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Prefetch R-tree: A Disk and Cache Optimized
Multidimensional Index Structure

Myungsun Park’

ABSTRACT

R-trees have been traditionally optimized for the I/O performance with the disk page as the tree node. Recently, researchers have
proposed cache-conscious variations of R-trees optimized for the CPU cache performance in main memory environments, where the node
size is several cache lines wide and more entries are packed in a node by compressing MBR keys. However, because there is a big
difference between the node sizes of two types of R-trees, disk-optimized R-trees show poor cache performance while cache-optimized
R-trees exhibit poor disk performance. In this paper, we propose a cache and disk optimized R-tree, called the PR-tree (Prefetching
R-tree). For the cache performance, the node size of the PR-tree is wider than a cache line, and the prefetch instruction is used to reduce
the number of cache misses. For the I/O performance, the nodes of the PR-tree are fitted into one disk page. We represent the detailed
analysis of cache misses for range queries, and enumerate all the reasonable in-page leaf and nonleaf node sizes, and heights of in-page
trees to figure out tree parameters for best cache and I/O performance. The PR-tree that we propose achieves better cache performance
than the disk-optimized R-tree! a factor of 3.5-15.1 improvement for one-by-one insertions, 6.5-15.1 improvement for deletions, 1.3-1.9
improvement for range queries, and 2.7-9.7 improvement for k-nearest neighbor queries. All experimental results do not show notable
declines of the 1/O performance.

Key Words : Optimize, Cache Performance, I/0 Performance, R-tree, Prefetch
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repeat

Data :

Algorithm Bulkload
set of entries
Result: PR-tree

Q < entries;

sort entries in Q by x coordinate;
partition them into vertical slices;
Gs < vertical slices, Q < empty, and Gp < empty;
foreach vertical slice s of set Gs do

sort entries in s by y coordinate;

partition them into pages, and add the pages to Gp;
end
foreach page p of set Gp do

Qp < all entries in page p;

for 1 «- 1 to in—page tree height do

if number of entries in Qp <= b then

generate one node for entries in Qp;

exit for loop;
end
sort entries in Qp by x coordinate;
partition them into vertical slices;
G's <« vertical slices, and Qp < empty;
foreach vertical slice s of set G's do

end
end

end

sort entries in s by y coordinate;
partition them into in-page nodes, and store in—page nodes;
add (MBR, node-offset) of this in-page node to Qps

add (MBR, page-ID) of the in-page root node to Q;

if Gp has only one page then exit repeat loop;

until no entries in Q;
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Algorithm Insert
Data : entry E to insert, PR-tree
Result: updated PR-tree
Select a leaf node N that needs least enlargement to include E from root to leaf;
invoke InsertEntry with E and N to insert E into N;
invoke AdjustTree with N and N’
if root is split then
create a new root;
if new root is in—page leaf node then
create a new page;
store new root into the new page;
end
end
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Algorithm InsertEntry

Data : entry E to insert, node N where to insert E

Result: node N, resulting second node N' (if N is split)

P < page enclosing node N;

if there is any empty slot in N or any empty node slot in P then
if there is any empty slot in N then

insert E to N;
else
split N, and generate N’;
store N’ in P;
end
else
switch node type of N do
case in—page leaf node
if there is any empty slot in any in—page leaf node of P then
if P is already reorganized then
S « vertical slice enclosing N;
while there is no empty slot in S do
add neighboring S’ to S;
end
invoke Reorganize with all nodes in S and E;
else
invoke Reorganize with all in—page leaf nodes in P and E;
end
else
split N, and generate N’;
split P, and generate P’;
store N’ to P’;
end
case in-page nonleaf node
split N, and generate N';
store N’ in new page (already created) P’;
if N is in-page root node then
move descendant nodes of N' in P to P’;
move descendant nodes of N in P’ to P;
end
end
end
end
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Algorithm Reorganize

Result: reorganized PR-tree page
Q < all entries of N], and E;

end

partition them into vertical slices;
Gs < vertical slices;

Q < empty;

end
end

Data : in—page leaf nodes Nl and entry E to insert

for 1 « level of in—page leaf node to level of in-page root node do
if Q consists of two or more vertical slices then
sort entries in Q by X coordinate;

foreach vertical slice s of the set Gs do
sort entries in s by y coordinate;
partition them into in-page nodes;
add (MBR, node-offset) of this in-page node to Q;
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(a) before node split (b) split N, generate N', split page and split node R, generate R'
P - P R
(_RrR ) % R )
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(c) move node A to the new page
(22 9) Holx| 2&
Algorithm AdjustTree
Data : node N, resulting second node N'(if N was split previously)
Result: updated PR-tree
while N is not root do
F < parent node of N;
En < N's entry in F;
adjust MBR of En to tightly enclose all entry rectangles in N;
if N’ is exist then
create a new entry En’;
child-pointer of En’ points to N
MBR of En’ encloses all rectangles in N';
invoke InsertEntry with En’ and F;
end
N < F;
N’ « F' if a split occurred;
end
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Algorithm Delete
Data : entry E to delete
Result: updated PR-tree
Find all leaf nodes N. that overlaps E and find E in Ni;
delete E from N;
Qr < empty;
while N is not root do
F « parent of N and En < N’s entry in F;
if number of entries in N < minimum number of entries then
add all entries in N to Qr;
delete En from F, and delete N;
if N is in—page root node then
move all descendant nodes of N in P into temporary page,

delete P;
end
else
adjust En's MBR to tightly contain all entries in N;
end
N <« F;

end
reinsert all entries in Qr into nodes of corresponding levels;
if root has one child then

make the child the new root;

end'
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Algorithm Search
Data : query parameters, node N to be searched
Result: set of entries
if N is not a leaf then
foreach entry E in N do
Ep < child—-pointer of E;
if E overlaps the query then

if Ep is an in-page offset then
invoke Search with node accessed by in-page offset Ep;

invoke Search with in-page root node of a page accessed by page ID

else
Ep;
end
end
end
else
foreach entry E in N do
if E overlaps the query then
report E as a search result;
end
end
end
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