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Abstract

This paper proposes a new dimensionality reduction technique and an indexing mechanism for high di-
mensional data sets in which data points are not uniformly distributed and dimensions are interrelated.
The proposed technique decomposes a data space into convex polyhedra, and the dimensionality of
each data point is reduced according to which polyhedron includes the data point. One of the advan-
tages of the proposed technique is that it reduces the dimensionality locally. This local dimensionality
reduction contributes to improve indexing mechanisms for non-uniformly distributed data sets. To
show the applicability and the effectiveness of the proposed technique, this paper describes a new in-
dexing mechanism called CVA-file (Compact VA-File) which is a revised version of the VA-file. With
the proposed dimensionality reduction technique, the size of data points stored in index files can be
reduced. Furthermore, it can estimate upper and lower bounds of each entry in index files by us-
ing geographic properties of convex polyhedra. Results from experimental simulations show that the
CVA-file is better than the VA-file for non-uniformly distributed real data sets. )

—115—



1 BU®HIC

BERPEFZRCDETEINF AT AT T—F
T 2EURBICERTRIBEERANDOR—
BIZFIETHS. L, b5 ERITOBRY
DI, BRITT —F U TRIRROAREERSNT
+oEERBTERL. B0, —BRTF—-FIHL
T, BURROBRETRLI B EM, AFEOH
REEHRICLDHESMTETN TN S [2][5)

DX SIEEBIHL T, R NFRIEZRRF
BO—DLL THAISNTWS [3][6)[8]. Pyramid-tree
F#: 31 d REEMT —F & —RITTHBRL , B+-
tree BE REIBETHELURENTES. K1 13&H

K 1: £S5 3y F O®EBRR

BREEZRLAEDOTHS. WEN1OF—F BRI
NE o DRERE ¢ 25X SN 72K, RE@HEO IO
MEWZAROF HE2HE, REXTOEII VR
EITED. 25 TRVWESIKIL,MMOESIvED
BRL e sz, LMLBYS, BRTT —
FIHL TR, RRGHEIIES NEL<TH, 2TOE
TIVvROBRBENRBHEELRS. ZhiE, BW=AFOD
EEM = (1 — 2a)%/(2d) THY, RIEAMEZ D E,
HHENEBIC 0ITAM< ZEN B 5.

FastMap(6) 131 —2 U v K ZH LOEKTT —%
EEWKRTICHEICLD, RITEM/NTHHEELT
REINJ-. [8) T FastMap Fik% L, EEEZERMIC
BALE. o

ARRLT, BATTET — D Ik—1E & 1HE8E
KEBL, F—7HBIa0—hRTERNT DF %
ZRETSH. X213 70,000 OEHRD 64 XTDH

F—bE AT LT =FITDOWT LICERIEL e &8

EEONHZERL TWA. 78% O EE{EN (0.0,0.05)
ORI, £z, 11% O EZEIX (0.05,0.1) DRI

Data distibution

Dimensionality Percaniage
§ §F 8 3§ %

]
2

§

005 o1 015 02 0.3 (X} 045
Coordinate value

2: data distribution

A2 TWBZENSN D, DD, 0.1 L TOEEFEHE
B#HoEnEADLNTWS. FOFNHETHIT,
BRTT—7 D 9ENT 1 BOBEHEICL>TEDS
HTWE. ZOTEMS, 2D 1EIOEET S B
L7zas Ny MaRBIBESEZ NS, FROEX
%Y S 25 Y S OF NI XL PROCLUS[]
WbHD. ZOFER, VIRAYBIIRITEFORE
WEL, TOHHEMTY FRAF VT 275, F#
ELT, HLWERTEEREEST, TOEERL
R E>THARMIC LB I AFERDOT B4
NETFSNS.
FRBIEARTT — 5 OFY—HIcEBL, T %
HICAEIRITE IEAZIRITE T, AR/ =
KTEERVWBFHEERETS. COFETIREKRT
F—& % MBEKIC Lo THEIL,, TONEEE
KXo TENFNOT—F OFHRTLFEBHRT
ERETD. CORAMNFEDODSI—D AUy b
13, FastMap 72& OFEEIIRAZ D, MEEADEM
FEE R AL, JEZHEEN S S/ & N sl FEEEE
O bound EZERMH B ENTESHCHS.
ERRORIAHNFERIZRITRIBBITEE < B
ATE3. TO—o00HfEL T, ZOFEERBAT
TR VA-file[9] ICEAL , HL WRIIEE CVA-
file(Compact VA-file) % 2T 5. KM/ FikzE
RAWBZEIED, REIT 7V EEREE D LA
12, lower bound & upper bound # R 5T &1
ED, BEEZREANS, XV KR IEE
MTES. ‘
CUF, 2ERBWTOSEEOEE L T ORMIN
HHEZRND. 3ETIX CVA-file DHEIEZ REHEH

—116—



R, MEEAEOHEEZFIAL T bound DFHEZE
TOFHICDOWTHAT S, 4 ETIIFMERDOHK
REMORTIBEE O HBHRERIIDOVWTIRR, 5 &EIT
KR SBROBBEBRRS.

2 SXRRZREOOLEEE

d RITD BB AFIT d-1 KeoBmEICEDN
T3, BIFFIC d - 1 RTOBAERNSERL - d-2
KuEOBEICEDNTWS, —&IZ, d RITOBIL
Fikidd—1,d-2,...,0 RAOBHE, @, &, AT
BbhTwa, FXE, vHFE 6 BOmEE 1245
DBRESDDEIZTADLNTNVS. m KTEHEOMEK
oy (4 ) EB. SEEEN— (KHE)
ELT, B HAROEHENTES. HHL -8
BRI ASEEICR D, SEHERLZEAEDO—E
Pyramid F# [3] 5 5 BT 5. BABIHHEIL, £
DL (0.5,05,...,05) ZHSEL, (d-1) XKl
HER-AELEZ2HBEOE ST Iy RIZE>THEIT
E%. B 3(a) 3N HEN 2, =0 DEER—AEL
THBLAEES IR EZRLTWS. ESIyRAD
B TOEOHTR—ALDEHMN—BENI &
W2, ZZTRINZESIyROHREWS.

HE:ESI9F s iTHL, 7 OX—Xd z; =
0 or 1IZ7%. m NOTFT—% p(x1,22,... ,24) KX
L, TEEoRE#/T.

;' >z’ (F#40)

where

’ Tk
Ty = )
1.0 - Tk

DIBg, o 137 —F p D k BIOEBE WS,

B33 vRFEI dRTOBIIHEKIZHL, (d-1)
RTOBERENR—AELEREFETHS. B4
22 OFREE KL, m RTOBERMER—I &
L8 FEE2RRETS. €53y R FRIIBEME
MAEKE 2dBE T Iy RICXoTHIF LN S, &5
DOFEE 200-m) « (¢ ) BEOOBEAI L > THS
B2 53y FFEEIm=d-10KRORHT
H5. ‘ -

(zr < 0.5)

(1<k<d) (1)
(zx > 0.5)

E3b)idd=3,m=10FE0LHFHEERL
TVW5. m=1THBD, ETOR—RIHRTH 5.
ROMZTEOR— I TFRICE > TERTES.

$1=1
.1:2:0

Y93Iy R FkE I, MBREROT —FIER—
AL BHEDOERBMORIDENEWOIHEEZ

HoTha.
z3' >y’
z3' > x5’

SEAKRICIT 12 K08 BH B0, AFOFEIIILH
hE 12%957 5. ‘

FRTIE, R—AEHBRT 28z, (1<s<m) &
R—=ZEEWVD. m RTEDR—AL TR L>TE

HBTED.

(m+1<t<d) (2

R~ ZOBE 20 x (2 ) THB. EFI R
OHHELFRIC, U TOREILEEEAOEREWS.
HH  EBOR p(z1,Z2,. .. ,Td) IZxL, X—REhD
ESIER-IMOER LD KEW. DED, TEED
REMWLT :

Zj,'—:OOTl

z,'>2;,"  (1<s<m,m+1<t<d) (3)

z;, & z;,' 138, OEETHS.

3 VA-file [C3#F CVA-file

M D BIEIC & B RTTRNEIL, CThETIER
RINEIFIELARARKNCHEATES. 5%
T ZOFiEZBRITRIIER VA-file IC@EAL =
CVA-file T DWTHBAT 5.

3.1 VA-file

VAfile 37— 2 EMTH LI ORBELR
EELL ZRIIBBTH 5. TORSIBBIIERTO
EREzBRFLLAEEY bF—% (BRT—-%) 77

—117—



X2

- - - - ok - —

base
(plang)
‘\

X3

<
-~

0

X1
2-d face Convex Polyhedra
(m = 2 Pyramid)
(a)

0
X1

1-d face Convex Polyhedra
(m = 1)

(b)

X 3: convex polyhedra

ANETF =T 7 INDEBRENTNS. DD
Ty ANVOT—F3) —hENT, F—FIIFELEF
THIEL TW3. VA-file Tk-NN RFE (k-Boll i8R
R)IF2EBIcHTISND. T, EvbT7MNE
FEL, BRAEIAMYT —% O FEEE lower bound &
upper bound IZ &> TT7 4 NF U T 2T, KK
HREOBHEZMET 5. K, RAOEEMBET —5
T7 AN EFiHAHD, BRERE OERZEREFE
T3, ERAITERSE OBERED lower bound JMEIC I
ATWS. 5T, 2 TORMBOEBIZMENT—5 7 7
AN S FARADBERR L, BHFTNIBEFD lower
bound 2% k-NN BRZRD k EEOERL OB, -5,
BEHIICEBA L BN EIENWT —YIEFEL
BNDT, RENK D, EBEOKEREL lower bound A%
EFUE, DI RS T IER BB Z St E T
VDT, T 77 AINOT7 7 AERERS T &
NTED. MARZOBBOR—YT7 7 AKER
LTW3, EBOT—¥Id 64 KtO—#kFT—% T,
R=DHAZEBNANTHD. =TT v VT
I ADE—BEOR-CF 7 AKIIEY T 7
ANDOKEZITHHITS. COBRBTIANTY T
DRENZ+RICRIZBRBRVWES I ALAT AR
DEZBBEOR—IT TR ABNEKITR S ZER
bhd. BTBEEOR-TIEARERSTIED
IZ lower bound & upper bound DE% ) 31T1d,
HEXRFEDBFE v b EEECIRThE RSN,
—7%, BFEE y M EMRI 5EE Y b 77 VAR
ERD. B-BEOT VEAR—JEBEMT 5.

SN
. 0 10 2 ) . »
Number of Bisb) of One dmansion

B4 4: Effect of prune

3.2 MZmEEBAVRTREN

bound E¥ v b 77 A NDOY A XDOMICIE L —
RATHREETS. VAfile DEY R T 7 1NV DY A
X2 EMT B0, FRTIRIMZEEIC L 2 RKTHE/D
EEEAL, XN MEy b 77 AVERTF
% CVA-file(Compact VA-file) 2127 5.

dRFET—Fty ML, /N5 A—F m(< d) &
25N 8BE, B 2ETERNE (d-m) Rx@il
ER—-ZELMEBERSEETS. SOHZEFT
mAEOR—AEHNHB. BLITF—IBHET B
ZHED m AR—ZAWEZTOT—IYDHEHRTE
T5. bRBREYRNI7ANOERTI =1,2,...,d
DE Y EETS. VAfile 3T —F v ITHTZHE
Bl77ANVDBEI M UDETRATOBEMORT
Ev k%) 5. CVAfile &L M VITIIEZIKT
HRERETINVY LAVBOEREBEORTE v

—118—



FOZODOESNEHEREINS. K 5(a) 1T VA-file
OBHERL TS, VA-data ICEEEZ BTFEL

VA-data R

_l_ll T T T

(a) VA-file Structure

L VA-data

[T

VA-data || dim. inf.

dem inf. .L

|0110 | I I I ”1010 .01 | ..

(b) CVA-file Structure

VA-data |
1

B 5: CVA-file structure

Ev & ('_Zl X 2b1J, lz2 % 2b2J,‘ oy [:cd X 2""J)
AHMENTNS. E5(b) id CVA-file DEREZ R
LTWw3. dim. inf BEH#EMTHHI"1, £5T
RN ERTES dOTERTHS. VA-data
WAESRTOBEEEEFELZE Yy M (|3, X
b | oy, x 282 ), L |, x 259 |) AYEADIMEIC KA
ENTWS, Fl:d=5 m=2, b= by =3,
v=1(09, 02, 06, 03, 0.1),£F3. F2EDNOK1
WCEDEST Y = (0.1, 0.2, 0.4, 0.3, 0.1) &725,
ERAAE 3,4 B3N — 28l (=B TH 5.
CVA-file DF—% v DLk VI (00110, 100,010),
&755. 700110712 3,4 B3I/ B TH B L EEKT.
7100”13 [0.6 x 2% | M5 /5N S. 70107 1 0.3 % 23]
ro/LENS.

3.3 CVA-file® bound Bt

ERORET 2 RITH/NED, 5 ETHOKTH/
SRR, A BMOBREE BT 52408
TES. ULTORAKHANSIEBEEE R 1IIRT.

613D DIERE L, KHL, BER¢ET Y v;
® lower bound I; & upper bound u; Z7RL T 5.
LXERSAE v WABRT 2 ) OSSO REERD
MTH5. BRI, v WEBRE vi IEOENV DS
MOBREEBMOMNTH 5. MZEAEDOR—ZIE m R
it l/ y ﬁ;‘j’»’(iﬂi Zj, 3 Tigr-ee 3Ty 3’5%—%*%’&
X, &% I; & u BRORS

ij+17ij+27 tery

J_r“_.“

13

ui
cell for

Vi

6: lower bound and upper bound in VA-file

B/mohs:
l
t—(zl:]t + Z lt]t)
t=m+1
1
(Zu,]t”+ Z U:]t)
t=m+1

lige & uigi(1 < t < m) 3HEFHRITOD lower bound
& upper bound TH 3. T3 T 7 ANIZHEMENT
WBDT, VAfile DL DITEKRIT L5y & uijr ZEA
FTOLOIBEHTES.

(T,"jt < T'q.]'g)
(ri,jt = Tq.jt)

(ri-ge > rg-3¢)

g-j¢ = pilri-ge + 1]
liji =10

Pilriz] —vg-di

if (rije <rqdt)

pi[ri-ge +1] — q.t)
if (rsje =71g.3¢)
if (rije > rq.de)

= pj[ri-de]
~ pj[ri-dels

q.Jt

. maz(g.je
Ui-ge =

P lride +1] - g.je

FBEATIZOWT, ORIV ES rijy (m+1<
t < d) 13FR317 7 1)V (CVA-file) IKBEMIN TNV
VWS, B2 ETHRARAEMSEAOHE 3 2FATH
W, B 7R RTEDICT—F v; DIEFFRITD bound
MPETES., R3CLDFEEDRTOESIIER
RIEL D /PhES Wi, RO B/MEROE KT
ET 3L, FRERTOEEM bound IXHVLEEHNT
B &z . HERTOBR/PMMER pi.min:

pimin = min(p;,[ri.qe]) (1<t <m)

—119—



£ 1 CEEER

m AR TTE
d KT
N F—% DEK
i F—5%8,ic{l,...,N}
v; lgg 5:_9
b ERTF—FOE v b
pi.[s] jr ZEKRITO s BHO XY O EERE
tq HER
liyuy bounds: I; < Ly(q,vi) < u;
'Ui.jt Vi @]%E@@gﬁé
b jo RITOERIE v S &
n : BREHEROBEEK
L, FEBEERE L,(g,v:)
L uidds | liyus OBFNKTTj, (1< s<m) O
l,'.jtl,’u,i.jtl liu; DIEBERTT 5, (m+1<t< d) Dl

Bound of Xnon-eff's value
Bound of Xnon-eff’s value

Xeff 4

pi.min

pi.min —f

Xj. ] X5.
1:.3 =0

{a) (b)

(Xj is non-effective dimension)

7: Estimating face axis bound

—120—



(pj, [’I’,“jt] < 0.5)
(pj.[ri-je] > 0.5)
(4)

IEHENKTTD lower bound & upper bound {3 E RS
DB EL>TRODEIICEHTES.

. pj[rije +1
Pj[rige] = sl ].
, 1.0 - pj, [ri-3¢]

0 if (1'- pi-min < q.jt)
min(q.j; — pi.min, (1 — p;.min) — q.jt)

l;.jt =
if (pi.min < ¢.j¢ <1 pi.min)
0 if (vg.j¢ < pi.min)
%)
1—vg.5; if  (1—pimin < vg.j)
gy = maz(1 — vg.jt, Vg-jt)
' if  (pimin <vg.j: <1— pimin)
q-Jt if ,(vq Jit < pi.min)
(6)
4 REREFHE

CELRBICBWTIY, CPU KRNI IO 7 7t X
MEHNRERTEDRD, PRI IO 7 7L AR
DRIZTERENESLL T VA-file, SR-tree & HBL /=,
VA-file, CVA-file I3R5I 7 7 1)V &L TRIEEEZLT
578, RTAENIO—R TN BEH, hEWNT 7
ANTHBTENEEL W, I T,VA-file & CVA-
file DY A XZEHETS. NE257—%ty hOEK
EL,bERSITZyAINO—DIFYDE v M &
TBE, VAfile DREXIL BN &35, CVA-file D
HHKRITLE m &L, b; & m FOHGZHELE LIS EE
DYy M EOFHEET B L, CVA-file DK E I
(mb; +d)N &i25. FiEO&HE®E-E, CVA-file
12 VA-file KD /M E WY,

bN/(mb; + d)N = bf(mb; + d) > 1
b; = b/d #1RAL

- m<d(1-1/b)

F — % tvhid Corel Database  Color
Database(http://corel.digitalriver.com/) » 5
L 7= 70,000 ROBEBRDOAIT—E AT S LD
4,8,16,...,64 RKITOBMRZ MV THB. R—Y
YA 8k NI M ELEFEDOI—-S Y v FHEEE
T10 - NNiaBRELZITHOEERER S TRLT
W5, VAfile lZBRDBBNWESIRELZE Y FEE
FARLT. ZD#RA4,8,16,24 KTt b; = 81wt
L, 32,40,...,64 Kitid b; =7 DEb - L bHHE
frofz. FIRIZ, CVA-file IZHL , Bd BHRTIZIE
DEHKRTE m ZF AL . VAfile L&Y 2
72, VA-file DAZIRTE (=D KTE) BRI T
ALTWS. REVNEL<BDE, BALZKTHH
A, BN FVORTESBATY, BHRTRD

FORMABNT ERDNB.
Real Dataset
el SR-ree - N+ *
VABe =d= e
o CVA-Me =3¢~ .'*,.'
i .
5 “ - .
g K
§ e e

° s 1 24 2 “© ") 5 o
Number of Dimensionaity

Eq 8: Comparison on number of page accesses

Efiactive Dimeneion
o
VASe . 4o . P
-
561 CVANe 3~ . *+
”
X A7
-

* b
%w ),
[ -7
5 k3 A
H s
b
3.2 A4
g -

-
1 nd
-
-
. ¥
o
° ) 16 E 2 4 a s 6
Number of Dimensionalty

9: The effect of dimensionality reduction

- [ 81% CVA-file, VA-file, SR-tree D& RITHEHAN

—-121—



JEIWZHTBI0 7 T EAR—IHERL TH 3.
RBATBE <725 &, CVA-file DRIIZIRLS VA-
file, SR-tree L VA TH B T EERL TS, HH
N7 FVIE6 4 XKDBF G, CVA-file 1 SR-tree D
2/3DR=TF JEABITHIBNTE. i, VA-
file EHBTHER—IT VAT 1/2E725T
W5,

5 R

FRTRETF—FIIFEHRECEBL , B EES
BN KB RBAMRTCR/MEEREL . £, ZOF
%% VA-file ICEAL 7= CVA-file K3 IBBTERZ
TV, EF—FIIMT2HMEERL 2. 58I, B
FRESR TR N D AR EA OB AR ZREL TV
FETHD. BREOEBRBIIRSIMEIIZEZETS.
—ROEREOTE L, D pNKEL 2B &, HHKIT
MNP <iaD, BIZKATM/NTEDZENHNS. L
ML, [5] DHRIZ L0, BLRROH BEHMEIEL 7z
RN HBH. EF—FIIHU, EROEREERED
BEUMOBEBIIOWTHREZITOFETH 5.

BE APEICOWT, ESIERETERO e 4
FENSEHERTRINAZZEEEL = B<EH
Wizl 9. ‘

SE 3K

[1] Aggarwal C., Procopiuc C., Wolf J., Yu
P, Park J.: ’Fast Algorithms for Pro-
jected Clustering’, Proc. ACM SIGMOD
Int. Conf. Management of Data, 1999, pp.
61-72.

[2] Berchtold S., Bohm C., Keim D., Kriegel
H.-P.: A Cost Model For Nearest Neigh-
bor Search in High-Dimensional Data
Space’, ACM PODS Symposium on Prin-
ciples of Database Systems, 1997, Tucson,
Arizona, pp.78-86

[3] Berchtold S., Keim D., Kriegel H.-

P.:. ’The pyramid-Technique: Towards

—122—

5

—

(5]

[6

—

(8]

[l

Breaking the Curse of Dimensionel Data
Spaces’, Proc. ACM SIGMOD Int. Conf.
Management of Data, Seattle, 1998, pp.
142-153.

Beckmann N., Kriegel H.-P., Schneider
R., Seeger B.: 'The R*-tree:An efficient
and Robust Access Method for Points and
Rectangles’, Proc. ACM SIGMOD Int.
Conf. Management of Data, NJ, 1990, pp.
322-331.

Beyer K. S., Goldstein J., Ramakrishnan
R., Shaft U.: 'When Is "Nearest Neigh-
bor” Meaningful’, Proc. of the 7th Int.
Conf. on Database Theory, Jerusalem, Is-
rael, 1999, pp. 217-235.

Faloutsos C., Lin K. L: ’FastMap: A
Fast Algorithm for Indezing, Data Mining
and Visualization of Traditional end Mul-
timedia Datasets’, Proc. ACM SIGMOD
Int. Conf. Management of Data, 1995, pp.
163-174.

Katayama N., Satoh S.: ’'The SR-tree:
An Indez Structure for High-Dimensional
Nearest Neighbor Queries.’, Proc. ACM
SIGMOD Int. Conf. Management of Data,
Tucson, Arizona 1997, pp. 369-380.

Shinohara T., An J., Ishizaka H.:  ’Ap-
prozimate Retrieval of High-dimensional
Data with L1 Metric by Spatial Indezing’,
Journal of New Generation Computing,
Vol. 18, No. 1(2000), pp. 39-47.

Weber R., Schek H. J., Blott. S.:. ’A
Quantitative Analysis and Performance
Study for Similarity-Search Methods in
high-Dimensional Spaces.’, Proc. of the
VLDB conference, New York, 1998, pp.
194-205.



