

= 22222780
=~ 99.50% @)

x 100

Figure 5 and Table 4 evaluate the proposed algorithm on a graph with four vertices. As the graph size increases, the
DB Algorithm maintains accurate shortest-path computation while efficiently handling the reduced search space generated
during Phase One. The results indicate that the computational advantage is preserved as graph complexity increases.

5.4 Graph with vertex -6

The third test was on the 6 vertices with so many shortest paths between source to destination as shown in Figure 6 and
also in Table 5 determines the weight and paths. The execution time mentioned in Table 6 was calculated and compared
with Dijkstra’s algorithm, which shows 96.23% better result than the available algorithm.

Fig. 6: Graph with Shortest Path
Table 5: Adjacency Matrix of 6 vertices

Vertex [0(1(2|3|4|5
0 0(4(8(6|5|0
1 410(0(0(3(9
2 810(0|0|5(|6
3 6/0(0[0|2|4
4 513152107
5 0(9(6(4]7|0
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Table 6: Shortest path and execution timetable (6 vertices)

Sr. No. | Vertex Target Possible Best | Total |Dijkstra Algorithms DB Algorithms

Target Possible Best | Total Execution Time |Execution Time| Convert to

(Source-to-Dest.) | Shortest Path | Distance Complexity Complexity | (Nano Second)
01 6 0-5 0-3-5 10 15983400 ns 0.1304 ms 130400 ns
02 6 3-2 3-4-2 7 16126100 ns 0.1332 ms 133200 ns
03 6 1-3 1-4-3 5 15518600 ns 0.1343 ms 134300 ns
04 6 2-1 2-4-1 8 15083500 ns 0.1246 ms 124600 ns
05 6 4-0 4-0 5 21313100 ns 0.1094 ms 109400 ns
Average Execution Time 16804940 ns - 631900 ns

Execution Time Calculated based on different shortest paths:

Dijkstra Algorithms Average — DB Algorithms Average o
Dijkstra Algorithms Average
16804940 — 631900

= lesoaoa0 1%

16173040 y
"~ 16804940
=96.23% 3)

Percentage Faster = 100

100

Figure 6 and Table 6 illustrate the behavior of the proposed algorithm on a denser graph with six vertices and
multiple candidate paths. The reduced search space enables the algorithm to avoid unnecessary computations, resulting
in consistent execution-time improvements while maintaining optimal path selection.

5.5 Graph with vertex -10

Finally, the testing was done on the 10 vertices shown in Figure 7 and so many shortest paths were available from source
to destination mentioned in Table 7 and the execution time for the determination of shortest path was calculated which
shows 98.91% better result than the Dijkstra’s algorithm which is mentioned in Table 8.

Fig. 7: Graph with Shortest path
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Table 7: Adjacency Matrix of 10 vertices

Vertex|0(1]| 2 |34 5(6(7(8(9

0 1|0|0|010]|7]0]0(0|0|8

1 1]0/0|31(0|0| 4 [0|7|0[0

2 |0({3|/0]2/0|11|6]0|0|0

3 |0(0|2]0[0|0|0]0|5|3

4 |7(0/0]0(0|010{2|0|7

5 |0[{4(11|0{0|0|0|O|1|0

6 |0{0|6]|0[0|0]0]0|0|6

7 10(4/0]0({2|00]|0|6|0

8 |00/ 0|5/0|1]0|6/0|0

9 [8(0/0]|3({7|/0(6/0|0|0

Table 8: Shortest path and execution timetable (10 vertices)
Sr. No. | Vertex Target Possible Best | Total |Dijkstra Algorithms DB Algorithms
Target Possible Best | Total Execution Time |Execution Time| Convert to
(Source-to-Dest.) | Shortest Path | Distance Complexity Complexity |(Nano Second)
01 10 0-8 0-4-7-8 15 16122500 ns 0.2489 ms 248900 ns
02 10 2-7 2-1-7 10 17276000 ns 0.1233 ms 123300 ns
03 10 3-5 3-8-5 6 17898500 ns 0.153 ms 153000 ns
04 10 1-9 1-2-3-9 8 16636500 ns 0.1364 ms 136400 ns
05 10 4-6 4-9-6 13 15989900 ns 0.2502 ms 250200 ns
Average Execution Time 16784680 ns - 182360 ns
Execution Time Calculated based on different shortest paths:
Percentage Faster — Dijkstra Algorithms Average — DB Algorithms Average < 100

Dijkstra Algorithms Average
16784680 — 182360

16784680

16602320

~ 16784630

100

x 100

~

98.91% 4)

Figure 7 and Table 8 demonstrate the scalability of the proposed DB Algorithm on a larger graph consisting of ten
vertices. Despite the increased number of possible routes, the hybrid approach continues to identify optimal shortest
paths efficiently. These results indicate that the proposed method scales well with increasing graph size while maintaining
computational efficiency.

6 The DB -Algorithm facilitates various advantages like

a)Negative weight or edge present in the search space is a major issue in Dijkstra’s algorithms which has been countered
in initial stage in DB-Algorithm such that new search space is suggested for optimal result.

b)Dijkstra’s algorithm implements recursive search technique which calls another function for optimization, this
recursive calling results increases search time However, in the proposed DB-Algorithm already shortened the search
space, now Dijkstra’s algorithm required confining the search in smaller space, this technique saves time and
resources.

c¢)The proposed DB Algorithm significantly reduces the possibility of entering infinite loops, thereby ensuring
convergence during the search process.

7 Discussion

The proposed DB Algorithm effectively overcomes one of the major limitations of Dijkstra’s algorithm by handling
negative edge weights during the Bellman—Ford preprocessing stage. This generates a reduced search space before
Dijkstra’s algorithm is executed, thereby improving computational efficiency.
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Furthermore, by reducing the search space before applying Dijkstra’s algorithm implements recursive search technique
which calls another function for optimization, this recursive calling results increases search time. However, in the proposed
DB-Algorithm already shortened the search space. Consequently, Dijkstra’s algorithm searches only within the reduced
search space, which decreases computational time and improves routing efficiency of the search in smaller space; this
technique saves time and resources.

In addition, the proposed DB-Algorithm reduces the possibility of entering infinite loops The proposed DB-Algorithm
significantly reduces the possibility of entering infinite loops, thereby ensuring convergence during the search process. for
infinite loop which Confirms convergence within search space.

The experimental evaluation conducted on graphs containing 3, 4, 6, and 10 vertices demonstrates the effectiveness and
scalability of the proposed DB-Algorithm. The results consistently show that the hybrid Bellman—Ford—Dijkstra approach
computes the correct shortest paths while reducing computational overhead across graphs of different sizes. Across all
experimental cases, the proposed algorithm achieved an execution-time improvement ranging from approximately 96
to 99% compared with the conventional Dijkstra algorithm. The consistent performance improvement indicates that the
search-space reduction achieved during Phase One enables faster execution without compromising shortest-path accuracy.
These findings validate the robustness, scalability, and practical applicability of the proposed algorithm for large-scale
shortest-path computation problems.

8 Future Scope

This research field has a great potential in the future. This research field can be applied in different areas such as;

—Wireless communication networks

—Internet routing

—Cloud computing

—Intelligent transportation systems

—IoT networks

-SDN

—Autonomous vehicles

—Missile Defence Application

—Rocket Trajectory Application

—Agriculture and Environment Assisting Applications

9 Conclusion

This study presents the DB-algorithm, which addresses time and space complexity issues in previous algorithms. The
results obtained using the proposed method show suitable performance and efficiency in both time and space problems in
the shortest paths. Comprehensive analysis and testing confirm its effectiveness and efficient solution, addressing
significant challenges in computational performance. The results emphasize the proposed DB-algorithm has the potential
to establish a new standard in algorithm development. The innovative design and optimization techniques open
opportunities for widespread application in numerous areas where efficiency is paramount. Future studies aim to enhance
its adaptability further and explore its integration into specialized cases. Hence, the DB-algorithm marks a significant
step forward in computational science, providing a reliable solution to persistent challenges and inspiring further
advancements in the research field.
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