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Abstract In this paper, we address an efficient processing scheme for k—nearest neighbor queries
to retrieve k static objects in road network databases. Existing methods cannot expect a query
processing speed-up by index structures in road network databases, since it is impossibie to build an
index by the network distance, which cannot meet the triangular inequality requirement, essential for
index creation, but only possible in a totally ordered set. Thus, these previous methods suffer from
a serious performance degradation in query processing. Another method using pre-computed network
distances also suffers from a serious storage overhead to maintain a huge amount of pre-computed
network distances. To solve these performance and storage problems at the same time, this paper
proposes a novel approach that creates an index for moving objects by approximating their network
distances and efficiently processes k—nearest neighbor queries by means of the approximate index. For
this approach, we proposed a systematic way of mapping each moving object on a road network into
the corresponding absolute position in the m-dimensional space. To meet the triangular inequality this
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paper proposes a new notion of average network distance, and uses FastMap to map moving objects
to their corresponding points in the m-dimensional space. After then, we present an approximate
indexing algorithm to build an R#-tree, a multidimensional index, on the m-dimensional points of

moving objects. The proposed scheme presents a query processing algorithm capable of efficiently
evaluating k-nearest neighbor queries by finding k-nearest points (i.e., k-nearest moving objects)

from the m-dimensional index. Finally, a variety of extensive experiments verifies the performance
enhancement of the proposed approach by performing especially for the real-life road network

databases.

Key words @ k-nearest neighbor queries, road network databases, approximate indexing
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o} Ak FFo wel o]Fe Algo] HF f= FHT
olFo] Aetd FLLZ v F UvH4,5] Age] W
gle Y AEFHY de #Fd= FHEuclidean
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Algorithm Approximate-Indexing
float facility_distance_matrix[n][n];
int Pivot_Pair(k}[2];

float Pivot_Pair_distance[k];

float x[n]{k];

float node[m]j[2k];

void Indexing(facility_coordinate[n]){
inti, j ¢
for(i=0;i<n;i++)
for(j=i+Lj<nj++)
facility_distance_matrix[i](j]

={Dijstra(facility_coordinate[i] facility_coordinatej])
+Dijstra(facility_coordinate[j},facility_coordinate[i}))/2; 1)
facility_distance_matrix[i}[j}=facility_distance_matrixj][i];

}

Fastmapi(facility_distance_matrix, x); @
Indexing(x, facility_index); 3)
while(‘node){

while(!pivot_pair){

nodei][c}
=(Dijstra(node_coordinate[i],Pivot_pair[j][1]}
+Dijstra(Pivot_pair[1},node_coordinate[i])}/2;

node[i}{c+1]
={Dijstra(node_coordinate[i],Pivot_pairj][2])
+Dijstra(Pivot_pair[2],node_coordinate[i])}/2; @

jH otd;
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Algorithm Query-Processing
void NN_query(Q_coordinate){
float q[2Kk];
int segment_id = find_segment(Q_coordinate); 1)
for(i=0;i<2k;i++){
qfi] = min(distance_query_to_node+distance_node_to_pivot[i]); (2)
}
Fastmap(q, x); 3)
result = NN_search(x, # of facility, facility_index); 4)
}
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