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Abstract: - Travelers have been struggling to save time and resources due to worsening traffic. This problem with traffic has also 
been affecting the environment and economy. Shortest path algorithms aid in reducing the travel time of motorists. Toroslu's 
algorithm is a shortest path algorithm that returns the least cost between all pairs of vertices in a graph. In the interest of road networks 
and unpredictable traffic conditions, the algorithm used should cater for dynamic changes and have the ability to return the exact 
path. The researchers utilized the concept of predecessors and implemented Krishna, Moorthy, Gayathri's dynamic graph algorithm 
to address the limitation of Toroslu's algorithm. Results showed that the modified algorithm returns the correct costs and paths for 
every change made in the graph. 
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I. INTRODUCTION 

The continuous growth of population and number of vehicles 
have greatly contributed to problems with today’s traffic [5] 
[10]. Furthermore, these problems also affect the environment 
and the economy. Effective utilization of technology can be 
used to improve the travel time of both motorists and 
commuters [13]. In relation to this, the development of shortest 
path algorithms has been vital in solving these problems [12] 
[2]. These algorithms are also applied in other scenarios such 
as city emergency handling and route planning in parking lots. 
The shortest path problem has the objective of finding the 
shortest path between two nodes in a graph [13].  
 
 

 
 
 
 
 
 
 

Finding an efficient algorithm for applications such as logistics 
and traffic routing would be beneficial to both the system and 
users [2] [16]. 
Floyd-Warshall’s (FW) algorithm is an all-pair shortest path 
algorithm (APSP). APSPs are algorithms that find the cost 
between all pairs of vertices in a graph [6]. Unfortunately, FW 
has a run time of O(n3). The improvement of the algorithm of 
Toroslu [26] focuses on enhancing the original FW’s time 
complexity. Based on their experiments, the improved 
algorithm performs better compared to Dijkstra’s, Johnson’s, 
and the original FW. However, since the algorithm is not 
dynamic and does not return an exact path, this paper aims to 
find a solution for these deficiencies. 

II. RELATED STUDIES 

Road networks are defined as the most basic transport 
infrastructure in urban areas [29]. These are composed of 
interconnected road segments that cater to vehicle and 
pedestrian traffic. This is modeled in a graph by using the 
intersections as nodes or vertices and using the road segments 
as edges [28]. An adjacency matrix can be used to represent 
road networks as directed graphs [15]. In relation to this, [13] 
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stated that every traveler wants to make the most efficient use 
of their time and money. Utilizing technology makes it simple 
for them to find the shortest distance on the route. 
 
Wang [28] defines the shortest path problem as a classical 
endeavor in graph theory. The idea is to find the shortest path 
between a source and destination node in a network. Shortest 
path algorithms are widely used in areas similar to logistics, 
train routes, and rescue operations [8] [25] [30]. Alam & Faruq 
[2] conducted a study about using Dijkstra’s algorithm to solve 
for the shortest path in road networks. Their research stated that 
the algorithm can be used to find the shortest path between one 
city to every other city in the map. 
 
Toroslu’s algorithm is an improved version of Floyd-
Warshall’s algorithm. The following are the primary changes 
from the original Floyd-Warshall algorithm: instead of 
examining the entire matrix, the second and third loops simply 
investigate the incoming and outgoing edges of the vertex k. 
Thus, compared to the classic Floyd-Warshall technique, these 
loops would iterate much less for sparse graphs. In addition to 
this, instead of processing vertices in the sequence of 1 to N, 
the algorithm would choose the following vertex k at each 
iteration by considering the number of its incoming and 
outgoing edges [26]. 
 
Predecessor lists are used in graph theory for extracting the 
route found after an algorithm has been executed. Each node 
within a graph requires a pointer or a reference to its 
predecessor in order to find out the way back after finding the 
destination through backtracking the predecessor list [7]. An 
example of predecessors being used is within the study of [23], 
wherein every individual road and junction within OpenDrive 
stores its predecessors. This, in turn, makes the model efficient 
in generating the routing graph of the road network. 
 
According to [24], in their study, today's networks are not just 
big, but also dynamic, with edges constantly being added and 
withdrawn. Additionally, a study by [4] stated that a dynamic 
graph algorithm setting is where a number of vertices are fixed, 
and a graph’s edges are inserted or removed in each step. 
Krishna, Moorthy, Gayathri [17] mentioned in their study that 
majority of real-world graphs are constantly changing. They 
conducted their study to create a solution that avoids re-
computation for continuously changing graphs. 

III. EXISTING ALGORITHM 

3.1 Overview 
Toroslu’s algorithm is an improved version of Floyd-
Warshall’s algorithm that works best with sparse graphs [26]. 
The modification eliminated all useless relaxation attempts by 
creating a list of the vertices incoming and outgoing edges. The 
modification also has an additional heuristic that improves the 
performance of the algorithm. 
 
3.2 Limitations of Toroslu’s Algorithm 
Pathfinding algorithms generally return both the least cost and 
the exact path to traverse. Toroslu’s algorithm only returns the 
least cost and not the exact path. Furthermore, considering the 
dynamic nature of road network conditions, the algorithm 
requires a re-run every time the graph is changed. 
 
3.3  Pseudocode of Toroslu’s Algorithm 
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IV. MODIFIED ALGORITHM 

4.1 Modification of the Algorithm 
To be able to return an exact path, the concept of predecessors 
was utilized. A 2D array is initialized before computing for the 
initial solution. Within Toroslu’s algorithm, this is updated if a 
relaxation attempt is successful. Moving forward, the array is 
further updated when changes are made to the graph. To return 
the exact path for a given source and destination, traversal 
would start from the end node until it reaches the source node 
via manipulation of the said array. 
Next, a dynamic graph algorithm was incorporated into the 
existing algorithm. The dynamic graph algorithm used was the 
algorithm by Krishna, Moorthy, Gayathri, which is an APSP 
algorithm that utilizes data from an initial solution and a single-
pair pathfinding algorithm. The algorithm has 3 sub-algorithms, 
namely: edge insertion, edge deletion, and edge updation. The 
modification is such that insertion can only be done on pairs of 
vertices where an edge does not exist, and deletion and updation 
can only be done on pairs of vertices where an edge exists. The 
researchers first implemented the dynamic algorithm to be 
usable with adjacency matrices and directed graphs. 
Afterwards, changes were made to the weight updation sub-
algorithm while the other two re-used the same concept from 
the algorithm of Krishna, Moorthy, Gayathri. Continuous 
observation of the graph’s properties led the researchers to 
conclude that some shortest paths are made up of smaller 
shortest paths. This concept was utilized to make the necessary 
changes to the updation sub-algorithm. 
 
4.2 Pseudocode of the Modified Algorithm 
The first modification done was the use of a predecessor array 
to return an exact path. This was done by adding the following 
steps in Toroslu’s algorithm: 
 

 
 

Afterwards, Krishna, Moorthy, Gayathri’s algorithm was 
modified to work using adjacency matrices. The idea for the 
insertion and deletion sub-algorithms was copied. Arrays A[][], 
L[][], and P[][] are the initial graph, the least cost of all pairs, 
and the predecessors of all pairs, respectively. Variables si and 
di are the source and destination of the newly inserted edge. The 
weight of the edge is represented via the variable w. As for the 
deletion part, the function findpath is used. This is a single-pair 
pathfinding algorithm that returns the least cost and the new 
predecessor of a given pair of vertices. 
 

 

 

 
 
The updation sub-algorithm was further modified to also re-
calculate for pairs whose shortest paths do not have the updated 
edge. The pseudocode for it is as follows: 
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V. METHODOLOGY 

An experimental design was used to determine if the modified 
algorithm accurately returns the least cost and the exact path for 
every state of the graph. The dataset used for testing the 
proposed algorithm was taken from the study of [27] about 
vehicle route planning. They used the road networks of five 
major cities that are represented via a graph, published by the 
Computer Science Department of The University of Utah. The 
researchers specifically used the graph of San Joaquin County’s 
Road network for its ease of use. The network contains 
approximately 18,260 and 23,870 edges. Due to lack of 
resources, only a portion of the entire graph was used for this 
paper. 
Dijkstra’s algorithm was used as a benchmark to check for, if 
any, mistakes in the outputs. Accuracy was the performance 
metric used for the experiment. 

VI. RESULTS AND DISCUSSION 

The following tables and figures represent the graphs used for 
testing and their corresponding solution. The graphs have nodes 
that represent intersections in the road network and directed 

edges with weights that illustrate the distance from the related 
nodes. 
Looking at the outputs in Table I and Table II, the modified 
algorithm has successfully returned the least costs as well as the 
exact paths for all pairs in the graph from Fig. 1. The 
researchers also ran the problem graph through Dijkstra’s 
algorithm, and it yielded the same result as the modified one. 
 

 
Fig.1. Initial Problem Graph 

 
Table.1. Shortest Paths of Fig. 1 using the Modified Algorithm 
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Table.2. Least Costs of Fig. 1 using the Modified Algorithm 

 
 
Looking at Fig.1, Table I, and Table II, nodes 2, 3, 4, and 5 are 
unreachable from node 7. Traversal to the mentioned nodes is 
now possible after the insertion of the new edge in Fig 2. The 
exact paths and least costs are also updated after the re-
computation as seen in Table III and Table IV. 
 

 
 

Fig.2. Problem Graph After Edge Insertion 
 
 
 
 

Table.3. Shortest paths of Fig. 2 using the Modified Algorithm 

 
 
Table.4. Least Costs of Fig. 2 using the Modified Algorithm 

 
 
After deleting the edge from node 1 to node 4, its shortest path 
is updated to 1→2→5→4 with a cost of 59.495968. The least 
cost and exact path are seen in Table V and Table VI. 
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Fig.3. Problem Graph After Edge Insertion 
 
Table.5. Shortest Paths of Fig. 3 using the Modified Algorithm 

 
 
 
 

Table.6. Least Costs of Fig. 3 using the Modified Algorithm 

 
 
During the testing process, the researchers found a limitation 
with the approach of Krishna, Moorthy, Gayathri on their 
updation sub-algorithm. Looking at Fig. 4, edge [9,8] updated 
to a value of 11.21049 from a previous weight of 22.845703. 
Their algorithm states that only the shortest paths where the 
updated edge is present would require re-computations [17]. 
Upon observation of the shortest path of [7,8] and the updated 
edge, the shortest path should change to 7→9→8 from the 
previous 7→6→8. The comparison of results is displayed in 
Table VII and Table VIII. 

 
Fig.4. Problem Graph After Edge Updation 

 
Table.7. Comparison of Shortest Paths of fig 4 Between Krishna, 
Moorthy, Gayathri’s Algorithm and Modified Algorithm 
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Table.8. Comparison of Shortest Paths of fig 4 Between Krishna, 
Moorthy, Gayathri’s Algorithm and Modified Algorithm 

 
 
The experiments revealed that the modified algorithm provides 
a 100% accurate solution for all operations, including the 
updation sub-algorithm. When changes are made to the graph, 
the modifications do not require any re-use of Toroslu’s 
algorithm to provide a solution. Lastly, the researchers were 
able to implement the algorithm of Krishna, Moorthy, Gayathri 
—originally created with tuples as its data type—to work with 
adjacency matrices. 

VII. CONCLUSION 

The study has successfully modified Toroslu’s algorithm to 
return the exact path. The implementation of a dynamic feature 
was also accomplished. Krishna, Moorthy, Gayathri’s 
algorithm has been modified to work with adjacency matrices 
and the limitation with the updation sub-algorithm was 
addressed. Experiments and results showed that the modified 
algorithm has an improved accuracy of 100%. 
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