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Tmr-Tree : An Efficient Spatial Index Technique in
Main Memory Databases

Suk-Woo Yun' - Kyung-Chang Kim"™

ABSTRACT

As random access memory chip gets cheaper, it becomes affordable to realize main memory-based database systems., The disk-based
spatial indexing techniques, however, cannot direct apply to main memory databases, because the main purpose of disk-hased techniques is
to reduce the number of disk accesses. In main memory-based indexing techniques, the node access time is much faster than that in
disk-based indexing techniques, because all index nodes reside in a man memory. Unlike disk-based index techniques, main
memory-based spatial indexing techniques must reduce key comparing time as well as node access time.

In this paper, we propose an efficient spatial index structure for main memory-based databases, called Tmr-tree. Tmr-tree integrates
the characteristics of R-tree and T-tree. Therefore, Nodes of Tmr-tree consist of several entries for data objects, main memory pointers
to left and right child, and threc additional fields. First is a MBR of a self node, which tightly encloses all data MBRs (Minimum
Bounding Rectangles) in a current node, and second and third are MBRs of left and right sub-tree, respectively.

Because Tmr-tree needs not to visit all leaf nodes, in terms of search time, proposed Tmr-tree outperforms R-tree in our experiments.
As node size is increased, search time is drastically decreased followed by a gradual increase. However, in terms of insertion time, the

performance of Tmr-tree was slightly lower than R-tree.

Key Words : Main-memory Database, Spatial Index, T-tree, R-tree
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search(W, N, R) // W : search window, N : root node of
Tmr-tree, R : result set //
1. if overlap(W, RN of N),
for (each entry e of node N) if overlap(W, e), R :=
RUe;
2. if overlap(W, Rlt of N),
search(W, Nleft_child_ptr); // N8 €& 214 w=&
FEZ slo] ZA //
3. if overlap(W, Rrt of N),
search(W, Nuright_child_ptr); // N 8% &
g ZEZ 3o AA //
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48] ZE(insert) S thed 2o

insert(E, N) // E : root node of
Tmr-tree //
1. calculate dl1= area(RN of N + E) - area(RN of N),
d2= area(RIt of N + E) - area(Rlt of N),
d3= area(Rrt of N + E) - area(Rrt of N),
2. if (d1<d2 and d1<d3), {
3. if (N has empty room), insert E into N, and adjust
RN of N;
else { N’ := split(N, E); // split N into N and N’ //
insertNode(N’, N);

object MBR, N :

)
.} else if (d2<dl and d2<d3), { // insert E into left
child //

8. adjust Rlt of N, and insert(E, N_left_child_ptr);

9. if (Nleft_child_ptr is unbalanced), N.left_child_ptr =
rotation(N.left_child_ptr);

10. } else { // insert E into right child //

11. adjust Rrt of N, and insert(E, N_right_child_ptr);

12.  if (N.right_child_ptr is unbalanced), N.right_child_ptr
= rotation(N.right_child_ptr);

13}
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insertNode(D, N) // D : new node, N : node of Tmr-tree //

1. if (N.eft_child_ptr is NULL) N.left_child_ptr := D;

2. else if (N.right_child ptr is NULL) N.right_child_ptr := D;

3. else {

4, calculate d1= area(Rlt of N + D) - area(Rlt of N),
d2 = area(Rrt of N + D) - area(Rrt of N).

5. if (dl < d2), {

6. insertNode(D, N.left_child_ptr);

7. if (Nleft_child_ptr is unbalanced), N.left_

child_ptr = rotation(N.left_child_ptr);
8. } else {

9, insertNode(D, N.right_child_ptr);

10. if (Nright_child_ptr is unbalanced), N.
right_child_ptr = retation(N.right_child_ptr);

11. }

12, }

3.2.3 ATE A

AVL-EZ, -Eg¢} n@7tx2 =2 Adstes Tmr-E
g FA] Aol 93t EFY =77} 59 LL LR, RR,
RL 2Hio]d dibg FdTozn 438 FA8dLE 3t
7] 71& AVL Eg9e] Apo]H-& g old 3] nx
9] 9% MHEZ MBRRIZ 28% N2 ez MBR(Rrt)
S AAstE Bl MEA F7idv A E (rotation) &
1Y EL 2 P

rotation(A) // A : node of Tmr-tree //

1. if (bf(A) = 2), {

2. B = Aleft_child_ptr;

C := Buright_child_ptr;
if (bf(B) = 1), { // LL rotation //

Do LL rotation of AVL-tree;

copy Rrt of B into RIt of A;

adjust Rrt of B = area(Rrt of B + RN of A + Rlt
of A + Rrt of A);

} else { // LR rotation //

9. Do LR rotation of AVL-tree;

10. copy Rlt of C into Rrt of B;

11. copy Rrt of C into Rlt of A;

12 adjust Rlt of C := area(Rlt of C + RN of B + Rlt

of B + Rrt of B);
13. adjust Rrt of C := area(Rrt of C + RN of A + Rlt
of A + Rrt of A);

4.}

15. } else if (bf(A) = -2) {

16. B := Aright_child_ptr;

17.  C := Bleft_child_ptr;

16.  call RR or RL rotation of AVL-tree, if needed;
17.  adjust Rrt of A and Rlt of B, when RR or RL;

N O s W

oo

18.  adjust Rlt and Rrt of C, when RL;
19}

bf(N) // N : node of Tmr-tree //
1. if N is NULL, return 0;
2. return height(N.left_child_ptr) - height(N.right_child_ptr);
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delete(E, N) // E: MBR for data object o, N : root node
of Tmr-tree //

1. N := search node N, which include data object o; //
modified search algorithm //

2. if (N is underflow), {

3. if (N is a leaf node), return;

4. else if (N is a half-leaf node), {

5. if (N can be merged with N's left or right child
node), merge N with one child node;

6. }else { // N is a internal node //

7. calculate dl = area(Rlt + RN) - area(RN); d2 =
area(Rrt + RN) - area(RN);

8 if (dl < d2), {

9. e = chooseEntry(RN, N.left_child_ptr);

10. if (I's left sub-tree is unbalanced), L.left_child_ptr
= rotation(L.left_child_ptr);

1.} else {

12. e = chooseEntry(RN, N.right_child_ptr);

13. if (L's right sub-tree is unbalanced), L.right_
child_ptr := rotation(L.right_child_ptr);

4.}

15. insert e into node N;

16. }

chooseEntry(R, N) // R: node MBR of underflow node, N

: node of Tmr-tree //

1. calculate d1 = area(RN of N + R) - area(RN of N);
d2 = area(Rlt of N + R) - area(Rlt of N);
d3 = area(Rrt of N + R) - area(Rrt of N);

2.if (dl < d2 and di<d3), {

3. search entry e in node N, which needs least en—

largement including R;

4. ret_entry = remove e from N;

5. if (N is underflow), delete(e’s MBR, N);

6. return ret_entry;

7.} else if (d2 < dl and d2<d3),

8 ret_entry = chooseEntry(R, N.left_child_ptr);

9. else ret_entry = chooseEntry(R, N.right_child_ptr);

10. return ret_entry;
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