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Information Retrieval and Visualization of Massive Database
using Dimensional Reduction based on Vector Space Model
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IBM Tokyo Research Laboratory
We present a novel system, Prosciutto, for IR (Information Retrieval) and visualization of the contents of

massive databases. The system has several notable features. One of the most useful is a similarity search based on

vector space modeling. Another is a service to recommend three mutually perpendicular subspace coordinate axes

in attribute space onto which document vectors can be projected and displayed for view to help users understand

relationships between a query and database documents.

1. [IC®HIZ

HHEIVE 2 — R AT ADT 4 AT I B OB NS0
THR—RNUROAH—F DOE K TCREDT —H
DRV EVPRIEEIZ 72> CTETZ, ZHUTHEW, ~TuZp X
BT — AR =K T HERLIEDO=— AR EEST
WB[33], SCET —2IEEEARMIS, BT A ANICEST
T x—=<vhbELELROT, ZNEFKE —IIZarta
— BV AT A CTHIRSELDIIR SR ETIH R, L
MU G, ZOIINTHRE T 530 ET —XDO I,
OO TEHERLOLFRL WD ARESER DD, 724
ZNE, WAZ<w—HY—E A Oa— v 2 —2iX, B
2B —NHDERR L — LR EN, B HKEICE
EENTND, 7LV b — RS EITIE, B A
~—DT —HNEREI, Tk, Flnt—e 2 a ik
THHED, BEREIAS~—FERPFELTND,

T AR A= T DT, ZOIH7EHND,
HR7eT —2E Rk - CEOEM DL <FEERIN
TWD, DIVOIOLL T TR 5L, ko727
—Hv A= T E O, 20 EENRRD, T, K
BOF =~ A= T IZBTHTF—ZT, BiET —%D

FERIBRET D, ZIUTK LT, bivbiuid~<r Mz
MET NV CTET MMETEDLOTHIE, T —#
WZBROT, BT — 2 0B BT — 2780 ReT 52
EINTED, £, R X TIE, KT —2I2635
TR RE~ A= T HA (LT TRBY D) ZAlL 22
B, T T4 NI = A S —T = A
DT AT DR E LD, T — 2V AT JISUI AR
(HESE) § 223 A TT Ry N TEHEV) R, ZIVE
TOMFEEDREIENTHD,

UTFToOHiORIL, RDE5>THD, £, 26T
ZRICT —Z O F AL AT R R BT D1 R B Ak
P —_AT 5, 3T, bbb HNTNDEY
MVRERET VE, ZIRTT — X DIEMEEIEDO LD
AL SIFENDRITTCHNL FIEZ IR <5, 48iTlE, b
NHONDBAFE LT Prosciutto(l 72 a—h L3653
D) AT MMZEAL Tk %, Prosciutto (%, KEET —
BT Y DfFMTROBRAZ BN E LT GUI Zffik
THHLDTHD,

g 790


研究会Temp
マルチメディア通信と分散処理

研究会Temp 
108－14

研究会Temp 
（２００２． ６． ７）

研究会Temp 
－79－


2. ZERILT—HFDARILLIEHRRER

LRI T — XD HRAIL, THERIRBE AT LOHW
VT —HR— AN KB DIz o, FlIERFH
WEtEEZITO O — T EP 2 HI25NT, T ETE
IR 712705 CET2[6,32,34], MR B DA 4
— 72 AAELT, ZTNETE OO RBIMEE (T2 21T,
Fy¥—bX, A, 7 /7 —ar i) PIREINT
W 5103,4,9,14,16,19], 22 TliE, Fex OB R L 7=
Prosciutto AT AMIEH#ETALTF —Z~v A= 7 BIO
THHIRE DD DAL Z L B 2—T 5,

PGB D RE WS E &T —Z 5T 5720
I, WEZRIRIR LD DT EDATA A% B TT —
BEFRRTDTAT TIE 1960 4ERIZ Kruskal [13]12k%
STHO TRESNT, RO HLIZELELELT
Friedman & Tukey [7] (28D TH2BH ) D3E 4 THD,
Wo0HML, 2EET —XOBKH LM 54 % B
LT, TSy B 7T L0000
Thon, HEE ) OB EAZILREL TEELZLDT
1%, Nason [17] IZLBZRILT —XIPbIFHRED S
3 WILATAAZFE L, LT DIF5E DR H 5,

Prosciutto A7 A, ZRTT —# (22T, X
F-BMEZER]) ORI T (2R T 721X 3R oT) 2810
H9 &V T, THREZBBRITEITWD, Fox DU AT
LTI, 22— REBROBH LY 2 — T JEAE R %, o
AT L EFENY AR (HELE) LT<ha,

F A R—= AP TV AT DI R
MO TTEWS T HO7T 7Fa—FLLTE, AWV
IZEAZL TR WSO FEAE#R A VDB D039 5,
Inselberg [10] DBAFEL 7= parallel coordinates FiElL
FO—HITHS, o, HIMZE2ROTay 2179 F
EL—HITh5, 2Lz, Ankerst B[1IFE A TOH
R DT — 2 RBLA4ER LUTZ, £z, Kandogan [11] @
[R5 —EFR AT AT I 1, 20857k 7 ayh
R Z S Ty AL — T HORFEFI T 5, ik
DOFEFTOT G B AR EIERE AWV R TR A O
Prosciutto v A7 AL 725, F77, Prosciutto A7 A
THRAL TOD IR EEEE DU = AL FEEREIT R0,

. ibboouoobbouooonbo

Salton H[18] 73%J 30 FERNTIEREL TLLR, ~I7h
WVZERIET WL, EHRRBICEITHT —#X—2Dfk
FHRET NV EL THENLSINTETZ, ZOFT VORI AL
DOEDX, ~T a7+ —<v O LEOFEMEDZ
VR TINATREZR LTH D,

AR MVZERET A IESSE R BT AT AT
1, HEXEEIRIIELTET M EEND, ZDH5,

Boolean €7 VTCIX, FX7NVOERZITON 1 DOffi%
LB, £12, Term weighting &7 VT, BIYE (FzEx 01X
F—U—ROF—TL—X) OHBIEE LB BT HET
VTHY, H_TIVOBERIT, 0/ EDERIEL2D,
Prosciutto T, 7erm Weighting &7 VD —Ff& T
& 5 TF-IDF (Term Frequency Inverse Document
Frequency) &7 /V[15]% A\ T35, TF-IDF E£5 /L
T, i ZFHOXED j FBEOXF—UV—RDOEH
weight %, & —V—NHEZ f L1, £F—U—F)R
HELT 530 E S diL LTI XU FTORXTERIND,

(1+tfl.’/.)log2£,, it =21
weight(i, j) = daf; '

0 ., if #,=0,
NYMVERET LV OERRR T, 70,
ERBRICAIC B2 MDD oI ML TET MBS
B MBFEROERIET L 7HHT1E, Gabhizrx)e
DOTEREE IS T TS, bobb{HWHILD
MHREE LTI, 7RI ML ESCERT MLV ED 72T
A ETH 2L ONBEICRIHESND [13],

3.1. 00b0ooobobobouoooo

T =B R AN KPR T2 DL, HE DT RLZE
MET /L TOFRBRICBITDELET 7 DE
BRI RICRD, ERERTOL AR ANRELRL
725, REBLT —Z_R—R B DHRET 7 D
A= U7 4Dm biX, Rz ERAT L
—PIZLoThH, TLOTEKRMETHH(8],

ZOMEE T LD T Fa—FIL, BF
ETNANORTEEHIKTHETHD, T2bbH,
M XN OLE-BIHEITI ARG ZONT-L%, ZD3E
Fa(l, )i FEHOLEICHLT, j FEBHORMEICK
T HEL weight()) BRI LT D, 72720 M 1T CEH
#RL, NITBEEERERT, KGR TSI KHME T
—2L1%, M BEALTE 10 5L ETREMER N 2720
7205000 75 2 HRRE DA Th D, BF-ET /L DR
TTOHIENT, %EORMEE N 22 d0+m1a/hs
WIRILk (K<< N)ICHIK T 22 ThD, 8 ki1
N @ 1/100 FREEIZT 2, 29T 22E T, IFHmRIcEk
FRBEMET X TRV T AEADNIFELE SN
DTHD,

3.2. 2000000000000

BIEI TRz, XTIV ZERET L TO @Mt TT
EHIE T FIEELTEL FO2 03 5T,
®  BTENYEMRARHTIE(LST 1)

8o


研究会Temp 
－80－


® ILSHATHNE(COV IE)

HiIE OB R IE, 70 h LS {53
Latent Semantic Indexing OWETHD, — 5, LED
COV ##£&1% Covariance matrix method D #] D ELFED
JEEES Lo TG THD,

LSI D AW T A7 7%, 175 A %
A=UZV' 0 X5z, ERITHIU LV B LU &
ED KR ZWNEIZAE Tz AT 2 AR AT i L7
L&, RAITHIDOEFRDORKZVIIIND k 5 DRy Bl
(0,0, O ) T2 ERINL, ZHUSKHET D2 Y

MU D kFIE, HRRAZML VT Ok 05 ELE
\ZAEKTEDT 7 k DITFIA, T, AZilLyioe
VWL THB6], ZOTTHI A, 13T k DFFFIOH
T Frobenius //VADEWRT, A xbotblol45
EWVHME N HDH[2], LS 1L, Fr BB R EEDOZ D
FHRME AR LIz T, ~UMLVZEMET L DG #R
KR A~DEEYVBINTZN, 20DRMNL R 7 INd 5,
OEDNE, T —FR—AN KR oo b XD, R
S IR IR BRI B 2L TH D, HIVDEDIT,
U T A LFRICATE CCEHR) M 26 >R HEO1T5
THHDT, ARVZE/MH RKREICKELL, AT —FEY
TAZRIERHDHZETH D,

COV {ETlE, M XN O XLE-FMHATHI A 352
LITZEE, LTFTORXTHSEBITIIC ZEET D,

c='Yqa-ad
Mi:] i ’

22T, 4, BiFROCESIMLERL, dit, £
HERXITINVDOEE RV ERT(12], Tbb,

—H, HEITHIC PEETELE, ZHUTEMESE
il X @M ZE MR e D IE kAT 725D T,

C=VAV' 0I5, BEES eI, 22TV

X, IEFBERZATHICThD, £z, HATTHINIL, Fi
DOEAENRKEVIEIZIEATZLDTHS, COV ETIT,
LSI ¥ &R I, KREWIEH>DH k 180 A E
(A eesA) % N0, ZHAUSKHET 2 k HO A~
Mz V hbloTEATHIC, T, CEEET 25,

COV IKIZZ I T — 23T D ER D ko —f
THHMN, LSIETORMNY R 7 Thotz, R iR
DFEEERIA O(MN?) 555 B-A7 51 0 [ Al 35

0810

(CUERRE O(N) (2, E-30 s O(MN) 7>
5O(N?) THER, CHEE M \HRIF LR, A7
—FE VT ORI RHETED,
3.3. 000000000000
LSI {E%E721% COV JEICEW R TTHIBSh - S E-E
PEZERI T, RoEEIRE NSl v d, i, k
DOEFERERI ML (HOVIEEA 7 V) Z T
d =[v,,...v.]'d, =V d,
HHNE, T (FEN]) VT
d =2 [v,,..,v,]'d. = Z'Vid
LRI TED, HRRBICBIT 7 TY_IML q i,
EAIMLERIBELD,
‘i = [V17""Vk]t q =V1: q
LERBITED, bobb, LSHWONDELIERELELT,
200 k It IV OWNFEZE VWS E,
similarity(q,d,) = q + d,
LERBITED,
LSI{EE COV IEDTE MR RIZIITHERIZE AR
L7=ORK 1 THA,

)

origin for COV

©

close-up

greater than ‘n
‘: 20 degree A

[©]
e origin for COV

©

X[1. LSI & COV HBIC LD E MR BEBEOXE-BIEZEH
DT T DAT AR, LSI HIZRAEZT7RLRVA,
COV T, XERIM2EROFER DM BIZF S EZT 7
T B, 0T, BT NI SCERE T WIS AE M3
HY, BRRBEOMEIL, —RIC COVIEDFRLN, ZDK
TiE, 7V 2R B ETREWEW(A, DA R ER
WTEY, ZO5LAE 20 EOXELZRLTELLTRET
DEEFERL TS, LSI I5TiE, 32M7FAF—A,B,C &b,
TORBREHCASTUESD, COV HETIX, 7TAF—ATE
FELLEX TS, ZARFEOBEICKBEIND,

20 degrees

origin for LSI



研究会Temp 
－81－


4. Prosciutto > AT L

Prosciutto (% LSI & COV k&aF il 2 7= K
T — 26t T DM BRE RO UL B L O T AZY
THIRT DO DB AT LD GUI ThHDH, AR
BT, EBEO=a— AT —H_X—REHECEHE LT
VAT DAL R =R NI THER 0 L a5, LSI
1L COV AV AT Aoy R—R U R L TR R AT
BULT AT AR ORERRIT, K217 T X5 THD,

2—YE, FT7VEATIT5H, kIZ, COV %
M LSHENERIRT 5, 23U, AilEE cELLDFE
TXET —#(ZZ Tl Los Angeles Times ==2—RF
— &) R TTHIB L 720N L - TR 5,

ANr=Y
¢ LA Times =2—AF —%
COV/ LSI EER
RTALER
\ 4 v
BT WRIEHI L= LA Times
A
HYET X T

Prosciutto @ GUI

v

3RILE = — H DEEFESI D BB = AR

HTML JE2.0 LA Times

SCEDFA L

Eo—DFKR

WITHIR IR~ P

WRITHIBCCE 7 Y

X2. BT, IRITHIK (FTALE) & Prosciutto 3/
AT LD GUI &8 55 DRERS X,

T, MBRTLUAZEY, 7T AL E S
VX EFET D, COMBIREEORBT T
DI, ToxTNAD () B TRRTHEFRIFIC,
Prosciutto > A7 A0 GUL T, k RIcZEfnG, o—
DY T T BB ET X7 D BN DT — 2%

S KX D3 DD EEFEfIZ B BRI 2 AR (HE
LT, ZOIRILEMITE L TERRT D,

2—WX, VAT LADVAARN T HEIE R TT —4
BT IIRTHIELHKDL, 3ODKRITLE~Y =T IV
TEIRTAHZELH KD, 22T, BEETRETL, bebe
DXET —ZOENIEFITREND T, XET —H%
TR, BTN L ZE M R R T HE, ZO%
DT 74P ESND3RICZER DTS — =
VDARANKEL > TLED, £ T, Prosciutto T
1Z, 72U LC, BIEM0HD EAE EREOCE
TR ERVIAATERRTHININILTND, 2D
B, 22—V BRI 52 KD,

BItE  |g
T4 EBDERA
\ 4
COXEFREXEN? NES
YV
NXEYVSRI—HERTTIMN? \{ 3RFTMEBRTR
N> !
Y Y | ®—7—F5R0
F—TJ—FRFR? > _
E 320
N | I
v
Y
¥ DANXESRLE? > XEDZAFILD
RyT7vTRE
N l¢ I
v
“T

3. Prosciutto ® GUIALE O 7 —Fv—h, Tha 4
XEIZXLTEA T,

[%¢/31% Prosciutto @ GUI 43 DX ThH D, £z,
X 41, Prosciutto > AT LDAT) = BT Tiphh, 2
Z T, AJ1ELT, “baseball 3 game 1 basketball 2”&
VHSLFESN AT TV ELTASIL TS, 22T, “37&m
U3, ENENOXF—U—ROELETRT, ZOF—
T —REBEBDT 5, TF-IDF 7 /WZLD, HEED
BEEFRZ IR U7 2RI MV E R S D,

0 820


研究会Temp 
－82－


X4D LA D /R FNAZNE, ZD 7 =)k HIELLE
DE WL ENREANTIANT 7SN TEY, —7,
FHD SR TlE, VAT LRI ALR LT 35D JHEFE
il (22T, 2%ot, 109, 45Kk J0) 2N IRE,
BHE O i W HE O SR Z DO ZEMNICH SN TR

RENTWD, HEE, BRRWIEE, Fiz, CERO
PAZXPRENZEE, WA 7 =Y DT D3 m 2
LaHHHLTND,

- [E]x]

Document Title FeElTsT =

0.833 READER'S LAMENT: THREE ...

48405 -1.913/2.014 [1.714 10939 |~
26421 |0.817 THE GAME YWE KNOW NEED.. -6.320/6.488 5,558 0991 1=
10549, {0.814 |OMTHE SIDELINES; HAMK .. -2.1003.331 |2.380 |0.951
73409 |0.808 |COMMENTARY, STEINBRER... -7.909/7.568 |4.758 |0.987

0.790 COMMENTARY, BELIEVEIT ...
(0,788 A FAN IMHIS OWH RIGHT

-8.292/8.999 11.6.. |0.963
-3.175/6.559 3226 0,905

THE GAME WE KNOW NEEDS
NURTURING

LA IA00-0262 190762
Muarch 15 1990, Thursday, F.M. Final

One warm, blue-skied day soon, with the last frost behind us and
while the air is still crisp and alive, we are going to have to talk
about baseball

We have to, because for a generation or so, the game has been

changing, Az have we all
Close

2 Input Queny Vector with Weights
aseball 3 game 1 haskethall 2

4]

I R e e e e e I I R S T

threshold

0,400

K 4. Prosciutto VAT LADBFRBRDT-HD GUI ZR_TRIV—LFE LT,

ZDARIV—F T, U

BTE, BRUES %728 B DOXE(ZFANVH’THE GAME WE KNOW NEEDS NURTURING”) @ _Eizéhb,

1R TT AN, ZOXEMNEEZRL TD, “baseball”,

“game”, “basketball” LV \HE-F—T—RY, ZDE

RENT3RITEMITHE S NIV T RICR RIS TN,

ZZTHOWTWS T —#iE, KSR X9 Los
Angeles Times D=2 — AT —X T, 13 D =2—
AT =AW D, ZOHNG, FILEECH—T —REH)
1L, ZhE200%k Tl COV {EIZEVIRITHIT
LIz LET —HE VAT AMIGRAFE TN,

BADAAND 7 SFNARL TND3RITEATAA ET,
VAN Y7 D E, EOLEITHISTH=
2 —AFLFEDIANPRY T T w745, ZOWRET,
NUADHREZ V07§ hHE, EHIZEDOLEDH
BT 7/ ATE, EAOS3) FIZE RSN TS L
e, XEOHHE RHZENHRKDLEIT/2>TND,
2T, A1 o72, “baseball”’ R “game” 1%, K

0 830

FTTRREINDIDNT > TS,
5. £&&H

AFH LTI, NTMVERET VE AW #R 5
DFIEL, ThEEIELZ Prosciutto ¥ AT LZ&HEAL
77, Prosciutto AT LDREEAZFLDDE, LTDIH
Thd,

0 ~IUNMVEMEFNMICESL, A —F T N7

HIRRT AT A

o HAHrTUIIxTD, bolbBEEDE W3 DD
JEFE A B B ICERIRL, Ko oMkREE A T
HZk

® VJIAURTHRILOERE, 2—HFiZLdH~v=a


研究会Temp 
－83－


TV TCO AP E TEHIE

0 KEOUEF—HTHoThH, 2—H 7=V
HI AL ELTERVIAATERTHIEIZES
GUI TOFE S — gy« AR ADKE

O JIUIZKLTUIARENTZRIETRRINT
LEOHANSRH LT JEATEDLRY T T
TG AR AR RE

® F/raril T, ANESNIEEF—U—RiZxtd
53Tt & KR T HRERE

At DRFZET —~ & LTI, Prosciutto AT L%HE

BRLC, 30D EAEHNED <Oz HWT, AR

FRE VAR LTe IO R i07e H1E T, REET —4

ERBLTEDNEIMPOMERHITOID, Fio, 3l

DOHETHH-TH, LET —#&2I0bNn)eg Loy

Vo 7T HFERRBIERL S % OBETHD,

HiEE

ARWFEZ 87~ T, Michael Houle K, ZEJIIFGIK,
B LK, B —RICKREF R T RN AZ N
7=77%FL7-, 77, IBM U/ HFZEFTD Eric Brown
[KIZiE, TREC 7 —# &AL T e/e&EL, 22U
BtoEEzRLET,

S5 3R

[1] M. Ankerst, D. Keim , H.-P. Kriegel, “Circle
Segments: a technique for visually exploring large
multidimensional data sets”, Proc. IEEE Visualization,
(Hot Topics Session), 1996.

[2] M. Berry, S. Dumais and G. O’ Brien, “Using
linear algebra for intelligent information retrieval”,
SIAM Review, vol. 37, no.4, pp. 571-595, Dec. 1995.
[3] S. Card, et al.(eds.), Readings in Information
Visualization, Morgan Kaufmann, CA, 1999.

[4] J. Cugini, S. Laskowski and C. Piato, Document
clustering in concept space: the NIST information
retrieval visualization engine (NIRVE), manuscript,
NIST, 2002.

[5] J. Cugini, S. Laskowski and M. Sebrechts, “Design
of 3-D visualization of search results”, manuscript,
NIST:

www.itl. nist.gov/iaui/vvrg/cugini/uicd/nirve—paper. ht
m/

[6] S. Deerwester et al., “Indexing by latent semantic
analysis”, /. American Soc. Info. Science, vol. 41, no.
6, pp. 391-407, 1990.

[7] J. Friedman and J. Tukey, “A projection pursuit
algorithm for exploratory data analysis”, /EEE Trans.
on Computers, vol. ¢c=23, no. 9, pp. 881-890, 1974.

[8] Graphics, Visualization, and Usability Center of
Georgia Institute of Technology (GVU), GVU’s (Web)
users’ survey: www.gvu.gaetch.edu/user_surveys

[9] M. Hearst, “User interfaces and visualization”,
Chapter 10 in ref [9].

[10] A. Inselberg, “Parallel coordinates: a guide for the
perplexed”, Proc. of IEEE Visualization, pp. 35-38,
1996.

[11] E. Kandogan,
clusters, trends, and outliers using Star Coordinates”,
Proc. KDD, San Francisco, CA, pp. 107-116, 2001.
[12] M. Kobayashi, L. Malassis and H. Samukawa,
“Retrieval and ranking of documents from a database”,
patent, filed, IBM Corp., June 2000.

[13] J. Kruskal, “Toward a practical method which

helps uncover the structure of a set of multivariate

“ Visualizing multi-dimensional

observations by finding the linear transformation which
optimizes a new index of condensation”, in R. Milton
and J. Nelder (eds.),
Academic Press, NY, 1969.
[14] M. Lesk, Practical Libraries, Morgan Kaufmann,
San Francisco, CA, 1997.

[15] C. Manning and H. Schiitze, Foundations of
Statistical Natural Language Processing, MIT Press,
Cambridge, MA, 2000.

[16] M. Maybury, W. Wahlster (eds.), Readings in
Intelligent User Interfaces, Morgan Kaufmann, San
Francisco, CA, 1998.

[17] G. Nason, Design and Choice of Projection
Indicies, Ph.D. Thesis, Univ. of Bath, UK, 1992.

[18] G. Salton (ed.), The Smart Retrieval System,
Prentice—Hall, Englewood Cliffs, NJ, 1971.

Statistical Computation

[19] R. Spence, Information Visualization,
Addison-Wesley, NY, 2000.
[20] C. Ware, [nformation Visualization, Morgan

Kaufmann, San Francisco, CA 2000.

[21] 1. Witten, A. Moffat, and T. Bell, Managing
Gigabytes, second edition, Morgan Kaufmann, San
Francisco, CA, 1999.

[22] P. Wong, “Visual data mining”, /EEE CG & A, pp.
20-21, Sept./Oct. 1999.

0 840


研究会Temp 
－84－




