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Abstract

In this paper, we studied the problem of continuous reverse k nearest neighbors (RkNN) in directed road
network, where a road segment can have a particular orientation. A RNN query returns a set of data
objects that take query point as their nearest neighbor. Although, much research has been done for RNN
in Euclidean and undirected network space, very less attention has been paid to directed road network,
where network distances are not symmetric. In this paper, we provided pruning rules which are used to
minimize the network expansion while searching for the result of a RNN query. Based on these pruning
rules we provide an algorithm named SWIFT for answering RNN queries in continuous directed road

network.
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1. Introduction

Spatial databases offer large number of services such
as nearest neighbor, resource allocation, and pref-
erential search etc. These services have not only
changed peoples daily life but also scientific re-
search. For example, people now rely on location-
based services to plan and manage their trips. This
new demand for location-aware services has resulted

in development of efficient algorithms and many
novel query types for spatial databases. One of them
is reverse nearest neighbor (RkNN). While a lot of
attention has been given to this problem because of
its practical applicability [1-3], most of it exclu-
sively focuses on Euclidian space or undirected road
network. In this paper, we study safe region of a re-
verse nearest neighbor query for a moving query and
static data objects in a directed road network(i.e.,
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each road is either directed or undirected). A safe re-
gion is a region in which result of the query doesn’t
change when the query object moves within safe re-
gion.

P3 o
P1
q P2

Fig. 1. Example Road Network

Consider a query point ¢ and a set O of points
of interest (POIs) e.g. offices, universities, schools
etc. We use d(g,0) to denote network distance from
query object g to data object 0. Given a query point
g, RKNN query returns a set of data points o € O
such that g is one of there k nearest neighbor i.e.
RkNN(q) = o € d(0,q) < d(o,0r) where oy is the
k" nearest neighbor of data point 0. Many real-
life scenarios exist to illustrate the importance of
continuous reverse nearest neighbor queries. Con-
sider a first person shooting game in which the goal
of each player is to shoot the other player. Natu-
rally, all players try to avoid getting shot and for this
they continuously monitor their own reverse nearest
neighbor as chances of getting shot from the reverse
nearest neighbor are highest. Fig. 1 illustrates such
game, where p; is closest to g but RNN of g is p; as
nearest neighbor of p; is p3.

RKNN has received a lot of attention [4—6] from
the research community for applications like emer-
gency response team and taxi providing services. In
general, RKNN query can further be classified into
two groups monochromatic and biochromatic. Our
example above is of monochromatic RkKNN query
where all objects belong to the same set of objects.
Consider the example of taxi and customers where
they belong to the set of taxis and customers respec-
tively.

In general, the main problem in continuous re-
verse nearest neighbor query is how to maintain the
freshness of the query result, as the query object is
moving freely and arbitrarily. A naive technique for
finding RKNN of a moving query object ¢ is to in-

crease the frequency of updates. However, just in-
creasing the frequency of queries doesn’t not guar-
antee freshness of result and the it may become in-
valid in between two timestamps. Moreover this not
only increases the load on server but also increases
the use of communication channel between client
and the server. The contributions of this paper are
as following:

o We present an algorithm for calculation of moving
RKNN in a directed road networks.

o We provide a pruning rule that minimizes the net-
work expansion for finding RkNN in directed road
networks.

o We discuss why RkNN algorithm for undirected
road is not applicable to directed road networks.

« We conduct experiments to study the effects
of various parameters and show superiority of
SWIFT over naive algorithm.

The remainder of this paper is structured as fol-
lows. Section 2 surveys related work and limitation
of undirected algorithms. Section 3 explains terms
and definitions used in this paper as well as gives ex-
planation about the problem and some pruning rules.
Section 4 explains the working of SWIFT algorithm.
Section 5 discusses SWIFT in continuous road net-
work. Section 6 discusses the experimental results.
Section 7 gives concluding remarks and future way
through.

2. Related Work

Section 2.1 surveys RkNN in spatial databases and
Section 2.2 discusses why undirected algorithms are
not applicable to directed road networks.

2.1. Reverse Nearest Neighbor in Euclidean and
Road Networks

RKNN was first introduced by Korn et al. [1] where
they used pre-computations to answer the RNN for
a query object g. Drawback of this technique was
that they were only able to answer RKNN query for
a fixed value of k. Stanoi et al. [7] proposed an algo-
rithm that did not require preprocessing. They pro-
posed partitioning algorithm that divides the whole
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Figure 2: Examples (a) undirected road network (b) directed road network

space into six equal regions of 60°. It can be verified
that the possible RNN of g can only be the nearest
point to g found in each of the six regions. This
proves that in 2D space, there can be at most six
RNNs for a query point g.

Sun et al. [3] presented a continuous monitoring
in bichromatic RKNN queries. They used multiway
tree with each query to assign it a monitoring region
and only updates in the monitoring region affects the
result. However, it is only applicable to bichromatic
queries and can only answer queries when k = 1.

Cheema et al. [5] presented continuous reverse
nearest neighbor queries for both Euclidian and spa-
tial road network and suggested pruning rules for
road networks. Similarly, Man L Yiu. [4] proposed a
method for finding RKNN in an undirected road net-
work. They proposed two algorithms eager & lazy,
both algorithms are quite similar to Dijkstra algo-
rithm. In eager approach they try to prune nodes that
cannot be reverse nearest neighbor of query point g
proactively. In lazy approach they exploit the ver-
ification phase of their algorithm to prune nodes
for their future searches. However, both these al-
gorithms work for undirected road network only as
the exploit symmetric property of undirected graphs
which is not applicable to directed road networks.

In this paper we propose an algorithm SWIFT
that can efficiently find reverse nearest neighbors
of a moving query in a directed road network.
We present a technique based on safe exit point
which is a mean to overcome excessive computation
and communication cost associated with timestamps
based continuous monitoring.

SWIFT is based on the technique of safe exit

points. Safe exit points are the boundary points of
the safe region and since safe region is comprised of
road segments and safe exit points are just points in
the road network, as a result less network bandwidth
is consumed during communication.

2.2. Limitations of Undirected Algorithms in
Directed Graphs

For better presentation we create Table 1 that sum-
marizes all the notations we use in this paper.
SWIFT is closest to Man L Yiu. [4] algorithm. Fig.
2a shows an undirected road network where there
are two data objects 01,0, a query object ¢ which
are denoted by rectangles and triangle, respectively.
Here, k = 1 (number of RNN to find). The dis-
tances between g to 01 and 07 is 1 and 5 respectively.
Thus, the query result is Of = 0y as d(q,01) =1
and d(o01,q) = d(g,01) due to symmetric nature of
undirected graphs. However, we can clearly see in
Fig. 2b the query result O = 0, as d(g,01) = 1 but
d(o1,q) =9 which is greater than d(02,g) = 5. Thus
0> is the correct RNN for query object g.

3. PRELIMINARIES AND PROBLEM
DESCRIPTION

Section 3. A defines the terms and notations used
overall in the paper.
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Figure 3: Examples (a) Example Road Network (b) Example Road Network with Safe Exits

3.1. Definitions and Notations

3.1.1. Directed Road Network

A directed road network is a type of road network
where each edge has a particular orientation. For
example 7,71, is a sequence which has no orientation
assigned to it. In case of such sequences we are al-
lowed to travel them in any direction either it be n;
to n, or n, to ng. However, incase of m we can
only travel it from ng to n,. Consider segment m
in Fig. 2b, it is only travelable from n; to n;.

3.1.2. Nodes Classification

A node can belong to one of the following cate-
gories.

« A node is referred as terminal node if the degree
of node is 1.

« A node is referred as intermediate node if the de-
gree of node is exactly 2.

« Finally, if the degree of node is larger than 2, it is
referred as intersection node.

3.1.3. Sequence

A sequence is a set of node such as
Ny, Msi1,M542---Me—1,N, denotes a path from ng to
n., such that n; and n, must either be an intersection
node or a terminal node and all nodes in-between
and n, must be intermediary nodes. For the sake of
simplicity we assume that all edges in a sequence
have same direction. Note that in a directed road

network d(ng,n,) # d(ne,ny) as it is not symmet-
ric like an undirected road network. Here d(ng,n,)
denotes the weight of the sequence.

3.1.4. Spatial Network

A graph is represented by G(N, E), where N is a set
of nodes and F is a set of edges. Each edge in a
graph has exactly two distinct nodes and weight is
assigned to it, which is the cost of traveling the edge.
In case of road networks this cost can be considered
as time taken to travel the edge which may change
many times during a day depending upon the traf-
fic on road. It also has an orientation assigned to
it, which can be directed or undirected. Through-
out this paper we use 7,7, to represent an undirected
edge where n; and n, are boundary nodes of the se-
quence, whereas m is used to show directed se-
quence. Of course the direction of arrow represents
the direction of the sequence. We use lTn; to de-
note a directed segment. A segment is a single edge
in a graph so, a sequence can be compromised of
many edges. Similarly, we use 7;1; to represent an
undirected edge in the graph where i and j are some
positive integers.

3.2. Problem Description

To provide clear explanation of SWIFT algorithm,
we use a directed road network shown in the Fig.
3a. It has following characteristics; it has six data
objects denoted by squares, i.e. 01,0;...0¢, three di-
rected edges, i.e. nani, nsny and nyng, it has seven
undirected edges, i.e. n3ng, nans, nsng, Nany, NpNy,
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neny, and nns, a query point g denoted by a trian-
gle. The numbers on the line denote the distances
c.g. d(n3,01) =1 while d(n3,n4) =2.

Road network in Fig. 3a is comprised of nine
sequences i.e. MNang, NNs, NaNi, N304, NaN7,N47Ns,
sng, nsny, mng. Here, 0% = {0s,06} as both o5
and og have q as their nearest neighbor when k = 2.
Notice o7 is not in the query result as its two near-
est neighbors are {02, 03} and this makes n4 a choke
node.

Before we present our pruning lemmas we need
to define the term choke node. A node is said to
be a choke if there exists at least k objects such that
d(n,q) > d(n,{or}) holds true where oy can be any
object.

Lemma 1. If a choke node is part of shortest path
from o to g, then such object cannot be RNN of query
object q.

Proof. Let’s assume we have a node such that
d(n,q) > d(n,{01,02}) holds true. Let o; and o,
be the nodes closer to the node n than query ob-
ject g. Let o3 be the object which has node n in
its shortest path to g. Distance from o3 to g will be
equal to d(o3,n) +d(n,q) but we already know that
d(n,q) > d(n,o1,02). Hence {01,0,} will automat-
ically become NN for 03 so it cannot be RNN of g.
0

Lemma 2. All intermediate nodes of a sequence be-
come choke if both ng,n, are choke nodes.

Proof. Let’s assume a sequence with infinite
length. When both n; and n, are choke nodes all
intermediate nodes will also be choke as the shortest
path of any object in this sequence will either pass
through n; or n, and using Lemma 1 they cannot be
RNN for query point. Hence, all intermediate nodes
become choke nodes. O

In Fig. 3a when k = 2, n4 is a choke node as
d(ns,q) =5 while d(ns,0;) =2, d(ns,01) = 1 and
d(ng,03) =2.

4. SWIFT REVERSE NEAREST NEIGHBOR

Figure. 3b shows the final result with safe exit
points. SWIFT algorithm has three phases. In phase

Instructions for Typesetting Manuscripts Using BTEX

1, we find reverse nearest neighbors while in phase 2
we find influence region of objects found in phase 1.
In phase 3 we find safe exit points. Section 4.1 de-
scribes our SWIFT algorithm used to find RNN in a
directed road network. Section 4.2 explains running
example of Fig. 3a.

Table 2. Summary of Notations

Steps State of Min-heap

1 s, 73q

2 n4q, M\ 75, A5G

3 nns,n3ng, Nshg, N4

4 I’l3i’l4,l/l5l’16,I’l4i’l7,li]VlQl’lﬁﬂTn]>
5 n5n(,,n4n7,nlngn6,r7471_1>
6 3Tty , ilTiaTiG, ATt} , g
7 MM, Nsh, Nany , n7ng
8 nsy, nani , 7

9 nany, nyng

10 g

11 ngng

4.1. Overview

SWIFT transverses the road network incrementally,
similar to Dijkstra’s algorithm. It starts expanding
the network from the location of query object g in
an increasing order of distance from the query ob-
ject. Whenever, a sequence n,n, is popped, it is
examined for data objects and if any data object is
found, it becomes a candidate answer object and a
range-NN [8, 9] query is issued to verify if k near-
est neighbors of object under consideration contains
query point g. This process continues until the min-
heap is empty.

Algorithm: SWIFT

Input: g query location, k no of RNN
Output: O query result, Wy e exir
1: min-heap < 0 /* min-heap is min priority queue
*/
2: explored < 0 /* keeps information of visited se-
quences and their corresponding base nodes */
3: choke-nodes < ( /* keeps track of choke nodes
*/
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Table 1. Summary of Notations

Notations Explaination

G(N,E) The graph model of road network where,denotes nodes and,denotes edges in graph.
n; A node in the graph, where,is integer e.g. n;

ng Start node of a sequence.

Ne End node of a sequence.

Mg, Nyt 1--Ne A sequence in graph, where ny, is start node and n, is end,node of a sequence.
d(ni,n;) Network distance between node n; and n;.

k Represent number of NN to be found.

rTn;- Represent directed edge between n; and n;.

ninj Represent undirected edge between n; and n;.

OZ Represent answer objects for RKNN(g) and k denotes number of nearest neighbors.
Seqpase Represent start point of network expansion for the sequence.

I(o)"q Represents influence region of answer objects

I(0) ¢ Represents influence region of non-answer objects

min-heap.insert(seqaerives s, d(n,q)) /* here ng
denotes seqpqse base node */

NA < 0 /* List of non answer objects */
while min-heap #+ 0 do
< seq,d(q,n) ><— min-heap.pop()
if <seq,d(q,n) > ¢ explored and seqpase ¢
choke-nodes then
explored < explored U {seq}
for all data objects o do
knn(seqpase) <— range-NN (ng, k,d(n,q))
if ¢ € kNN(seqpase) then
OZ — OZ Uo
else if ANN(seqpuse) > k and ¢q ¢
knn(seqpase) then
choke-nodes < choke-nodes U
S€qpase
min-heap.update(ad j_seq_of n.,d(q,ns)+
d(seq))
NA < NAUo
else
NA < NAUo
end if
end for
end if
end while
Osafe_exit < ComputeSafeRegion(OZ,NA, q,k)

q
return Ok’ Wy fe_exit

Fig. 4. Algorithm: SWIFT

Fig. 4 present details of the SWIFT algorithm
used to find RKNN for a query point g. It initial-
izes a min-heap with an empty set and starts ex-
panding the network from the active sequence where
the query object ¢ is found. When a query object is
found in a sequence it is broken into two sequences
and query object g is made their base node seq,ase,
while for any other sequence either n, or n, becomes
its base node. Whenever, a new candidate object
o' is found in a sequence a range-NN query is is-
sued, where range is equal to d(g,0’). Recall that in
case of directed road network d(g,0’) # d(0’,q). If
KNN (seqpase) = k and k € KNN(seqpys.) then, the
base node of active sequence is marked as choke
node using Lemma 1. However, if Lemma 1 is not
applicable then adjacent sequences of the sequence
end node n, are added to min-heap and n, is made
seqpase Node for these adjacent sequences. When the
min-heap is exhausted the algorithm stops and OZ is
returned. It should be noted that the network expan-
sion is in opposite direction of the direction of roads.
Fig. 10 present details of algorithm used to find safe
exit points in the graph while Fig. 7 shows how to
calculate influence region of objects.

During the execution of algorithm we cache the
results of all nodes and data objects, so multi-
ple requests from same nodes and objects can be
avoided. After the completion of algorithm the
cache is cleared in order to make memory foot print
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4.2. Running Example

We now discuss the working of SWIFT for given
query point g in Fig. 3a. We are evaluating the result
for 03, here k = 2. Table 2 shows min-heap states
during the execution of algorithm.

As discussed earlier in Section 4.1 SWIFT will
start from the active sequence n4715 where the query
object ¢ exists. Sequence nans is broken into two
sequences 714¢g and gns, each is added into min-heap
to be evaluated separately. First pop results in gns,

but no data points are found in this sequence. Thus,
adjacent sequences nins and nsng of ns is added
to min-heap. Next, n4g is popped and since no
data points are found on this sequence, adjacent se-
quences 1314 and 74117 of ny are added to min-heap.

As shown in Fig. 5a we discover our first can-
didate object og on our sequence m75, and when a
range-NN query of 4 is issued it is determined that it
is in fact our RKNN. As 2NN of 06 = {g¢,05}. Thus,
adjacent sequences m and 71mpng are added to the
min-heap.

As show in Fig. 5b we discover our second
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candidate object o; on our sequence 7374, a range-
NN of 6 query is issued, and it is determined that

KNN(IM) = 02,03} as d(l’l4,02; = 2, d(l’l4,03) = 2,
while d(ns,q) = 5. Hence, node n4 is marked as

choke node. As there are no adjacent sequences of
node 73 no new sequence is added to min-heap and
the execution continues.

As the algorithm continues its execution, next it
pops 7isnig but as no data object is found, the adja-
cent sequence nong is added to min-heap. As shown
in Fig. Sc next, nsn7 is popped, but recall that ng
was marked as choke so the sequence is immediately
pruned and after adding adjacent sequence 51 to
the min-heap the algorithm moves to next sequence.

As shown in Fig. 6a, next njnsrng is popped and
object os is found which takes the path ninsg and
becomes the second answer object. Since, no new
adjacent sequences are found nothing is added to
min-heap.

Next, sequence nsny is popped from min-heap
and since no data object is found on this sequence
the algorithm continues to next sequence. As shown
in Fig. 6b, next sequence d(n4,n; ) is popped and
2NN of data object 05 are found to be {0s, 06 }, there-
fore node n; is marked as choke node, and no new
sequence is added to min-heap.

As shown in Fig. 6c¢ that the next sequence
popped is n7ng and it is found that 2NN of data ob-
ject o4 are {0s,0¢6}. Thus, node ng is marked as coke
node and adjacent sequence 74777 is again added to
min-heap with 77 as seqpase-

As shown in Fig. 5c, 2NN of 03 are {04,05} but
as node ng is a choke node execution terminates on
it. At this step it is found that O = {0, 05}

5. Extension of SWIFT to continuous directed
road networks

5.1. Influence Region

Before understanding SWIFT algorithm in contin-
uous road networks it is necessary to understand
the concept of influence region of answer and non-
answer objects. Answer objects are those objects
which are RNN of query object g. We observe
that object is said to be answer object if d(0,q) <

d(o,0r,1) where oy, is k+ I""NN of object o.
Similarly an object is said to non-answer object if
d(0,q) > d(0,0;) where o is K"NN of object o.

The influence region of answer object can be de-
scribed as follows:

I(0)* ={pld(o,p) < d(0,0111)}

In simple words for any object o influence re-
gion is equal to the distance between object o and its
k'"NN object.

The influence region of non-answer object can be
described as follows:

1(0)” = {pld(0,q) > d(o,01)}

Computation of Influence Region

Input: o object, k no of RNN
Output: /(O) Influence region
1: if o is answer object then
2:  d <+ d(o,0r41) /* distance from object o to
k-+1""NN of o */
3:  I1(O) = Expand region of object o by d
4: else
5:  d<+d(o0,0;) I* distance from object o to kNN
of o */
1(0) = Expand region of object o by d
end if
return /(O)

Fig. 7. CalcInfluence

®

5.2. Influence Region in Running Example

n

{

05 9 n
)

3
5

ny

Fig. 8. Influence Region for og

In Fig. 3a object og is an answer object and 2NNs
of o = (q,05) where d(0g,q) = 3 and d(0g,05) = 4.
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For computing influence region of o we need to
compute the distance of og to k + 1""NN, which is
04 and d(0g,04) = 8. So, influence region for object
0¢ Will be distance of 8 from 0. The influence re-
gion comprises road segments 71175, nix71 1 ,16N2, 7576,
nsny, n704 , n703 complete segments and 74715 with
distance of 7. Figure. 8 shows influence region for
object 0¢. Similarly, the influence region for o5 can
be determined.

Considering Fig. 3a object o] is non-answer ob-
ject and 2NNs of 0; = (03,03) where d(01,02) =3
and d(o1,03) = 3. For computing influence region of
non-answer object we use distance of k¥"NN which
is 3 in this case. So, influence region for object will
distance of 3 from o;. The influence region com-
promises road segments 737y, 1403, m complete
and myns with distance of 2. Figure. 9 shows the
influence region for object 0;.

Fig. 9. Influence Region for o4 and o

Figure. 9 shows the influence region for object
04 which is a non-answer object. 2NN for 04 are og
and os. Here, k"NN of o4 is 0 and d(04,06) = 8.
So, influence region will be the distance of 8 from
04. The influence region comprises road segments
m, nsng, neny complete and nny, oghs, m and
nans with distances of (4,1, 1, 1) respectively.

5.3. Safe Exit

Computation of Safe Exit Points

Input: A answer objects, NA non answer objects, g
query location, k£ no of RNN

Output: @y, . .xir Safe exit points

Instructions for Typesetting Manuscripts Using BTEX

1: 1(0)* < 0 /* Influence region of answer objects
*/

2: I(0O)~ < 0 /* Influence region of non-answer
objects */

3: while A #£ 0 do

4 o<+ A.pop()

5. 1(0)T < Calclnfluence(o,q,k) N1(0)"

6: end while

7: while NA #£ 0 do

8: o0+ NA.pop()

9:  I(0)~ < CalcInfluence(o,q,k) UI(O)~

10: end while

11 Wsafe_exit = 1(0)+ - 1(0)7

12: return Wyqfe exit

Fig. 10. ComputeSafeRegion

A safe region in euclidean space is defined as fol-
lows:

S(g,r) ={NI(o)" —UI(0)"}

Here, g is the query object and r is the range of
the query. Figure. 11 shows how a safe region is
computed in euclidean space. In the fig. 11 we as-
sume we have a dataset of four objects 01,07,03,04.
The answer objects of query g are 01,03 while non-
answer objects are 02,04. The intersection of all an-
swer objects is considered to be part of influence re-
gion and subtracting union of non-answer objects in-
fluence region from this region gives us the correct
safe region of the query g.

Fig. 11. Euclidean Safe Region
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6. EXPERIMENT AND PERFORMANCE
EVALUATION

Section 6.1 explains our experimental settings and in
Section 6.2 we discuss the results of our experiment
by comparing them to naive algorithm.

6.1. Experimental Setup

We use a real world data road map [10] of North
America (NA). It is a world of 5000 x 5000km?,
comprising of 175,813 nodes and 179,179 edges. It
has been used in many performance evaluations as
well [8,11]. The direction to the edges is assigned
randomly and skewed data points distribution of is
opted. For comparing the performance of this algo-
rithm we also report the performance of baseline al-
gorithm, which answers the query by finding nearest
neighbors for all data points in the road network.

6.2. Results Evaluation

H
o~

| |—=—  Static
| | —— Continuous

—~ 12 .
.g —o— naive
S 107
]
o 8
=
= 6 |
-
g
S 4

24

5 10 15 20 25
K

Fig. 12. Effect of k on CPU

Fig. 12 shows the effect of k on the query
processing time. The query processing time in-
creases for both naive and SWIFT algorithm with
k. However, the query time of naive algorithm is
affected linearly, as the value of k is increasing lin-
early and naive algorithm finds kNN for every data

object in the network. Hence, its time also in-
creases linearly. We observe that when value of & is
small continuous takes almost similar amount time
as static algorithm but as the value of k increases
the time for continuous increases much rapidly as
it has to compute more and more influence regions.

—=—  Static
—— Continuous
—e— naive

[\
(@)

—_
9]

CPSU Time (seconds)
w o

01 ;\J

50 90 95 99
POI (percent)

Fig. 13. Effect of POI on CPU

Fig. 13 shows the effect POIs on query process-
ing time. The query processing time of naive al-
gorithm decreases dramatically, because when the
number of edges with data points are few, naive al-
gorithm has to transverse more sequences in order
to find kNN for each data point in the road network.
However for SWIFT the time increases as the num-
ber of edges having data points increase. This is be-
cause when there are many data points the calls to
range-NN also increases which make the algorithm
expand the network many times. Continuous per-
forms worse when there are fewer POIs but as the
number of POIs increase more and more influence
regions are needed to be calculated and but when
POIs are more influence regions tend to be smaller
so the performance improves a little and the gap be-
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tween static and continuous decreases.
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Fig. 14 shows the effect of k on the number

of pruned sequences. Number of pruned sequences
decreases as the value k is increased. It is be-
cause when k is large more data objects become
RNN of query point g. Hence, fewer nodes are
marked as choke nodes and more sequences are ex-
panded which results in lower number of chocked
sequences.
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Fig. 15. Effect of speed in km/hr on queries
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Fig. 15 shows the effect of speed on number of
queries. The naive algorithm incurs constant num-
ber of queries as we query at specific timestamps but
on the other hand queries for SWIFT increases as
the speed of the query object increases as the object
starts leaving the safe region more quickly.

7. Conclusion

In this paper we studied RkNN in a directed
road network and proposed a new algorithm called
SWIFT. Experimental results indicate that the algo-
rithm with pruning rules reduced the computation
time significantly. In future we want to study RKNN
in a directed road network where query object is
moving in the road network and the cost of travel-
ing an edge is not constant.

References

References are to be listed in the order cited in the
text. Use the style shown in the following examples.
For journal names, use the standard abbreviations.
Typeset references in 9 pt Times Roman.

1. F. Korn and S. Muthukrishnan, “Influence sets

based on reverse nearest neighbor queries,”
ACM SIGMOD Record, vol. 29, no. 2, pp.
201-212, Jun. 2000. [Online]. Available: http:

//dl.acm.org/citation.cfm?id=335191.335415

2. R. Benetis, C. Jensen, G. Karciauskas, and S. Salte-
nis, “Nearest neighbor and reverse nearest neighbor
queries for moving objects,” in Proceedings In-
ternational Database Engineering and Applications
Symposium. 1EEE Comput. Soc, 2002, pp. 44-53.
[Online]. Available: http://ieeexplore.ieee.org/lpdocs/
epic03/wrapper.htm?arnumber=1029655

3. W. Wu, F. Yang, C. Y. Chan, and K.-L. Tan, “Con-
tinuous Reverse k-Nearest-Neighbor Monitoring,” in
The Ninth International Conference on Mobile Data
Management (mdm 2008). 1EEE, Apr. 2008, pp.
132-139. [Online]. Available: http://ieeexplore.ieee.
org/lpdocs/epic03/wrapper.htm?arnumber=4511444

4. M. L. Yiu, D. Papadias, N. Mamoulis, and Y. Tao,
“Reverse Nearest Neighbors in Large Graphs,” pp.
540-553, Apr. 2006. [Online]. Available: http://www.
computer.org/csdl/trans/tk/2006/04/k0540.html

Published by Atlantis Press
Copyright: the authors

271



R. Qamar et al.

5. M. A. Cheema, W. Zhang, X. Lin, Y. Zhang,
and X. Li, “Continuous reverse k nearest neigh-
bors queries in Euclidean space and in spa-
tial networks,” The VLDB Journal, vol. 21,
no. 1, pp. 69-95, May 2011. [Online]. Available:
http://dl.acm.org/citation.cfm?id=2124885.2124903

6. A. Singh, H. Ferhatosmanoglu, and A. c. To-
sun, “High dimensional reverse nearest neighbor
queries,” in Proceedings of the Twelfth Interna-
tional Conference on Information and Knowledge
Management, ser. CIKM ’03. New York, NY,
USA: ACM, 2003, pp. 91-98. [Online]. Available:
http://doi.acm.org/10.1145/956863.956882

7. 1. Stanoi, D. Agrawal, and A. E. Abbadi, “Reverse
Nearest Neighbor Queries for Dynamic Databases,”
in In ACM SIGMOD Workshop on Research Issues
in Data Mining and Knowledge Discovery, 2000, pp.
44-53.

8. H.-J. Cho, K. Ryu, and T.-S. Chung, “An effi-

10.

11.

cient algorithm for computing safe exit points of
moving range queries in directed road networks,”
Information Systems, vol. 41, pp. 1-19, May 2014.
[Online]. Available: http://www.sciencedirect.com/
science/article/pii/S0306437913001464

N. Ishii, I. Torii, T. Nakashima, and H. Tanaka,
“Generation and mapping of multi-reducts based
on nearest neighbor relation,” IJNDC, vol. 2,
no. 1, p. 1, 2014. [Online]. Available: http:
//dx.doi.org/10.2991/ijndc.2014.2.1.1

“Real Datasets for Spatial Databases: Road Net-
works and Category Points.” [Online]. Available:
http://www.cs.fsu.edu/~lifeifei/SpatialDataset.htm
M. A. Cheema, L. Brankovic, X. Lin, W. Zhang, and
W. Wang, “Continuous Monitoring of Distance-Based
Range Queries,” IEEE Transactions on Knowledge
and Data Engineering, vol. 23, no. 8, pp. 1182-1199,
Aug. 2011. [Online]. Available: http://ieeexplore.ieee.
org/lpdocs/epic03/wrapper.htm?arnumber=5669315

Published by Atlantis Press
Copyright: the authors

272




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


