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Abstract

One of the most important kinds of queries in Spatial Network Databases (SNDB) to support location-based services (LBS) is the
shortest path query. Given an object in a network, e.g. a location of a car on a road network, and a set of objects of interests, e.g. hotels,
gas station, and car, the shortest path query returns the shortest path from the query object to interested objects. The studies of shortest
path query have two kinds of ways, online processing and preprocessing. The studies of preprocessing suppose that the interest objects
are static. This paper proposes a shortest path algorithm with a set of index structures to support the situation of moving objects. This
algorithm can transform a dynamic problem to a static problem. In this paper we focus on road networks. However, our algorithms do
not use any domain specific information, and therefore can be applied to any network. This algorithm’s complexity is O(k log2 i), and
traditional Dijkstra’s complexity is O((i + k)2).
� 2008 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in
China Press. All rights reserved.
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1. Introduction

With continual growing of wireless communication and
developing of positioning technology, to answer highly effi-
cient queries of many moving objects and the queries based
on location-based services (LBS) is becoming more and more
important. Furthermore, the shortest path query in Spatial
Network Database is one of the most widely used services.

After the initiative work of Dijkstra, a lot of researches
using many methods and algorithms to solve the question
of the shortest path query have been conducted [1–13].
There are two fields in the research on the shortest path
algorithm: online computation and precomputation.
Online computation has been addressed, for example, in

[14–17]. The best bound in precomputation appears in
[18]. In [19–21], the second-best algorithm on the shortest
path is studied. Previous work on exact algorithms with
preprocessing includes those using geometric information
[22,23], hierarchical decomposition [24–26], the notion of
reach [27], and A* search combined with landmark dis-
tances [28,29]. In [30], the method is to compute the best
path in a time interval according to the real time. This
method can solve the dynamic change of the network
and the moving objects, but it needs too many resources
in each computation. Therefore, the computation time is
too long when the network scale is bigger and it cannot
provide the real-time result. In Ref. [31], it is discussed
how to re-compute the path quickly if the network struc-
ture is changed when the shortest path is computed.

In this paper, we present the algorithm in the transpor-
tation network, but our algorithm does not use any infor-
mation related to the network environment. Therefore, the
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algorithm would be able to be used in other network
environments.

We now discuss some work related to precomputation
below. There are two composite parts in these algorithms:
preprocess algorithm to compute the auxiliary data, and
query algorithm to compute the shortest path with the aux-
iliary data.

Gutman [27] defined Reach of a vertex. Simply put,
Reach of a vertex is a number. The value of Reach is bigger
when the vertex is in the middle of the shortest path, other-
wise the value is smaller. Gutman showed how to modify
the path from the origin to the destination using Reach
of a vertex (upper limit) and the distance of a vertex (lower
limit). He used Euclidean distance as lower limit, and said
that the efficiency could be improved by using the query
based on Euclidean A*.

Goldberg and Harrelson [28,29] raised that the efficiency
could be improved based on the query of A* using land-
mark as lower limit. Therefore, they gave the ALT (A*

search, landmarks, and triangle inequality) method. This
method can improve the efficiency of Reach algorithm.

Sanders and Schultes [24,25] gave the Highway Hierar-
chy (HH) algorithm. They described this algorithm in the
undigraph and presented how to expand this algorithm
to the digraph. The realization and the experiment of this
algorithm are based on the undigraph. We think that this
algorithm would not lose efficiency in the digraph. Under
this assumption, HH algorithm has the complexity of the
fastest query speed, less used memory and reasonable
preprocess.

There is different motive in Reach algorithm and HH
algorithm. The former one is to reduce to a shortest path,
and the latter one is to limit the algorithm into a smaller
subgraph by using inner hierarchial paths. Even so, there
is a correlation between these two algorithms.

The methods described above gave many ways to solve
the query of the shortest path in a spacial network, but the
destination objects are all assumed motionless in these meth-
ods. So far, there is no effective algorithm for the case that the
origin and the destination are moving, for the old query algo-
rithms cannot be used for moving query objects, especially
the moving destination objects. However, the query of the
shortest path for moving destination is a widely asked ser-
vice, so it is a problem that needs to be solved quickly. To
solve this problem we established a group of indexed struc-
tures to change the computation of the shortest path between
two moving points into the computation of the shortest path
between two motionless sides. The computation speed is
improved, and the computation complexity is reduced
greatly. In the transportation network, like that in the
metropolis of Beijing and Shanghai, the shortest path can
be given out in real time by using our method.

2. Network model

In Spatial Network Database, moving objects are lim-
ited by the network, so we need to modelize the network

first. The network is modelized to a digraph G = (R,J,C),
in which J is a group of vertices. We assume that (Ji,Jj)
is the single directed edge from Ji to Jj connecting any
two different points Ji and Jj in J. Ji is the starting point
of the edge, and Jj is the ending point of the edge. The edge
does not pass any other vertices in J (if the directed edge
passes any other vertex different from Ji and Jj, we suppose
that (Ji,Jj) is an empty set). Then R stands for the set of all
these single directed edges, and every element (Ji,Jj) in R

corresponds to one and only one single directed edge. C

is a weighted function, and every directed edge in R corre-
sponds to a weight of a positive real number.

In the above digraph G, the path from origin edge to
destination edge p(u,v) consists of a group of edge series
(r0, . . . , rk), in which u = r0, v = rk, "i, ri 2 R(0 6 i 6 k � 1).
The starting point of ri is the same as the ending point of
ri+1, and k + 1 is the number of edges of path p(u,v). A
path cannot include a loop, which is "ri, rj 2 p(u,v)
(i < j), then the starting point of ri is not the same as the
ending point of rj. The weight of the path is the sum of
weights of all edges except origin edge and destination
edge, which is

Pk�1
i¼2 CðriÞ. If there exists a path from u to

v, we can say that v can be reached from u. The distance
dR(u,v) between the edges u and v that can be reached is
defined as the least weight among all the paths between
these two edges, otherwise, the distance dR(u,v) would be
unlimited. If k = 1 or 0, the distance dR(u,v) is 0. The short-
est path pR(u,v) between edges u and v is defined as the path
with the least weight, of which the least weight =dR(u,v).

Based on the above definition of the network modeliza-
tion, we can define some data types to modelize the moving
objects.

A graph point GP(r,pos) stands for a moving object,
where r = (Ji,Jj) 2 R, and pos 2 [0,1] stands for the relative
value of the position (offset) of the moving object on the
edge. If pos = 0, the moving object is on the vertex of Ji,
and if pos = 1, it is on the vertex of Jj. We can use dmgp

to digressively stand for the moving trail of the moving
object. dmgp is a series and dmgp ¼ ððti; gpi; vmiÞÞni¼1 where
ti is the time point, gpi is the graph point to describe the
moving object at the time of ti, vmi is the velocity of the
moving object at the time of ti, and (ti,gpi,vmi) = li is
called the moving unit at the order i of dmgp. We assume
that the moving object moves in the average velocity of
the path between two moving units; therefore, the location
of the moving object can be computed through
interpolation.

The shortest path between two graph points gp1(r1,pos1)
and gp2(r2,pos2) is defined as pR(gp1,gp2) = pR(r1, r2).

3. The shortest path algorithm

The network after the above modelization becomes a
digraph with weight, and the moving object is modelized
to a graph point. The graph point moves in the digraph.
Because of the movement of the object, especially that of
the destination object, the computation of the shortest path
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between objects becomes more complex. We lower the
complexity of the computation by building the index of
the shortest path to change a continually dynamic problem
to a static problem.

3.1. Index structure

3.1.1. Index of the shortest path

Considering that the moving object moves in the net-
work, and the shortest path between two points in the net-
work can be changed to the shortest path between two
edges where the two points are, we can change the compu-
tation problem of two moving points to the computation
problem of static edges.

First, the edges of the modelized graph can be mapped
to the vertices, and the vertices can be mapped to the edges.

Second, running Dijkstra algorithm after n times modi-
fication to get the shortest path among all vertices in the
changed graph. The algorithm is as follows:

1) Initialization. The starting point can be set as:
o ds = 0, ps is empty;
o All other points: di =1, pi = ?;
o Mark the starting point as s. Now k = s, and all

other points are not marked.
2) Check the weight from all marked point k to the

unmarked point j that directly is connected to k,
and set dj = min[dj,dk + lk], in which lk is the weight
of vertex k. If k = s, then lk = 0.

3) Choose next point. From the unmarked points,
choose the smallest i from dj, where di = min[dj, all
unmarked point j]. Point i is chosen as the point in
the shortest path, and set as marked.

4) Find the point before point i. Find the point j�
among the marked points as the point before i, which
is connected directly to point i, then set i = j�.

5) Mark point i. If all vertices are marked, the algorithm
is derived completely. Otherwise, mark k = i, and
turn to step 2 to continue.

Finally, arrange all the shortest path according to the
order of serial number of edges. The data structure is illus-
trated in Fig. 1.

3.1.2. Index of moving objects
Since the moving trails of the moving objects can be

described discretely, we can build the index on the mov-
ing trails of the moving objects to search the location of
moving objects. Therefore, we are ready to change the
shortest path between the points to the shortest path
between the edges. The index structure is indicated in
Fig. 2.

3.2. The shortest path algorithm

Initial time is t0. There are n moving objects. Origin
object is pm (1 6 m 6 n). Destination object is pk. After

time Dt, the shortest path algorithm from pm to pk

(1 6 k 6 n) is as follows:
Input: Origin object pm, destination object pk, and time

Dt.

Output: The shortest path.

1: i = 1, j = n

2: l = [(i + j)/2]
3: If l = m, then pm is found. The search is finished.

Otherwise, change the searching condition, continue
to search.

4: i = 1, j = n

5: l = [(i + j)/2]
6: If l = t0 + Dt, then find gpm(rm,posm) of pm at t0 + Dt.

The search is finished. Otherwise, change the search-
ing condition, continue to search.

7: i = 1, j = n
8: l = [(i + j)/2]
9: If l = k, then find pk. The search is finished. Other-

wise, change the searching condition, continue to
search.

10: i = 1, j = n

11: l = [(i + j)/2]
12: If l = t0 + Dt, then find gpk(rk,posk) of pk at t0 + Dt.

The search is finished. Otherwise, change the search-
ing condition, continue to search.

13: i = 1, j = n

14: l = [(i + j)/2]
15: If l = m, then find rm. The search is finished. Otherwise,

change the searching condition, continue to search.

Fig. 1. Index structure of shortest path.

Fig. 2. Index structure of moving objects.
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16: i = 1, j = n

17: l = [(i + j)/2]
18: If l = k, then find the shortest path between rm and rk.

The search is finished. Otherwise, change the search-
ing condition, then continue to search.

According to what is described above, the main idea
of the algorithm is to change the problem of computing
the shortest path between two moving points to the
problem of computing the shortest path between two sta-
tic edges. To change the network to a digraph through
the modelization and change of the network, it is easy
to build the index for shortest path. Building the index
of shortest path can change the shortest path between
two points to the shortest path between two edges. The
continuous query would be possible through the interpo-
lation computation on the location of the moving objects
after time Dt, through modelizing and treating digres-
sively the moving objects.

The algorithm first determines the location of the mov-
ing object after time Dt through the index of the moving
objects (1–12 above). Next, it gets the shortest path of
the edges between the destination object and origin object,
through searching the shortest path index of the edge where
the origin object is (13–18 above).

3.3. Analysis of the computation complexity

Assume that there are i vertex, n edges and k interest
objects in graph G. It would take (log2 n) + 1 times at
most to compute by running 1–6 above, (log2 n) + 1
times at most to compute by running 7–12, and
(log2 n) + 1 times at most to compute by running 13–
18. So, it would take 3(log2 n) + 3 times at most to com-
pute with our algorithm. Therefore, the estimation of the
time complexity of our algorithm is O(log2 n). We assume
that there is at most one edge between two vertices, then
there are at most (n*(n � 1))/2 edges in graph G. The
time complexity is O(log2 i) in terms of i. The time com-
plexity is O(k log2 i) when we need to find the shortest
path between origin object and k interests objects. If
we use traditional Dijkstra algorithm, 13–18 would use
the traditional algorithm. The destination objects would
be turned into vertices, and after the computation of
the shortest path in Dijkstra algorithm, the estimation
of the time complexity is O((i + k)2). Therefore, the esti-
mation of the time complexity of our algorithm
O(k log2 i) is much less than that of Dijkstra algorithm
O((i + k)2). In the space complexity, the space complexity
of the shortest path index is O(n2), and the space com-
plexity of moving object index is O(n2).

4. Analysis of the experiment

Below, we will compare the experimental results
obtained using the shortest path index and the results using
the shortest path query with Dijkstra algorithm.

4.1. Experimental data

To run the experiment, our data are the graphs gener-
ated randomly. The generation rule is as follows:

1) There are at most 5 and at least 1 directly connected
vertices to every vertex. Among them, 1% vertices are
directly connected to 1 or 5 vertices, respectively, 5%
vertices are directly connected to 3 vertices, and the
rest 93% vertices are directly connected to 4 vertices.

2) The weight of each edge is from 1 to 10. Among
them, 1% edges have weight 1 or 10, respectively,
5% edges have weight 2 or 9, respectively, 8% edges
have weight 3 or 8, respectively, 15% edges have
weight 4 or 7, respectively, and 21% edges have
weight 5 or 6, respectively.

Five graphs were generated randomly. They are with
1000 vertices and 3942 edges, 2000 vertices and 7862
edges, 3000 vertices and 11,778 edges, 5000 vertices and
19,634 edges, and 8000 vertices and 31,404 edges,
respectively.

4.2. Experimental query

We run five groups of queries against each graph with
different moving objects, respectively. The shortest paths
are queried with origin object p0 and 1, 5, 10, 20, and 50
moving interests objects, and each group is queried 100
times. The origin object and interests objects are selected
randomly. Our measurement standard is the average time
of each query.

4.3. Experimental result

The experimental results are illustrated by Table 1 and
Figs. 3 and 4.

In each part of Fig. 3, the destination objects are the
same but the number of the graph nodes increase.

In each part of Fig. 4, the number of the graph nodes is
the same but the destination objects increases.

From Figs. 3 and 4 we can draw the following
conclusions:

First, obviously, we can see that when the destination
objects and graph nodes change, the result of using the
shortest path index algorithm is better than that of using
directly Dijkstra algorithm.

Table 1
The time of building index

Vertices Time (s)

1000 vertices graph 14.5
2000 vertices graph 44.6
3000 vertices graph 81.3
4000 vertices graph 185
5000 vertices graph 462.3
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Second, in one same figure, as the number of the desti-
nation objects increases, the efficiency of Dijkstra algo-
rithm keeps steady, but the efficiency of the shortest path
index algorithm decreases. However, even when there are
more destination objects, the efficiency of the shortest path
index algorithm is higher than that of Dijkstra algorithm.

Finally, as the number of the graph nodes increases, the
efficiency of both algorithms decreases, but the efficiency of
the shortest path index algorithm is higher than that of Dijk-
stra algorithm. Even when there are fewer graph vertices, the
efficiency of the shortest path index algorithm is higher.

5. Conclusions

In this study, we proposed, realized, and analyzed a
shortest path query algorithm for moving objects in spatial

network database. This method is a precomputation
method. It stationizes the dynamic problem by building
index. In the algorithm complexity and the experimental
analysis, the performance of our method is better than that
of the method using directly Dijkstra algorithm.

Comparedwithotherqueryalgorithmsoftheshortestpath,
therearethefollowingspecialitiesorinitiativesinthispaper:

(1) It solves the shortest path problem between moving
objects.

(2) Through the algorithm of building the shortest path
index, it changes the problem of computing the short-
est path between two moving points to the problem
of computing the shortest path between two motion-
less edges, therefore the complexity of the computa-
tion is lowered.

Fig. 3. The number of destination objects changed.
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(3) This algorithm does not depend on the speciality of
the defined network, so it can be used in many other
networks.
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