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A metric index MI-tree

MASAHIRO ISHIKAWA 1t JUNICHI NOTOYA ,1* HANXIONG CHEN 1t
and NoBUO OHBOt*

We propose a metric index MI-tree(Metric Index tree) which supports efficient near neigh-
bour searches in an arbitrary metric space. MI-tree is a paged index tree and allows dynamic
updates. Its main purpose is to reduce the number of distance calculations and I/O accesses
at search time. MI-tree maps each point in metric space into one-dimensional space. By
such mapping, each point is assigned with a numeric key and inserted into B+tree. The tree
exploits the difference between two distances from two referential points to divide the target
metric space. This value is also used for candidate filtering in novel fashion. In this article,
we present its structure, insertion/retrieval and static construction procedures for MI-tree.
We show experimental results on synthetic data and comparison with MVP-tree and GNAT.
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Fig. 1 Candidate filtering used by metric indices
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Fig. 3 Illustration of insertion process in MI-tree

A 54 AT HETHRREBDI SRBHBNER>TNY
5. EFRREEEA T AR EMIGI R EETHE
BRETOELERS. B2(a) W KCFEH D 288
3722f8 Doo, Do1, Dio, D11 WHEIL, IHICEDORN
HEATAALREKRFERT. K 2(b) 13 ZOKERH
& FTERD MDA (block tree) ThHD. ZEHID
SENET — & OREAI R WBIRIZ TR D 2, B
ZREDORIZSLTLBHINT AL,

Ml-tree i3 2 O 2 DA E EBIZT — & 21
TARBIAREETHEEINS. BLEMOKIIET—
FITEEF—2E DS TEEDICFAZN, 75
KEF—BLUF—2RODZDIHEINLESR
M6 QRS FICRIIRFFITEMSNG. ZITHR
HFENDEEIIRBROBEHORDARMIHAETN
5. BEIKREEOEAEE L Brtree DENERUT
HD, FERLINEORBRELET D, AL
DA A=V &K 3 ITRT.

3.2 F—OEE

F—135F— & ZRIOHENRI & T — & MO R
MOERINBEMETHO, 4 DX S I NERIE S
EED. EREv b (TOovsEy M) 2L5DDT
Oy {8 keyy D EHDIBO—DEFETHD
HW, FTREY R (X591 AEY M) ODRFA RME



Vol. 40 No. SIG 6(TOD 3)

bit 00 01 02 03 04 05 06 07 08 31
Key

Keys Keys L,

block value ‘

slicing value
4 F—OE (F)
Fig. 4 Key structure(example)

keys 13T OHREMNTOA S A MEEET. =
DEIBHNEEEZHFDOET—DOHSEROF—0
OS2 EOEH A OHFEEOFNEEHE U<
20, BEMOT—Y % —D0D Bttree 2T 2E
INTE, BUHAERICHIET S/ — R Thiulsr—
) —RDNIN—AMuaJgEL 125,

M4T/OvZ7EY 28 EY RELTWBEDIZ
FITHBH, NN EEORDOE S BLUE %
IO LBERE TS, HOERORIIEHIEMD
SENERERMNT D720, WAEMOBITHEAL 2K
WEENRELRD. —DO /— RICBRHT 2 0E1E
BIIEANAL N THDD, JOovIEy RN 8 Ey
M THIULH SR OAREER DO EIERIIHE K ~10
BK NA MMINES.

3.3 ZEOSE L BEHDEKYIASL

—RRAICEEBER S TII RO N ENC L D IER TR O
N EFRIEZAREREZRA L ZHEEROR D AHZN
frixsbind. THIERSIOBERICHELREL TS
WEEBEE A WTITRbND =0, RO EMEHES
WHEE LW, [EROEBERSICBI 2BEMOKD
ABRFIEL 2.2 Tz,

Mi-tree TIXENITMA TATA AfEZFIBL7=H
TR OABRTEERALTWS, ZHOSEH XS
A ZBIZHE - TiTisbin 5.

3.3.1 RS RfE

M4DEIRF—HEEEAEETIHIET1 AE
DL - FEREZAMZENTERITNERS RN, F0O
EOREELE LT DORESANS OHBOE ZFH
15,

MET—FEE O MSES (focus) Z& fpo, fp1 €
O#%r5. “HESMOERY

R = d(fpo, fp1)
EBL. Bqe O DEANSOEHEBIUSNTDE
o ar g ar gl

ro(q) = d(fpo,q)

ri(q) = d(fp1,q)

dr(q) =ro(q) —r1(q)
ET5. ZOBEREXNRD I D:

~R<d(q) <R ()

HERERS | Ml-tree 107

/,
S
\]

.6

0.4

I

0.2

o 0.2 0.4 0.6 0.8

5 SEIRYE LD HEdROR

Fig. 5 Example of level surfaces used for space division
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blockSearch(B, q, r)

if BMWERSETOwr) {
B ZfRIZBN;
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# (q,r) DAT1 AHEERD S
r0 « dist(q, B DF 0 £H);
rl « dist(q, B OF 1 £5);
d « r0 - rl;
minSlice «— d - 2r;
maxSlice «— d + 2r;
# RETHFIOv U ERER
if (minSlice < B D4FEIZA T A A1)
blockSearch(B D5 0 F7 0w 7);
if (maxSlice >= B DREIZX -1 X&)
blockSearch(B D% 1 F7 0w 7);

}
N /
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Fig. 7 Procedure for block search
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(3) fpo M5 Op DET—F ~\OHE#EERD, *
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(3) F5TRIFNE O NSEHTA fpo, fr1 &



110

TR

b
£

X

=
o

+E

Aug. 1999

==+ data node
. @ --- data node (full)
[ IITT-- index node

N

block __ ? —>

bits

(a)

B8 7F—&/—REMBEBMOIE (1)
Fig. 8 Data node split and space division (1)
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Fig. 9 Data node split and space division (2)
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Fig. 10 Data node split (without space division)
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foB - TOy Y N
# 0 - TYES
## D[] - &7 —F LEREOEBROR S OIS
construct (B, 0, D[1)

if ((0 DERENT—% /- RKOARIUT)
or (B W57 EITERWNV))
{

for o in 0 {
key « o DF—EHMR;
data «— o & D[o] 22X &®5;
(key, data) % B+tree ~NJEA;

}
} else {
focus0, focusi « 075 HEFEIERR,
## BFEMSELINOEMEEL, K%
for o in 0 {
D[o] .append(dist (o, focus0))
D[o]l.append(dist (o, focusl))
}
00, 01 « #HIZ&Y 0 E4E(;
BO, Bl « MEMICKD B &5E;
construct(BO, 00, D[1)
construct(B1, 01, D[])

}
g J
B 11 Mi-tree OFHIRSEDOFIE

Fig. 11 Procedure for static construction of MI-tree

Sample Dataset (dim=2, size=10000)
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Fig. 12 Sample of clustered data
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k-NN searches on Mi-tree (dim=20, static)
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Fig. 13 Distance calculations in k-NN searches

k-NN searches on Mi-tree (dim=20, static)
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Fig. 14 Accessed nodes in k-NN searches
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k-NN searches on Mi-tree (20000 data, static)
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Fig. 15 Distance calculations in k-NN searches

k-NN searches on Mi-tree (20000 data, static)
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Fig. 16 Accessed nodes in k-NN searches

k-NN searches on Mi-tree (dim=20, k=10)
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Fig. 17 Distance calculations in 10-NN searches
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k-NN searches on Mi-tree (20000 data, k=10)
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Fig. 18 Distance calculations in 10-NN searches

NN search by Mi-tree {uniform, size=20000}

20 istEy o

- d s
o N A O ®

Distance Culculation (x 1023)

=T VR A

5 10 15 20 25 30 35 40 45 50
Dimension

819 JOULEBEMEREER (—HI T -5 DHE)

NTW5 2. FREOBEIDBELNINEBLET 5720
—REOHT— Y ICB I ERRERETR--. B 19
12 20000 77— % OB ORI OB s S BT E
BB OEDIET ERT. 1905, Ml-tree I28
WTH 15 RTBEITRZ E13EET —% & OIEBEET
BERBREERSTWEENIND.
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r-NN searches comparison (dim=20,size=20000)
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Fig. 20 Distance calculations in r-N searches
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A.1 * 3.1 DFLHA

gD r-BBCEENDE 4 S fpo, fpr ~ND
HEEER ZNEN ro(d),ri(g) £T 5. TORZAR
ZXn 5

s e Aug. 1999
(0<) ro(q') < rolg) + 7 (6)
(0L)r(g) < (g +r (7)
(0<) rolg) < rolq) +r (8)
0 r(g) <mld)+r 9)

EWVWZB. R (6),(9) BXU(7),(8) hHENTN
ro(¢') — (ri(q') +7) < (ro(q) +7) = ri(q)
ro(q) — (r1(g) +7) < (ro(¢') + ) = r1(d)

THD, Lno>T

ro(q') = ri(q’) < (rolq) — ri(q)) +2r
(ro(q) —1(g)) — 2r < ro(q) — r1(q)

THs. koT
dr(g) — 2r < dr(qd') < dr(g) +2r (10)
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