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Design and Implementation of the dynamic hashing structure

for indexing the current positions of moving objects
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ABSTRACT

Location-Based Services(LBS) give rise to location-dependent queries of which results depend on the
positions of moving objects. Because positions of moving objects change continuously, indexes of moving object
must perform update operations frequently for keeping the changed position information. Existing spatial index
(Grid File, R-Tree, KDB-tree etc.) proposed as index structure to search static data effectively. There are not
suitable for index technique of moving object database that position data is changed continuously.

In this paper, I propose a dynamic hashing index that insertion/delete costs are low. The dynamic hashing
structure is that apply dynamic hashing techniques to combine a hash and a tree to a spatial index. The
results of my extensive experiments show the dynamic hashing index outperforms the R*-tree and the fixed

grid.
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Fig. 1. An example of a dynamic hashing index. (a)
An example of the split on a map, (b) Structure of a
dynamic hashing index.
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Algorithm assign(Xi, Xz, b) {
// b is most significant bits
P=0; /! zero
one_bit = 0x01 << MAX_BITS -1;
// first bit is one
Eor ( k=1; k<=b; k++) // repeat b times
i =k modn; //n-dimensional space
if(Xi<(L;+Hi)/2)
// range of i-dimension is [Li, Hi)
H=(L+H)/2;
else {
P =P | one_bit;
Li=(L+H)/2

one_bit = one_bit >> 1;

}

return (P);
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Fig. 2. Z-Ordering Numbering Algorithm.
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Fig. 3. An example of splitting cells due to the
movement of moving objects. (a) An example before
split, (b) An example after split
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Algorithm Insert(X, Y, b) {

P_in = assign(X, Y, b);

P_act = search(P_in);

if ( num_points(P_act) < max_entries )
insert (X, Y) into partition P_act;

else {
Po = split_partition(P_act);
Insert (X, Y, size(Po));

O3 4. E|o] dY ¢T2|E,
Fig. 4. Algorithm for inserting in the tree.
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Algorithm split_partition{P_act) {
P; = Py | FIRST_BIT >> size(P_act);
realiocate all points in P_act to P-act and P;;
if ( num_points(P4) > 0)
insert P; into tree;
// if P1 is a nonempty partition

else
split_partition(P_act);
if { num_points(P_act) ==0) {

delete P_act from tree;
split_partition(P4);
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Fig. 5. The binary splitting algorithm of the overflow cell.
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Algorithm range_query(x1, y1, Xz, v2) {

Hi = grid_cell_number(x;, y1);

Hri = grid_cell_number(xz, y2);

for(i=Hie.X; i<=Hui.X; i++)

for(j=Hi.y; i<=Hpi.y; i++)
if( DIR[i,j].tag==GRID ) {

read page DIR[i,j].PagelD;
examine each point in the page and
output it if it satisfies query;

else
region_query_tree(xi, yi, X2, Y,
) DIR[i,j].PagelD);

Algorithm region_query_tree(xs, Y1, Xz, Y2,
?age_id)

b = read_tree(page_id);
Pl = assign(xs, vi, b);
Pn= assign(xz, Yz, b);
Rie = Rénk(P;o, low); Rni =
while ( P, <= P <= Py )
Tio = Rank(P,low);  Tw = Rank(P,high);
if(R|°.X < Tio.X AND Thi.x < Rri.x AND
Rio.Y < Tio.y AND Thi.y < Rn.y)  {
// P is contained in query region
output(all points in P);
else if {Rio.Xx >= Tio.X AND Thi.x >= Rpi.X
AND Rio.y >= Tio.y AND Thiy >= Rui.y)
// P overlaps query region
examine each point in P and output it if it
satisfies query;

Rank(Pni, high);

P = Prext
}

// next partition in tree

}

Ak 19 6

13 8 99 Fe| ¢n2lE
Fig. 8. Algorithm of the range query.
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