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Abstract. The issue of shortest path discovery in consideration of obstacle is
one of the problems for location-based services in mobile social network
environments. Currently, most research focuses on quickly discovering the
shortest path in obstacle free area with reasonable latency, while the obstacle
issue, especially the obstacles that enter temporarily is not fully considered. This
creates the need for investigation on shortest path discovery at the same time
avoiding detected obstacles. In this paper, a shortest path discovery approach is
proposed. The following contributions are made: (1) Modeling the shortest path
discovery problem in consideration of obstacle. (2) Discovering the shortest path
using an improved A-star algorithm with reasonable latency. (3) Evaluating the
accuracy rate of shortest path discovery with acceptable latency for a location-
based service in a mobile social network. Experimental results conclusively
demonstrate the efficiency and effectiveness of the proposed approach.
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1 Introduction

1.1 Background and Motivation

In the era of big data, mobile social network, as one of the major application scenes, is
playing a more and more important role in our daily lives. It is advised that nearly all
services in a mobile social network are location-based. If a mobile social network scene
can be abstracted as a large-scale graph, composed of vertex set and edge set, location-
based services can be achieved by manipulating the large-scale graph. For example, the
shortest path discovery is alway one of the most important search queries for large-
scale graph, and has received intense attention owing to its broad applications, such as
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path planning in mobile social network, vehicle routing in traffic network, and package
routing in computing network [1, 2].

It is common that obstacles exist between locations in location-based in application
scenarios. For example, part of an optimal path is under construction or there are road
work on the path, so this “shortest path” is no longer an ideal shortest path. The shortest
path only considering physical distance is not alway work well, and needs to take into
account the actual obstacles, especially these temporary ones. The issue of shortest path
discovery in consideration of obstacle is realistic and one to-be-resolved problem for
location-based service. Currently, most research only considers quickly discovering the
shortest path with reasonable latency, while the obstacle is not fully considered [3, 4].
It is necessary to consider the avoidance of existing and temporary obstacles while
discovering the shortest path.

1.2 Contributions

Motivated by the above discussion, and our previous work [5], we propose the shortest
path discovery approach in consideration of obstacle (ASPO) for location-based ser-
vices in a mobile social network environment. In this paper, we move one step further
to a real world application scenario in a large-scale graph based experimental envi-
ronment. Three aspects of ASPO are covered and summarized as follows: (1) Modeling
the shortest path discovery problem in consideration of obstacle. (2) Discovering the
shortest path using an improved A-star algorithm with a reasonable latency. (3) Eval-
uating accuracy rate of the shortest path discovery approach with acceptable latency.
Experimental results conclusively demonstrate the efficiency and effectiveness of the
proposed approach.

1.3 Paper Organization

The remainder of this paper is organized as follows. In Sect. 2, the modeling of the
shortest path discovery problem in consideration of obstacle is presented. Section 3
focuses on the detailed discussion of the ASPO. Section 4 addresses the experimental
environment, parameter setup and performance evaluation of the ASPO. Conclusions
are given in Sect. 5.

2 Problem Statement

This section focuses on modeling the shortest path discovery problem in consideration
of obstacle in a mobile social network environment [6, 7].

The mobile social network environment can be described as a grid, and the
location-based service can be represented as a connected graph G, as shown in Fig. 1.
The graph G is composed of a vertex set and a directed edge set, denoted as
G = (V,E), where V = {v|,va,---,v,} is a finite set that contains n vertices. Each
vertex represents a location of service or user. £ = {el‘z, er3, - ,e,H-,n} CVxVisa
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Fig. 1. Location-based services and obstacles in a grid (points of hollow circle are the location
of service/user, and points of black squares are the location of existing or temporary obstacles)

finite set of directed edges, which represents reachable paths between two related
vertices. If Je;; € E, then v;, v; € V, v; # vj, the weight w;; associated with an edge e;;
represents the distance from v; to v;. If an obstacle is on e;, then e;; is a reachable path
from v; and v;, and e;; should be discovery immediately, and removed or avoided from
the directed edge set E.

Let vy and v; be a source and destination vertex, respectively, and P4 = {p;d,

Pras P4} be aset of available path set between v; and v, in the grid. Length L; 4 of

the ith path p{ , can be calculated by (1).

Li,d = Z Le, (1)

e €E (v.v)

where E'(v;,vq) is the edge set of the ith path pi ;, and I, is the length of edge e;.

The shortest path length between v; and v; in consideration of obstacle is defined as
the average number of steps along the shortest paths for all available path set P between
v; and v;. Updating the obstacle information in grid, if an obstacle is on a path between
v; and v;, the path is removed from available path set.

The shortest path discovery problem [8, 9] is to discover the shortest path length
SL,, connecting two specified vertices vy and v, with reasonable latency, can be
described as (2).

SLyg = min(Psyd) , s.t.Li’d <rs — lat. (2)

where rs-lat is a pre-set acceptable latency threshold for one specific location-based
service.

If the grid has millions of vertices or edges, millions of available paths can be
selected, resulting in unbearable latency.
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3 ASPO Overview

To provide a bird-eye view of the ASPO, this section focuses on the detailed discussion
of ASPO, including the improved A-Star model, and A-Star algorithm [10, 11].

3.1 Improved A-Star Model

A-Star is considered as one of the widely used graphic algorithms for its simplicity and
performance, as it combines the advantages of both breadth-first graphic search and
depth-first graphic search mechanism [12, 13]. In this paper, we modify the algorithm
and make it work better for the shortest path discovery while avoiding obstacle.

Evaluation function f(n), described as (3), is the sum of function g(n) and h(n),
used to guide the visiting order of vertices in the search space.

f(n) = g(n) +h(n), (3)

where g(n) can be calculated by Dijkstra’s algorithm [14], described as (4), is the
distance of the optimal path from the source vertex vy to the current vertex vy, and h(n),
calculated by (5), is the heuristic estimated distance of the optimal path from the current
vertex v, to the destination vertex v,.

g(n) = g(n') +1, 4)

where v,y is direct predecessor vertex on the path from the source vertex v, to the
current vertex v,,.

h(n) = d(ve,va, o, B) +d (Ve,va, o, B), (5)

where d (v, v4, o, ) is a Manhattan distance [15] with adjustment parameter o and . It
can be calculated by (6). V. is the set vertices of the vertices on the path from v; to v,
and d'(V,, vy, 0, B) can be calculated by (7)

d(vs,ve; % B) = o+ poy, = x|+ B+ [y, = e, (6)

where o € [0,1], f € [0,1], and o+ ff = 1.

d(V(;thOC ﬁ

EM—‘

TCERIRY,) )

where v(; € V., and m is the number of vertices on the path from v, to v..

3.2 Improved A-Star Algorithm

The improved A-Star model can be further described by an improve A-Star algorithm.
The improved A-Star algorithm maintains two tables [16], an OPEN table and a
CLOSE table. The OPEN table is used to keep the vertices to be searched with least
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evaluation function f(n) to select next optimal vertex based on priority. The CLOSE
table is used to keep the vertices that have already been searched and examined
[17, 18].

The improved A-Star algorithm is described in Algorithm 1.

Algorithm 1: improved A-Star algorithm.
Input: location-based service in a grid environment, the source vertex v,, and the

destination vertex v, of the service.
Output: the shortest path in consideration of obstacle from source vertex v, to desti-

nation vertex v, in the grid.

Initialize OPEN table, CLOSE table.
Add source vertex v, to OPEN table. Set CLOSE table is NULL.

while OPEN table is not NULL then
Delete the highest priority vertex v, from OPEN table

1
2
3
4.
S. Add the vertex v, to CLOSE table.
6
7
8
9

if vertex v, is the destination vertex v, then

break.

end if

if vertex v, can be spreading then
10. for each spreader vertex v, of vertex v, do
11. Check whether vertex v, is in OPEN table or CLOSE table.
12. if vertex v, is not in the OPEN table and CLOSE table and not a obstacle

then

13. Add the vertex v, to the OPEN table.
14. Calculate priority by evaluation function f (n).
15. else
16. if vertex v, is the on the path from source vertex v, to vertex v, then
17. Delete vertex v, .
18. else
19. Spread vertex v, and calculate priority by evaluation function f (n).
20. end if
21. end if
22. end for
23. Sort all vertices in OPEN table by priority in ascending order.
24. end if

25. end while
26. return the shortest path in consideration of obstacle from source vertex v, to des-

tination vertex v, in the grid.

The inputs of the improved A-Star algorithm are location-based service in a grid
environment, the source vertex v,, and the destination vertex v; of the service. The
output is the shortest path in consideration of obstacle from source vertex v, to
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destination vertex v, in the grid. Step 3 to step 25 are to discover the shortest path from
source vertex v, to destination vertex v,.

4 Experiments and Performance Evaluation

Experiments are conducted to evaluate the performance of the proposed ASPO.
Experimental environment and parameter settings are firstly discussed in this section,
followed by performance evaluation results.

4.1 Environment and Parameter Setup

In the experimental environment, one machine is employed. The machine runs Win-
dows 10 with dual 4-core, Intel Core 15-4200, 2.5 GHz, 8 GB Memory, and a
100 Mbps network interface card. The mobile social network environment is simulated
as a 1000 x 1000 grid environment.

4.2 Performance Evaluation
The experiment evaluates the impact of search time and search depth.
(1) Search time

The search time is the time to discover the shortest path in consideration of obstacle
in a grid environment.

Relationship of search depth and search time with different distances between
source vertex vy and obstacle is shown in Fig. 2. The distance between destination
vertex v, and obstacle is 300 units, and the length of obstacle is 1600 units. When
varying the distance between source vertex v, and obstacle from 50 to 300 units, the
corresponding average search time is 1.1 s, 1.2 s, and 1.3 s, respectively. The shortest
path is discovered within 5 depths.

Dis_300 —e—
Dis_100 —e—
18 |+ : L § ) Dis_50 —a— ||

Time (s)

0 5 10 16 20 25 30 35 40
Search deep

Fig. 2. Relationship of search depth and search time with different distances between source
vertex vy and obstacle
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Relationship of search depth and search time with different distances between
destination vertex v; and obstacle is shown in Fig. 3. The distance between source
vertex vy and obstacle is 300 units, and the length of obstacle is 1600 units. When
varying the distance between destination vertex v, and obstacle from 50 to 300 units,
the corresponding average search time is 2.3 s, 2.2 s, and 1.4 s, respectively. The
shortest path is discovered within 5 depths.

35 T T=———r=
Dis_300 —e—
Dis_100 —e—

3| : : : Dis_50 —a— ||

Time (s)

0 5 10 15 20 25 30 35 40
Search deep

Fig. 3. Relationship of search depth and search time with different distances between destination
vertex v, and obstacle

Relationship of search depth and search time with different length of the obstacle is
shown in Fig. 4. The distance between source vertex v, and obstacle is 300 units, and
the distance between the destination vertex v, and obstacle is also 300 units. When
varying the length of the obstacle from 1500 to 1800 units, the corresponding average
search time is 1.8 s, 1.4 s,3.4 s, and 4.3 s, respectively. The shortest path is discovered
within 5 depths.

Long_1500 —=—
Long_1600 —e—
6 i Long 1700 —a— |1
Long_1800 —=—

Time (s)

0 5 10 15 20 25 30 35 40
Search deep

Fig. 4. Relationship of search depth and search time with different long of the obstacle
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(2) Search depth

The search depth is the level of search depth to discover the shortest path in
consideration of obstacle in a grid environment.

Relationship of search depth and search time with different distances between
source vertex vy and obstacle is shown in Fig. 5. The distance between destination
vertex v, and obstacle is 300 units, and the length of obstacle is 1600 units. When
varying the distance between source vertex v, and obstacle from 50 to 300 units, the
corresponding average search steps are 55000 steps, 57000 steps, and 59000 steps,
respectively. The shortest path is discovered within 3 depths.

75000 ———
Dis_300 —e—
: US_‘IOO —s—
70000 S Dis 50 —=— |

B5000 -+ ovooor it

Steps

)
60000

55000

50000 . : . . : . .
0 5 10 15 20 25 30 35 40
Search deep

Fig. 5. Relationship of search depth and search steps with different distances between source
vertex v, and obstacle

Relationship of search depth and search time with different distances between
destination vertex v; and obstacle is shown in Fig. 6. The distance between source
vertex v; and obstacle is 300 units, and the length of obstacle is 1600 units. When
varying the distance between destination vertex v, and obstacle from 50 to 300 units,

180000 , . - —
: Dis_300 —e—
Dis_100 —e—
160000 |- ‘ Dis_50 —a— |1
) _
140000
é 120000
« e-o-0-0
100000 |-
80000 F-----i-
60000 : ? ; : ; b= i
0 5 10 15 20 25 30 35 40

Search deep

Fig. 6. Relationship of search depth and search steps with different distances between
destination vertex v; and obstacle
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Fig. 7. Relationship of search depth and search steps with different length of the obstacle

the corresponding average search steps are 130000 steps, 110000 steps, and 59000
steps, respectively. The shortest path is discovered within 2 depths.

Relationship of search depth and search time with different lengths of the obstacle
is shown in Fig. 7. The distance between source vertex vy and obstacle is 300 units, the
destination vertex v, and obstacle is also 300 units. When varying the length of the
obstacle from 1500 to 1800 units, the corresponding average search steps are 89000
steps, 59000 steps, 170000 steps, and 220000 steps, respectively. The shortest path is
discovered within 2 deeps.

5 Conclusions

In this paper, the shortest path discovery approach ASPO in consideration of obstacle
for location-based services in a mobile social network environment is proposed. Our
work and contributions are summarized as follows: (1) Modeling the shortest path
discovery problem in consideration of obstacle. (2) Discovering the shortest path in a
location-based mobile social network via an improved A-star algorithm with reasonable
latency. (3) Evaluating accuracy rate of shortest path discovery with acceptable latency
for a location-based service.
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