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An application to a paper classification support
by Fuzzy K-—means
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In this study, we shall show one of improvement methods of the fuzzy K —means, which is non-
supervised and non-hierarchical classification method, and give an application to a clustering of the
multi-dimensional data of the abstracts of papers. In the fuzzy K—means, the membership leve] to
each cluster is indicated by a probability induced from the distance. It is applicable to an estimation
problem of the parameters for a mixture distribution of Gaussian laws by adopting the Mahalanobis
distance. However, an increasing data brings local minimum problem, we shall try to improve it by

introducing an annealing parameter A which will controls fuzzy level.

1 ZUsIz DY IARNORBIEHVENERIFLLELT L
MNTES. REBHEORE, $ibbiRE, BEE
DI SAZPLDSDEHMNOGEDBEHICTS.
PR e LT, 2—27 U v REHERPNT /JEAD
M B WK, & o &I LP BREEA AR 4 7REE
BAZZONE. (12— Uy RIEEERPI NS /
ADHEHIE L2 VS ADE#HEEZ HND) TOE
BEDENRICK OB RLORFHATLCLLE
BTH5.

—%, BAEOSHEEORNIZRAS A% (&9
DIRT A—R LIRAIER) 2R HES S EM 7L
Y ALBHERN Y S ALYV TOREBNZFED
CEDTHB. FO7NTd) XLE, 8T A—4F%

ERSNLODOTHWIEWERIF—%%, F045)
FTHE D TN DHD Y 5 AT B Fik%E Y
SRAZ) VT EME. BRI\, b bEEE
Ehizn ehb TEHiELO%Y ), TE A8t
REELEMEND. 7SRV TRFIEBN Y
FRAEV VT EIREBI S ALY D 2DICK
TERENS. IREENFEORKNFEIC K-
FERER T 7 Y 4 K- iR H 5. K-FEETE
WENTTAZ BT EZNBERWVD, DEDIR
BEZ 0D 1D 2 ENICRITONL, 77V 1K-
THETRREBEYR 0 D 1 OMETEIT LI



ST EHHETHTET S ERT v T EZDIRS
A—BICEDELEERRNETE M AT v T 55
DIRY T & TRIBE/NT A—RICEH LTV ER
H7 NIV XLTHS.

—fRiC, IIARVTEITIRIZ, 7R
K ZERE LT K BD7 S AZCHETS. Ly
L7ah s, HENZMETIE K DRNTHSI5E
ME L, BBET T AZBEHET 508 KEEH
BLixo>TL 5.

FTT, AETIR K ZRAODLDEL, 77
V4 K- Pk AIC ZHMAEDETR#ER T
AZM K L ZFDRD T T AZPOERET 5 FiE
ERET 5.

Fle, BTF—A\DSHELTE, #HiXDT TR
SO MO OEMEEICK DT NS RIT
N7 MUV PCAICED 2 KT LIz T— 4%
W, VS AZR2) TR LIk D, BROXS
RTHDB 7T AXOHMHDTEEETH B EFN .

2 RESMEELHERNI SRS

K BEDI I A 26 E5EBEDH f(z|0) &, k
BHO I IR 2 OMEZEREE f;(2)9;), BEL
Zp; (1=1,...,K) £Ld3&¥%,

K
F(@l6) = p;fi(«l65,p5) 1)
J=1
TERING. bBAA YN p,=1THY, 6, &
ENTERHTI B85 A—~2TH 5.
BRI 2 RITERDE Na(py, A;) KRS 55

1

fi(zl0;) = W X
1
exp{—(z ~ wi)T AT (@ - )} (2)
THB. TTT, py, Ay 1, TRENOTEAY

W, TEHETEITITH 5.

BESEERELE, f(z|0) DhOOEAR {z1, - ,xn)}
MEZDNILE, RTA—RG={0, 0k,
p1, 0k} BRURBRI T AX K B#ET
HZLTHA.

BEHHMETE, 7—X 2, D jBEHDI TR
X C; "\DRBERTER 2; ZEAT 5. (EOIK
R 2, 30 ol 1 THRETRED, BRlT—4
FTOBRPRBELIZEDTH D, LIth->T, &
OERZIAFHE (FER) THS T LItz 5)

EM 7T XLIZTHIT BT A—FHTE

£, 8T ISAXDEE p;, FEESEITI A,
WCELRRERE S X, ZO%, LUTOEAT v,
M AT TR PEREHRDIRT.

(B i DOV, VWINHTEDD T LTOH
2;=1 ELTMATY T, EXT v 7T Z@DRL
TEEXW.)

(ERAT v

TR a, MTTAR C; BT BHARHE (FEFR)
zi; &

zij = = (3)
> pefelz:)
k=1
LHEET B.
(M 27 v 7)
EIE Q(61,...,0k,p1,-.. ,pK) DEKER

BEICNTA—REHET S, ERBEEHIHOR
B, ERGA—2OFEHAIENE,

1
pjzﬁizz;zij

N
_ Doimy %y )
Hi = N
Dim1 %

N

4 = D=1 (T — ) (@i — )T
A N
>im1 %

TTT, MR Q) ki,
N
Q(8) = log f(xil6) (5)
=1

TREND 0 DBETH 5.



EAT7Tw 7T M AT v E+0aBEERDEY
ZET, 77ARAZEDN K fOBORERINS A—
ZpipiA; G=1,...,K) BWKE 3.

T HICBRER K BZRD B I2DOET )V EREYE
LT AICZHVS. AIC I BRAMEEE Q* »
LT LT BT X—28 M ZRWT

AIC = —2(Q* — M) (6)

TEZLHHN, AICH/PNEVE, EFILVOYTIRED
MRV EHETENS.

LA L, EM 73V A LEF—2EHB &
Wi, TEORAMICUERLUTLES RS H 5
DT, FEMBELE->TL 5.

2.2 774 K-E¥i%

TV K-FEETE, BE o NI RE G
IIRET BHERERZBERD Y S5 A 2l b DR
hEEDD. RAETE, 75 AXFH u; Oftuc
75 ARDRKEERZSEESEITH A; ZHVT,
HB—EDTNT /JCADOEHL Fich5mEE e L
TRETHFEERS.

774 K- Fi9ik Hoh ULHRBEEGIET S
RIA=RA>0BLCVFREY K ZEFET 5.
&S AR p; BEOGEILSEATE] A; 108
L ez 5 A TH <.

(F1) z,, DHERE

ET—R 2, LV T AZ C; OHFLEDEDTIN
7/ EAD 2 KRk 47 &, LIF O

diy = (z: — )T A (@i ~ 1) (7)
THEALNS.
TRz, MIVSRAR C; KBTI DHEE 2 &,
1 1
Zij = Z eXP(—X d?j) (8)
b N i R O
d 1
7= ep(-5 &) ©)
k=1

TH3. TOLE EHRNDEDDHRRET 5H
DR (771 E) ZRIEIT 285 A—-2ck?
R ENSETNBTHAD. EE AN THK
FIhE, EDF S AZDORBELEHRIE DL

(F2) pu; BET A; OHEE(EDEH

EM 7))V dV XL ERABROD (4) K& D /3T A—4
DEZEHT 5.

T EE (F1), (F2) Z@0RLUIERD u; B
LU A BEZBNIRTA—Z A >0 BXKU K
AT BREERKICTENNTA—HLE>TVE.
22U, R ENATRE BN ENEEINT by B
XU DEIDEITIIN A; 245D 2 KorERS
DK lORENMEEZATLERFHETS.

(F3) Bz /35 A—& (£7)V) OER

ABXU K ZE8h L, AIC BEhEkdE57%
IRTA—RERD, BHERETIVEHETS.

3 MXHEXE~DIEA

RTF—2ELT, BEFHFUEERHOY v—F
) Phys. Rev. A BEICEBEIN TV 55 16070
RDTTANS 7 MCRHbN S EFIAEOHEEE
ICEDE /ML E 3520 KITORFHAN Y ML b
1% F—2ERAVE.

MRS DL Y OF— & TIREMFICE D, BT
DTYBET— 2 PMEEH I N TV 5 126 RO E
AFIV L EL, FRUANOT—2EHTTY 0L
LTHEEREZ 5N T V3.

ARARICBOTIR, TOTEEHE 1 BFLITAA
MWT 7P K-FRRC X 308 Bz LoacH
fit) THIHTTHETH 2D ENOEBEERA

FFEXONET—XERHURIC LD 2 Kot E
THAIZEITS . THUL 3520 RITTDONY BV ET—
2D 2 KTADERILICHYT 5. 525607~
ZRT V525 7 — 24751 (16070 x 3520) %
ERT 5. CTOITFIIIERICHZIREICHD, £<
DFERC 0 DAL TWB. TOIFFIDFINT R LT
U EDICDHRER A2 T B EDIFEE S M

LSRRI TFARZEOMAL D ik 3



DHANOFEESIR TV, TOXSICEARETIE, &
D DBEFRIHEN A TWRWIINYG MLERIE]
CTELICE DA MVDORTTDTI O E L LT
LY, 16070 x 225 DY A XDF— 2175 D %{ER,
L.

RICT DT —RITHNC PCA(ERI7H7) ZHEL
f-. RARNCIIEEETTH DTD OBEEESHRZTT
W, 5B L BIEE (BAKEEHE) L5 2 BEESKU
FNHICHIRET ZEMBENY MLERD, TD 2
DOBEFANY FVICETE 16070 BOT—2D 2
RCFENDHBEIT-IPCAICEDE 1 RS
EE2 ERSEMOM LIz LS.

LHAA, TDXIEKIBRFEAND FLVORT
DOFEFINITCAR T— R DF> TV B EROKEZIBL
25X 30, ABWEBTRTHEFICRREZBHRT %I
2 XA BRETHZEEZONS. LA > T,
HET 2 RLE COBNIEIT- 1.

EM7NWVIdVXLC KD IS ARV TRERH I
M, ST AN RFARRICHE D HEEDREETH > 1.
2T, 77 ¥4 K- FHRICBNTE, UTFoL
HIRBEITS.

(WA BXU K OHEE

77 Y4 K- EEER I 20 BEDIEREL, —&
HETNBEEOEV A L K 2RD 5.

Q) T=—=0) Y

() EORDIA L KEZEZEL, #DELUEK
HiREL AL T,

A=A+ 250/(txt+1) (10)

EZEAWTTZ—) I EITV, AIC ZRD B,
(3) BB/ 8T A— X DHEE

(2) ZIRILIC 20 EHR DR L, FDHTHRIND AIC
BEBNRT A= p; BEU A; ZRME/ST A—&
Lg5.
SRR T ERBUIRER, 135 A—& \* = 2.0,
BT IARBIE K =7 EHEI NI ERERE
FM1IICTRT. BVRTRENS EDON 2 Ruichii
ENET—2DEETHY, BIEORTREND
L0, AFdV1DF—2TH%. Khroe&ah
&30, AFdV LIBT3 126 BOT— XIS,
HWNOEL BWHBICFBEENE T LATHS.

RPOBAIZB/IND AIC B E BT A—% 1, B
XU A; OB TCHFIV 1 DF—2EZATVB L
FHENBZ IS RAEDLOETIC, TNEFNAfD
5NT JCADEERED 1,2,3 D TTICHE -
LEDTHD. Fiz, VS5AZHFLI A TH5B. #
BE 1 OWMT 32.3%, PEBE 2 DFEMT 50.0%. 0B
3DWEMAT65.8%, W7V 1DTF—XEAN—T
&7

B 1 RITHR

4 FLOH

AMETIIECUEOHZ EM 7NVTY XL T
VAK- PHEEERWT, BREY T RAXEK L
ETBFEHRRRELU. BEF—Z\OISH TR
RICHaD IRV EBRT 578, 774K~ F15
HBICBWT, 7794 BICK BT =— ) T REM,
PEROEE VRS, SHOBEL, EDICHA
BB BETINTY XLERRL, ETF—2\DOF
VR ‘DB L THS.

i FXORMBIURRGHEREREELL
ERLFRFERFGOMABER, SR
L ORBMBLET.

BE X

1) HARHE, SEMERE, E4KRE B 772D
7 M ERVERIDEY AT LOEEHE EE, preprint.
(2006)

2) ERYEE, TTHBAFK AHRE: K-L EHRELEAIt
FCM 75 X& YV, BRI 71 %¥%&E,. 13, 4
pp. 406-417, (2001)

3) BAEH: VIREZ—OWMAM, 77V 5R%Y
IO EGH, RILHR, (1999)





