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Abstract Although spatio-temporal databases have received considerable attention recently, there
has been little work on processing range sum queries on the historical records of moving objects
despite their importance. Since to answer range sum queries, the direct access to a huge amount of
data incurs prohibitive computation cost, materialization techniques based on existing index structures
are recently suggested. A simple but effective solution is to apply the materialization technique to the
MVR-tree known as the most efficient structure for window queries with spatio-temporal conditions.
However, the MVR-tree has a difficulty in maintaining pre-aggregated results inside its internal nodes
due to cyclic paths between nodes. Aggregate structures based on other index structures such as the
HR-tree and the 3DR-tree do not provide satisfactory query performance. In this paper, we propose
a new indexing technique called the Adaptive Partitioned Aggregate R-Tree (APART) and query
processing algorithms to efficiently process range sum queries in many situations. Experimental
results show that the performance of the APART is typically above 2 times better than existing
aggregate structures in a wide range of scenarios.
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function Range_Sum (query Q)

begin

1. sum :=0

2. for each a3DR-tree 1; which intersects @ do

3. if 1; is the first a3DR-tree to be processed then
4. else

5. return (sum)

end

function Sum (node N, query @, flag Firsr)

$% APARTS o

sum += Sum (z.root, Q, true)

sum += Sum (¢;.root, Q, false)

begin

1. sum =0

2. if N is leaf-node then

3. for each entry e; which belongs to N do

4. if e; intersects Q then

5. if First is true then sum += ¢;.aggr_sum /* in case that it is the first a3DR-tree to be processed */
6. else sum += (e;aggr_sum - e.dup_aggr_sum)

7. else

8. for each entry e; which belongs to N do

9. if ¢, is contained in Q then

10. it First is true then sum += ¢;.aggr_sum

11. else sum += (g.aggr_sum - e;.dup_aggr_sum)

12, else if e; partially intersects Q then sum += Sum (e;.ptr, Q, First)
13. return (sum)

end
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function Insert_Record (record rd=<s, [t,\;), value>)

begin

1. for each a3DR-tree ¢; which intersects rd do

2. if ; is the first a3DR-tree to be processed then Insert (t;, rd, true)
3. else Insert (t;, rd, false)
end

function Insert (a3DR-tree ¢, record rd, flag First)

begin

1. call ChooseLeaf to select a leaf node L in which to place rd

2. /* a new entry e is created and installed in L */

3. if First is true then /* i.e., it is the first a3DR-tree to be processed */

4. e.aggr_sum = rd.value and
5. else

6. e.aggr_sum = rd.value and
7.

e.dup_aggr_sum=0

e.dup_aggr_sum = rd.value

8. call AdjustTree to propagate changes upward

9. /* let ¢, be an entry which indicates a node N, on the path from L to the root */

10. ep.aggr_sum=0 and e,.dup_ager_sum=0/*0 */

11. for each entry ¢; which belongs to N, do

12. €,.ag8T_SUm += e;.aggr_sum and e,-dup_aggr_sum += e;.dup_aggr_sum
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function Delete_Record (record rd=<s, [t;,t;), value>)

begin

1. for each a3DR-tree ¢; which intersects rd do
2. Delete (1, rd, true)

end

function Delete (a3DR-tree ¢, record rd)

begin

1. call FindLeaf to locate a leaf node L containing rd

2. /* let e be a leaf node entry indicating rd which is to be removed from L */

4, call CondenseTree to propagate changes upward

5. [* let e, be an entry which indicates a node N. on the path from L to the root */

6. e .ager_sum =0 and e,.dup_ager sum=0/*0 */

1. for each entry ¢; which belongs to N do

8. €,-2g8T_SuUm += e;.aggs_sum and ¢,-dup_aggr_sum += ¢, dup_aggr_sum

End
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