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Abstract Google Map is one of the most common applications which have been used for calculating distance
and time between one point, as a source, and another, as a destination, within specific roads networks. This
application often uses a heuristic function to find the shortest path between two points. This function is
stopped if the shortest path has been found within a specific area of roads map. In fact, there is no guarantee
that the result path is the shortest one ever. This paper presents a novel web application for calculating the
typical shortest path between two points of roads networks within a specific area. The application reads an
extracting map from Google application and calculates and reduces the searching time by displaying the overall
an analytic information of the source and destination point including the explanation if that path is a part of
the pervious solution path or not. The application adopts the improved of Dijkstra algorithm which has been
developed by emerging a perfect data structure within it. The data structure, which is an array list of linked
hash map, is used as storage for solution path. The result shows that the searching time for an ideal shortest
path is reduced comparing with the original Dijkstra algorithm if the path is an implicit path. We believe that
our application provides researchers with an accurate analysis of different time spent in the search and gives
valuable results of the shortest route between any two points within roads networks.
Keywords: Dijkstra Algorithm, Google map, linked hash map, roads networks, Web Application.

Ll | fiass dgaj ) oa o Taladie) (3o clSudl adgal pall jluad qug gada
20 paal e 4S50 5 T silell DLl de ol
Ll drala—a slall AdS—Cnlal) asle aud 1
Ll Lo dnala—cile glaall 40665 A0S Canlal) o gle and 2
Ibt.alashouri@sebhau.edu.ly :4l .l1*

oAl s ¢ yaadS an) s Al sl s dbaddl Clal Leaadind 5 3 Lo gui ikl ST (e a5 Google Map ey ailal
o Jone el o giall ALESAY) Zida Sl I3 heuristic A Gukill 134 aodiy L We 333aa 3k s JA13 cingS ¢
Sl ey Le @llin Gl a5l 85k Ay A& (e e Aiaie (B e puadl o diall o513 A gl eda Bl wy . piidall
Cihadi G (a3 ged jlse padl lual web application \Agh Cug Gulai 43 )5l 038 a0 L (DY) e e padl a dagil)
ilaglas iase DA e Eanall g Jl 5 couny g google (Guki (e A jaliue dday A Gubil |8 Alee didaia Jala 3l ciluil
Gkl ading Y o Gl S8V Jlae G Ts Sa Jbasall 138 S 13 L raa il <y 3 Ly 52 sl Ggan sl el (e Lol Fylla
an array list a5« A aadind . Lelals Al cilily A oL DA e Lol o5 31 Dijkstra e s s e
Lo iy A lhe AL 4y e jeall Jlse o i) Gy o Al ma s .dall Ll 3348 cof linked hash map
Ganall 8 28 jainal Adliaall gl ol (80 Ualat il gy Gl 138 (f ias Giann | bae Jsdll IS 13 ALYIDijkstra
okl S Ja)s il gl o il el A il sy
iy G (5ol o cllosial el e Ay )3 ol Sinyn Age s 5 caliall el

Introduction

In computer Sciences, routing maps is usually
described as a graph data structure which
represents the relationship between two of
connected objects [1]. Objects are defined as a set
of nodes (Vertices) and the connection between
these objects is denoted as edges that link these
nodes. Each edge is marked with a weight value
describing the cost between the connected nodes.
There are two types of graph; directed graph for
which each node is directed by one way to any other
node, undirected graph where all edges are

bidirectional and it’s possible to go to and back
from the same way between two connected nodes.
Google Maps is a large Web-based application that
provides various services including information
about geographical regions sites around the world.
One of these important services is a route planner
which offers shortest distance and time of
directions between two nodes; source and
destination. The application displays route or path
in meters together with time cost. However, the
given path is not the accurate shortest path
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between the given nodes. That is because the
application often uses the heuristic function to
calculate the shortest time. This function stops
after finding the first shortest path regardless of the
other paths within a map.
Nowadays, researchers have improved existing
algorithms or created new one to find the typical
shortest path between nodes within a minimum
time cost. These algorithms depend on the graph
and path type. The most common existing
algorithm is Dijkstra algorithm which is used for
finding the shortest path between source and
destination [2]. This algorithm is the most popular
algorithm in the area of finding shortest path from
single source to a node destination, or multiple
nodes destination within a graph [3-5]. It can also
be used to find the shortest route costs from the
source to the destination by stopping the algorithm
once the shortest route is set to the specific target.
However, the Dijkstra algorithm has been under
consideration wuntil this time. Different data
structure is used for supporting searching and
storing the solution path within different graph
data structure. This research adopts an improved
Dijkstra algorithm which has been developed by us
[6]. The improved algorithm wuses Dijkstra
algorithm with priority queue implemented by min
heap to find the solution path (shortest path). The
solution path is stored into data structure of array
list contains of a linked hash map elements. We
have tested the improved algorithm with different
graphs sizes up to 10000 nodes and the results
have shown that it is the best compared to the
Dijkstra algorithm with priority queue data
structure [6]. In order to test our improved
algorithm using real data, we have developed a web
application based on it. The web application is used
for calculating the typical solution path of real
roads networks extracted from a Google Map. The
following section describes the most related works
to our paper while section III explains the design
and implementation of the web. Analysis and
results are described in section IV. A discussion
and conclusion of this paper is explained in section
V.

I. Related work
Dijkstra algorithm has been considered by many
researchers to improve the shortest path cost by
minimizing the searching time (time complexity)
using different data structure. Jain et. al. improve
the Dijkstra algorithm by using priority queue and
linked list [7]. It has been noticed that by using a
graph represented by their adjacncey lists and the
priority queue implemented as a min-heap, the
time efficiency is in O(|E| log |V |), where V is the
number of nodes and E is the number of edges
which connect these nodes. if the priority queue is
implemented using an advanced data structure
called the Fibonacci heap, the time becomes O(|V |
log V+E ), and its imporved [8].
Time efficiency could be imporved by exploit the
solution path to get the implicit paths if they are
queried again. From the literature, most algorithms
may provide this feature, but there is no such
explanation or imporvement of it. A suitable data
structure could improve the time efficiency for the
whole algorithm if used propably for storing the

solution path and then search for the implicit path.
In [6], we have designed an algorithm based on
Dijkstra algorithm by using a special data
structure (linked hash map) to store the solution
path. The designed algorithm is tested with
different number of nodes using random graphs
data structure. The results justify the effectiveness
of the improved algorithm[6]. Moreover, we have
decided to develop a web application to test the
improved algorithm with real roads networks. The
following section explains the design and
implementation of the developed web.

II. Web application design

The web application has been designed and
implemented using Java and Java Script
languages. The web design languages such as html
and CSS have also been used with tomcat server.
The multithreading programming paradigm is
adopted in the web design in order to compare
between the improved algorithm and Dijkstra
algorithm shortest path cost. In the designed web,
DSA denotes the improved algorithm and DJX
denotes the Dijkstra algorithm with priority queue.
The results are displayed once the shortest path
has been reached either by DSA or DJX. The web
also describes whether the solution path is an
implicit path or not. The solution path route is
displayed within the road network on the map with
the help of cytoscape library. The time cost is
described using statistical charts graphics with the
help of chartjs library. Figure 1 shows the main
interface of the web.

Fig. 1: The web main interface

The right tabs of the interface refer to the functions
and operations of the web and left tabs refers to the
setting and operations that should be applied to the
chosen road map. Figure 2 describes the open
street website tab.

/- OpenStreetMap
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Fig. 2: The open street website interface

After choosing the town and the area from the map,
the complete information about the chosen area is
loaded as seen in figure 3.
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Fig. 3: The area information

The web application enables us to save the chosen
roads map. It also enables us to choose the source
and destination nodes to find the shortest path if
available. The web displays all possible information
about the shortest path including the specific time
cost of both algorithms according to CPU of the
device, size of data structure, and time averages.
Information is displayed in different graphics.
Figure 4 describes the different statistical graphics
of shortest paths information.

-------

Fig. 4: The shortest path information

I. Analysis and Results
The time complexity of hash-map, linked-hash-
map and array-list are different according to the
kind of operations [6]. In this paper, n means the
number of nodes (V), and m means the number of
edges (E). The total time for putting the new
solution path in the given data structure is:

O(nlogn) + O(n) + O(nlogn) = O(n) + O(2nlogn) =

O(2nlogn) = O(nlogn)

In the other side, the total time complexity of the
query from the data structure is:
O(logn)+0O(logn)+0O(nlogn)+O(logn)+O(logn)
=0(41logn)+O(nlogn)

=0(logn)+O(nlogn)

=0((1+n)logn) =O(nlogn)

We run the DJX and the DSA algorithms with
different graphs type. We also run both of them
with different number of nodes in order to get the
shortest path between a given source node and
destination from the chosen roads map. After the
solution path is found, it’s stored in the given data
structure (array-list of linked-hash-map). Then, an

inquiry for the implicit path is taken place. If the
implicit path is found within the stored solution
path in the given data structure, the time is
calculated and recorded, else; the searching using
DJX algorithm is started again and the total time is
recorded. The averages of each recorded times are
calculated. These operations are repeated many
times with different number of nodes. The web
application results emphasize and confirm the
validity of the improved algorithm DSA. Figure 5
and 6 describe the running web results.

Fig. 5: The shortest path comparison
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Fig. 6: The shortest path data information

I. Discussion and Conclusion

We have developed a web application which adopts
the improved algorithm DSA [6] in order to consider
and test a real data value of a case study of road
map with one way road (directed graph) and two
way road (undirected graph), with different number
of nodes. We have justified that our improved
algorithm DSA works better if the graph is
undirected. The same case study has been given to
DJX with priority queue implemented as a min-
heap. The results of both algorithms have been
recorded and analysed.

Comparisons between DSA and DJX have shown
that DSA is almost the best. Although more data
structures have been used within the proposed
algorithm, however, the enlarged storage is
available for all of the current devices, even for the
smallest one. We argue that data storages aren’t
problem if the performance of the given algorithm
is higher and success.
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It has been observed that the searching time of DJX
is almost the same as the time of DSA if the
required path is not an implicit path within the
solution path. Actually, the designed web
application is able to run both DSA and DJX, and
stopped once any of them has reached the exact
solution path. This web application can adopt any
improved algorithm in order to test the
performance and searching time cost.
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