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Abstract To reduce cache misses emerges as the most important issue in today’s situation of
main memory databases, in which CPU speeds have been increasing at 60% per year, and memory
speeds at 109% per year. Recent researches have demonstrated that cache-conscious index structure
such as the CR-tree outperforms the R-tree variants. Its search performance can be poor than the
original R-tree, however, since it uses a lossy compression scheme.

In this paper, we propose alternatively a cache-conscious version of the R-tree, which we call
MR-tree. The MR-tree propagates node splits upward only if one of the internal nodes on the insertion
path has empty room. Thus, the internal nodes of the MR-tree are almost 100% full. In case there
is no empty room on the insertion path, a newly-created leaf simply becomes a child of the split leaf.
The height of the MR-tree increases according to the sequence of inserting objects. Thus, the
HeightBalance algorithm is executed when unbalanced heights of child nodes are detected. Addi-
tionally, we also propose the CCMR-tree in order to build a more cache-conscious MR-tree. Our
experimental and analytical study shows that the two-dimensional MR-tree performs search up to
2.4times faster than the ordinary R-tree while maintaining slightly better update performance and
using similar memory space.
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MR-EZ¢8 =&
for (all entry E in the node N) {
if(EIMBR overlaps Q) {
if(E.height==1) Return E.
elsif(Eheight==2 && offset_of E
> # of entries(N)) Return E.
else Search(E.child, Q).
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}
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// MBR EE A& AZ& A3 0F MR-Ed] Nd| 44

I1. L = ChooseLeaf(N,E &flag)

//If one of the internal nodes on the rath
has empty entry
then flag=1 else flag=0.

12. if (L has room for another entry) install E;

I3. elsif (L is a half-leaf node && full) {
Make new child node CL of L and fill
CL by all data entries in L;
install E in L;

I4. } else { // L is a leaf ncde
LL = splitNode(LE): //Node L is split into LLL
if (flag==0) {

Create a new entry ELL
ELL.child=LL; Adjust(ELL.MBR);
Add ELL to L;

o Mo

)
}

I5. if (split was not performed !!flag==0)
AdjustTree(LL ,NIL)
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16. else AdjustTree(L,LL);

451815 A2 (ChooselLeaf). 7249 (Choose-
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Aol e F0 == FMA W JERS EAEH F
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MR-Eg|7} vh-g]Z xeo =38 739, $4 dojet
AAEL] ZE JEZ MBRES X8l MBRS A
A%, L MBR# thE AR Egld g dE
MBREZF Ha 371 2718 olF€ 3] AEdE
Al

A518E BE(Split). MR-E&)olME R-Eg|9 R+
“ElLI4I5IE 24 28 RE dYE A

t $Y 93YEE0| A8 A5tk 9A BT 24
Al B 2N iEQ} AEE =9 Fol7t A Alls
oo} githe Apo|7h Qirk & w=&e HAYPdAe R-E
2)9] A¥u)L(linear-cost) & ¢SS A&k

¢312]l% AdjustTree(N, NN)

Al. if (N is a root) return;

A2. Let P be a parent of N; Let EN be a N's

entry in P; PP=NIL;
Adjust(EN.MBR); // to encloses ail entry
MBHs in N.

A3. if(NN <> NIL) {

Create a new entry ENN; ENN.child=NN;
Adjust(ENN.MBR);

if (P has an empty room) add ENN to P;
elsif(P is a half-leaf && #_of data_
entries(P) > 0) AdjustHalfLeaf(P, Exn);
else PP = splitNode(P,Exn);

A4. } elsif(N.height > P.height) {

P.height = N.height +1;
if(exists a child node C of P such that
P.height==C height+3)
HeightBalance(P,N);
}
A5. AdjustTree(P, PP)

height=h+3

height=h+2

Q& 1% COMR-E 657

Algorithm AdjustHalfLeaf(N,E)
L1. Create a new node L; Move all data entries
in N into L;
L2. Create a new ET ; ET.child=L;
Adjust(ET.MBRY); // to enclose all MBRs in L

L3. Add ET to N;

L4. Add E to N;

F =EE9 ®o] Aol MR-EZ7} 4Y €A
mat AF £ Qlvke 54 & F71E 4 Uk &l
T8 (HeightBalance) €12]&L 3 k=9 XNH E
T Aleld] Fo] o7t 27 E A EIZP(AL-
justTree) €xE|Fel 93 &8k 198 7&¢ MR-E
golA go] FHIAIIE dE HAETH

a8 79 (a)e Eo] 7% AP He MR-EE
BAZD @7l ket Py Fol: P«l 22 e Fol
7t Erlee B gely E/4E @olAE P A4
5 Aols] o] 2Egol WHBE Q; # U 9=
A(AdjustTree) EFL o2 43S ZASH 4
Qg AFT == Nig Zold¥(HeightBalance) €1
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2 =27H AAZCE oAl Crg AT dEEI) YA AE
2 Er& &A%Y HEd, MR-Edle N9 ®ol9} P
9 EFolE Utk F WUAZR P9 A4 xEF CF
oM M2 & o 49 MBR F7F 2718 Ze 3
o] wEE FETh 39 e, 498 F == dE
95 shiel dEEZ WHED 9N A= Ere ¥
Fgoe] B 02 oA Pl F7HETh A7) #HHe
A% @ gel w=E L W, Vo TR k=Ho) BF
%o|2 Pheight-19] 278 Zety, £ $H ko
3 JEZES Ave AEA AAHE P A4 k=
t I ¥°]2 Pheight® ZA Hx, ol oA P9 &
o] & FIHAACY sk EA|Ho] At o]2F A

height=h+2
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(a) The MR-tree before (b) One feasible figure of (c) Another feasible figure of

height balancing

the MR-tree after height balancing

the MR-tree after height balancing
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He sy Fw =9 EFo|y} Pheight-20]1, ©&
sl F27} W dEs} Qe Eol7h Pheight-19)
=29 Z% oA 2 & 5 Uk ol ojfE @
Aol 1B =g M QojA e Pheight-2
)& Ao} 3ivy, e 3= Pheight-2 208 3
A, ¥l AEZE Zt= Pheight-1 ¥0]9] =71 =
of sttt 19 79 ()% (e =o)Ed ¢dndAE +3
%9 71e¢ MR-Ez 252 vehi
<3 2l& HeightBalance(P,N)
Hl1. Search the entry Ec in N, where Ec.child
->Height+1 == N.height;
H2. Create a new entry Er copy Ec to Er;
Remove Ec from N;
H3. N.height--; P.height--;
H4. for(each pair of entries <E,E;> from the
entries in P including Er){
Let Ng be the node pointed by Eichild
and Ng; by E;.child;
if(Ngi.height==P.height-2 && (Ng.height
==P.height-2 !! Ng; has empty
room)) {
Compose a rectangle ] includ-
ing E.MBR and E; MBR;
Calculate dj = area(])-area(E;.
MBR)-area(E; MBR);

}
H5. Choose the pair <E,E;> with the smallest dj;
H6. if(both Ngi and Ng have same Heights){
//height==P.height-2
Create a node Nxew Add entries B, E to Nyews
Create an entry Ewnew for Niews
Remove the entry E; from P; Add Enew to
P; // 287(c)
H7. } else { // NEiheight== NEj.height-1
H8. Add E; to Ngj Adjust(E;.MBR);
// to encloses Ei.MBR, “1&7(b)
}

height=h+2
P

h+ \ h+1
Frr%mmmmc

D dlolEtdlo)l A A 0 A A 6 Z(A00312)

H9. Remove E; from P; Add Er to P;

3.4 MAH|(Deletion)

MR-EdME R-Ef HYENM A3l 53
2e A dugFS A 28y R-E= WEE
9] 2HA) g3 E)&s v wsly, Eg¢E(CondenseTree)
g FdA A AY FF Foly] 93l I % &
7Hget 39 82 11 o9& HoFEdh

K9] R-E AFdA, 2A(Delete) FaelEel <
3 F&He EfY=(CondenseTree) L1E]&e gHek
== Noj] XA 4 dEEFY FRHU AL 9 JEF
A € AL o] =& N& AF Qo Agldt}. 1
1:}— vpAE Aol A Qo) RE dEZEL R-

A QAo e R-Ege] EfGS dnglE
1 a8 89 (@)% T2 AFE Wiy, == Cx
&3 QE A2 Aolx, v YAldA == D1
D2e A A4 F4& AXA 2 Aokt a3y MR-
EZ9] EZYE(CondeseTree) ¥nSAME $-A
=2 P 9l AEFTE UER GEE HARICL ukek
Rl AEZE lobE, A k2= Co A =t o
g Eols ARk I9 89 (@dllA D19 Eole
h-10]x D29 Fo|= hol7] Wi, == D2 A4
flo]l P8 A x=2 @Ho] 7MEEth ol P9 D2
o] o] Aolr} 20 B3] wRolck melmz Eg
45 dugFe 19 89 (b)olHe o] == D2E P
o] A == A3, 9X DITE QB 4gich
olg} & WHoz MR-Ezle R-Edd s A 4
=olol & AER ] & 4 5 Uk

218ZE Delete. MR-Edo)A] Qldx dED EE
2HA1g. MR-E2le R-E] HY ZdsoA AMESH
= AT 2L AA ¢aEEFS AMS-di
&412]E CondenseTree(N)

Cl. Set Q, the set of eliminated nodes, to be empty;

C2. While(N is not the root) {

C3. Let P be the parent of N and let EN be N’s

entry in P;
C4. if(N has more than m entries) Adjust(EN.

height=h+2
P
h+/

h
LITTTILT T T ]]o2

lrn i m[m

[+
@ o

\h-l h
[(TTT et [TT [To2

(a) The MR-tree before condensing.

(b) The MR-tree before reinsertion.
( Only D1 is added to set Q )
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MBR); // to tightly contain all entries in N.
C5.  else {
C6. Delete EN from P; recalculate P.height;
C7. for(each entry E of N) {
Let T be the node pointed by
E.child;
if(P.heightT . height < 3 && P
has empty room) add T to P;
else add T to set Q;
}
}
}
C8. Insert all entries of nodes in set Q if Q is
not empty;
3.5 CCMR-E2|
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