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An Estimation of a Multi-Stage Recognition Process
by Using a Concept of a Certainty Factor in the field
of Knowledge Engineering

Shoichi Suzuki

H5FL

SSHEIFR & AT b=y — RO BB IS 5 3k ¥ XA 7 ARECOGNITRONIE, L
HORNG LT EMEDOAT Y — o lZxIE6 L, “axioml Z{ii72 /85 — VTN Te 2 KD, Te
ZRD, e h0LIIH). ZokE, BEHETIINY -V EFIVIEBIMERZ L MFIENS. axiom2, 3%
KA W7o T HEME BB SM, KB BSC MK 311X, RECOGNITRONIZ ¢ (ZB3 % AT 72
WEEREML LWL ST, e b#BEEINLE NN -2 8, e DRBTAIIT T ZRDALZ LN

RImL T, MRLETO 120 FE LTEZONS “BEEKEIEHEG (goal driven reasoning)
ERH LTy 7y a vy AT AT BT AHERBI (Tay sy a yv—) OffEmEAMEET
XLBREOFMRNIE L L TEDLN T Bcertainty factor (MEFEE) CF oft&ice v b2, #5731
SR BAIRD CF SR IND,

ik > A 7 ARECOGNITROND ML ORI G & A MED /5 — VIZ LD A 7 IV RE A%
LB OM) X TR L 2030, MEZHEROAB N EZRET 2B E O 1 HOMLEHCF %
fioTHLMIZENS.

MO R LT LB — > (KJINF =) ¢ €@ IZHT 2 EATEEER TR O KBRS
MDY — o @ OFHBFRETH Y, TORMBREILELL, A7 T IRIEHGROREEZH
D MO E” THONTWE EI) POHEIL, T TVIRBHHERORT Vv LT
ANF—E LFEFRIC, HEEECF PAMMEDLbNTIWRAY»FEL LT, RIS TVS.

FHBEMB, NMEHEMD, SH - MEMEEMBD %53 L, certainty factor updating scheme & L C,
RECOGNITROND % B iR E 2 HNBH T L2 WL NI LT 5.

—7—F

(1) 3% — VlEO R A B (SSELHR) (2) 7 T i lE ik (3) MEEZNGLM
(4) ANE L RRH (5) MYCIN (6) WEFESE
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Abstract

The recognition system RECOGNITRON appearing in a mathematical theory of recognizing
patterns named SS-theory seeks from a input original pattern ¢ in question to be recognized a
corresponding pattern-model 7¢ which must satisfy axiom 1 suggested by S. Suzuki, and treats T¢ as
though T¢ would be ¢.The mapping T is called a model-construction operator. Provided that a
similarity-measure function SM and a rough classifier BSC are constructed so as to respectively
satisfy axiom 2 and axiom 3, RECOGNITRON can determine a pattern recalled from pattern ¢ and a
category to which ¢ belongs by solving an associative equation of recognition about ¢ .

A kind of certainty factor CF concerning a categorical membership-knowledge is presented here,
suggested by CF used in the field of a knowledge engineering as an estimated measure of reliablity
connected with a conclusion part of an inferennce rule called a production rule stored in long-term
memory of a production system which adopts a goal driven reasoning.

We shall take aim at making from point of view of CF clear a part of properties relevant to a function
of searching for a fixed-point of structural-fertilization transformations by use of which a recognition
system RECOGNITRON must treat with categorical membership-knowledges of an input pattern ¢ in
question to be recognized with help of an induction reasoning which changes into the categorical
membership-knowledges of each recognition internal stage.

A process of solving the equation of associative recognition appearing in SS theory is considered to
be a process of recognizing the input pattern. In order to show whether this solving process has been
obtained by an inductive reasoning power based upon transformations made up of successive
structural-fertilizations of categorical membership-knowledges or not, potencial energies of categorical
membership-knowledges can be used. Similarly the reason why CF is utilized for this judgement of an
appearence of the inductive reasoning power is studied here.

In addition to the certainty factor CF, a measure of belief MB , a measure of disbelief MD and a
measure of belief and disbelief MBD are defined here. The explanation in this paper can clarify that a
multi-stage recognition process of RECOGNITRON may regarded as a certainty factor updating
scheme.

Key Words: (1) a mathematical theory of recognizing patterns (SS theory)  (2) categorical
membership-knowledge ~ (3) structural-fertilization transformation ~ (4) recognition of fixed-point
type  (5) MYCIN  (6) certainty factor

1. FAHE

PEROFTF, ERIEEE LT, BRESEME (well-structured problems) DffPZ MG ET 5 &
Vo TEWAES S, ZHITH LEHERICK DL B L L5 L35 ATMEHE, FLLTRRR
ENE, Whbw 5 EREENE (ll-structured problems) % P9 2 DI ILDORRICHES - BB L TR
TVLDOIEFETH A ). ZOENHFELLDE, HE, Db AMIIKIEOYERIT 5 DI
ELREMSTRTEZ SN THEZ MBI L TV ERTLEW I EIZZ0HTH 5.
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YR (symbol) ZZFDOERVZETHRINAWEHRTH Y, 785 — > (pattern) 1EE DFIRDK
BCTRINZERTH S, ¥V RVICRERIFHFSINB WD, N5 — @3B REOERI TS h
5.

ANLHfESiEPolog TR ENEB EINL VAT 2 Z 1 BT Oy 22 3 VY AT LTHE. KX
N B (Post machine) |ZZ DBGINIERELZ B 70y s v a vy Y A7 413, b L L, EhEEHE
DET WAL O A 2 3R 5 % /8 & — VBREY  (pattern driven) HBITE K. F2—1V ¥ 7%
# (Turing machine) (22 DHGHIEEZ B 707 T ZIHIHEREI (control driven) TH 5 Z &1
EELTBL.

ik T4 (knowledge engineering) IXMIEICE>TH, FEL LTV Y RVEBETHROE X 253
L&) e 20 ATMBEEORMHZ B L Cwiwvy, Risecid, 789 — VETHREDE X %5
HLEO LT HHANAGRTAAICHZIA) SEERAD L INE. AF V74— FRETHE SN
Ty ar AT A BT AT L) L LTORIIESW > X T AMYCINAT1973H %> & Bl 58 &
N2 LB TFEORENLFFED DL R 3R, MEEZBRT L0, BR (TVIY
Ah) L (F— i) EOREFLETHY, 19774E R 5 ¥ 7 + — FRFEDFeigenbaumH3Hi [
% (special knowledge) - #EERAIF, (heuristic knowledge) ZFEMBMICTEMN 5 2 L2 s LAZAT
AR EALEAHT 72 LR, JE L ORI TSHARR LY Th 5.

certainty factor’z 2 BE& % /3y — VRS HIAD 9 LT ARUIEENEE, BRAGED BN & bk
WEOE IR TE 5 LBOMYCIN (MR AT L4 ; THFA8— MY AT A ; expert system) |2
B,

<3HEM> L= (KarFFAPS>EES><fE>)

R L7EEART — FHEEICH ) B THNIEERE (certainty factor) CF Z HET D TH Y, “H)
HOANTARETOZHTHY, FOBMIELTOWE, VT4 A7 1 TRAOFRIZHEVEIS - &
R TE % EANE E R D OB L7/ Z —VEREE &, X AN VAT AT 5
BERMETLIAEBIE - BEEDODEH N EZRTINOE LT, HKREW.

2 IR [A14] OKRTH B, BIEY Y RVEREL, MRS TF A PLNVTH
ZLTW5B L) OPHIDEIZAT ) WERDITEIFE - AR A DIEARNIIGTH 7203, 1N —>
WL S VRV (TFADL) WHZEE - AT AHEMOM 2 BIET “~VF A7 147 - AlfeEH
AT A4 THE O#BIEG, BAHTARS LD X ) ICRHIN TV 20O NHERIUCE T 2 Bk
PWREBLIZONT, YTV VRNV ELTONRY — I K HFRY - WEPRIMEE: - ATHBEFAIZB W
TREBICEEHINTE L, ATW=2—-5 vty MG [B2] BohFIFCRAZLTCER “VUR
WRHND, 57— 2 L CORBGETOFEREE" 2RV, ZoMOFEIHFET
X9,

Bl 2L, FERESHICE > TRAINBWHEZDHOT VT 7 Xy FOflAGbefgEs L, FHIC
X o THER S N B FHRARE DB % 55 U % TH G 53 B (information-based learning theory) [A16]
HEWRIE, ATHREOEHTELZWARTH S, ALARRZIMEICW- T, TEEZIRNT 54
AL BHER IR T ARBAEE L T I N A DS, R TIE, /88 — VY HEANO, AR T22[A9]
WFEOBAESE I NS,

ZHET, S Suzukild, WorR—AHGE VAV F22H [AL]~[A4] D L THREIT 530D HY
AT A

@5 Btk AN 8 5 — 38~ A 7 ARECOGNITRON [B3], [B4], [B13]
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@y —roRFEREL, TheBENEL T 5 EERIE S X 7 AMEMOTRON [B10]

@XNFAFATUEM 7 7Y 14 - 7u¥ 23y - ¥ AF AFUZZITRON [B20]

EREL, TOMBLEEKY I 2L -3y [B6]~[B17] 2L, ZOWMED 1 BEHEIO T
5.

ARG Tld, RECOGNITRONTDJifhfERLICIED < L EcRg 88 — v 32k AE (B3], [B4] 253iW]
sh, #LL,

(i #) (EHFE) measure of belief MB

(ii #) (AMMEHE) measure of disbelief MD

(i #) (“fH - AMEH” %) measure of belief and disbelief MBD
GLENERIN, TOHKR, AT TVRBHBROMEECF H L ELSN, CF CREOLEB
TS 2 FEIHLIND.

Mk e, AT CIIMEZ RS 5 720 BBt sz fBlcd 5. Hic, BB
MR ZRBACER L, BEBIICABOBEMRICILET 5 & 5 22T 5 L ) ICiFrsns:
VAT A, TFRAN— MY AT A (expertsystem) PHMRY AT A EVWDNL OO0, ENL 1]
ThHb. Ak AT 2IANTLHES AT 2O—FTH Y,

if &t then 178y (7% 273> - V=) (1.1)
BOMGRRBEMZRAL, ik T8 A 2 V2RV BT LI X DEERBEZERTA 2L T,
MERICHI2b Ty 7 3 ¥ AT A (production system) & L CEHINDZGEND L v,

M, WebR—=T R EDLEREDBREEDTF =7 DOH LWIERERE - BRTLHE V) TF 2R
P~ A4 =7 (textmining) [A17], [A13] IZBWTIL, RV —)V (paired association rule)

Rule D if X thenY ! X, Y 2L E ST F 2 MY Lo BR
LV HENEZEZLNTED, 2200&

(—) RuleDZFEE prob (X, Y)

T R=AERONT, X Y 2RIIEL T F A MEEOHEIE (RS HEER)

(Z) MASEE CHEEL) prob (Y/X)

T INR=AEROPTTX 2 ELTFAMEEON, XY 2RIIFLT XA MEGOHEHE (&
AT & )
WDV, WL —VABIRE N TV S,

MRS AT AERET L7201 0EE SN L EETMH#E TS (knowledge engineering) T 5.

RN 2R Y AN X7 & (knowledge system), HIF&~N—Z ¥ A7 A (knowledge-based
system), BRI AT A (expert system) & LT, Erman® (1975) 12 & % &7 8 2 X 7 ZHEARSAY- 1T
BHDH, BLEICESTH, BREMNLHZIND ANZAGEY AT A OMEMGRIIHE T LU REZ X
Tz,

SSHlim & AT 723y — RO B BB 28§ 5 @Ek T A 7 ARECOGNITRONIE, AL
BOWRETHMBD AT — 2o ITHIE L, “axioml Zii7z§ /85— EF N Te 2R, Te
2D, e hOLHI). ToLE, BT 357 — Y EFIVIERIEH®R L IFIEN 5. axiom2, 3%
A7 S REE B B SM , KB BSC % b MR § 1E, RECOGNITRONIZ @ 2B % I
RHHBRAEMILIZEoT, ¢ OHBEENE Y=k, o DIFBETLEHAT T 2RDLZ L
AT & %. RECOGNITRONA /S % — 2 IZxf L, HEMLEZ LTWD Ew) ZE 2P 50T 50708
KmXDOHMTH 5.
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ANTHIFEY AT A7) DI, BAMHMESEZ 6N OY AT A0 FIT LD 2 7R
N — AR LM [A12] O BIETH 5.

ANLHBEFRDERIZOWTER B L, ZOREHRDST VT ALTFEETH Y, DBRIAHTE
A&, #wmATNT) XL FEE - ARESRICEZEL T, BEICE-> T 5.

VAT AOREENIETR T, KRBBRIBHN P DBER T4 LRI S Tuin
BRI AT 51208, MEROBHENTETIRRETH ), ¥ AT 205 OR300 % Mk
fbL, X ONLARKICEDCTHRLIET 2 LELH 5. GtHEBIC L > THREOB X 2B X9
LT BB TLY - MR TFIECOHMICH > THIE L TE /2. 1974FI2A ¥ 7 + — FRF D Shortliffe
FIZX D HB S NIZBGIEZ W ¥ A 7 AMYCIN [A9], [All] &, BOrOWmALEHEL, THERE
P2 BRI SN TVE 702 a v Y AT ATHA. FHILICES hozb Do,
MYCINTIZZ DMt A 1 KD KREL BV FEHKEE L TOMEIE (certainty factor) & ML IEE
CF &8 LEMVS, HmxritoTwd., 2212, it (premise) & 7% 2 HERCKEDN S D HH
7@ (conclusion) Z#5|& M3 & #HFH (reasoning) LML TV 5.

MYCINTIZ, EFNA#RKIE Ty v a v —)

Rule : if X then Y’ (1.2)
LLTEHENTEY,

DCFLY, X]

DTS (premise) X AL 5 & &, K (conclusion) Y % ks 2 AEIEREE (1.3)

@CFy [ X]

P X OWMEFESE (1.4)
ZEEL,

®CF.[Y]= CF[Y, X]-CF, [ X]

DAEEERY ORI (1.5)
EROTNA.

NT5N6E (artificial intelligence) AITO, AMEFELZHAFO T CTOHFRIZIE, MR (probabilistic
reasoning), AEEHEF (inexact reasoning), 7 7 ¥ A HEFw (fuzzy reasoning) 7% & T & I 2 A Hf
FVEHER (uncertainty reasoning) 3% 5 74%, KX T, AH#LFTO 1 2OREL LTEZLOHND
“HEEBREZHERR (goal driven reasoning) 2R L7270 ¥ 7 ¥ a VT A7 47 IZBIFBHEmBH (7
Uy ryyaryi—N) ORmHIMEEHTE 2REOFMEIRE L L THib Ty Scertainty factor (i
W) CF o [A10], [All]l e > M &R, 7 TVRBHAEROCF SEEIN5.

ik A 7 ARECOGNITROND L ORI G & § MDD/ 5 — VIZH LD A 7 IV RE A%
Z B RE)RWIHERE (multi-stage inductive reasoning) O & TEMHL L 2255, HEZHLIRONE) G % 5
F3 58 (B3], [B4] O 1HOWENCF 2o THLMISINS.

R i, JIeMERR#k S X 7 ARECOGNITRON [B3], [B4] AEEMLE ALY AN/ > A
FLOUEEMZ TVAIEZHEMVIITELDOTDH .

WO R E T MDY — v o €@ %JEME L 72D DS, Suzukii (SSHIFH) TO/y — U E
FNTee® THAH. Tec® ZRINVEVAYLEERLIE, 0€@ THEIPDEIIICRRZVT AT
DI, REOMRETLEEDY — 0G0 L, X (A1) OBHRT Loxt [0,T] &, &
%<k baxiom 1 &I 72 R IT ML 52w E W) DOBS. SuzukiBlia [B1]~[B4] OFETH S, =
D& BEGT FETVERIMEAE LN S.
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S. Suzukild, FHAL - I - A - GO - %R - B - 2 - ARSI T 587 — VU IEIRAE O M
FE 1Y ) A e P

“axiom 1~axiom 40 4 NHN 5 5 LSSRERAN HLE PN L 87 — VRO BF N HER (SSH G

[B1]~[B5])” (1.2)
EROFELTHILLLSI E LTS, 22, #flziE, MRoRRZ AR (BIFEENE) 2Hv
T, S oM ) O & THIEER L 25, ARk SWTHR (oF5e, Thoo
BOMEMR) Z2EWMNITTLZ L5, G HETH 5.

Ak A 7 ARECOGNITRON [B3], [B4] i&, MEONHE LT LMED Y —pcd DA T T
VIRBHEICE T MR RR TR EM I LI, €0 OB EIRLE Y-k, 0€0
DIFETZHT T 2RD B, TOHBIERHEHRENIL, 3 axiom 1,2,3% & 4 {7237 VSR
MHET, EUEEHSM, RSyEM¥BSC R TR, *kE5.

S. Suzuki¥lin A EH L, AR EIFT 2882 M A 722 A7 A 2 BERMTIHEH T %1213, 3 axiom
1,2,3% & 40723 (AD) OETFVERIERRT, KX (A8) OFBEREKSM, HOIZ, X (A14)
DORGERFBSC @ 3 7% BARMICEEFT 5720 THaThsE. IhETT SM, BSC IZDoWTIE,
4f1$#B, C, D, EICAONDZTEL, ENOHORMKNLEFMIIH 2 BENFRINTE/. 22T
BHLTWwER1IFA (AS5) TORENY—VEETHY, JIATITVHEFOHRERSTHS.

AWFFEFH L O BIIL, 8% X 7 ARECOGNITRONALE O G & 3 5 D/ — 25 LFE
OH T TV IHEHFERICHTAMEECF 2 LIREL, TOCF 2T, »7 TV IEEARE L
19 ZRECOGNITRONT DL B R /8 4 — ViR 2 5Hili 2 FER2/ET L2 TH L FHiH
).

MO R L T LB — > (K135 =) ¢ €@ IZHT 2 BB TR O KBRS
MEONRY - pe® OFBBIRETHLHE, TORMBAEIETLL, “H 7 ITVRBAROME
ZREWICED MR OB E” THOLNTWA L) »OHEIL, 77 TVRBHHMORT Vv
WIANF— (SSKF I v ) E LFEMRIC, HEECF AL TIVRRIEL LT,
HOMIZ B W TSNS,

HRIALL], fHE DK (A2) 2> Hhint% £, MB, MD, MBD, CF %3 L { %% L, certainty factor updating
scheme& L "C, RECOGNITRONDZ B SR BIEDEZ 2 5ND I L2 WL NITT 5.

M, BTSN TVAIMTEHA~KON, fF#kA, F~KiL, SSHETEAIN TS EREL, SSH
WO, TORERICHE L MH LI TH .

2. TERRFMBERFESRERWHEOBE ICX5/N5— 535

RETIE, FEEEREMETHLERRMEROB XX 238 — VREOLBEAEICBITS 1
HOMWEZWHOPIZT L7720, B LIFTO 1 2OKREE LTEZ 5N S HEEREIIZHE (goal driven
reasoning) IR L7270 ¥ 7 2 a vy AT A7 B AHERHEA (Fuy s varv—N) OfiH
HAMEHET X ZREEOFMREE L L TN T Scertainty factor (HEEJE) CF ORIl ¥ b %244,
BT I IREAGEDOCEF #Z %L, CF TREDLEBBRZFMT 2 Fhe My 28 Me LT, &
THERIC I D BB N 4 — »3RakEAE (B3], [B4] A E 5.
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21 NE—2FETNTepe ZHERLEED, RABUEICEIANING—2ocd DRETIHT
dJYDRE
WO R ETHMBEDINY — o ODEED OFHhHm BOTC 01, 02, -, on DA FEOHRES
R O)ZRY, £,

O = ANTOHEE, Q =HIDEE (2.1)
L35, Ry —2oed HFDINY—VETFNTe e T -0 ~OLHLBEFE
“oc® >TpeT-O” (2.2)

3 @ % structural compressiond 5 b DTH 5.

fHERADaxiom 125729 £ V) BIRT, EaIiZBS L7z (A1) O FVESIENR LIS

BALT \ZOW T, axiom 1D (111) DOHI-TH 5 H A

T-0={Tplpc®lc (2.3)
DAL TWD LI, HFEF[0, T ]2k shcwadhidashwv, ok, 01, RX(A2)
DEHTEBEIND GEHAL.

FEOHNOKADILe 2R (A4) DATIVHEECU) L 11 OFISDOHRIZH LK (A5 ©
RFENXY =V EEQNOMND 1 DODIE0 DIXY =V ETNVTw ([THIBEEL I LR, 85—V
WROM) E (pattern recognition)” &), ¢ €D I L, w €EQAIBIEOLNIE &, BRIV AT
2 (recognizer) & FRFEIERT

The input pattern @ is classified to the jth category €/ (2.4)
Eiiholzl v,

O DD 1T L, Te Z Rz HWA) Lz bide LR CICRZAZVEIZ 72D 3585 —
VETNTe €@ MR L 72 (F—MEHEH), axiom 2% {723 &) MR THEPEERE (similarity
-measure function) & FHE N % 3K (A.8) OB BIELSM % vy, 2 s & A EE (distortion measure)

dtm (Te, w)=1-SM (Te, ®) (2.5)
ERNMITETo 2o ICRHIBSELDORHEATH L. 2212, N (A8) DOFMBEMESM 2o\ T,
(0=)SM (T, ) (S 1) 13785 — > Tp HMREY — Y 0 LTV BREEZEL T2, SM A (A1)
DETVERIERRT O ITAETHHZ L, 25D,

Voed Vo, SM(Te, w)=SM (¢, w) (2.6)
A, fFkADaxiom2, (i) VKD E->TED, Te RNV Lz bide LRICICAZ
DHIZ 272092V R—HMEREEZIRETELHFEREGZ TS

w=arg min [1-SM (Te,n)]=arg max SM (T, )R 2.7)

nER 7R
BRVZLTWDZ EIFEH L "R E VW) Ny — Y EHEoBE” 23BL LS.
AN —vped |ZDONWT
SM (T, wi),i€] (2.8)
DEBKRESM (Te, wr) ZHEY, ZOXI RATFTIVEFETLE]ODNRDEVIFIT)EFES%

j=arg max SM (Tp, wi)e] (2.9

LD, ¢ % To; \ICHIE SO RKREPE (OFEEIHE) 8y — V8 Thd. TDLE,
pEDIL, 0, x FOMAMNLRBFF L TEE/€JHFHOH T T (category ; FilkE) € 107
b bwn).
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Z OXFIE
RG:0 - Q (2.10)
EATWD Y AT LAWY AT ArecognizerTH V), recognizeriZ B W TIXME DR TH - 7278
5 — Yo 3RMIIZ T, THAH EHIZHAR, MZR%.

22 ZERBWHIBEOBXICLDZ/N2— 5
RIE O REW DL, HER Y — o450

(¢ =) Te — Tw, (2.11)
EIfoTWwbEEZLIENTESL, RETIE, HIEROB & TLER/ Sy — &
(p 2)po=Tp > 1> = > 1 > (2.12)

2irv, NQ4) 0L, ANy —2ocd ZalillH Y %58 A 7 LRECOGNITRON [B3],
[B4] HHHIEsh5b.
Ny —2pe® IZDNTD, SERMNME
: Consider the following sequential algorithm for generating a sequence of states
<o, Ao >, <1, v >, 0, < iory Aemr >, < ey A >
on condition that an initial state < ¢o, Ao > is chosen. (2.13)
[
% B iRl & B2 5 121E, RECOGNITRONDMLEL DX G & 5 MED /8y — v o0 1ZH L
FoX (A22) A7 TV REA#< e, v >€<®, 2/ > ZFEHL,
¢o=Top, Ao =y =] (ignorance ; A1)
ExE, X 012 OBXZFRoH 7 IV RIEARRZELRY) 25X (2.13) O JmRHEEL O M) & THIH
L, AEEAER 015 OFSLER T EFL T v, J23, AERARNK 0.15) OfF<d, 4>
&, RN BAR <L ICBT 2@ TER (2.14) ORDNAEEMTH S O [B3] DfFEEG,
EHGS 2 M) . AR (214) 28T A5y LI, 2 el <iIClT 2 LGRS T
bo (ERIZEZH). HTITVREHE< e, v>€<0,2 >) HMOEEAMMR = IIMHFRCOEFHKG]
TERINTBY, T/, AT7TVREAH<Se,7>€<0, 2 >DKRT VI ¥ VI A VF—E(9,7)
F3X LD~13) TERINTVS !
The method of recognizing a pattern ¢ in question is to find some recursive procedure which sequentially
yields or approximates a categorical-membership knowledge < ¢, 4 > as a fixed-point solution of an equation
<@, A>=a<To, [>LIWTA(U)T-< ¢, 1> (2.14)
of an associative recognition which minimizes a potential £ (¢, 1) .
[
Y — e DIFERT HRETED & 554l /1 7 T Ao T S ha il BB % d R BB B TR
S % D0%, AEERBRIARE L BRI OB X IC L 587 — VB E SR L7 AT
LRECOGNITRONT & V), #AEEM A RN (2.14) 2 & A0S ZHERKX H7) OB R
ZIANF-ARER (125 PHET L LI, HBETLHT, ZEEMWIERZTV Y — 23R
3 5.
CORER, AJSF—ree® 3N —VETNG €0 L LTHESH (HEOHE),
9 € @ belongs to one of E(A)={ €, |j€ A} (2.15)
Ll E D (B3, WO, TORI1).
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3. AFIVERBEBCSF, H7IVRBREICET 5 FEE

KREETIE, Bk A7 ARECOGNITRONA /S ¥ — > @ (28 LEF2 R4 7 TV 1B 3 5 5% (R
(A22) OAFITVIRBAG <@ 7> 12V THEY D4 BHAHHL, feT, BHA4TRE S
N7z (A20) OF 5 I BIAFCSF (9, 7)€ 2 OHFE2EHy € 2 12WT 2 B % EHT %
(EFI3.4).

R (A20) ©F 5 T BIREECSF (Zaxiom 4% 72T T, THAATRESN TS,

B9, 22008 F T)IRBMHk<e, 7> <¢,1><0, 2 >HORAK (<o, 7> <¢,i>) OF
#X

Ko, 7> <¢,A>)

= > VSM (¢, wj)-/SM (§, ;) (3.1)

JE€CSF (¢, 7)NCSF (¢, 1>

POESNLHE VA<, A>? DFEHER
[<¢, 2>[P=(< ¢, 1>, <¢, A>)|
= 2 SM (¢, o)) (3.2)
7€ CSF (¢, 2)
WCHZRTZ E, ROME3ADHY 7D,
@RE3.1] (W TFTVRBAM<S, A>DHFEI VA<, A>PD<1H)

V<g, A>e<d, ¥ > 0<|<¢, A>P< D SM (¢, w;) = 1. (3.3)
je]
(FEBY)
0<l< g, A>P=(< ¢, A>< ¢, 1>)|
= 2 SM{e) v X (G2
€ CSF (¢, 2>
<3 SM (¢, ;) = CSF($ A)<A
<2 SM (¢, w;) = AS]
ie]
=1 7 fI$kA, axiom2® (ii) ]
LUF T,
I<¢, 2>[*e{0, 1} (3.4)

DI HEEEEZIIZEL X9

ROEHI 1L, HFTVIRBHER<, 1><0, 2 >OHFT I VA< A>P DL, 012455700
VEPDOT5 R EMD, <§, A>e<0, 2 > OFN BRI T TUVFKT Y A NCSF (9, A)e2 3% 4,
HTFTVEGOEEE], RESIIIHELIILTHLILEZEHLTVS.

[EIE31] (AR afrtin 73 o, s - 2E5EH)

(i) I<¢, 2>*’=1=CSF (¢, 1)=] (3.5)
PSERAL L, T,

I<¢, 2A>’=1 (3.6)

MMje]J—CSF (¢, )| SM (¢, 0;)=0}=¢ (3.7)
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= CSF (¢, A)=].
(i) <@, A>)*=0< CSF (¢, 1) = ¢.
GEWH) %9, (1) ORILERED.
I<¢, 2> EHX 32) 25, WHZ, (i), 20,
(i —1#) 1=l<¢, A>|P=CSF (¢, ))=] = f+8kA, axiom 20 (ii)
N A TASN
(#) ofiE, XOXHIIREND.

(ii —2#) 22084 (i —2—-1#), (i —2-2#) IZbJT, WHETIAPL LY.

(3.8)
(3.9

UTOHBIZBNT, #5T)BIREECSF D3R (A26)~(A28) »HEBHIZ, bbb LHIT,

Vi€ CSF (¢, 7)# &, SM (¢, w;)> 0
ICERLTBL.
(1 —2-1#) CSF (¢, ))=¢ DIGH
1=[<¢, A>[* ACSF (¢, A)#]
=1= 21 SM($,0,)<2SM($, 0,)=1
€ CSF (¢, 2> =
ThH B,
2 SM (e, a)/-)gZ]SM (o, ;)

JECSF (9, 7>
eVjeJ-CSF(p,7), SM (¢, 0;)=0
EETIE, CSF (4, A)=¢ THEHND,

SM (4, w))= 5 SM (4, )

j€ CSF (¢, A>
evie], SM($, w;)=0
L) “axiom2® (i) IZFIFETHI L PSR
((i —2—2#) CSF (¢, ) #0 D
1=l<¢, 2> ANCSF (¢, 1) #]
-

> SM (¢, w;)

j€J—CSF (¢, A>

=2SM (¢, 0;)— 2 SM (¢, v;)

je] j€CSF (¢, A>

=1-1  axiom2® (ii) Al=[<g¢, 2>[

=0

vjeJ—CSF (¢, ), SM (¢, ;)=0

=1,

J—CSF (¢, )#¢ = CSF(p, N)#]
ZEE T,

{7€]J-CSF (¢, )| SM (¢, w;)=0}=¢
WFET 5.

Kz, (i) OWITERZE.
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I<¢, 2> B 32) »5, WEHRIT,

(ii —1#) I<¢, A>[P=0=CSF (¢, 1)=¢ (3.19)
MY o, (i —1#) O, ROLHIITRENS.

(ii —2#) 220¥& (i —2—-1#), (i —2-2#) Wb TIHHL LY.

(ii —2—1#) CSF (¢, )=¢ D&

B & HIg,
0=[<¢, A>|*= CSF (4, 1)=¢ (3.20)
DRI LTV,
(ii —2—-24%#) CSF (¢, 1) # ¢ DY&
xHE & R T
FECSF($, A)# ¢, SM (§, w;)>0 X (3.10) (3.21)
I<¢, A>[*=
Ejecs§¢,x> SM (¢, @) >0 (3.22)
8, BT, X 320 DMK boLZENbh5. ]

ROFEBI2L, <, 2>P=0%51F, €2 2PV APETHEEDOHATT)FF) A b
e ZMEBICHDL, 3 HD~H9 TERSh I BEZHLEHREX HI10 XD,
<Y, A>e<P, 2 >13<0,46>€<Q, 2 > ITEBINTLE) L EZHHL TN 5.

[FE3.2] (<0, ¢ > DA )

I<¢, 2>*=0 (3.23)
=VuRA) e, TA(u)T< ¢, A>=1<0, ¢ >. (3.24)
GEBH) TA ()T <@, A>=s<¢’, X' > (3.25)

EBLE, 380 HD~HS) kb,

¢ =TA (enA)TY (3.26)

A= CSF (§, un 1) (327)
THb. UTT, ¢,V &5tHET L L,

¢ =0 (3.28)

A= (3.29)
1, D 5 72,

A2CSF (4, 2) - X (A21)

=¢ v 310 (i)

=CSF (¢, uNA) o p=22

=1 v KX (327 (3.30)
215, &9, %P (329 Oz Kbo 7. F72,

¢'=TA(unA)Ty - 3 (3.26)

=TA (pnA)¢ WK [B4] oxEFi4.1

=7 2 SM (¢, w;)-Tw; K [B3] ©@EHGI

JECSF (¢, pNA>

=72 SM (¢, w))-Tw; = K (327)

jer
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=70 v X (329
=0 v axioml, (i) OHEFP (3.31)
e, B0 (3.28) OREWAHED 72, O

ROEHI3E, BH3200MTHY, 1€ 2HAF VAV EeTE2AEEOHITTYFEFTY X b
L FMERICEOMBETHERA (H10) 12X, <¢,1>e<0, 2 > 25<0, ¢ >< 0, 2 > |
FWRINTLE)IZLORVEI &

A€V HEFHVAMNETEZEBEONTTVFT ) A bre? # BRI OMBEZRHE K

(H.10)" (3.32)
PS5 % 513,
[<¢, A>[*>0 (3.33)

ZEERBMLTWS,
[FEIE3.3] (FFITVIRBHEROIE ) V2K EEH)

e, TA(p)T<¢, A>#,<0,4>. (3.34)
=< ¢, A>[*>0. (3.35)
O

ROEH3AL, R (A20) DA T TV RIREECSF 5 2 B8y 1B L, MR 2 M2 Tk
LS AR L2 DTH B,

[FETE3.4] (&7 TV BIREECSF D4 2 ZAHHHEH)

(i) 2%t

(i-a) ZBSC(p,j)=0

(i=b) 3 BSC(p,j)=0A 3 BSC(p,j)=0
DN 1 OV L TW5B % 5IE,
71 D72 = CSF (@, 71) 2 CSF (o, 72) (3.36)
(i) 2 &
(ii —a) 2 BSC(¢,7)=0A{j€ri—721SM (¢, w;)>0}=¢

(ii —=b) X BSC(9,7)>0A 3 BSC (9,7)>0
Mi€ri—7:1SM (@, 0;)>0NBSC (p,j)=1}=¢
DN 1 DV LTV ARSI,
71 D72 = CSF (9, 71) 2 CSF (9, 72) (3.37)
[EE3A4DFR1] (77 IV EIRBEECSF O 2 ZHHE R EH)
p#0AN#¢
L35,
(i) %M 2 BSC(¢,7)=0DFT,
Y1272=

CSF (@, 71)
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=CSF (g, 72)Uljeri—7: 1 SM (@, ;) > 0}.

(iv) %tk 2 BSC (9,/)>0A 2 BSC (9,7)> 0D F T,

JEN
Y1272 =

CSF (@, 71)

=CSF (9, r2)U{j€ri—7:1SM (9, w;) > 0ABSC (9,7)=1}.

GEHH) ¢=0vni=¢
HiE, (1),

(ii) LT 5. ZOHHIZROEY TH 5.

H9, p=07% 513, CSF oE#H (A26) 75,

CSF (¢, 71)= CSF (9, 72)= ¢

SCHORFEAE A [EHMTE] 45335 200547 7
(3.38)
(3.39)

2, (1), (i) 297554, T2, n=0 %51, n2rhbr=9¢ 1%, CSF oExEN (A.26)

5, R 339 2, (i),

(i) 23D Lo,

XoT, U, e#0An#¢ L35,

5,
3 BSC (9,/)=0

JEN

PIMZLTwBHELED. &b,

Viey, BSC (¢,7)=0
Vi€ vyz2, BSC(9,7)=0

3 BSC (9,7)=0

JEY2

CSF (o, 71)
={jern|SM (¢, w;)>0}

CSF g (A27) 25,

o 27

A (3.40)

={jer—r:1SM (¢, w;)>0}U{j€7: | SM (9, ®;)> 0}

2 CSF (o, 72)={j€r:| SM (¢, w;)> 0}
(i) &3 (3.36) DIHEHDI b 72, 72, X 3.42) 75, (i —a) PRZLTWDERBIE,

1%,
A (3.37) OIS,
xiz, X (3.40) oiE

31 BSC (9,7)>0

JEN

X (3.41)

(3.40)

(3.41)

(3.42)

(3.43)

ML TWBELE). &b, CSF DEHR (A28) DEHEMND,

CSF (9, 71)

={jer|SM (¢, wj))>0ABSC (p,7)=1}

A (3.43)

={jer|SM (¢, wj))>0ABSC (p,7)=1}
uljeri—r21 SM (9, ;) > 0ABSC (p,7) =1}

2{jer:|SM (¢, wj)>0ABSC (p,7)=1}

2 BSC(9,7)>0

JEY2
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=1, (iv) Ol bo7z. 72, X 344) 205, (ii—b) PWLLTWB%51E, X (3.37)
DL DD 5. O
ROEHISIE, <To;, 1> PRAME1O I/ VA ES5 2507 T)IRBHER TS 5 2 & ORI
ZIRWBLTVWS.
[EIE3.5] WA/ NVAEEZDLHTIT)IRIBHBOBEEN T EH)

(a) F€CSF (¢, 4), <¢, A>=a<Tw;, [5]> (3.46)
=l<¢, 2>[*=1. (3.47)

(b) I €J-CSF (¢, 1), <¢, A>=a<Tw;, [F]> (3.48)
=l< ¢, 2>[*=0. (3.49)

[EE3.5NF 1]

(o) lI<¢, 2>P<1 (3.50)
=Vj€J—CSF (§, A), <¢, A>#,< Tw;, [7]>. (3.51)

@ l<¢, 2>>>0 (3.52)
=Vj€J—CSF (§, A), <¢, A>#,< Tw;, [7]>. (3.53)

GEY) Y €], <¢, A>=s<Tw;, [j]> (3.54)
= ¢ =Tw; NA=[j] (3.55)
=[SM (¢, w;)=SM (w;, w;) = axiom2® (iii) (3.56)
=1 o axiom2® (i)] (3.57)
Avie]—{j}, SM (, ;) ~~ axiom2® (iii) (3.58)
=0 " axiom2® (i) (3.59)
NA=[]] (3.60)
=l<¢, 2 >‘|ZE]-@CS,,Z<¢,A>SM (¢, w)) (3.61)

1 if je€CSF (¢, 1)

0 if jeJ-CSF (¢, 1) (3.62)
&, REN, FIRICHHERA, A2EDaxiom2® (i) ZPEEE 21T, (@), b) DRV bIb.
F10 (©), (@ 1dE&%, @, b) OFHETH 5. O

4. AFIAVREMBOBR/ IVLFRIME), BXE]l 2L 3BRE,
AR ICEE T A ARB R AR ORI E DRARE IS ?

RE3IT, AT TVIRBHE<G, A>OBEFE ) Val<d A>[P130,1 %2 &4, HRAME, RKMEIC
FOZ 2L L TWE . RETE, KD I v 7 2AF 2 7 5th iz 3 HME A% SM % fo
TWABEE, 7T ITVRBAMHK<S A>OHT VAal<g, A>25R/AMEO, RAMLZE L7200
T 508,

OHHDBNNT—VoDEFNVTe THY, HO<$ A>HDIEMWMEZHERTA ()T ORBE R

Rz 4.1
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ThHhsrT L%, THA2THMHET 5.

ERA2Z T A 72012, ROEH41ZHET 5.

axiom 2% 7233 (A8) DMEMERESM I v 7 AF 27 (mixture) Sefhi%, K THI
nNTws,

COLE, ROEHMANPEY L, AT TVREHE<Te, A>3 v 7 AF 2T 5&MHFTHOSM
AL TWAR (H10) ObLHEZEEMRTA ()T OAREEIRTH 572D DULEL 5511 2
X (43), 44 OMIAIPTHHILEHLPIL TS,

[EE4.1] (REhsH 7 3 SR AT O LB 5 Sk B

HLERBSM T 53 v 7 AF 2 7ML L Ty,

e, TA () T<Te,vy>=sx<To, y> (4.2)

(=1

[Fe], <Te, y>=s<To;, [§]1>] (4.3)

V< Te, y>=1<0, ¢>. (4.4)
GIEH) 3Lk [B4] OEFEA144TH 5. O

FHA1ZEH LT SN B ROEHA2E, H 7 TVIRBAOAE E< P, A>HEFOHFE ) NV
LD|< ¢, AP RAMEO, AL OMAPDOEEFEFO OO 550 EHLMILTWAS, K1
ZOMBTH 5.

[FIE4.2] (A7 TVRBHM<S, A>DHFI VA< A>IP D0, 1 EH)

BEBRSM ICH S5 3 v 7 AF 2 7 Sh09% 7 LT v,

Jue2 | TA ()T <¢, A>=a<¢, 2> (BT ICET 2 L8 M) 4.5)
NIped, ¢=Tol (4.6)
=

I<¢, 2>[*e{0, 1}. (4.7)

[FH4.20F1] (HFITVRBHMH#H<S, A>DOHFI VAal<¢, A>[PD0<1EH)
FWERESM ICB 5 3 v 7 AF 2 750085 LT v,

0<|< ¢, A>l°< 1 (4.8)
=

Ve TA (W) T< ¢, A>#,<¢, A> (4.9)
VIVee o, ¢ # Tel. (4.10)

GIEH) ERa1%2 AT,
X 45 A (46)

=1

([3/ €] <¢, A>=s<To;, []1>] (4.11)
V< A>=2<0, ¢ >] (4.12)
AN3pe®, ¢ =To] (4.13)
=l<¢g, A>P=1  EH3I5D (a) (4.14)
VCSF (¢, 1)=¢ = 3 (A26) (4.15)
=l<¢, A>Pefo, 1}, -~ EE310 (i) (4.16)

F 1, kA, axiom?2, (i) ZEPOLE D2 T T IHEME<e.r>OHFE VA
I<g¢, 2> 12T 245K (fyiE3.1)
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V<o r>e<®, 2 > 0<|<g, A>]P<1 (4.17)
FEEL, REHOMEEZ & UT L. O
42, WS, ZOR 1LY, A7 TVIREHFE< ¢, A>DHE VA<, A>]° HHEAMEO,
RRMEL O r% L B84 8, SEBEERRICHT A8 AEKX 45 OB EOBREHL 2
WCTBUTOHRENHPF L2 LI12%5 !

FOEB B SM \ZH 3 28K TO I v 7 AF 2 7 54D L TW 5 X 512, axiom 2% {723 R
(A.8) DOFEVFEEMESM MWNEEINTVE LT 5.

(1) A7 TVIRBAFES< ¢, A> pEREERICET 248 RN 45) 2L, Kb, Ny —
VONEBNE =Y e DETFTNTe o TWIUE, AT TVIRBHH<d A>0, X 32) TER
ENDHEFE VA< A>1P13/MEO, BAEL Do fE L 5.

BWE, ROLICEVETIENTES.

() A7 TVIFBAHE< G, A>DOHFE VA<, A>PHMEO, RAM1DOMIrOfE%E &
L blX, 77T ITVIRRAE< S, A> HEAEERICHT AALH A HEX 45) S hw
», Wi, R =V P BEENY— Ve DET VT 1o TR\, (]

VHBOHE s ~108I2B VT, CHk [A11], 80X (A2) 2 Shintx 5, LLF o MB, MD, MBD,
CF %33, certainty factor updating scheme& L C,22fiD0Z B REAGBRENEZ ONLZ L EHS
NTT 5.

5. measure of belief MB DB AL K % LEXREEREBIED, 2% LUK

AREETIX, Wk [A11], 80X (A2) »Shintzf, UTOREHEMB »E%L, ZDOMBIZ
X0, &k A7 ZARECOGNITROND RNH) M IRRIL L B BEHE B O ) X 12860 {228 O 38k MR % 5F
fli§ 2 FEAMRE I NS,

5.1 certainty factor updating scheme& L T®D, &85> X 7 LARECOGNITRON
WO E T HMED Y — v (AJj78F =) ¢ €0 [ZDWT D, RECOGNITRONIC & %% B

PSR FE  (multi-stage recognition-process)

o, Fpen, oo, s, e, o, Iy, Jpe, €2,

<o, Ao >o< 1, A >0 o< s, As > < Pss1, Ase1 > o, < Pio1, A1 >,

<P, A > (5.1)
such that

¢o=Tp €D (start condition)
<, At >=a TA (1) T- < ¢:, A > (fixed-point equation; goal condition)
(5.2)

where

< Poit, Asv1 >=a TA (us) T < s, As >< @, 2 > s=0,1, -, t—1, ¢, - (5.3)
1%, valid recognition-process® -2 % “H T TV IRIBHEK< ¢s, A > DHFE S VA< ¢s, A > ICBF
BARERDR”

I< o, Ao >P<l< g1, A >P< < ey, Ay >P<ee << g, A >[P< (5.4)

—214—



SCHRF R [HiZE] 25337 2005427 H

WS 72 ENTW 5 7 51X, certainty factor updating scheme TdH 5 EE X HZ L D TE LMW E G 2 &
9.
The SS method of recognizing a pattern ¢ in question is to find some recursive procedure which yields a

sequence of categorical-membership knowledges (multi-stage recognition-process)

<o, Ao >, <, >, <oy, A >, < g, A > (5.5)

on condition that ¢o =Tp € @ (start condition) (5.6)
which approximates a categorical-membership knowledge < ¢, A: > as a fixed-point of an equation

<@, &k >=a<To, J>LILTA (p) T+ < ¢r, A > (5.7)
of an associative recognition, searching a sequence of lists #s € 2/ of category-numbers

o, M1, 0y M-t fh (5.8)
, and a sequence of a SS-potentials

E (¢, 20), E (¢1, A1), -, E($r-1, A-1), E (¢e, A1) (5.9)
which satisfies an enequality

E (o, Ao)>E (¢1, Av)>>FE (i1, A1) > E (¢, A:)=0. (5,10)

5.2 measure of belief MB h 5Bk 7= L% L\ S ERBERHETE
%537, confirmatory rule® 5- . % measure of belief MB % DD X ) IZEFHT 5 -
(Dmeasure of belief
MB (< ¢ty At > 1< i1, A1 >) =

1 if H< &1, /1f>”2 =1
N2DF (t) 1—lI< ¢, A >|*

1=l<¢rn, e >F ° 1=l<di, 2er >?

it <, A>P =< oty At >PA < gi-1, A >P < 1
undefined value otherwise

(5.11)
Z 23,
BiBEESt TOBFE/ VA (difference of squared norm) N2DF () (22T,
N2DF (t)
=l<de, e > = I< der, A >
I<de, e >*if < i1, 2 >[P=0
< ¢, A >]* . . )
SO AT < g, A S B < der, A SIP> 0
[”<¢t711/1t71>|‘2 ] || $i-1, Ais H 1 H -1, A1 || (5.12)
]

H3, < ¢, A >P€{0, 1} BT 2720 D1 53500 1 D0 7 TV IREMGE< b, A > O
HHEEA 513) THY, Wi, ZoHEX (5.13) Off
<, A >=a<Tw;, [J]1> V < ¢s, A >=2<0, 6> - EH41
DI NVEDOAFEI< ¢, 2 >IP A0, 1 THBZ L, B, WEOMHE< Tw;, [71>»%R (5.16) 272
5T EEWLNITT HROEHS 12 IR T 5.
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[FEE5.1] (Z BBk MB=1%E#)
HLERBSM T 253 v 2 AF 27 EMPRLLTWA ET L. 7 TVIREM#E V3
K 5.1)~(3) OLEREZHRERIIBVT, REaEX

Ju €2, TA () T+ < e, At >=a< t, At > (5.13)
BT UL, KD (£), (B) ofifhdh 1 D2BT 5 !
(4) Fe], <¢t, & >=2<Tw;, [7]>. (5.14)
I< ¢e, 2e >P=1 (5.15)
AMB (< §t, At > < iy, A1 >)= 1. (5.16)
(T1) < ¢, At >=2<0, ¢ >. (5.17)
< ¢, e >?=0 (5.18)
AMB (< §t, At > < i1, A1 >) = 0. (5.19)
(GEW) EH41% ML,
X (5.13)
= [[Fe) <¢, & >=s<Tw;, [7]>] (5.20)
V<, 2 >=2<0, ¢ >]] (5.21)
AT €@, ¢ = Ty ] (5.22)
BT B, FRD OWOLE, AR (4.17), WO “EHA2058 SO TH 5.
O
ZLT, 0, t BREOEHE MB), MB: %,
MBo =< go, Ao >| (5.23)
MB: = MB (< ¢, At >/ < i1, A1 >), t=1, 2, - (5.24)
EBLE, X G OB ARE
<oir, Asir >=a TA (us) T+ < s, As >€< @, 2/ > s=0,1, -, t—1,¢, - (5.25)
where < ¢r, At >|,_o=s< Tp, Ao >€< P, 2/ > (5.26)
IZBWTIE,
3t (= 0), MBo < MB, <---< MBi-1 < MB: = 1 (5.27)
DEF L.,
bL, AERF] (526) 23%s—2,s— 1, s R TR L% < T, AFX
MB;- > MB: (5.28)
MIRALT B 7 51, e
< omn, Az >o< o, At >o< s, As > (5.29)

X, WHONRETLHEDNNY — Yo DA T T) ZAo TORDRITFIIIR b R nZEBFER
OB 51, EE LR,
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6. measure of disbelief MD DB A (Z & 2 ZERREEERELETED, ¥ LW

AE H EEmeasure of disbelief MD 5Bk, 330 (5.1) ~(5.3) OEF L WLER BRI OVT,
WL L.
459, measure of disbelief MD # @D FRIZEFKT 5 3\ (5.12) O N2DF (t) #ffi» T,
(®measure of disbelief
MD (< ¢, At > < i1, i1 >) =

1 if H< ¢t /1f>”2:()
_  N2DF (t) < ¢, A >|?

<, A1 > 1< o1, der >IP

it <, a>P <l< g, A >PA I< i1, 2> > 0

undefined value otherwise
(6.1)

O
X (5.16) Pz ENDZ L2 HLPICT L EHS 1L MRS, %X (6.3) »izshs 2 L 2H
LMICT B ROEHG 1% I/H™T 5.
[EEE6.1] (ZERFL#o MD =1 £281)
HWEBEBSM ICHT 53 v 7 AF a7 RO L TWE LT, A7 TVIRBHHRE V3
K (5.1) ~ (53) OLEREEEHEARICBVT, REHEFENX (5.13) PRLTIUL, KD (), (2)
DN DDIKILT 5

oy K (5.14) s (515). (6.2)
AMD (< e, A > 1 < o1, dim1 >) = 0. (6.3)
(=) KX 5.17) s K (5.18)
AMD (< ¢i, Ae > 1 < e, A1 >)= 1. (6.4)
GIEWH) ed41% @A L,
X (5.13)
= [X 519 v (520)]
A (5.21) (6.5)
ML 5. FRO OWonE, AEX (417, BN, “EH420H 5L THS.
O
ZLT, #0,t BeREOEHE MDo, MD: %,
MD, EH< do, Ao >||2 (6.6)
MD: =MD (< e, Ae >/ <¢iq, A1 >), t=1,2, - 6.7)
EBE, X G oLEREEHAEREE 23X (5.25), (5.26) OMLERET S L,
3t (= 0), MDy < MD; >---> MD:-1 > MD: =0 (6.8)
DEF L.,
bL, ARG (527) HHs—2,s— 1, sEEBEF TR L7 T, A&
MD;-1 < MD;s (6.9)

DAL T B S, 3 (5.28) OZEHLAREL, MHONRETLMED Y - o OFEMiA T T
V&Ko TORRITNER LR WEEEZRERE2L L1, EF LGk,
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7. measure of belief and disbelief MBD DEAIZ L 3
ZERRERREEBIED, 2 LWIIE

“iBH - TMERM” BEmeasure of belief and disbelief MBD 5k, EF Lw i3k 5.1)~(3) 0%
BB RICOnT, @l k.
5637, measure of belief and disbelief MBD % XD & ) IZEHRT 5 -
X G111 oMB, KX (6.1) DMD %{isT,
(a) MBD, = MDB (< ¢o, A0 >) =[I< ¢o, 20 >|*=1-[1—=MBD (< ¢o, A0 >)] (7.1
b) t=1,2, - O
MBD (< ¢i, At > < -1, A=1 >) =

MB (< di, Ae > <iea, Air >) if 1 ZH< di, At >”22”< dio1, A1 >H2

MD (< ¢, At > < i1, A-1>)  if 0 <l< ¢r, e >IP<ll< dio1, Am1 >)?

(7.2)
]
ZDtk, MBD: %
MBD: = MBD (< ¢o, Ao >—>< 1, 21 >>-->< P, At >)
= 1—[1—MBD (< do, Ao >)]'[1—MBD (< b1, A1 > < o, Ao >)]
{[1=MBD (< ¢, A2 >/ < ¢1, A1 >)]-+--[1=MBD (< ¢+, At > < -1, A-1>)]
(7.3)
LEHKT .
3K (5.1)~(53) OLEREFRHMMBIEIZB VT,
It (=0), MDBy < MDB:1<---<MDB:1>MDB: =1 (7.4)
PEELVWEEND L.
b L,
MBD - > MBD (7.5)

ZH1E, X (5.29) OEHBEFREIE, UHONRETLEED Y — Vo OFEFMAT I 2o T
WHARITIE R 5 R WL ERERERE,51E, ZEFLIERW.,
3 5.1~ (53) OLEREEMREROKRTHEL LCTo, 77T VIRBAMFE< &, & > OB I
FHEX (5.13) BT NE, ZOFEXOM
<¢i, ki >=a<Tw;, [j]> or <0,¢6> = w41 (7.6)

WMBD (< ¢, A >/ <¢o1, kA >)Z 1 2D 2O T ZEEZHLNICTLROEHTIZIBHT 5.
[FE7.1] (LEWREE#D MBD = 1 %)

HMERESM ST 5I v 7 AF a2 TRUEPEIE LTS L35, REEHRNX (5.13) 2987
T, RO (F), () OfTIr 1 DAL,

MBD: =1 (1.7)
DT S
(k) X (5.14) A (5.15)
X (5.16) A (6.3) (7.8)

(~N) & (517) AF (5.15)
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X (5.19) AKX (6.4) (7.9)
GEW) OGR) i, #5100 (1), 2610 () LWL, THD, (N) FEHS10 (a),
EH61D (Z) LHLNITH 5. O

8. BE/IVAEN2DF \JX % LREEHBIED, 2% LR

Bi#D MBD TiX, 2 2O04

(1) (FBakmEE) 3t (=0,1,2, ), F ], <¢, & >=2<Tw;, [7]>

(i) (FEEEAEE) 3t (=0,1,2, ), <de, & >=4<0, ¢ >
DMIDGED, FX (7.7) PRZL, o (i), (i) OXF»OhHwv. ZOHELXTYRET S
7202, MBD # B L7-CF #493=THEALLY.

ZoHiiz, 33 5.1)~(53) TOLEMERAROF M2 (5.12) OHFE IV AZENLDF (1)
2ok, 3K 5.1)~(53) DLFE LWEEBEMRBARICOWT, mlX).

2 1L, <o, r>POIEEBEICHEL, 5 —rec® ORIET S 7T TV EMIZONTO,
ROMERFNETHEICT S

WO RE T LHED Y — Vo€ PIRIET WO D 277 T) (EHHTTY) OFTX
THOHETHITHER (A4) O&EHTFITVEEGCJ) DFSEL

C={Cljere?} (8.1)

ZEALTHL.

EFNTPE@ NN —vpe@ LHLEIICRR, MLLICHIZLLVIEHFOTT, £
FNTe € ® h3h T ITVHEE CQ) NOfNH 1 DR L TS HESR

prob { Te € @ belongs to one of €(7) } (8.2)
%,

prob { T¢ € @ belongs to one of E(7) }

=prob (< @, 7 >)

<o, 7>I°
= . , (8.3)
2 < e>l?
<y p>e<® 2 >

LERINS. L]

ki, 3K (51)~063) TOLERREEEREZRX (5.12) OHEFE VAZENIDF () % Hwv
T, FMEL LS.

717 ) R AR D e B A

< Jro1, A1 > P, Ae > (8.4)

IZoWT, RO (i), (i) Z2HAT5 !

(i) N2DF (t)=07% 51, validTdH 5.

(i) N2DF (+)<07 5%, notvalidCTdh 5. O
ROEHL1Z, HFTVIRBHMEHROBETE/ VAN, 0D E DL XD %3 (5.1)~(53) DL
RERBROTEEZIERL-b0TH 5.

[EHE8.1] (I T TVIRBHHRDO AR VADL, 0 R
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(i) I<¢ir, A >P=1 (8.5)
ACSF (¢i-1, Ai-1) =[j] (8.6)
A1 2 A1 (8.7)
= SM ($1-1, wj) =1 (8.8)
=< ¢, & >=s< Tw;, [[]> (8.9)
NCSF (¢1, &) =1[/] (8.10)
=X (5.15)
= N2DF (¢)= 0. (8.11)

(i) < ¢i-1, A1 >P=0 (8.12)

=3 5.18) A (8.11).
GEHD) 59, (i) OBMIZRD X HITRES.
X 8.5
AR (8.6) AL (8.7)
=1 :H< di-1, A1 >||2
= Z SM (¢t—1, wi)

i€ CSF ($r-1, A1)

=SM (¢1-1, @) (8.13)
-

<, A >

=2 TA (i) T+ < o1, A1 >E< @, 2 > (8.14)
=a<TA (gi-1 N A1) Tdi-1, CSF (¢r-1, -1 0 A-1) > (8.15)
=2< TA (A1) Ti-1, CSF (i1, de=1) > (8.16)
=< TA (At=1) Tdhi-1, []':|> (8.17)
ZZT,

¢ =TA (A1) Ti-—1

=T > SM (Tdi-1, wi)-Tw:  ~~ 3CHk [B3] OEHGI (8.18)
i€ CSF (T¢1-1, A1)

=T-'€CWZ ) )SM ($e-1, i) Tw: "~ SCHEK [B3] Of#3.1, axiom 2 (iii) (8.19)
=T-SM (¢:-1, ;) Tw; (8.20)
=T -To, (8.21)
=Tw; *° axiom1® (iii) DEF (8.22)
=S<dr, A >=a< Tw;, [F]> (8.23)
= CSF (¢, 2)=[j] -~ 3 (A28) (8.24)
ANSM (¢:, w;)

=SM (w;, wj) .~ axiom2® (iii) (8.25)
=1 " axiom2® (i) (8.26)

=< ¢t, A >[?

= 31 SM (¢, w:) (8.27)

i€ CSF (¢, At)
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=SM (¢, w;) (8.28)
—1 (8.29)
N

N2DF (t)

=< ¢r, 2 >|* = 1< i1, Ar >°

—1-1=0 (8.30)

2, mENT.
FEREIC LT, (i) OFBILIERDOL D ICHHERS.

X (8.12)

=< g, A >
=2 TA (=) T < -1, A-1 >€< @, 2 > (8.31)
=:<0,¢> 0 EH32 (8.32)
=< ¢i, 2 >[*=[<0, ¢ >[*=0

K (A26) 25, CSF (¢, A)=¢ %13, w310 (i) ZHEH (8.33)
= N2DF (1)
=ll< g, A > = < geor, Amr > (8.34)
=0-0=0. O

9. certainty factor CF I K % ZERFEREEETED, Ex LOIE

AETIE, M LY Ocertainty factor CFZ I L, #HL 87 — VHEHRMLETOCF 23 L < R%E
L, 20, ZOHLWCF hokd, RFE LWLEBEREREZHELD.
X 5.11) oMB, KX (6.1) OoMD, X (7.2) ®MBD 122 %, A&
0<
MB (< ¢ty At > < i1, A1 >)
,MD (< ¢, At > < i1, A1 >)
, MBD (< ¢, At > < i1, A1 >)

<1 9.1
DL TWDZ LB LT, A%
—1<CF (i, i >/ <1, 1 >)< 1 (9.2)

M. LTV B HEFESE (certainty factor) CF & ROQDERIZEHKT 5 ©
3 (5.23), (6.6), (7.1) T® MBo, MDy, MBDo =|I< ¢, Ao >|* 1233 L 2>,
(3certainty factor
@ —1 CF (< ¢o, Ao >)=]< ¢o, Ao >|?
® =2 CF (< i, s > <1, A-1 >) =

MB (< ¢u, & >1 <1, Ao >) i 12[< ¢, A >P=]< imr, Ao >

“MD (< i, A >/ <1, A1 >) if 0 << e, A >IP<l< gir, Ay >

—221—



AT — AR LT BT Scertainty factorll & 5 £ B B FR RS AL o B
,t=1,2,3, - (9.3)

X (93) OWMLEALZ EBOCF RO L) ICHH SIS
A hypothesis (¢s, As ) about membership in a given list Ao of category numbers

where s =0, 1, 2, - (9.4)
BRANVHERE LD S,
The pattern ¢ in question is assigned to the category for which the final certainty factor
CF (<, & >/ <1, A1 >) (9.5)
is maximum.
ETHILENEZOLND. [

ROEH. 1L, 3 5.1)~(53) OLEBRHBROEILEZL5T “AHHHREX (5.13) ©
WL A RIRB R <d, A > D, FO1IOR BB <d, A >) 25 FRM L 2 EFEE
CF (<¢t, &>/ <1, am1 >)IZL, =1 %52 52 LD BHEEHRBL TV 5.

(9.1 (MEFEECF 01, —1 %)

FERSM IC T 28K DI v 7 AF 2 T ERUDPRLLTw B LT 5. 77T IRIBH#HZ
723X (5.1)~ (5.3) OZ R REMAICB VT, REpi RN (5.13) 2583, Xo (1&),
&) DTN 1 OS5 .

(1&)
X (5.14) PEY LD, XoT,
X (5.15) A5 (5.16) 9.6)
AN2DF (t)=0 9.7)
ANCF (K e, A > < o1, A1 >)=1 9.8)
N A TASN
Q&)
X 5.17) BEY L, Lo,
X (5.18) A5 (6.4) 9.9)
AN2DF (t)<0 (9.10)
ANCF (< e, de > 1 <oty dem1 >) = —1 9.11)
N A RTASN

GEH) (1&), &) 3%4, TS0 (1), EH6I1D (=) 2SWHLLTHA.
O
W, fHEFEKDI v 7 AF 2 752K LT WEBLEBESM 258E ShTwiud, Akl
X (5.13) I LTD,

(RE#AE) 3t (=0,1,2, ), 3¢ such that Vje], ¢ # T, (9.12)
and
k=2, <, At >=a< e, [J1 Jo g ]> (9.13)

DEFENEL DD DDA, ZO, REX02)PIKNTHZ LiE, MB, MD o2 E#:(5.11),
6.1) 2HHLENTH 5.

A (93) DCF (K, A>/<i1, A1 >) 1L, X (84) D <¢io1, -1 >€<D, 2/ > 9 5
<¢r, i >E< D, 2 > AD T T RIBABREREA ValidTH B Z & (validity) DEHLX%Z5 2 5.
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77 ) JRE RO ZHKX (8.4) 13,
CF (<, & >/ <1, h1>)>0,=0,<0 (9.14)
DEE, K&, EO, FO, AOEEBIEL V).
CF (<¢t, &k >/ <¢r, A1 Z) BSREVITE, AT TVIRBAROZRA (84) 25, MED A<
y—recs® IZHL,
<o, o >=s<To, [ > (9.15)
G L 2 BRI (57) ORI (MEDOAT NS — o ® O (AHMICH
<, 2%, 9@ OfMNT T R AEREDVIET B L, TROND.
CFZRD (—), (2), (=) OIZHERT 2 :
(—) CF (<, & >/ <1, l1>)=+1 (9.16)
=
full positive certainty that a hypothesis about membership in any category number
€ CSF (¢§1, A1) N CSF (¢1-1, Ai-1) obtained in the multi-stage recognition process (5.1) is valid.
() CF (<, i >/ < i1, -1>)=0 (9.17)
=
full ignorance.
(Z) CF (K¢, &k >/ <1, i1 >)=—1 (9.18)
=
full negative certainty that a hypothesis about membership in any category number
€ CSF ($1, A1) N CSF (¢i-1, Ai-1) obtained in the multi-stage recognition process (5.1) is not valid.
[
An event < ¢i-1, A-1 >—><¢:, & > is said to be uncertain if its validity cannot be determined with full
certainty.
CF (< ¢t, At > < i1, li=1 >)=0
S MB (< ¢, Ak > < i1, Ai-1>)=0
= N2DF (t)=0
if < ¢, a0 >P< 1 (9.19)
A Loh 5, K (9.17) A ZoHEIIR (58) WTOA T T FH5Y) X MI#EWIZ#ITh T
WRWITREED D 5.
Eak g9 11, CF A3 (5.1)~(53) OLZERERMEFREOK THI#EL LT, CFAEHINT
FWZEEHLNIIL TS .
(RTHHEL LTHWONACFIZE% 350 (5.1)~(53) OZEREE#HROEIL]
X (5.1) DLEREABBERIZOWT, #THEE (termination criterion) & LTHEFX (9.16),
&, X (9.18) ANz SN B REERBE R (=0, 1, 2, ) &R, Gt ARRERE
<, h>E<D, Y > (9.20)
TREIET 5. O
DEowic &y, CF OHGBMMYE 2 2Ry 5 A%EX0R
CF (< </11, A >< (/10, Ao >)
< CF (K ¢, Ao >< 1, A1 >)=0
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<---<

<CF (K¢, & ><i1, Ai-1>)=0 (9.21)
BRI T D LIS, BEA T TV FESD, X 5.8 OV X MNlERHHEROBE CERT LI LD
HEEACHI L 72,

10. AFTVIREBHE<¢, A>D/ VA<, A>]| DBEEI< 9, 1> &
SSRKRFI¥wIVE (4, A) EDEER

RETIE, HTFTVRIBHER<), 1>€<0, 2 >OHF /) VAal<g, 2>PLSSEF Vv v
E($, 1) AR ERMBICHY, MHELEELEOTTIE, ZROOMAEMAL T T OBBIEHL
B ENRHLNIENS.

BT IVIRRAE< @, 7 >€< D, 2 > PEOREHMLHEEZMA TWEL2D 1 DOBEL LT,
SSEFV X NVEBHRENBEZDRT VY ¥ VIRV F— (potential energy) E (9, 7) 7%, k1T
EFRINTWVE.

ROEHI0.1E, HT7TTVIRBHHE<e,r>0OHFE/ VAlI<er>IPL, ZOSSEF v v
E(o,7) ESHHELBRICH L LEI/BL TV 5.

[FE101] (I FITVIRBHGOETE ) V2 LSS K7 V¥ X VOB ERH)

(1%) (BAFE VLEBETF VY X VOHLEEH)

p=0Vy=9¢ DA

I<e, 7>I°=E (¢, 7)=0. (10.1)
(2%) (HFEI WL ERT VY X VORERE)

Vo (#0)€Q, Yy ()2,

lyIzl7l—l<e, r>IP=E (¢, v)=[7| -1 (10.2)
(3%) (HFEIIWLERT VT vV DORIEH)

p# 0Ny # ¢ DS

lyI=l< o, 7 >I? +E (9,7) (10.3)
DIKALT B DI,
vj€y—CSF (o, 7), SM (¢, w;)=0 (10.4)
DEXITES.
GEH) (1%) OFEW : A0 (A26) ZHEHLT,
CSF (¢, 7)=¢ (10.5)
8, ZhICEM IO (i) 2@ALT,
I<e,7r>I’=0 (10.6)
MESNL, —J, EoX 11) 2#EHLT,
E(p,7)=0 (10.7)
VRO N, FEH D - 72,
(2%) QW lrl=zlrl-l<e,r>I - 1 (10.8)
=lyl- 2 SM(p,w;) ~ K (32
jE€CSF (9,7)
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>y |- 2 SM (9, 0;)

A (A21) DCSF (L, y)sry &b
2 SM (e, 0,)< 2 SM (¢, 0;)

j € CSF (9,7) j€r
(10.9)
=E(g,7) - X 12 (10.10)
=|yl-1
22 SM (@, ;)< 20 SM (o, w;) =1
i€y ie]
(10.11)
1%, AEASED 5 7.
(3%) DFAW :
<o, vy>IIP+E (o, 7)
= 2 SM(p,0)+|rI—2SM (9, wi)
i€ CSF (¢,7) icy
23k (32), (12) (10.12)
=|7| (10.13)
DEALT A DI, X (A21) ZEETN,
2 SM(p,wi)= 20 SM(p,0i)+ 21 SM(p,0i)=0 (10.14)
i€ CSF (9, 7) i€ CSF (9, 7) i€y—CSF (p,7)
DL EIIRL. 2, X (104) EEMETH 5. O

M, BT TYRBAG< O, A > VAlI<d, A > OAFEI<, A>IPEZHOTERIN LK
(93) ®CF, X (5.11) ®MB, X (6.1) ®MD, 25 (7.1), (7.2) ®MBD ® % 3% 12 B\ T,
< ¢e, 2 >IF DAY I,

| A —E (¢, )= 22 SM (¢r, w;) (10.15)

JE At

G, kR, 20, 38 6.1)~(63) OZEEEBBEOIZRHT LI EFEZ LN
5.

1. &IV

INET, S Suzukild, WHZH—FEMGe L)L FEE [Al]~[A4] O ETHREBT 53>D1FH Y
AT A
O REMEHEA ¢ 7 — » 8% T X 7 ZRECOGNITRON [B3], [B4], [B13], [B23]~[B25]
@y =Ry EREL, ThzBENEE %23 5 8BRS 2 7 AMEMOTRON [B10],
SPATEMTRON [B26]
BINVFAFL TUBH 77V 4 - A% 7 a3« ¥ A5 AFUZZITRON [B20]
PREL, TOMHELEEKS I 21— 3~ [B6]~[B17], [B23]~[B25] #4/rL, ZOHIED 1
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WEMEID TS,

A5 Tld, RECOGNITRONTDJifhfERLICIED < LB RE 88 — v 38k AE [B3], [B4] 253iW]
3h,

(1 #) measure of belief MB

(i #) measure of disbelief MD

(iii #) measure of belief and disbelief MBD
LENERIN, TOHKR, H T TVRBBHBROMEECF 5ERLEIN, CF THEEROLE B LT
fiti9 2 FakAEr sz, Rk [A1L], koKX (A2) 2> Shint% {5, MB, MD, MBD, CF % %%,
certainty factor updating scheme& L C, 228iD% KRR ERE, v, 3 5.1~ (53) 0LER
TiBENEZONDLZ L ZHLMIZ L.

MHEONRE T BMED Y — > (AJjy—2) o€ ITHL, X 9.15 ZWHGEMFL T 58
HEREZRAEX 5.7) ORMFEEERX (5.5 VHED Y — o OEBMBETHLE, 0K
BN (5.5) FEFELL, “HFIVIEBEAED, X (53) OWEZHEERIIIED IRFMIEHOE
E THONTWEE) POYEIL, 107 T TVIRBAGEORT VY ¥ VT A VF—E L[H
iz, X (9.3) OMEEECF AL TIPS E LT, FomTBV TSN,

BT IVIRRAGRE ONEL, BT ITVIRBHAGRO B )V AR EEMS - HEECE 5k, A
By R RIAE S TR D IRMIEE 2 R e T LB R 8y — VERERESE T Lo NT
WEREIPRHET LFEIEONSZD, ~RBIDBEVHEFREEAL, Xy — VR DR
LIFMIERLLE LN TV B 02 MEATEL L) ICL2TNE RS %\,

X & A

(A 1] HHEBHE, FTHBEE, a6 T oL, SWEE)E, May 1963

(A2] HAMRE, wEs: “Be - 2R, BE8E, Sept.1979

[A 3] Angus E. Taylor, David C. Lay: “Introduction to function analysis”, John Wiley & Sons, Inc., 1980

[A 4] Gilbert G. Walter: “Wavelets and other orthogonal systems with applications”, CRC Press, Inc., 1994

[A 5] Andrzej Cichocki, Rolf Unbehauen:“Neural networks for optimization and signal processing”, John
Wiley & Sons, Mar.1994

[A6] KEHER  “RHMEHLE (2 —aH (T A&T27/0YV =) —2X)", +—24%, Mar
1991

[A7] R.S. Michalskifthiii : “#E& & BMOYE — B9 5 0FE (kR ¥EHY ) —X5)",
SR, AT LHIEERTSE 7V — TAER, May 1988

[A8] ZHEFHE | “THHLHBEIE L LTOANMORRE (L F v — ) =X [R2AFHE] (1m))”7,
AN T8 4%3E, vol.16, no.1, pp.111-118, Jan.2001

(A9 ] /PHESE @ “HERTAE", WA, Dec.1986

[A10] Tzafestas, L Palios and F Cholin: “Diagnostic expert system inference engine based on the certainty
factors”, Knowledge-Based Systems, vol.7, no.1, pp.17-26, Mar.1994

[A11] Gianni Vernazza: “Image classification by extended certainty factors”, Pattern Recognition, vol.26,
no.11, pp.1683-1694, 1993

—226—



[A12]

[A13]

[A14]

[A15]

[A16]
[A17]

B1]
B2]
B3]
[B4]
[B5]
B6]
B7]
(B8]
[B9]
[B10]
[B11]
[B12]

[B13]

[B14]
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RZESERS, ARBEREORES, AFF— @ “WaEtidEem & Al (FHE ALl Tk & L O 25
)7, NTLAIRE2EEE, vol.12, no, 2, pp.196-203, Mar.1997

W LA, BAFELR - BRSSOV — Vv OZE R, NTHIBESFREE, vol15, no.6,

pp-1081-1088, Nov.2000

WARMIEN RN R D S RS O — EEEREHEOBE 2 S —7, AN LHIREY S

#, vol.16, no,2, pp.267-277, Mar.2001

Cheng-Lin Liu, Masaki Nakagawa: “Evaluation of prototype learning algorithms for nearest-neighbor

classifier in application to hand-written character recognition”, Pattern Recognition, vol.34, pp.601-615,

2001

FRAESER - “EEGRI T E R, ATLHEEFSEE, vol.16, no.2, pp.287-299, Mar.2001

AN, EHE 2, AAER © 7 F X b~ = 0 IR, AN TLHIBEYREE, vol.16,

no.2, pp.201-211, Mar.2001

X # B
SRF— 1 “RARLY", Mi#D, Feb.1975
BARH— “Za—F ARy ORI, FEACEER, Sept.1996

SRS — 1 %y — R OB — R OL”, SR, June 1997

goARA— 1 AR Bam OPT R, AL, Aug.1998

BARA— D Ny —voOTy FRE—EFN, BFEHREEYEHGE (D-T), vol. J77-D-
I, no.10, pp.2220-2238, Nov.1994

BiRA— T FERIETOUHGIR RO IEE FOFERY I 2L -2 3 V7, HRUHES
%, vol.15, no.12, pp-927-934, Dec.1974

BARA— L HEREEE L ZOTEHSIEFAOIH", WEEFAREE, vol4, no.l, pp4-12,
Apr.1975
BRSNS NZZRRUC £ 2 TR S BEERRE O PR, HHULHAE KRG, vol18, no.ll,

pp.1115-1122, Nov.1977
SRS — ¢ CDIEREE & WG OS5 - A - HRELERERICE T AR I 2L - 3 V7,
TEHATgE CCHEKRT - F#TE8), no.4, pp.36-56, Dec.1983

#ARA— 1 HATZELENZFMEMOTRON & H AGE MRS RV O AT 55 2 2
L—2a 27, [EEFE CCERY: - HEFER), no.7, pp.14-29, Dec.1986

BARRA— 1 SERBANICES S RGSHEMBOIEL TORMERKY I 2L —v a3 v7, [HHmF
7% (LECRE: - WSS, 1n0.10, pp.35-49, Dec.1989

BARA— L REREGEICES CHEPE, RERERDVEVE, REBEHREOHEKY I 2
L—2ar”, [HmRIIgE L8RS - 1), no.11, pp.51-68, Dec.1990

SRS — 1 RRE R L HARGEHARE S O, THEATZE UK - HFEB), no.1s,
pp-17-51, Dec.1998

BARS—, WIHEN . AFRBEETORENY - OFRWIEL, ZORHEEY I 21—
Ta v, HWAgE CUBORE: - HHRFHEB), no.20, pp.77-95, Dec.1998
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[B15]

[B16]

[B17]

[B18]

[B19]

[B20]

[B21]

[B22]

[B23]

[B24]

[B25]

[B26]

[B27]

[B28]

[B29]

[B30]

[B31]
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AR, BIHZEN @ BT oIl X2 AERAETONERMN T E, ZORMEREY I 2
L—3a v, [HHIIgE OCEORS: - 1), no.21, pp.51-78, Mar.1999

RS — 1 CEWEE AW EEEO 2 #k, WO, B - & - Do, 2oy
Sab—var’, FWsE CLERY - B, no.22, pp.65-150, Dec.1999

BARS— 1 “RETANVF— OIS EFVHESEMF O, BRI 555
YIalb—va v, [HWRIE CCBORY: - ), no.23, pp.109-182, Mar.2000

BARA— D AREASHFEERLL, MRTBIATL0, 7V HERZ AT VR
M X BHERL, THEIIZE CLEORS: - 1A, no.23, pp.183-265, Mar.2000

BARR— 1 A DRNE R B L 723k 2 2 7 ARECOGNITRON”, &#IF%e (LK -
TEHEEEL), no.24, pp.185-257, Dec.2000

BARFA— TUFrvay VATAELTOTI TV 4 RNVFATAT A%
&, BMSENY -7 7 V4 MR, BRI CCEORAE - REHAH), no.24, pp.105-183,
Dec.2000

AR — 1 <SS KOGHMEBSC ORI, RIS EMRHOMEM", Sz X
HORF - TEHFR), no.25, pp.185-236, Mar.2001

BARS— 1 BT HFOMEM, LR TEGERE, LHEIRELZI) ANk <
22 MR, THIRITZE CCBORS: - 1), no.25, pp.237-282, Mar.2001

SRS, JIMRAEER], KBEEE 0 R o B# 2B 3 5 JAVAS 7512 & ARECOGNITRON®
AT I 2L —va v, EWIgE CCEORY - 1B, no.27, pp.73-109, Mar.2002
BARFA— [ “JAVAS R CEE S N WIGIE Y A T AIUSOEMEME &, ZOREHE", b
AT CCERT: - THEFED), no.28, pp.143-165, Dec.2002

ByARF—, IR, KBS JAVASTEIC X ARTEMY I 2L — v 3 v CAEU 2R M4
O PRI T D% B AL AR O R BIAR”, HHATZE CCHRY - HHFH), no.29,
pp.123-166, July 2003

SRS — 1 Ry — R (B, KEEEF) O, dynamical system!l X HHEEHEGR L, #E
HEEFSPATEMTRON”, 1HHRIIZE (SCEORS - 1), no.30, pp.139-186, Jagn.2004

BiARH— 1 1755 A — F LieBEZEIEE L Z D8y — VIEBALADISH, TEHIFTE Croks -
TEHEEER), no.32, pp.21-74, Jan.2005

PRSI SIS A PR & HAC RO B T OVRERUE I, TEEEgE CC¥ORS: - 1
), no.32, pp.75-126, Jan.2005

BT — T — U SR S N O fuzzy B AR, THEITTE GRS - [EHREED)
no.32, pp.127-168, Jan.2005

PR — T = VBTN O — L OERETE) O, THEIFE CCERS - ),
no.32, pp.169-218, Jan.2005

SRS —  BPERBOREE Vi, BRFEONY — FBBAHE 088y — 2 AR o
i, HEFE CCERY: - HEFE), no.32, pp.219-285, Jan.2005
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F$3A. 4 ABaxiom1~4%2 &%, w3 ThiZ s EVWETFIVERERRT,
BEUEBRRSM, K9%EEKBSC, H7dV RIREECSF

RAEFFATIE, RBONRETLMED Y - o€ @ WRIETHTHAHIRL L AT T G,
W, €@ ORBLERET V0, ZETED
[ A 5 ARECOGNITRONZM# A 4alX 7% & 72\ “RECOGNITRONZA ¢ € @ |24 L$F>H 5 T
RBRAGE<Te,y > % A1, KIKOBEHL 1 00h 7 TVFFj€rBEEY, #7ITVE
BAE< To;, [7]> 22O TH 5 97 HBEERH TR (SSHERX) |
ORERNLEE T 4 ABlaxiom 1~4%, FNEFNORHaxiom 1~4% {72 X 2T % 52w, T,
BRI ESM, REEEBSC, 47 T BIREECSF L HFHP SN,

Al. axiom1&ENGZ—2E50, ETFTIVEBRERSRT, HVI, IEFEt [0, T)
WD G LT H188 =2 o DEGO IZH BRIV FEM DD, ZL02E0H 507
HBETHY, 200, FLICEH
T:0-0 (A.1)
WERDaxiom 12§72 SR IFNEE SRV, T &, BETITETFTVEEERFE (model-construction
operator) LI, T € @ 3o €@ DY 2 D1GDH LWV IERT, /85— 9 DFET IV (model)
LIFENS.
Axiom I (V87 =Y HEO LEFVEBIER#ET L ONEFE [0, 7] o3& A1)
(i) (FLoT— ARtk ; fixed-point property of zero element under mapping 7° )
0€dAT0O=0.
(i) (B, BRI 5 cone property)
Vo @, a9 €PAT (a-¢)=Te for any positive real number &
(i) (RFEPE, HAYE ; idempotency, embeddedness)
Vo TocONT (Tp)=Te.
(iv) (BT OIEFEE 4N | non-zero mapping property of 7 )
dpe®, Te #0. ]
Ny = EHIHLTw5 e OFEG (FEARME ; basic domain) 92 3 0) &, §XTOIEFEEKDE
GRTEERETS.
ROEHANL, axioml Zii7=FMF (DfF7z) F[0, TI2REL T 5.
[EEA1] O3y =G0 LETVHBIERRT L olpst [0, T'] oAt eH)
X (A1) OFET Haxiom 10 (i), (i), (i) @ 3#%F, HLO, (v) ZHEzTeL L.
ZoEE, Ko (1), (B) YLD
() BHOMGE L T HMBDSy — > DEED %,
Q=R (QpUT-Op)

={rttepplrteR™, op € PplUl{rt-Tos |rt* €eR*", oy € Oy } (A2)
DML BFHET IR,
[0 2{0HA[RY" - O =Q]A[T-®=T0s C O] (A3)

DAL, axiom1® (i), (i), (i) ®3miF20 ki L, HR, EExX [0, T] iZaxiom1
72y,
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()12, Pp ZIHEEITFFD O Haxiom 10 (i), (i), (ii) ® 3 FiF#iH72 3 &3, axiom 1
27z [0, T] o0 i3k (A2) okHicEsh, X (A3) DBWILT 5.

GEWD) () 133Xk (B4, 8k 1 oEBAIITH S, () 1F3CHE [B3], pp.64-66 (2.4%7) Tk
HER TV, U

A2. axiom 2 & 3ELIERRSM
“IEHER8F — 7 (well-formed pattern) (X, 5 120273V, GFEie]JFBOEME) DA
WWIRBELTWwWADDEL, Z0X9%C 0ETH (FRES)

CH=tE lies} (A4)
ZHET L. € OMATAME MMMz T B FE/8F — 2~ (prototypical pattern) @, (# 0)
Z1O®BETSH. €1k, MM (prototype) & LTCHORENY — v w; & LIER R AT T
ThHbHI L WELZ LIERLTBL. 221U,

Q={w;lje]lco (A5)
X (A4) OENTIVEECU) ITHIETEIRENY - OEETHL. X (A5 DAL,

BHE @ Ol [je]HzonT

ézjaj-wj=0:>v;'ej, a =0 (A.6)

HIMZL TV D &) BIRT, 1 KM (linearly independent) TZIFMUIE % 5%\,
axiom 1% 723 (A1) OEFVEEMEHET I2X-T, X (AS) ORENY -V EEGQDE
MIhTHELNLR

T-2={To|oeR}={Tw;|j€]}cT-® (A7)
b1 RMVTHDEEFTAH. 2oL, FPREME (similarity-measure function)

SM:dxQ —{s|0<s<1} (A.8)
AL,

SM (@, 0;)=1,012t5T, ¥ —r €@ 3K 4, o LMEEMZBPEKR, MHEMRICIHY,

72, 0<SM (9, ;) <1 D&%, BERZEM - HEBIRIZH 5
(A9)

&, SM 2L & 5.

BIESM XK Daxiom 2% 723 & S ISR S % 5 2w, F§IS, axiom2d (1) %2 ERM
W&, T ) O EE - AR 1124 bR,

H 7 T BERFOFF) I (a sharp reduction)
L0320l EREINTWwWL I EIERLTBL.

Axiom 2 CHUBLEERI%SM D723 X & A 3H)

(i) (B2 ; orthogonality)

vi,Vie], SM (wi, wj)=1 if i=7=0 1if i#j.
(i) (B LS, 1B ; probability condition, normality)

Vo e @, 2V SM (o, w;)=1.

jel
(i) (BT O T TOAZ | invariance under mapping 7" )
Voe®,Vje ], SM (Te, wi)=SM (9, w;). L]
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ROTEHA2L, FUEREESM oW SM (@, 0,) H3755 — Y EWU L, REIRENSITIE,
BB — 2 Up BEWRET O — Vo bHl—NF =BT NVTe #FTELI W E 2SR
LTw5.

[FEA2] CEWEERIRSM DA & 3H)

RE — R

U:0—9 (A.10)
ZoWnTC, T HU- AL

T (Up)=Te (A.11)
iy — o @ I2DOWT,

vie], SM (Up, w;)= SM (¢, w;) (A.12)
ML T A, [FERIC,

Vped,VaeR ", €], SM (a9, w;)=SM (9, v;). (A.13)

]

A3. axiom 3& KX ¥ERIR BSC
KB (rough classifier, binary-state classifier) & I:-Xi 5 2 (HE%L
BSC :®x] —{0, 1} (A.14)
%, ROaxiom 3%z dbn& LTEAL, MR
NG =V DRIBT LEMA T TV D1IOPE/E]FEHOATT)E ThD %S,
BSC(9,j)=1ThHoHILHNEILWV (A.15)
ERHALLS. Zo, EERTREE,
BSC(p,j)=0TH-TH, Ny —rocO ORR{ETHHEMATIVD 121, HKjc]HEHOAT
TY)E THRVEIERS W (A.16)
ELTWBZETHD. T/, axiom3D (1) 5b2d L), #7 TV EHOMEDERRM: (the mutual
exclusion of the one category from the other categories)
vje], vie]-{j}, BSC (wi,j)=0 (A.17)
EREELTEHFLTVWEWEREIERELTBI ).
Axiom 3 (KAHME BSC i 723 R & K8
(i) (7T HIHEET] 5 category separability)
vje], BSC (w;,j)=1.
(i) (B#T o FTOAZMY ; invariance under mapping 7 )
Voe ®,Vje ], BSC (Te,j)=BSC (¢,7). ]
ROEHA3L, ROFEEBSC O BSC (@,7) 3735 — YU I L, AEIZR7ZN S0,
Bt D8y — 2 Up BSBRHTO/88 — v @ LA — VBTN Te ZFRTUE I W LB LM
LTw5.
[FEIEAI] (KRHBE BSC DAL L)
A (A10) D85 =V WU 10 - 0 12OWT, EFMEBIEHRT OU- RZERX (A1) AL
T5E)%, F—eed ITHL,
vj €], BSC (Up, ;)= BSC (¢, w;) (A.18)
MRALT B, RIS,
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Voed, Yac R, Yje], BSC (a-9, w;)= BSC (9, ;). (A.19)

A4. axiom4& Hh 7OV RIRBECSF
H17 T EIRBEL (category-selection function) & XN 5 BA%

CSF : o x2 — 2 (A.20)
1%, @& (inclusion relation)
Vope @, vye2 ={ulupc]}, CSF (p,7)crc]e? (A21)

ZizzL, b, KOaxiom4ziz3TdbNE LT, #EINDZLELLY. 22, YidaersTY
FrORETOFTXTOWRTEEDHETY ZRKL TV,

MO R L TEHBEDNEY — 2o DT RTOELFDO L, Ko RET RO D 5 B
AT T)VHFEBFOVA My DTRXTOEEY LOLTXH<O, 2 >34 73 fFEMGFKZER  (categorical
membership-knowledge space) & IFIEH, Z DI - BATFEH - WHTIOMEEIIBECHH I TS
(B3], [B4].

Axiom 4 (7 ) BIRBECSF O 72§ N & =)

(1) e=0Vy=9¢ OHH

W2 h 7TV FGRkey <o, y><0,2 >OFRRBHA T T) FrTidk\w.

(i) #O0NAy #SANSM (@, wx)=0ABSC (9, k) =0 DY &

T INVFGREyIE<e, r>€<0,2 > OHMEGEH AT T F 5 TIE ARV,

(iii) ¢750A77f¢/\k2 BSC (9, 7)=0 D36

BSC (9, k)=0TH->Td, SM(p,0:)>0TH oI )T TV FEFLer X
<@, r>e<®, 2 >OHEMBEBEHI T TVETTHA.

(iv) ¢750/\775¢/\k2 BSC (¢, 7)> 0 D58

(iv—=1) BSC(p, k)=0%25 57TV FHEFkerid, SM (0, wr)>0TH->Th,<e,7r>E<0, 2/ >
DOE G A 7 T T Tid e,

(iv=2) SM (9, 0:)=0%45h 57TV FKF5kerX, BSC(p, k)=1THoTd,<op,7r><9,2 >
DOE 7GR A 7 T T Tid . O

KEHLTIE, MHOMKETHNRY — o DELSOIZIEL, 3EAl, A2, A3DT, SM, BSC H33%
PICEREESRTVBEEVIRIEDOTT, BEOHTITVESF) A bre2 2L, EHALTZEDOE
VRSP ENTWDS 3 (A26)~(A28) DA 7 T RIREECSF #H 15,

‘GRS A 7 ARECOGNITRONZMLE W G & 55 0 € 0 12xf LEF2 7 7 3V IR IR % (categorical
membership-knowledge) ”
%,

<@, y>e<®, Y > (A.22)

ERT. <o r>e<@, 2 >LiF, XF—voecd PhTIVHELEC, JETOVTNY 1 DOICIE
B AURENH L EVIHELELTWVAS.,

X (A20) OERCSF I, /Xy —roe® x L, @ik AT ARECOGNITRONDSFFD 7 7 1)
JREM#E <o, r>e<@,2 > LBE LGS, TONOATIT)ES
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€. /€CSF (9, 7)(c7) (A.23)
DWTFND I DIRET 2 WS H S LR TS LR EM R, TOMIICSF (@, 7) 1388 — >
PpEQ ODBEMRBEMA T TV F 5 AN (alist of significant category-numbers) %52 TWbEEZ 5%
ZLEHNTES.

kDI jr, Joy - s E] D %DV A My &

r=lin 72 - le? (A24)
EET. I 10N
PFEG I FJa (A.25)

DY o TOBGEDY ZEE L o o IEJER—HENLI LD B, FIL, EEE 10D
Feew ) A b, 2FY, YA ]e2 3BELSGI TRINDLILDDH 5.

ROEHA4TIE, X (A20) DBLCSF 33, X (A8) OB SM, X (A.14) DORGHEM
¥ BSC # M A2HAT, axiom4ZMiZzd L) ITHEIhTwa,

[EEEA4] (H 7 3 BEIREECSF DORERLE L)

ROEIEHESINDKX (A20) D1 ODFGCSF I (A21) & LibDaxiom4& /=g !

(i) ¢=0Vr=9¢ OBH

CSF (¢, 7)=¢. (A.26)
(i) e #O0NY # ¢ DGH

CSF (p,7)=

{(key|SM (g, wr)>0} if 2 BSC(p, k)=0 (A27)

{key|SM (¢, w)>0ABSC (9, k)=1} if >BSC (9, k)>0 (A.28)
(IEBH) CHk (B3] OEHEITH 5. O

EHEALTEY L TWAEILCSF DR —H2H oI L XS,
ROTEHASHS, GR7%H 7T )HESY XA NCSF (0, 7) €2 BREFVERIERET 12 LAZET
HHEZ LN,
[EHEA5] (CSF O T— %)
ROy 2220 T,
Vo € @, CSF (Tp, y)= CSF (¢, 7).
[EXEASDFR1] (CSF OU— A&, EEBiEAZNE)
X (A10) DI8F =V EHRU 0 - D 12200 T, EFIUVIBRIERZT OU—- REM (A11) AL
TAHEI)RNRY—Voed ITHL,
Vo € @, CSF (Up, v)= CSF (¢, 7)
AT B, [ARRIC,
Vo e @, Yas R+, CSF (a-¢,7)= CSF (9, 7).
(FEB)) Cik (B3] O&E31THSL. R 1IZOWTIE, 2EFHA2, AP ToTWDHIEEE
FALTEE T IS 2. O
ROEHACL, H/eJFHOATT) E ORFNY =V 0 iIZO00TIE, ME1ODh 7T FS
JOHRPHED ) A NI ARIRS N L WREEZ R L T 5.
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[FEEBA6] (H 7 TV RIRBIECSF (9, v) ORF 5 — v EH)
TEOre LEBDOE]IZONT,

CSF (wj, y) =

/] if jer

¢ if je]-r.

(GEBA) CHK (B3] O3 1TH . ]
ROEHATL, 5 T)RBIBH#<e,r><0, 2 >h 5, ZOEHGHATFTITVEST) X+
CSF (o, v)E2 ZHilT5ZLI12L D,
<@, v>><g¢, CSF(¢,7)> (A.29)
L, MY AT ADOEEON T I IRIBHME< @, y>E< 0, Y > FFNL Y EM A S T I RISk
<9, CSF(p,7)>€<P, 2 >N L EET LT nIE Bo5hin 7 TV RE M
<@, CSF(9,7)>€< Q0,2 >0 ZDER % T TV FK5Y A MCSF (¢, CSF (p, 7)) €2 #d LT
b, IHIINULE, AFTVRBHBREIZETLII L3 RVEWV) “FF T RBHEOEREN %
L Twa.
[EHEEA7] (H 73 B CSF OXRFFEH)
TEDeed LIEREDOYe2Z IO T,
CSF (¢, CSF (p,7))= CSF (p, 7)€ .
(FEBA) XK (B3] OEM32TH 5. ]

11$3B. X9¥EEAE BSC NDon-lineBR¥ZEHX

ARAEEBTIE, MHONRETZH/1F =V o PRRIEN/Z 120 A 7 TV IIFET LW RN H 5 0
EI) M EPRETE A axiom 3% 72T RO BSC” 22 R=a—F NV Ay M LTHERTS.

gy — ORHNE AT, T 25N, KEL<DIT, ko®, @7H5 :

OKRHE B BSC Don-line’ 8 73\

IRy = 1 BADT BT, EOINH NS — Y 1 HIZOVTOHEFRERTEET 54X (on
-line learning)

@K FEBSC O—15228 )7 (batch learning)

Iy — L ORINERIZOVTMFE SN EHETEET L HK O

ZD%, RSB TIE, 2X=2—F VA v b& L THKS Nz “axiom 3% {ili 723 KB $ BSC”
% PRI Con-line D TER THEHT % H (FHREWon-line AN 2AFFEL X 9.

B1. A9 ERE% BSC OEIFHon-lineEH
B1.1 2R=Za2—Z)Ixy bOWR %A - KDLEREFHBSC
wie]FHOH T T

CeC@={Elje]} (B.1)
WWIRIBT A1 —vped (2DOWTIZ,
BSC (¢,7)=1 (B.2)
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THY, o, Hie]-HFEBOANTT)C cCU)IRIET S8y -V e IZon T, Hik
5723,

BSC (9,7)=0 (B.3)
THb L) HRERERHO LX) %, & (A14) ORSGTHEEE (binary-state classifier, rough classifier) BSC
i, FEADaxiom 3572 SNB L9, 2 R=2a—F Wty FOTEK

net (g3 W2(G), WiG), b ()

EkZL eZLW(/, k, 0)-u (Tp, k‘€)+kZLW(/,k)-u(T¢,k)—b G) (B.4)
®, 0, 1~ 2 b2

BSC (¢, 7)

= psn (net (@; W2(G), W1 (), b ())) (B.5)

= psn (kEL [ZLW(/, k, £)-u (To, k,l)+kZLW(7', k)-u(To, k)=0()) (B.6)

LT, eSS, 223, 1EE2Bu o, 0,10 2% BEEIEE 3 5% (positive-sign function)
psnid,

psn(u)=0 if wu<0,=1 if =0 (B.7)
LEFKSINTED,

W2G)={w(, k €); k£ L) (B.8)

WiG)={w(, £); ¢ L) (B.9)
i, %4, 2K, 1XDweightvectorTH Y, b () ixthe jth threshold TH 5. F 7z, FFBHMHE S

u:dxL >R (EHEHROES) (B.10)

FEAL, Ny —rocd oMb iNsEL/e L FAOEBRMENMEZ, u(p, /)eER ERLTW
. NF—roed oS &4Er (o, k)€ R OHL
i(p)={u(p, k)|l keL} (B.11)
ZEZTBIY. fHFADaxiom 10 (1), (i), (i) O38F, WL, (iv) ZieTET VAR
TERET OREEM (axiom 10 (i) OFF) T-T=T 2%E3ThiE, axiom3D (i) (BEHT O
TTORZEN) PEZL TSI EIEELTHEL.
T, 2RYEEE e (Te, b, £) L LTI, BIZIE, ROSHE (—)~ ) 3FBFohs !

(—) u(To, k, ¢)=u (Te, k) u(Te, £) (B.12)
() u(To, k, £)=min{u (T, k)-u (Te, £)} (B.13)
(Z) u(To, k, £)=max{u (Te, k)-u (Te, £))} (B.14)
_ _ u(Te, k) u(Te, £)

(M) u (Te, k, £) =max{[1 {{ljf‘u(T%qH ’ranaLXW(Tﬁﬂ,CIH} (B.15)
(H) u(To, k, £)=

1-u(To, k)>u(Te, £) DL &

270u (To, k)=u(Te, £) DL X

0u(To,k)<u(Te, £) DL X (B.16)

O
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B1.2 BSC OE/mrJon-lineEH R A

D72 DB L SNB T =V BRABENRL 222K (BY), (B9 D2ODEANRY b
Wa2(G), WiG) LBIMED G) 2B LFOBIELTHEL A Y T4 VEREEMEL LS.

WAt

w(, k €)li—o=1.0 (B.17)
w(G, k)ili—o=1.0 (B.18)
b G)ili—o=0.0 (B.19)
kbl je]

DTFT, BHLt(E=1,23 )12, HieJFBOHITT) CIIRET 2B — o =0[jled
BANEND LTS, KRt ©DBSC (@,7) 225t+1 D BSC (9, )it ~NDOEH U,
(/f) W(/., k, é)tﬂ

=w(G, k £)i—e(, k, £){2-BSC (1, )i —1}-u (T, k, £) (B.20)
(a) w(, k)i
=w(, k)i—ei(, k)i-{2:BSC (¢;, 7 )i —1}-u (To:, k) (B.21)
(N) b ()i
=b(G)i—e(G){2-BSC (p1,7)i—1}- (1) (B.22)
DT,
BSC (@, 7)1

=psn (2 2 wG k, £)i1-u (To, k,é)—s—kZLw(/, E)esiou (To, k) —b (G )e1)

kel (<L

(B.23)
Lirbiha.,
S, HiEeJFEHOI T T CIRBTAIEHHL TV A Sy —Y o =0 i1 5%
% R
P1, P2, P3, 1, Py Praty (B.24)
BREP D) 2o TwaHE, 33 (B20)~(B.22) WD3IEHK G,k £), e1(, k)i, e0(G) IER
DEHTHEETIIT LW

%@ﬁéﬁ%q LT
1) e G4, k,[)t:m (B.25)
(9) &G k)=t (B.26)
ON) e0n(G)i=

1t<p Ok &

Til..-tzj] DL E (B.27)

33 (B25) ~(B.27) DikElX, ROFEEEZER L TW5D @ RT3 (method of gradient descent) ,
T AL (stochastic approximation) [A16] Tlx, FHTF—F 2 952 b 572N, KeHlt TR
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LNTWBEENRT A—F ar & a1 N\&

oE (Zt, a’t)

o (B.28)

Ai+1 = At — €&t

D X9, TS (the empirical average loss) E (zt, @) 2593 5 HIZ e #EIE L TEL.
E (21, @) ORAMEIZE > 00 TPRT B720121F, 3 54

@lim & =0 (B.29)
®§&=w (B.30)
®§ﬁ<w (B.31)

W72 SN D IEDFEFE K (the learning rate) & X BTN TV DR LENH L I LAMOLNTBY [Al15],
1 D DER

&:% (B.32)

X203 £MHO~@ %z LTwb [Al5]. O
Y Edon-lineE HRUFK (B.20) ~(B.22) £ (B.23) IZRALThA25 L 51T, BSC (o, 7)1
VIXRTRER] ¢ @ BSC (91, /) DYEIEEZENTBY, BSC (¢1,7)1 % BSC (91, /)i NEHF LTV DD
T, WL EE (recursive method) THA. Z D Mon-line#H T TIE, XKD 2FHE (#1),
(#2) 2RI LTHEY, LY BWEEFMH (learning curve 5 FIHEEEZ ¢ 2 Bl 2 Mz 2B MRE E L
TOWMMEFERAEEZ 70y P L72b DT, FEERE, POREEZXKBLTB), HENEEET
ERECERITED LT HliFE ; AMEEBTIE, XKEICHMLTw <) 2B 5h5 ¢

(#1) BSC(9,j)=1T, o 38 eJFEROHTIT) G IRET 2B 5 — U7 51T,

BSC (¢:,7)i+1< BSC (¢:,7):. (B.33)
(#2) BSC(9:,7)=07T, e BFEjeJFEHOH T T G IIRET 2N Ny — V% 51,

BSC (¢:,7)i+1=BSC (¢:,7):. (B.34)

]

DXL T, Lo (#1), (#2) LU, wG k), w(G, €)e, b G)e D5, w(, k, £)i,
WG L), b Gt NERF LWHBIZERINTWE I EWbhsb.

ROFHBLE, fHERADaxiom 3% {7233 (A.14) ORGIEEEBSC Hon-line’F THK S 5
CLEEEHLTYA.

X (B.24) 0l sy — R, EieJFHOHTT) G ICRET 2Ny — v A5 H
BLTwaIEITEELLY.

[FE¥EB1] (BSC », FHJitHon-line ¥ EH)

23 B5), (B.6) oM, 2k=2—FVix v hOBXTERSN 2 [l BSC &, X (B.24)
DY = RINETE]JHFHONTT) € ORENY — v 0; B3 ELETNRTVD L) &
on-line > F T

BSC (wj, 7)t— 1(t — o0) (B.35)
TR (8
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Vo € d,vje ], BSC (w‘)z}@o BSC (9,7): (B.36)
LEHEINRX (A14) ®BSC iZaxiom3® (i), (i) #ifi7z7.
Z Don-lineFH D55,

v/ €, max hmnet(wz,Wz(i)f WiG)e, b (G))<0

ieJ-{j} ¢

(B.37)
gtlijlgonet (w;; WaG)e, Wi(G)e, b (G)o)
M7z s TwWIUE, B 7T BOMEYERR S
vje ], vieJ—{j}, BSC (wi,j)t— 0(t — o0)
(B.38)
LTI lilhb.
GEB) 230 (B.33), (B.34) 75, X (B.35) ASHLY L.
axiom 3D (i) (T—AZHW) PV $T5HZ &1, axiom 1, (i) OBET-T=T »5
Voed Vel u(T-(Te), £)=u(Te, £) (B.39)
Pz, HHELTHS. O

B2. B/mHon-lineB#HARA Di%ES

Assuming a sequence {< z (¢), ¢ (1) >|t=1,2,3, -~} (where ¢ (¢) is the category label of sample z (7))
of training samples, the empirical average loss E (z (£), ¢ (), 6 (¢)) can be computed. By gradient descent,
the classifier parameters ¢ are updated iteratively by

OE (2 (1), ¢ (¢),0 (1))

30 (1) t=1,2, - (B.40)

0(t+1)=0(t)—a(t)

sothat £ (2 (t), ¢ (t), 0 (t)) can be minimized to optimize the parameters ¢, where @ (¢) is the learning rate
to control the step size of parameter updating. In this way, the parameters ¢ are updated once sweeping the
samples.

The stochastic approximation converges to a local minimum of E (where %: 0) under the following

conditions:
lima(t)=0, 2 a(t)=o00, and X @ (t)*< oo (B.41)
t — oo t=1 t=1
The choice of @ (t) = satlsﬁes the above conditions. In practice, the parameters ¢ are updated in finite

iterations, and setting the learning rate @ (#) as a sequence starting with a small value and vanishing gradually
leads to convergence generally if the objective function £ is smooth. The gradient descent and stochastic
approximation have been widely used in neural network traing and other classifier design problems, such as the
back-propagation network [A15], [A16]. ]

&T, ROEMEBSC ofigix, 2 (B.S), B.o) DLHITHEEN TS, 33 (B.20)~(B.22)
o, 23 (B8), (BI) OW.(G), Wi() LHflib () % % ECHHT 5 DOh% LikOER T,
MESREDETHIIL TAH LS.

B (=1,2,3, ) WIS Y — 2 o RO N DWW (), Wi, b G 2P LS OEH
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LCw<online#FHZ#MHAL L.
BRIt \CM Ny — > o AT EN728ED, K (BA) Dnet (o Wa(G)e, Wi(G)e, b (G)o) D FLAH
WhaeG) %
+1o BE BT AL &

a(j)e=
1o G IRBLAEVE & (B.42)
L, ML A ZFOMIBAEE %,
Eo=2"[net (pi; W2(G)e, Wi (G)e, b G))—a G (B.43)

EREELTALY. HHN
WG, Ry £)eei=w (G, Ry )+ Aw (G, Ry £):
w (G, k)ei=w G, k)e+Aw (G, k)
b (G)s1=0(G)e+Ab ()

,1=1,2,3, - (B.44)
WZBUTA3HIEAWG, kL), Aw (G, k)i, A ()1 1,

Aw (G, R, £)

= —&2 (/, k,ﬁ)t‘aw(?% (B.45)

Aw (G, k)

:Aelu,hz)yga%fijj (B.46)

Ab (F):

:Afog)wgggﬁj (B.47)
L zohs, 22T, 3FeU ke k), eo()ld, t =02k BITHEVOITR 5 WA IEME
BETH 5.
FHEHERIAOEBYTH D .

Aw (G, R, £)

= —&2 (/, k, é)f-[net (go,; Wz U)t, Wl (f)t, b (j);)fa (/)f]u (T(Df, k, /) (B.48)

Aw (G, k)

=—e1(G, k)e-[net (pi; Wa(G)e, Wi(G)e, b G))—a ()i u (Toy, k) (B.49)

Ab (F):

=—¢e0(G)-[net (@i; Wo(G)e, Wi(G)e, b G))—a ()i]-(—1) (B.50)

]

ZIT, e AT ERER (BA) Dnet hH oM net (9 Wo(G), Wi(G), b () 55 2 DA
Ja(G) ZELIIWTH SN EIL S
net (¢; WoGi)e, Wi G)e, b (G))—a () (B.51)
%,
[2-BSC (¢:,7)—1] (B.52)
TEERZ-D0N3 (B20)~B22) THAb.
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F383C. FRLUERIHSM Don-lineBREZ AR

AAHRCTIE, 2 R==2—F 0y e LTHRIN “axiom 2% i 72 TP ERESM ™ % B
M 1Zon-lineDIE THEH T 5 H A (FifeMon-line BHHH) #HFFEL L.

Cl. 2R=a1—J)xy FOBR%EA -FELUEREKSM
X B4 D2Rk=2—F Nty MiSnet (o; Wa(G), Wi(j), b (7)) 2T,
S (o, )

=max {0, net (p; W2(), W1(G), b ()} .1

PHEL, X (A8) OBESM%

SM (¢, w;) =
S(p, i)
7?/5(;0,6011) ];]S(gv,a)k)>() DE X

p ((SI]-)“-]ES (p,wr)=0 D& &
(c2)
EREFKTS.

ZoLE, ROEHMCIAEILL, axiom 2% 7= THUEHESM G5 N2 &b h 5.

[FIEC1] (2 k==2—F )%y M X Don-lineTHREAE 1 & 2 3MUE BB SM DR EH)

X (C2) TE#HEINLZR (A8) DBESM 1%, axiom2® (i) GAMBRALM) & (i) (7T-F&
M) &7z L, on-lineFHEFE DR, axiom 20 (1) (EHE M) 2872  viud, #F, axiom2
Ziz .

G B O I1ZSM oEHS (C2) oL THS.

SM O T—AREWOKNIE, axiom1, (i) OBET-T=T »53 (B39 »wz, £oT,

V-€9Q,ViE],

net (To; W2(), Wi(j), b (j))=net (¢; W2(G), Wi (), b (G)) (C.3)
S(Te, wj)=S (¢, w;) (Cc4)
1%, oL TH 5. ]

C2. FUIERHSM OBFHon-linexH

X (B24) OBy —RFIE, FieJFEBOATIT) CIRBT ANy -2 E D
WEMERp (CHICHBILT, MBI L E, ZRELTALD.

AR ICA SN, Bie]JFEHOATTY) € IGET 5 (B24) Ol sy —r e b§
%.

35 (B47)~(B49) IZEH L TWwBRK (B.50) Dnet (9 Wo(G), Wi(G), b (G)N—a () %, O
IERHAT 2 s

¢ (p)=
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1o, D je]FEHOATFITY G IIFETH & X

+1o HEEFEJHFHDOATTY B LRVE & ©5)

THEML, HIZ, &K (C5) Do (o) &, EAHEGR
—|J1-SM (¢, wi)+1=~[|]]-SM (¢,, wj)—1] (C.6)
THEMPL LS.
Z95huE, X B43) &, 33 (B47)~(B49) EhbH,

w (G, k, €)1

=w(, kL) i+Aw (G, k, £)

=w(G, k£)i—e(G b, £)e-[=|]1-SM (@1, w))+1]-u (T, k, £) (c.7)
w (G, k)1

=wG, k)+Aw(, k)

=w(G, k)i—eiG, k)e-[=1]]-SM (¢:, wj)+1]-u (Te:, k) (C.8)
b (7 )+

=b(G)+Ab ()

=0 (G)i—eo()e-[=1]1-SM (¢1, w;)+1]-(~=1) (C.9)

AEONE, 2, [JEhTTVRETH 5.

Pt ®on-line’ 2% /753X (B.20)~(B.22) & (B.23) ICHALTHR S L )12, SM (91, @)1
WZIHTIR Rt D SM (9r, ) EBEEZEINTEY, SM (o, 0;): & SM (9, 0j)ei ~NEBEHF LTV B
DT, FIFRNAR T (recursive method) TH 5. Z DR Mon-line?2H T, kD 23H%E ($1),
($2) DI LTBY, X EVEEMM (learning curve ; FIFRIEZ 1 % M HERM I E e L L
TOMFEFERELZ 7Ty P L72b DT, FEERE, JOREELZEIHLTBY, BENLLET
WEREICFITIRA LT <l AFECTIE, KEBIamL < i) 2 Eons .

ai+6 a;

Ta+0+ 2 e i+ 2
ke -1/} ke]-1{j}

5'de

_ ke]-1)

_[aj+6+ ! Clk]'[aj+ ! Clk]
ke -} ke -}

THH, dL,
vke], ar =0
Thhig,
0<,=>02nL, EEIZD<, =>0TH5%
ZEIEETL,
($1) SM (¢, o) >J1I7' T, e D/ eJFZEHD AT T G IRETHIMNY — 0 5T,

SM (¢,, wj)is1= SM (@, wj):. (c.10)
($2) SM (@1, 0))<IJIT'C, @ e JHFEHOAT T BB L RVl sy — v 5,

SM (¢, wj)ii1< SM (¢, wj):. (c.11)

[]
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ZDEHITLT, L@ ($1), ($2) 2L, wU k, £)e, wU, k), b G)e 5w (, ky £) 141,
WG R) 1, b ()i NEEF LWHMICERFEINTHWDEZ bbb,
Voe @, Vie], SM (¢, w;)=lim SM (¢, w;): (Cc12)
LEFREINDN (A8) OBKSM 2%z L5,

FHCITEY LTV baxiom2® (i) (EHERME) KON (C.13) BEH V2T L TRENS.
EFCITOIEHE AR

SM (wi, wj)i—6ij (=1 if i=75=0 if i#j) (C.13)
R e R =

vie], tlirlgonet (wj; Wz(j)t, Wl(i)t,b G))>0 (C.14)

A[Vi E]*{j}, ;hP;IO net (w;; W )1, W G)e, b () <0] (C.15)

THRIES N A, 2K (C14), (C15) Z2%H%E ($1), ($2) »oMfFEhsaTLw. 221, 0y
X7 uiy h—08HETHAb.

1143D. ETIVBERIERET Don-lineBREZTHR
AAHFDTIE, axioml, (i), (i), (i) o 3#%F, X, (iv) 2723 3 HEE T IVRERAE
AHRT 2L, 0%, HiENRSA—FThoHHMe* 1) ZFRMIC, on-lineFH 3 2 T2 %%

ENb.

Di. 3{E/NZ—2FTFTITe
NWr—vo={loW)|xeM}ZEZ 25 2008 MEEEe (), e ()%, FER

—1<e (x)<0<e*(x)<+1 (D.1)
Zii7z3 &35, B, PHIL/3F — > (average pattern)

E(X)EEP((&)'CU(X) (D.2)
ZEALT,

. E@)]

e (96)—8118|$(y)| (D.3)

PN 221

e-)= SuBIS(yH (D4)

k, WETE D,
(Se) () =
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0--suple (y)[=0 D& Z

lo (0)]
Su8|¢(y)‘---ysé15|¢(y)|>00)kg
(D.5)
LEFRINTBLR
S:0 >0 (D.6)
AT,
(Te)(x)=0 if (Sp)(x)=0 (D.7)
IZHERET 5.
(Te)(x)=
+1et(x)<(Sp)(x)<+1 DL X
0-e" ()< (Sp)(x)<e " (x) DL &
—1-—1<(Sp)(x)<e (x) DL &
(D.8)

LEFENDLA (A1) OFEZT 2%z 55,

ZotE, ROFEHDIVHLL, axiom 1 (i), (i), (i) o 3#%F, WO, (v) ZhHzd
K (A1) DEFTMERIMERAET BMMFoNI2Z Ldbrsd.

[FED1] (3T TN Te ORK TR

(i1 #) C(REhEER)

vreM, p(x)e{-1,0,+1} THIL, Te=¢. (D.9)

(i #) X (DY) TEHEINAAX (A1) OFERZRTIE, axiom1® (i), (i), (i) o 3%, i
Mz, (iv) Z§izzd.

(i # D)

(ift-1 e=0THNZL, X D5 &Y, Se=02Eo5h, ko7, X D7) X, Te=0.

(i—#-2) e#0A[WweM o x)e{-1,0, +1}] THNIT,
suple ) I=1THY, X D5 XV, Se=90 %, LoT, X (DY XV, Te=9.

(i # OFEH)
(i # -1) axiom1, (i) OBFOWKL : (i #-1) TRINTWV5S,
(i #-2) axiom1, (i) OHBIOKIM e ZIEEET .
(i#-2-1) ¢=0LF2%.

(1#-1) XV, Te=0Th5%.
oM, ap=0TH5. (i#-1) £V, T(a9)=0Th5.
£o7T, T(a-9)=0=Tp.
(i#-2-2) e#0LF2%.
supl e () [> 0 1ZHEEL T,

yeM
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(a-9)x) _ o)
weM, su}lg\(a-qo)(x)l B suBW(x)\
(S (a9))(x)=(Sp) () (D.10)
THoHND,
vxeM, (T (a-¢))(x)=(Te)(x). (D.11)

(ii # —3) axiom 1, (iii) OFEF-ORK :
vweM, (Te)(x)e{—1,0, +1})
THhoa2H, (i#) ZHEHALT, Vo, T(Tp)=19.
(ii # —4) axiom1, (iv) O, . (i —#-2) TRENTWA. ]

D2. RBEREHIe (x), e* (x) Don-lineFR¥EE
B zIE, t=00 & XOWHHE

Ve M, e (x)il]—o= t% (D.12)

EBAT, To, 2 FDNF —VETFTNVETLEEJFHOI T TNVE ICRBT L /87 —
Pt =@y []] 0);&‘7“‘)1/7‘% E’}ﬂ‘/‘f, EJ“%*H%%JI‘ (: 1, 2, 3, ) T@Eﬁ’fﬁﬁgi&ei (x)t ’2 e* (X)HL’\}ZJJH\@
HiEO~®TEHT 5 !

tliin 8*(x)r=0 (D.13)

i/ BRSO (0): 2 BATEL. FjeJFEHOIT IV CIRETLZLHBHLTWS
Mgy — o =0, i1 D5% 5K (B24) O — IFRFIAEMp = 1) ZHo TV B YA,
Lowzg r LT, filIZE,

g 0 (x)i=
\(chot)(x)';'(ﬂ%)(x)l i<l p DL B
gifﬁzUMp@ké
(D.14)
L, BRETT LW,
Ltg, SOz, e (%), e* () WK (D) DT %4, Ti, T EFET.
t=1,2,3, - &5 5.
Omin{(Se,) (x), S (w;)(x)}>e" (x) (D.15)
DL E,
et (x)mi=et (x)ine (x)1=e (x): (D.16)
L5, ZoLE,
+1=(Tn10;) (x) = (Ti19,) (x) (D.17)
DALY 5.
@(Sp)(x)=e  (2)=(Sw;)(x)=e (x): (D.18)
R
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e (x)1>et (x)iNe (x)i=e " (x ) (D.19)
DALT B LI, e (%) &

e (x)ii=e  (x)i+07 (x) (D.20)
L, Wins€s. £575&,

0=(Ti10;)(x) IZ2WT, (Tr10;) (x) = (Ti19,) (x) (D.21)
DL T BHIENT, e () lde” )i NELEHINTWS,
@ (Sw;) (x)>e* (x):=(Se.) (x) = e (x): (D.22)
Dk X,

e (x)m<et(x)iNe (x)e1=e (x) (D.23)
DALT B LI, e (%) &

e (x)i=e  (x)i—0" (x) (D.24)
L, WhEEL, EH9T5E,

1=(T10;) ) 122WT, (Tra1w;) (x) = (Tr19:) (x) (D.25)
DT BHENT, e ()i lde” )i NELEHIN TS,
@e" (x)=(Sp,)(x)=(Sw;) (x)=e (x): (D.26)
DL X,

e (x)i=et (x)iNe (x)e1=e" (x): (D.27)
EThH. ZOLX,

0=(Ti10;)(x) IZ2WT, (Trr10;) (x) = (Ti-19,) (x) (D.28)
DL LTV 5.
®e” (x)=(Sw;)(x)=(Se,) (x)= e (x): (D.29)
DL X,

e (x)i=et (x)iNe (x)e1=e" (x ) (D.30)
EThH, ZOL X,

0=(Ti10;)(x) 122\ T, (Tir1w;)(x)=(Tir19:)(x) (D.31)
DL LTV 5.
®e (x)i=(Sp)(x)=e (x):>(Sw;) (x) (D.32)
DL E,

e (x)i=et (x)iNe (x)ee1>e (x) (D.33)
DALT B LI, e (x) &

e (x)mi=e (x)i+07(x): (D.34)
L, Wins€s. £575&,

—1=(Trs10;) () \22WTC, (Tr10;) (x) = (Tis19,) (x) (D.35)
DAL HHINS, e (x)elde W) NEEBEIN TS,
@e* (x)i=(Swj)(x)=e (x)r=(Se) (x) (D.36)
DL X,

e~ (x)i<e () (D.37)
DALT B LI, e (x) &

e (X)mi=et (x)iNhe (X)ri=e (x)i—38 (x): (D.38)

L, WAIEL. £H9T5BE,
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OZ(TzH(I)j)(x)ﬁ:Ob\"C, (Tt+1a),-)(x)~(TH1§0z)(x) (D.39)
DL B HIANT, e ()i lde W) NEEBINTW S,
®max{(Se,) (x), (Sw;)(x)}<e (x) (D.40)
RN
e (x)i=et (x)iNe (x)r1=e" (x) (D.41)
E95H, ZOLE,
—1=(Tr10;) (x) = (Tir190) (x) (D.42)
N YA P

ZoLE, ROEHD2HV.L, X (D8) O3IMETFTNVHRIERZT NEOWE T XA —%
e () ZFIRIIConline#HTHZ L EHL, ARENLZZEZHLPICLTWS, 2F Y, i)
FHOAT7T) BT 2 DETNTe 3] HEHDOAT T C ORFNY - 0, DET
WTo \TBTW5E X512, BiER e () 2B oMb 2 E25hh5b.

[EHED2] (3 i€ 7V Te Don-lineFifi 5 & Bl

ARt 12T e JFEROA T3 CIRBET A LA L Tw AR (B24) HOFII 5 —
Yo=o I BFANENBELEY. BEEDOxEMIZONWT,

[(Tipe) (x) — (Trw;) (x) [< 1 (D.43)
ThhuE, FEX
| (Trir9:) (x) = (Traw;) () |<[(Trg, ) (x) = (Trw; ) (x) | (D.44)
DALY 5.
GEWH) HoMTH 5. O

X B24) 0PNy —HEEcJFBONTT) G ICRBT ALY — Vo = [j1DHD
Lo TWAZLIZHEETS. X B24) OBy = Hzje]ilbloTHETSTHI LI
BB, ZOBE, o= J]OMBMESGVE, C OMBMER) (CHIChFIL Ty RiFhidse sk
Wy,

%3, j=12L, X (D12 OMPEDOT T, L THOLNTWAEEFTVRRIENE T ©%
BT o105 ffio T,T[l]:tlgrrgoT:%ﬁi&),iitL:,fZZ LTI 0 e L, T[Z]:tlgrrgo T:[1]
R L. L, FRRC, TUI208MEE L, IR CHRORTW L EFVRIERET /] o
;%ﬁu{Tt [].]}tzl.z,li.m %1@0 <,

7{1+1]=}@;7¥U] (D.45)

ZRDLH. HHO IMEETVEERIERET 1,

TH]L+H=}@;EH]H (D.46)
&, RKFommAN,

T=T[]+1] (D.47)
ERES.
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F8RE. 2% - 1 RISWEBIC L D “axiom 2% /- THLUERHBSM” DOIEBRK
2R - 1 REBEIZL 5T, “axiom 2%{ii7293X (A.8) OFUERESM” ZHELTALY.

El. 220N M EROBER
Wi, Jvaxg4, (L D)ol 1,=/C, )aeg=1,2LF22200 VX)L F2ER D, q=1,2
D29, q=1,20DNEFENe =< @1, 2> DK D=9 x D,1%, Hik

< @1, @2 >+ <, 2 >=< @+, o tn2 >

a <@y, 92 >=<a-¢i,a 9>, a IEKEK

(<1, 02>, <71, 12 >)= (@1, 1)1+ (@2, 72)2

(E.1)
IZEoT, BNV MEBERKT 5. Wik 5iE, Dix D0/ Val<o, 0> 14,

I< e, @2 >l=VI e 7+ e I3 (E2)
ThHhobhD, D1, D2PEMEI LN, Di1x QZEMel LGEHINEZ NS THS. HoHNT:
VAN PR D X D% D, D& DEFE (direct product), F 721k, FEZ2M (product space) &
W,

EFI, LIS, DED X D) THL L) BIEAKLWHILED, Di1x D2 BLUTORIRD
WHRTH 5.

UEDOe )~y b2 9 x 9 2 BZI2 LT, REUKETIE, Xy —rhroiiilish 2 EEO
MOBFT NN FZEHOBEREE R 5.

E2. 2R 1 RIFBEDEDI NI MEF

R =V OB ENIB/BHREL VI SDIE, TONRF—UHPRTHTITYV 2 TEDZTMEL,
ZHRUNDTXTOH T T) ZHebr$ % & 9 M- % i 2 7273848 (distinguishing feature) Td %
CLREREINDLDTH 5.

WEH1IDODE VRV MNEFDDILeED EZ 5.

53 (B.12)~(B.16) ZRETRENT WS 2 KoFME u (o, k, £) D&R%E

iz (p)={u (o, k, )|k £<L)} (E3)
LRI, ToNME
[i2 (), ﬁz(ﬂ)]z:ka Z‘.L wa(k, £)-u (o, k, £)-u(n,k, £) (E4)
zzig,
[Vk, Ve eEL, wZ(k,z)>o]Ak§ 2wk, £)<oo (ES)

EL, ZD/ VA%

lii2 (@) o= ylii2(9), id2(p)] (E.6)
A, BRI, 1 REEEER G (o) %
i1 (p)={u (o, k)| keL} (E.7)
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L, TOWHZ

[ﬁ1(¢),ﬁl(v)]lzkgm(k)-u(qa,k)-u(n,k) (E.8)
halfll
(Ve L wi(F)>0]A 2 wi(k)<oo (E9)

EL, ZDO/ VA%

liz (@) li= i1 (), id1(p)] (E.10)
L5 5.
22T, 2K (E4), (E8) D220z E LT, 2K 1| KiEMEONRZ,
i (9), i (n)]=lii2(@), td2(n) ]+ (@), d1(n)] (E.11)

L, EO/Vva%E
lii () |= (i (9)u (@) =iz (@), ii2(p) ]+ (9), i1 (9)], (E.12)

E35. A (B4 OWNBEEZFHOL VANV 22D &, 3 (E8) OWNEAROL LN b2 D,
LOER D1 x 9 ONFEDY, X (B11) ONETH 5.

E3. HBEBEANETE=2—Z)xy MILD, “GEBEHREEZHEAL f-axiom 2% i /- T FHLUE
BAESM” DIERK
METOE VAV FZER DX D2 1B WT, BMLMME (normalized inner product) nip (@, 7) %,
nip (@, 7) =

L) d e o) ()15 0

lid (@)1 (n)]

0 if ld(e)|l-li()]=0 (E.13)
LEETS.

S (p, w;)=

—%-loge[l— | nip (Te, Tw;) ]

3je ), [i (Te), @ (Te)1# OA I[i (Tw;) | - i (Tw;) |70 D& &
—5-log [1-5 (€))]

vie ], i (Te), i (Te)]= 0V |[d (Tw) | - | i (Tw;)|=0 O & X

(E.14)
ZEAL,
S ((0, CUJ')
SM (g, w))=<S o~ (E.15)
E] S (@, wr)
ZEFT L.

22K 1 REFBE Z MY S R R G
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u: OXLxL > R (FEHEROESR) (E.16)
u:dxL —> R (E.17)
ETeHTo, CEEINTVAREZRET L) BRTEEHEHRELHEINTLI VK (EB14 0
S(p,w) ZFHALTESNSLKX (EB15 OLH)cEHRSNDLKX (A8 DHKSM IE, ROEHE1D
W<, axiom 2%z L, HUEMETHS.
[FIEEA] CEBEMIESM o, AETEHES (¢, 0) 12 L MK EH)
G - TS
vie ], vieJ—-{i}, li (Tw:), d (Tw;)]#| 4 (Tw) | - | d (Tw;)| (E.18)
DOFT, & (E15) OLHITEH#RSINEK (A8) OBIESM 13, axiom 2% {7z 7.
(GEWD) axiom?2, (i) ORI AREX (E18) 2MELTWwBH I Enb, X (E14) S (¢, 0))
IZBNWT,
S (pi, wi)=

00 if i=j

EOHFRE if i#J
(E.19)
8%, o, SM oE®N (E.15 Z#EATIUL,
SM (w;, w;)=

_ S (wj, w;)
- S (w5, w)+ 2 )S (w;, i)

ke]-{j

_ 1

B S (w;, wr)
1+ 3 Stenen)
/ee§m S (w5, w))

=1 (E.20)
R5. 72, EEoie]-{jHzonT,
SM (a),-, C()/)Z

S (wi, wj)

:S(a)i,wi)+ > S(wi, o)
kej—{i}

-0 (E21)
PELNA.
axiom?2, (i) OB 1S DERN (B.14) #EE T UL, SM oEFHEN (B.15) 2oL TH 5.
axiom 2, (iii) DI : axiom 1, (i) OBPET-T=T Z#HHTE, T OF TOREN

Voed, vie], S(Te, w;))=S (¢, 0;) = 3 (E.14) (E22)
Vo e @, Vje ], SM (Te, wj)=SM (¢, w;) (E.23)
DL, X (B15) OFMEEEBSM dlaxiom 2, (i) 2732 La5bh o7, (]
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{1587F. BEBIEAFTA (1) DFR

FHAEHF (updating operator), B L, RGN FE  (structural-fertilization operator) & i
5514
Ap):@ -0, ZZi2, pe? (F1)
i, A CTHE SN 3IMRER
DX (A1) DEFNVHEBAEHFET
@5 (A8) DFBLMESM
@ (A.14) DORFHBHBSC

(F2)
EHEHTHERT, ROLIICEHRIND
(i) e=0vu=9¢ OGE
A(n)ep=0. (F3)
(i) e #0Np# ¢ OYE
Apw)e=
SVSM (¢, wr)-Twr if X BSC(p, k)=0 (E4)
kep kep
> SM (o, :)-BSC (@, k)-Tw, if > BSC (g, k)>0 (E5)
O

%9, Aweld, ROEHFUIRTWL, X (A1) DETFTVHEBIERAZET O T TALTH 5.
[FEF1] BEESHBIEREA (W) O T- FEEH)
Voed Vue2 A(u)Te=A ().
[FEF1IDOFR1] (A (w) OU—REME, EEBREAZEN)
K (A10) D87 =V WU 10 - D IOV T, EFIUVIBRIERZT OU—- RZERX (A11) AL
THEIRNY—roed ITHL,
Voed Vue2, A(n)Up=A (1)
MWL T B, FERIC,
Voed Vacs R, Vue2 , A(r)(a-p)=A (1) e.
(GIEBA) SCHk (B4, f18%5 OBHASITH S, F1ICDOVTIE, 2BHA2, AFKYV->Tw5
2E %350 (F3), (F4), (F5 IZEETE, WS, ]
RIZ, A()eid, BHAIDH T ) BIRPEEKCSF 2 AT L, ROCHFR2O X 9 ICfijHIc#
INsb.
[EEEF2] (MEEZRIEHEZEA () ORBEH)

Voed Vue2 A(p)e= 21 SM(p, o) -To:.

ke CSF (@, 1)
(GEW) Cwk (B3] OEHGITH 5. O
WEZ, AT TVRBM#E<e 7r>€<0,2 > % -EWIEFHMNIT L ERIE, ¥ —rok 2
(F4), (F5) CTEHRINIBEZHIERNZAQ)TERLTEONLINNY VAP e THLI LR
BRWL TV B EHFIERT 5.
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[FEF3] (F 7 TVIRBHFE< 0,7 >€< 0,2 > D, KRA (r) o \2& 5 —BHNIHBUEE)

Tw;,jEJiZ 1 K. TH 5 (F.6)
L35,
CSF (¢, y)NCSF (¢, A)# ¢ (E7)
751,
<@ r>=<¢$, i>=A()p=A (1) (F.8)
(GEW) Stk (B3] DEHG2TH 5. O

182G, HAFIJVREBIMBTZR<?, 2 > ED 2200
2R TH 2 EREABEFR=, EEEEFR=-DEE

200K T IV RBHFE< 0, 7>, <¢, A>€< 0, 2 > M OERAMR =, SFHEHR= OEHE
5z &9,
%9, ATV RBHMEMO, 120 25C8R (a binary relation on <@, 2/ >) & LTo, FEA
B4R (equi-form relation) =a &, ROEFGITEAL L.
[E&G1] (77 T Jils Aaki o 5T X B FR)
<@ y>=a<¢, A> (HEFMIZFELV)
Seo=¢gAy=A ]
KIZ, G120 2GR E L TOSREERI{R (a equi-structure relation) = % KD EFKG2THEAT 5.
[E#&G2] (77 =) JiJ8 Ak > S5 5 B AR)

<@ y>=<¢, 1> (G.1)

S

[[CSF (¢, 7)=CSF (¢, ) (G.2)

Alvj € CSF (¢, 7)N CSF (¢, ), SM (9, w;) = SM (¢, w;)]]. (G.3)
]

FEEIR&EZ L,
<@ y>=a< P A>= <@ y>=<¢ 1> (G4)
B D SLOAS, WidnE
<@ y>=<$, A>= <, y>=a< g, A> (G.5)

BT UMY Vzewv e v ) EHRT, E]/G2H, THRGCGIOFEBRXFR = £ D55 EREERELR=
EFRELTVWAZETHAS. BB UTHNE, HEDIRILUTH L, HESFRLUZ2H 0T,
ERXPHE U LGRS WA T ITVIRBAGR< ¢, y >€< @, 2/ > 2T 5590, Bk [B4], f+§%9
D 3 EHAII~AIILSHLENTH 5.
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f18%H. HTFIJVREBFMEZEE< 0, 2/ > LOBERERTA (1) T DEH

IFFCHHA SN TV LR (F1) OMEZRIEHEA (0) OWMIZATE 1 Daxiom 1 %5723 €7V
MEBAERET #HE L TE O, WS (structural-fertilization transformation) & XN % BA%

TA (u)T :<@,2 >>< @, 2 > where pe? (H.1)
¥, ZoOEFE, O THILEEDER
TA (u)T :® > @, where pe2/ (H.2)

ZPRLT, UTO L) ITEHSIND.
717 ) IR AR < @, 2/ > o> 2 ZERURTEERS

after (@ > PIx <@, 2 >-< @ 2/ > (H.3)
o THONLERI
<, A>=s after (A (¢), <o, 7>) (H.4)

i, ROEHIZHENS !
BLEIRE< 9, 1> 13, REWRE<e r>I1IB\WT, operator A (#) X #H L7 OFEIRETH 5.
(H.5)
]
Fix, X H4) 0<¢ 1>1%, BABI,
after (A (1), <@, v>)=a TA()T-<p,v> (H.6)
LI, AT TVIRBHH<er><0,2 >%, X H1) OTA ()T TEWLTHONE D
7T I IREA< ¢, A >€< 0,2/ >,
<P, A>=a TA ()T - <o, y>

=a<TA (uny)Te, CSF (¢, uny)>< P, 2/ > (H.7)
where
¢=TA (uny)Te (H.8)
A=CSF (¢, n0y) (H.9)
LEHREND.
COEHILT, EEBOITFTTVFEEY R bpre? ZMEHICHONX (H1) OfFEZHER
TA ()T <P, 2 >><d, 2 > (H.10)

23R (H7)~HY9) TEZRESN.

821, HFIJVRBEHE<e, r>DRFUIVIIRILE—E (o,7)

AAERHTIE, AT TVIREHE< e, 7r>€< 0,2 >PLoBREHEMLHBELZMA T EhrD 1D
DL LT, ZORT ¥ ¥ VT AV F— (potential energy) E (¢, 7)ER' FFAFEKDES) »
EFKSIND, E(p,7)1ES. SuzukinSFE /L L7z DTH Y, <o, 7> DSSKHT ¥ v )L (SS-potential) &
LIFIEN .

[E&I1] W TFTVRBAE< 0. 7> DEF V¥ VI ANVF—E (9,7))

HTTVIRBAE< 0, 7y >€< D, 2 > |IAMTERT Y V¥ VI ANVT—E (9, 7) IZROBEICER
ahs
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(i) e=0vu=9¢ OY&

E (p,7)=0. (L.1)
(ii) e #0NAp# ¢ OYE
E(e,7)=l71-2 SM (o, »)) (12)

ST, 7Ry NOEROBBOETH - T,

ly1=1 (13)
]
RFVIVAVIANVTF—E(p,7) L, ¥ — o€ OFHMBHELE DOLAY IOV TROERD
5 A EBERE BT 2 2 B EREMIEGR T o 72 (2.13) oM Ny — 3

WRICBWT, BT IT) O%Es
Cl={C ljerne2} (1.4)

272 ZHEBIEESM (i, w;) DFFHI

21 SM (§1, ;) (15)

JE A
AL, BERA 7 ) Bl A | HRRERE B T t OBV AT IUE, E (¢, A) BT B A
5, A (2.13) OHEBP/NY — UEHBABRNEDORE, POLL TV 250D ESSS K7 vy b
E(:, ) TH 5. ]

RBMH<e, r>€<0, 2 >DEHGETHLE5 1200, 3K (H7)~HI) DFHF I V) IRIE M

<P, A>ITDONT, THRNF—REX

E(e,7)=E (¢, 1) (1.6)
AE, BT HEVIFIRT, X H7) BT AEMRTA ()T i, BEAN#E< e, r>€<9,2/ >
DOFEEALIEM FE  (refinement operator) & bFRIND 2 LD 5.

f52J. HFIVREBMHZE< O, 2/ > LORMERSR~., FIEFEF<. & ERUL

AEgRI TR, A7 TV IREMERZEM < @, 2/ > EORMEMR ~L~ +, PR <., EIZ, b
FRUL2SHE NS,

J. ¥IEFz252 % 2tEFR <.
2GR <L DFRZ, X (03) O (chain) ZH\, ROEFIND X HIZ, H 7 IV IGEMHEE
<0, 2> ko2 <. PEHFKIN5.
[E&J1] (22002 THFR <a, <1)
<@, y><a< @, A>
e [E(p,7)=E (4, 1)
M<o, y>=a<¢, A>V[Ie, TA (u)T- <@,y >=a<¢, A>]}
]
LREFKESND 2 LR <s VT,
<@, y>=i<¢,A> (1.1
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= [<or><s<¢, 2> (1.2)

viame{o, 1,2, -},

A< @, i >€<P, 2 > <o, i1 ><s <@, n>{t=1,2,3, -, n) (1.3)

where < @y, 70 >=2< 0, 7> A< @,, yn >=2<¢, A>]

] (1.4)
]

ROFHIN L X, EFRINO 2 GER<IIFER, FEHFHHRTHE. 2F D, ROEHIDH
DD, ZOHEP<ZEBATIHHTH 3.

[EFI1] (2 TTBIR <. OPIHF & B)

KD BEZE M 272 LT 2 PR (BRMEEPERE) SM 2RA L Twiud (SME
SMGE), 1T T Mz < @, 2/ > Eo 2 etk <, ko3 (i), (i), (i) ZzL,
FNFBEERTH 5

(i) (LG ; reflexive law) <@, 7 ><i<g@,7>.

(i) (BOHFRHE 5 antisymmetric law)

<@,y >U< P, A>PpO<P, A>< <@, 7>
%6l
E(p,7)=E (¢, )H)N<@,y>=a<¢, A>.
(i) (HERHEE ; transitive law)
(K, y><<ppu>9o<p p><3< P, A>
%6l
<@,y ><i< ¢, A>.
GIEBY) SCHik [B4] O3 1TH 5. O

J2. FERF <. 2T R/ OREREF -~

MR <L 2 EORDORMERMIRE LT, 2R~ 7 3 REM#EEM<, 2/ > ki
BATEXLZEMNRRMEINS.

ROEFI2 T, WMESTHERIIL2LEMEWRESH—DA T TVIRBARIC LS Z L TEHRS
N5 2R~ 2 E#KT 5.

[E&J2] (2 CBIfR~L DER)

2O, <@, 7>, <¢,A>€<Q, 2 > |{ZO0nT, 2THR<e, ¥ >~i<¢, A> DY oL,
Ko (1), (i) OMIAPPEITEIELETHS !

(1) <@, yr><i<¢, A>.

(i) 3<y, p><®, 2 > [<o, y>~i<n, u>|N [< ¢, A>~i<p, u>].

]

ot E, 2R~ IR R <L 2 B LR OREMKRTH 5 2 L 25T 5 RO EH2AS
IR/ RASN

[EFBJ2] (2 JCBIFR ~L O/ F) it B AR 5 1)

HERK DB RS 2 i7e LTV PR (B PERE) SM 2HH L Twhid (SM B
AGE), A7) AR < 0, 2 > Lo 2 itk ~1 1, ko (1#), Q#), G#) zuikL, [
B8R (equivalence relation) T&H 0, Kb,
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<@ y><I< P, A> (1.5)
=<, r>ha< g, A> 1.6
=<,y >~A< P, A> 1.7

iz CPNEBEER R 1OV FEEL LV E W) BERT, <1280 R0 FHEBEERTH S .
(1#) (BCHHEE 5 reflexive law) <@, 7 >~i<go,7>.
Q#) CIFRH ; symmetric law) <@, 7 >~i<7, > % 5HIE, <7, £ >~<@,7>.
(3#) (HERAHL ; transitive law)
<@y >~i<n u>PD<y, p>~,<¢$, 1> 5T,
<@,y >~i< ¢, A>.
GIEBY) SCHik [B4] OEH33TH 5. O
<0, 2 >DHEED2IL< e, 7>, <n,pu>€<0, 2 > DM, FEMEBR~LPIRLTEPLRVHN%E
VFTRODLIENTE, TOBEIRT, <o r>i<nu>iF, <o r>»<pu>t (KFrrIxn
IANF— &SI L) FETH S &,
<@ry>LAME%Z<,Y>DINERE<er>% H <P, 2 > [E{HHE (the equivalence class
containing < @, 7 >) LW\,
(<o, 7r>14
={<p pu>e<®, 2 ><p,y>~i<p p>lc< @, 2 > (1.8)
EERT. ERICE o200, &K BT 5h, FdkEoIE 1 Db v, FEE
[<o,7>lic< @, 2 >HD 12 DEHR#[<e, 7 >]i DL EKIL (representative) & \» 9. [f] f B 7%
(equivalence relation) ~3 12 & %<9, 2 > D4 A (quotientset) <@, 2 >/~ &%, <0,2/ > DI
B RDEE
<0,2>/~={l<pr>lil<e, r>e<0,2 >} (1.9)
DZELTH5.

J3. F¥IEFBEFE~LPOEXSHTIVREBMEBDHIEE<V A> EOLERUL<T, A>
BT IV IRBAGRES <O, 2/ > FORMEMR~L &, FIHEER<IE»LEE S ERULIZOW
, L XS,
MHEOMGEE S HMEOH T T)IFBAGRESG <O, 2 > OFTEEG<U, A>%2E 2 5. PIHFH
<L OFTO, FifEE <P, A>(E€< 9,2 >) ® LR (supremum), Bl H, H/h E5 (least upper bound)
UL <P A>ZRDE)IZERT 5.
[EF&J3] (P<P,N>(c<0,2 >) ORMERUL <P, N> DEFHK)
<Q, 2 > & PP MR <, DEFI N FMF4ES (partially ordered set) &5 & &, <9,2/ >
DMBEE<TN>(CE<0, 2 >) O LE<g, A>Lid, Ko254 (1), (i) z2if3<0,2 >
DUFTHY (ST A>DEFLIFES B,
<, A>S=UL< U, A>e< P, 2 > (J.10)
LEL
(1) (BEFME; <¥, A><<4,1>)
V< pu>E<U N> <p,u><3<¢, A>.
(i) (/M <T,A>K<PL A >4 bIE, <¢,A><<¢’, 1 >)
1<, y>e< @, 2 > V< g u><U N> < pu>< <@, 7>

<
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%51,
<P, A><I< o, 7> O
iz, ui<on > <@, 7>t %,
<@L, 71 >UL <@y, 72> (1.11)

ERTZENDH L. KX (11 O<o,n>Ui<@,r2>E3E<e,n>8<@, 72> 2 AL THEDS
NRIEME (<eu,n>, <@, 7> WHICHBLREREZMA TS RBAG) ThHor v,
ROGEIDORANL, <@, 7><i<n, p>D2200Xh bbb FREG(<e, r><7 > ICHT 2
PIEHFEBR <O ERTHLZ 25, HHELTHS.
1] (ROl oME)
<@, y>< <np, u>
sl<p,r>Ui<p u>]=a<p p>. ]

Ja. K (2.13) OFREARRH B EZIE LR RBWHIREREICE SN2 — RO/ & DRS#MA T

S ¥, DB NIRREHEE TR ST 5 LR BESRER - 72X (2.13) odEE s — iR
HBARITIE, RRARBEREE T oo G 1) PEBRETHIET 5 L) "B HROFRE LY 21K
FELTWAI LIZIEHLTHBL

X (2.13) OHEAIE (Y — VERBREIZOVWTEZ L),

HBH1IDODOATT)VDRIIFELTNDEEVH)EIRTEE TR “WHONG L 4L MED AT
F—2 o [ZDOWTO/NY — VoM a i, #AERBRIENX 214 2MIBETHY,
X (2.13) OB Y — VBB ETREIND ZORMEBBIIEXEVECTH Do LT, M
Tox (.12) TEINhS. 2%0,

MHEONRE T LBEDINY — Y 9P IZOWTO,

s 62],
TA (us) T+ < s, As >=a<(ss1, As+1 >€< D, 2/ > s=0,1,2,3, -,
where ¢o=ToANA =] (J.12)

TRIND “AH)RRRHEEZ RS BP0 {8y — Uikt GRAkETEE) " o—ik
fL&id, ROFRREIEZ M 7B EZ ERT A2 ETHD !
(R O AF [R5 1P (finite termination)
Ftmax < 00, I €{0, 1, 2, -+, tmax },
W <Py, sy > < P, A >(t=1,2,3, -+, 1) (7.13)
where
W ={¢o, ¢1, -, §: (0 <s<1t)
As ={o, A1, -, AHO0<s<t)
<P, As >={< o, Ao >,<¢1, A1 >, -+, <¢s, A} (0<s<t)
(1.14)
Ev) BEIZ, ERUL<T, A>0<s<t) 2RO 5+ 1) MOBFEZI L, LESRN
e, <Tw;, [F1>e< T, At > AVi € J—{j},< Tw:, [i]>E< Ui, Ar >]
Rz TR 0.13) 27T 1200<T, N> ZHERTHIETHA.
ZoLE, ANy —rellong,
A pattern ¢ € @ is classified into the jth category & (the recognition), and ¢ € @ is reproduced as model
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Tw; € T-2 (the association)
&) HAERERERRS AL (a conclusion of the associative recognition) %, 72i#% 3 A7 ARECONITRONI
/B EDVTES. [

CorE, ROFEHBAIKLL, X (1.12) OREYEL BB X AU 72 % i#EE % i 2 C
W AT 5.

[EEJI3] (RE) L BRSO E X ORFBU L B

WMBORNRETHMBED AT =V o I2OVWTH, K (1.12) D87 — VEER G (R
Bimo) FHED)7 12onT, £ L.

(1) FRERMELERT VY VAV T~ L OFEEEH)

KD I v 7 AT 27 b2 ili7- 5 HBERESM 28 H L Twiud,
(i =1) (FEhE XD 5% SS -potential ~NDFEATEH) ABh ri R

3t (=0), TA (u)T. < ¢t, b >=a< ¢, At > (J.15)
ALY B
=
(3 € CSF (¢, 0 ), e = Tw; A A =[1]] (1.16)
Vg =0AA =¢] (3.17)
=
E (¢, 2)=0. (1.18)
(i —2) (%SS -potential > 5 A B K HHER~NORATEH)
E (-1, A-1)=0A | A=1 |21 (7.19)
=
JEM-1NA-1N]E 11 (3.20)
PEET 5 7% 61,
AR (.15 2L L,
<, A >=a< Tw;, [7]> (J.21)
ALY 5.

(i) (SM =3 v 7 AF 2T 50T TORBY A RO 5HEEH)
AR (.15) 2o TR < g, A >E< D, 2 > 2O T,
V<Tp, J><®, 2 >

IZ2oWnWT,
(i —1) GEARMEE ; ERRALHE T e
Y e, <Tp,]>~i <Twj, [j1>(=a< ¢, 4 >) (1.22)
(i —2) GEAHE ; AL IAHE
31<0,¢>< 0,2 > <To, J>~1 <0, d>(=a< ¢, A >) (7.23)

(i —3) GEMEAE ; FRARLIAE)
A< P, A >€< @, 2 > < To, [ >~1< s, At >
such that ¢+ #0 and |4 |=2 (1.24)
DVTNIPEY VD EGHERHIND DS, [FFHKDOI v 7 AF 27 52wz 3 FPEMBSM %
FHLTWIUL, ®&FBEO (i -3) oadRshs.
(i) (SM—= 3 v 7 AF a7 - BRFEHOT TOARB RO BRI 3250 e )
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fFEKD 2 v 7 2AF 27 5, BRGEMZ T EUERBSM 2L Tws e LI, (i
=2) BPELLWEI %X (0.12) TRINLZFHFHEHRETIE, KX 019 BT 2 L) HEROEHR
BeBERT -1 DHFEL, o T, ABEHFER 0.15) PRI T 2 HROBRERE K5t HEET L.
DF ), EHEETEOAREIREIRIESI N, KD,

E(¢(), /10)>E(¢1, /11)>"'>E((/11, /11):(): inf E(¢11, /11)

<, A >e< 0,2/ >
(=AW F—AREX) (1.25)
ATA (piss) T < Pivs, Atrs >=a<di+s, Ares >
, selecting #i+s according to #+s = At forany s €{1, 2, -}
A #h RN (1.26)
DRI L TW5,
[EEIBDFR1] (SM I v 7 AF 27 OFTORBYRGEHED, BHliA 7 I KW £ RS
1Bk )
fHFKD I v 7 AF 2 7 52t/ T EPERBSM 23RALTwa L &, X 0.12) TH7-BEH
BT IYHFG A OF
([D)Ao, |/11, cey e
B, oY T ) oA
| Ao I>[ Au[>-+] Ac | (1.27)
AR LT, (i) 2T 5.
(GEW) Sc#k [B4) oEH34L, ZDOFR1THh5.
ROEHINIEHIBOBEEE LISB X 2w, AE MG LHPALTws vz X).
[FIBJ4] (RENEZEBRSRMROB X IC L 2HES (<0, 2 >/~ Oy e
MO ETHHED N — o€ 12OV TH, X (.12) TEEND ‘A HFELEEES
K52 BB I D 8y — il GRRRETER) " 1owT, FEx X
HWE B SM 75, WEKOBERSEM, W, Iy 2 2AF275&M2i2zLTwiE, X 0.9
DEHEE(<0, 2 >/ ~11F, KDL ICERENRY =V EF VT, O H T T IRIEN#H< Tw;, [7]1>
RIEJIIhb)EEHED, Ho, EXFy =000 7 TVIRBEMNH<0, 6> 2 b MATEEZNO R
LEHFELT, £S3h5b !
<0,2 >/ ~={<Tw;, [j/]1>]7€JIu{<0, ¢ >}. (1.28)
(IEBH) CRk [B4) OEH3A4TH 5. O

0

K. ETFIWVEBRERRET, BOERBSM OI v I AF 1 T7&HELE, BEXZH

AAFEEKTIE, EFVERIERZET, FOEBBSM O3 v 2 AF 2 7454%4L, SM OBERLEL, L
DVHHINS.

%69, axiom 1 &9 (A1) OETFTWVHEBIMEART I v 7 XAF 27 (mixture) FfF1E, XD
Ik ons,

[(EFVBRIERET OT— 3 v 7 2AF 2 7 454]]
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SCHRF R [HiZE] 25337 2005427 H

[VeEeu, 0<br <1]A0< 2 by <1 (K.1)

ke

Zili 72T EELbe DHMAbk bren I2DOWT,

w2{6, my(l#m) (K.2)
BN NDE Il me] BV EHIHFHETLIEEOLE 2 ITHL,

Vi e pu, T(kZ br, Twr) # T, (K.3)

O

RIZ, SMDI v 7 AF 275, ROXHITERLN5.
[EOEEESM \CB$2SM— 3 v 7 2F 2 7 504)

[VEeu, 0<br <1]A0< 2 by <1 (K4)

ke

Zili 72T EER b DHMAbk b, I2DOWT,

w2{e, m(#m) (K.5)
DN TD L) b, me]HAH L EUHAETHIEHDO e 2 1K L,

Y p SM(Z be-Tor, @) # ;. (K.6)

]

w22, axiom 2% 7293, (A2.5) OFMERAKSM OBEREMLIE, ROLHITHERLNE.
[EMEEBI % SM (23 5 SM — 1538411 ]
EEOpe2 12OV TH, EEfa OfMiaitic, D5, E5ME

Vk € u, ar >0 (K.7)
Ewiszzge L L. ToEE,
vie]—pu, SM(Z ai-Twk, w;) # b;. (K.8)

iep

BRI L TWA L) %X (A8) OFEMEERIESM 3P E (ER 5% 72 3 MM
) Thirlw). O

ROEHMKIUE, T, SM O3 v 7 AF 27 5EHFOMN 1 2H 0 2T, MY V2w Z k
ZEWBLEZDOTH 5.

[FEEK1] (1, SM D3 v 7 2AF 2 7 M Dxb e H)

R (A1) DEFIVIESAEHEZET 25T— I v 7 AF 2T &2z S v,

VjEﬂQ{f,m}(fidﬁm),SM(kz b - Twk, w;) # bj (K.9)

MY h, X (A8) OEMUEMESM OSM 3 v 7 2F 27 54% (K6) 3% Ld, MEs
nTwns,

[FEKIDR1] (I v 7 AF 27 &2 ETFVEBRIERZT OMHAEEEH)

X (A8) DHPEMEBSM 3SM— 3 v 7 AF 2T &MZ2HELZVORS, X (A1) DEFI
WEBEET 3T—- 2 v 7 AF 2 7 5% 073,

(GEW) STk [B4] oEBl7.6, HONZ, TD%R1TH5b. O
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SiARFA— L HER TA2I2 BT B certainty factorl & 5 % B S 32 ak B 2 o 5l

(FH HARHA—, WCEE MER LB Deertainty  factorll X A% BB Rk B FE OGN, SCHK
PRI E BT Jen0. 338 A 3L, IARAEH B 200543 H22H (k)
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