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Abstract This paper presents a new sequential indexing method called segment-page indexing
(SP-indexing) for multidimensional range queries. The design objectives of SP-indexing are twofold:
(1) improving the range query performance of multidimensional indexing methods (MIMs) and (2)
providing a compromise between optimal index clustering and the full index reorganization overhead.
Although more than ten years of database research has resulted in a great variety of MIMs, most
efforts have focused on data-level.clustering and there has been less attempt to cluster indexes. As
a result, most relevant index nodes are widely scattered on a disk and many random disk accesses
are required during the search. SP-indexing avoids such scattering by storing the relevant nodes
contiguously in a segment that contains a sequence of contiguous disk pages and improves
performance by offering sequential access within a segment. Experimental results demonstrate that
SP-indexing improves query performance up to several times compared with traditional MIMs using
small disk pages with respect to total elapsed time and it reduces waste of disk bandwidth due to the
use of simple large pages.
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SP (128) LSD (128) LSD (4)

Random 18.75 MB 16.71 MB 1664 MB
Zipf 20.04 MB 16.71 MB 16.83 MB
Real 76.88 MB 65.66 MB 56.56 MB




260 AR5 = A doepo) 2 A 32 A A 3 Z(0066)
£ 2 SP-Eg¢} LSD-EF9 AF 5
SP-E7) (128-KB A1HESH 4-KB #0|) LSD-=#)
(128-KB #|°]A)
o] AIPE | 4-KB delxe] | 128-KB Alawe ol 128-KB jo]A¢]

A &g A A8 Az o A A3 ag A

Random 708 % 887 % 4143 146 709 % 129
Zipf 700 % 840 % 4191 156 709 % 129

Real 68.4 % 87.0 % 18512 665 595 % 514

g8= LSD-E&E uehdd. SP-Egle] AIUET}
A¥AE AZ(fullness)7t 100%7F olU7} wj&o] SP-
g9 M2 #Y I LSD-EFY 42 Y =Y
Bot f4 Ak ¥ 28 SP-EfY LSD-EY A%
F &% (storage utilization)E RAFt} SP-Egle 72
2 nE dolg AfFAM AUE AF 827} 80%
2 dz, Holx AY ELEE 70% FZolth. LSD-E
2ol AS, ¢AE dole A Hojx AY AEEE
70% R-Zolu, A4 dHolgt A HolA AY EEE
= 70% ol R E w3

4.3 #e| e

B 3, 4, 55 Ztz ¥4 A9 vl HA dolgt
F7te] 0.001% - 10%71x) 9 o, FZr#l(random), Zipf,
24 dolel Jel i HFE Y23 HE AFE U
et} 128-KB AW EES AHE3: SP-E&|9) 128-
KB #Ho|x& AMg3E LSD-Ed9 tjaz HI 3F

¥ 3 729 dolg JPelM) BT d23 A2 AF

SP (128 KB) |LSD (128KB)| LSD (4KB)
0.001 % 3.09 3.09 3.38
0.01 % 3.22 3.23 467
0.1 % 4.05 3.79 11.13
1% 6.65 6.61 57.30
10 % 24.45 2345 460.65

¥ 4 Zipf ®lolet Pl BF v23 H2 A

SP (128 KB) |LSD (128KB){ LSD (4KB)
0.001 % 3.04 3.06 3.30
0.01 % 3.14 314 4.26
0.1 % 3.54 3.63 8.48
1% 5.13 507 32.96
10 % 12,61 12.04 182.186

® 5 44 dolg FPelAe] B taa H2 A

SP (128 KB) |LSD (128KB) | LSD (4KB)
0.001 % 4.44 445 24.16
0.01 % 4.79 4.78 36.06
01 % 6.04 5.99 78.49
1% 11.47 10.41 267.19
10 % 49.93 41.46 1314.86

7} 4-KB #0]A& AMgshe LSD-E¥e taa 2
A4RY IR Al 128-KB AHIUEES ARgdhe
sP-E8]4 128-KB #Ho|XE AH&3k= LSD-E
taz A2 A5olNE & HolE Holx weth

a9 5-7¢ SP-Egs} LSD-Edd) Hg Fe 3
Azt AFe Asxolr). Zt AHEAN A2 F9 £FL

—— SP(128) —s— LSD(128) —&— LSD(4)
10000

1000 /‘[/;;;‘
100 /

10

elapsed time (ms)

0.001 0.01 0.1 1 10
query range (%)

a9 5 729 HolE PPl B A A%

—e— SP(128) —#— LSD(128) —4— LSD(4)

—

10

1000

elapsed time (ms)

0.001 0.01 0.1 1 10
query range (%)

2 6 BF dolet ol W 2| 4%

—eo— SP(128) —W— LSD(128)~4— L.SD(4)

0.001 0.01 0.1 1 10
query range (%)

a9 7 AA dolet Iy P Ao 4%

10000

1000

100

elapsed time (ms)
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273 5 Fejolrt UiREe] AL, 128-KB ML
HEE AMS3le SP-Eg} 128-KB #Ho|AE A3}t
£ LSD-E&9 A%o] 4-KB Ho|AE Apgsh=
LSD-E&e A4sxt YW $5sch 123-KB AW
EZ AMg3HE SP-Ed9) 128-KB #Ho|AS ALgsh=
LSD-E&g vlmd ), Fejo) Welyl A4 dHole T
Zke] 109 o5t o] ofF & Weje) Aels A9}
&, SP-Eg7l LSD-EZHG ozt S48t} o A
T SP-EZ7t & Ho)RE AMgSs LSD-Eg9) vm
g o), Y23 IEg Aos}y) fEolo) 128-KB ¥
o|Ag Ag-sHE LSD-Eg9] A5o] SP-Ezjo] Hl3
A "olAAE AT Ao Wy FAY
(point) A9 & 2R Aele] Aol H5o] o5
gt o)A ©ed] 2 HolXE AMgdE AL o
& Fejel Ao dEl VEINE H5S yedy 5
gee ouatt webd AMauEs) Holxo 9 Tt
23 F2E¢ E O AL Ao wel dudosm
AHEE F UEE = Ao] wlFsil

4.4 B2 M) =He|

B eRdAe 219 taz F24re) Sp-aeley
Aee AE7] 931 A Ao g 2y Ao Ag
of g A¥L SRt 229 Aele) Ao Sp-
EFE HolA Vel 2z HEE Y@ty 1Y 8
e & Aod uig 3 A7t 4Y ANES Yk o
AR, 128-KB Ho|XE ALgshe LSD-Eze A
Fol 7b ymm, o]Ae ez Yoy Julyt A
Azt 7118tk A% Ao SP-Ezs} 4-KB )
°JAE AHEsRE LSD-Eg el A Hoje) A% o]
E A9 ¢glee BdFEy, olAL SP-EdY =ols}
LSD-Eg)9] &8t 3X ¢ee oui.

OSP(128) BLSD(128)[1LSD(4)

i ﬂ
0 . .
Random Zipf Real

19 8 JA(FA) A9 4%

elapsed time (ms)
[
<

4.5 &gl A AtH|

E 62 SP-Eg 9} LSD-Egda A, 2 Ale)
B vz ZT AFE Yehdth SP-Ede AL,
A3 A4AlE 4-KB #HolR] 992 o|Fo] R}, wa
A, 128-KB H oA E Agsli= LSD-Efl9] t]a= 3

A% &3 49 71y 261

T 6 Y, A A9 BE tam Ao 94

A4 A
LSD |LSD (?;)8 LSD | LSD (?58
(128KB) | (4KB) KB) (128KB)|(4KB) KB)

219 302 | 394 ] 394 301 | 393 | 393
Zipf 301 | 395 | 39 301 392 | 392
A4 303 | 401 | 401 302 ]399 | 399

= 3 SP-E#9 4-KB Ho|X & AME-sk= LSD-
EZlY ga3m HZ A4un Ao gy, 128-KB H)
oJAE AHgdhe LSD-Egie] A9, Ald A =
= dA HE Azre ta3 ggEe #353 Algo s
s SP-Eg| e} 4-KB #H oA & AHg-sle LSD-Eg 9]
ARt A4 Aok 29 9= SP-Es) 128-KB 7
o|R& AMHEElE LSD-E#, 4-KB Ho|AE Al
LSD-EdolA 9] M PAo] T A4 A7k Jebd
Aotk 100 w9 dolels Hlele 27) M 7z
o Adsdth. SP-Ezl} 4-KB #H|o]AE Algs=
LSD-E2E 3Aske=dl 28 A A nissich
ubde)] 128-KB #o|X& A}83ls LSD-Ezfle] 84
AZHe B3] F8 ¢ Atk olRe A AtAl
E£ SP-E9 F7} "4 4-KB Ho|AE AHgshe
LSD-Egd) wia] FAE & 9 =g 428 & £
Ak,

584 8

B =RAE M9 FA2HAL o oAl 4
AAMS) 89 Aol 4B FolWAs W W9 pe
del AT A9 A5 a2 KA A2E Py
o M2l 7149 SP-491 J1Ee ANsle, A7 2t
& Bo)4 SP-4e 89l el Aol AFHY
49 F1Ee H5e F AN FRND F Yee B
Q3, SP-4219) 43} Be] =t eWHsE AT
A A A9 Fol7t &g At olRe
Fo) HolAo) B &2 HTL Fol tlaze P
Az N Folw, dolete] A4ls AAldE oA
we) P sted AAwT ofgd, A sl 2
& B39 A2 Ade) Aol Aol vz daz
A2l sgoEn ABHA 4A% W5 Alst ¢
£ gAY =Y, WY A9 A5 AL 99
ded 2 dolAE AHEE 40 Fgole Txa
veiEel ge Gulz sl Ae =vle) Wy Aoy
A Ao B RAY A9, ® A Y47 B =
= 8ol Bl 3¢ ¥ 4 Ak o}ew, SP-yele
i) ATUE o] threl 42 HolAE dsHo
2 ARgeRH A¥e N FU2HPL Fshe
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293 eoRles A4S ATASE LHISE £

S sloh geh, Be TR A2 sbel A4 A9

SP-4Q) Fl¥e A AQsl 45 PEe AHE

S 9z, AFe A9 H2EYe e TRF digte]
+ 9le Ao
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