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An Application of an Evolutional Equation about a Proportional-
Selective Strategy of a Fitness Employed in the Genetic Algorithm
to a Recognition Based on Multi-Stage Transformation of Patterns
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Abstract

Genetic algorithms(GA) consists of initializations, reproductions or selections, crossovers,mutations,
and judgements of termination. Relative occurrences of each genotype between generations are described
by an evolutionary equation of a finite-difference.

It is presented here that a conventional finite-difference equation of evolution about a proportional-
selective strategy of a fitness using a propotional-selective strategy can be generalized to a differential
equation by newly introducing an evolution potential. A discrete approximation of a differential equation
presented here is the conventional equation under selected conditions. We apply this generalized
evolutionary equation to successively transforming similarities between a pattern to be processed in
question and typical patterns of categories. As a result a multi-stage similarity-transformational
recognition(MSSTR) follows.

Subsequently we study some conditions for an algorithm which aims at seeking for a fixed point of
distributions of occurrences using the multi-stage similarity-transformation to converge to 1-0 distribution
which is characterized by the similarity between the pattern and a typical pattern of only category being 1,
and similarities between the pattern and the typical patterns of other categories being 0.

A multi-stage similarity-transformation(MSST) can be used so as to speed up a convergence of SS
method of associative recognition,which transforms pattern-models through multi-stage,and searches for a
fixed-point(a model corresponding to a typical pattern of a category) of a structural fertilization
transformation. It is called a method(SSMAR) of associative recognition which is a type of searching for
a fixed-point by inductively reasoning the desired pattern-model through the multi-stage pattern-
transformation.In the same way of that SSMAR operates the fixed-point of the distribution, MSSTR is a
simplified method of SSMAR which has been proven to be universal in a sense of that any faculty of
recognition can be simulated by SSMAR.

Key words : distribution of similarities fixed point  genetic algorithm
evolutional potential ~ evolutional equation ~ SS-multi-stage recognition
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@0, HiSIFEHOH T T GRRBETAE t(el, 2, -, nhHFEHD

J TN~ ThD (2.61)
E¥ 5,

25

Dle—gl=00tx, 125 (2.62)

@Vped, Vy€D,0=F(p, y)=1 (2.63)
R AN W S



F:dXd— {s]|0=s=1} (2.64)
ZHET 5. FidParzen Window: T DIZEIHL (kernel function) & Wb b b DTH 5.

N —VETFNTOHEZON L EDEEIFBOI T T C,DEHERKERD(C,/Te)D
Parzen WindowikIZ X BHE L LT, 77 TV BEHEIGE 2 RBRI LS TE 00, BHEYIC
X2 @EEOHEM

oy

=2 F(T¢, Te, 1)

L3 2 F(Te, T, 0], jeI (2.65)
LPEETX B,

B id, S.Suzukill X BERAMEIC & 5 HEE

8j

=0 max F(Te, Ty,

/L3 max F(T@, T9,)] (2.66)
EORRIENTED., RAMBICLDHEER S RE NI — VY EFVTe ERO—FKT YT
WING =V BTFNVTE, PORFEFAZLIZEELTBIS.

3. BIERT > v INGOBEAICL ZBLIERBSMOELICE S SRETH

FETE, BUFTY v VGEEAL, R(28) DEIFERERILL, ELEEESMOS
BB — LS 5 (3.180). B, —RIGEEMS ESHREAALREL (G111
H), SMORERERD 2 (3.120). B, FBREELELRICBI 2 85BBOESR 0[] 0%
lim @[t] ZHHT % (3.28). ' '

31 EERT D v VGHOBAIL L BELHERRO—ILICE S ELUEBRDSRETHR
311 —MbEE LS =S HRERXR
BV ETECHERR Q) D—HbE £ 2 L), EERF v LI RIE—

G(SM(®, wj; 1), j€T) (3.1)
TEAT S, GRIEEHESM(P, w;; ) DIRUBEEE L LS. HIZ, BUEK D200 FEEEE
i), v;() FEAT B, EIHSHERR :

dSM( @, w;; t)/dt

=— r;(t) - SM( @, wj;t)

+v;(0) - [SM(@, w;;1)-9G/aSM(®, w;;1)]

12, SM(®, wx ;1) 9G/aSM(®, w5 1),
JET t=0 (32)
DV EFENTER(2.8) O—fbe LT, KHLCTRET 58T —BELHIFTERXRTH
5.
WER DB ZSHACH KR (1.6) 13,
dxi (t) /dt



=—7;(t) x(t)
+vi(0) - [x() - 2G(x(1), =0, 1,2, =, n—1)/3 x (1) ]
12, %) 920G (x(1), j=0,1,2, -, n—1)/3 x(1),
i=0,1,2, -, n—1,t=0 ' (3.3)
&, BIMTEAHERRIC—KRILENS,
T, RB2)TRENIUSTHERRE
[SM(®, w;;t+At) —SM(@, w;; )]/At
=_Tj(t)'SM(¢, wj t)
+v;(0) - [SM(®, wj;t)-2G/dSM(®, w;;1)]
/2, SM(@, ;1) 8G/aSM(®, wi; 1),

j€J, t=q-At{q=0,1, 2, =) (3.4)
&, BERGELLL, B, BEMEAtE
Vi€, Atr;()=At v;() =1 (3.5)
bl O (>4 '

SM(®, wj; t+AtL)
=[SM(@, w;; 1) 2G/2SM(®, w;;1)]
/3 SM(@, wi ;1) 0G/dSM(®, w s t),

keJ
j€J t=q-At(g=0,1,2, ) (3.6)
PRONDE. BONLETESHERTR(G.6) IET —BEMESHBRRNR LIRTh, B EE
DHERRQI) L EOD—FILTH D, Mgk 51E, HEEEAtE
At=1 (3.7)
55 L, #IEHFEXQS) BRGB)DEILET ¥ ¥ VGA
G(SM(¢, w;;1),j€ET)

=3, [sesM(p, wc; 0 +al (38)

OG/oSM(®, wj; t)=s (3.9)
ZZig, ’

Vj€J, 5;>>0/¢; is a constant real number (3.10)

EBIEINTIBETHHIEPEBIZ, bh b,

ROEFE3 L, WHEHERQe) Z&ITHE, XG1)E2H TGO BILEF T v LG
WEDWT, axiom 2% W7z THEEOHREA t=q- At(q=0, 1, 2, =) TOEUEEESM (@, - ;
tFADPBREINEZEERLTVA,

[EH3.1] (—BIERT > > v VGItETS CEPERBSMOER EH)

NY—vpedC b ZEEL, axiom 2% 72T (A3.5) DELEBEMSME FVC, #IHLM
RO EHFRELLD. FiZ, FRESM(9, o) ) DFRIBHE LTD, RG.1) DEILET >~
¥ ¥ VGO RO IE &M

Vi=q-At{q=0, 1,2, -+), VjE]J,
9G(SM(wj, wj; 1), jEN/3SM(w;, w;;t)>0 (3.11)
RERITED.

oL E, MHEHKQE)DTT, EEOBHEA t=q- Atq=0, 1, 2, ) BV TR (3.6)D

mEZEN-R(A35) DB SMITaxiom 2% i 72T,

49—



(FEHH) axiom 2, (i) (EREZEM) DRI
t=00 & &i, KB.6) i
SM(®, wj; At)
=[SM(®, wj;0)-2G/aSM(®, w;; 0)]
/2 SM(®, i ;0)-2G/2SM(®, wi ; 0)
=[SM(®, ;) 2G/3aSM(®, w;)]
/kEJSM(% wk) - 2G/dSM( P, wi) ,
MG (2.6) (3.12)
B, £oT, ¢=w DEA,
SM(wj, wj ; At)
=[SM(wj, w;)*2G/dSM(w;, w;)]
/[SM(wj, wj) dG/d SM(wj, w;)
+k6§_m SM(w;, )3 G/0 SM(wj, wi)]
=[SM(wj, w;)+2G/3 SM(w;, w;)]
/[SM(wj, w;)-8G/0 SM(w;j, w;)] 0 axiom 2, (1) (ERERM)
=1 . K@17) (3.13)
2/5. 372, ¢=wi(i®)) DEE,
SM (w;, wj 5 At)
=[SM(wi, wj)*dG/dSM(wi, w;)]
J[SM(w;, wi):2G/oSM(wi, w;)
.2, SM(wi, @) 96/2 SM(w,, wk)]
=[0'8G/88M(wi, CUj)]
/[1-2G/2 SM( wi, w;)
+. 3,0 26/95M(w;, w)]
WMEAZHR (2.6) Aaxiom 2, (i )( BE3RM)
=0 . RA217) (3.14)
/5. 2RI, _

BEBRE] t=q- At(q=0, 1, 2, =) TOSM( @, w;; t)d%axiom 2, (1) (FHEERME) 2#HT& L
T, R(210)DSM( P, w;; t+ At P EREICaxiom 2, (1) (FHERHE) 2 #LEF V¥ v VGO
SERBOELHRGIDOTTHEAT I L 2EHT T I VD, t=0D%E 0D FROIERE & AR
RaANG,

axiom 2, (ii) (BHEALEM) DR

EFRI(3.6) €D b DH%axiom 2, (ii) GAMBALEME) 22 L T3

axiom 2, (iii) (T—AZM) DKL ;

M SH(2.6) TDOSMAaxiom 2, (iii) (T—FREH) 22 LTWBE I D5, EHRGE) 1
B & 20, O
3.1.2 SMOTREE ‘

GHEREL, SMAEL L% 250, F# /R (equilibrium equation ; perfect-balance
equation)



dSM( @, w;; 1)/dt=0,jE] (3.15)
WA TH S GBI HRR (3.2) DEE).
B HERR (32) I d g,
P HER (3.15) DRI
&
7;() -SM(®, w;; t)
=v;i(t)-[SM(®, wj; 1) 2G/2SM(®, wj; )]

/éJSM(go, wk 3 1) 0G/OSM(®, w5 t),j€E], (3.16)
THoN, FHEXQGS)DOTT,
5 (3.15) DAL
&
SM(®, w;; t) :
=[SM(®, w;;1)-9G/dSM(®, w;; )] _
12, SM(P, o ;1) 9G/aSM(P, w 1), jE, (3.17)
I ESF (W
PeoT, EVUMASHFERNRG2) BV TEAEKXGS) 2REL THLAZKG.6) IZENE, &
#RBS)DOTFT,
5 R (3.15) DELL (3.18)
&
SM(®, wj; t) =SM(@, w;; t+AD,jET (3.19)
PRSI,

£oT, &8RRGS OTTR, At=10%4, RE.B)DMRYIZ, XB19), 2F), FEHA
FHRR (238) 2WTHELEL LI V. ThiE, ELESHER(B.6) DHEDOFHEIHYT
5.

ROFEH32E, FEVEFER(238) KV L12%51E, GOMOTREBEDPELRAER(3.6) DTFT,
SMD1—05&4023K(1.16), (1.17) WL T AEENDH AT LEZIBHL TV 5, :

[E#3.2] (SMORE)M -1 —0&MEH) '

HEALRTFT V¥ ¥ VGOMBPRBOELAER B ZRKEL L. SMORE & FER (2.38) 4°H
B ¢ TR L7 51, EBEH

3 SM(@, w3 1)-2G/aSM(®, w5 1) +0 , , (3.20)

DTFT,
oy SM(9, w5 1)-9GIOSM(Y, wi ;1)
=[1—-SM(@, w;; )]1-9G/oSM(®, w;; t) (3.21)
PRELL, GOMFRBOELEHEX GBI DTT, SMO1—-0&HFED2K(1.16), (L1 PRI TH
iF, RG22 ENRS, _
GERA) ABAKER(238) 5B A t=q- AtTRIL L% 61E, KE.6)»5
SM(®, w;j; ) >0TH 5B L) RFENIDONVT,
1
=9G/aSM(®, w;; 1)
/2 SM(®, w5 1):28G/aSM(¢, w3 1) (3.22)



B IO, LoT, £HRGB200DTT, X(3.22) i

2, SM(®, wi ;1)-2G/OSM(®P, wy ;1)

-aG/aSM(qo wj;t) (3.23)
&, SMICEREINS. _t(323)li_t(321)k%fﬁﬁﬂﬁkxﬂiéﬂ%

M, GOBSREDOELEMHRGIDOT T, 2R (1.16), (L17)BRLT UL, R(G.21) s s
NBZEDVEZ bR, O

ERDOEBHI2OMY LT B EAROEEIZIN S b B '

[EH33] GEILRT ¥ vV GEAGEIEDS BRI ROIEEM)

BILRT > 2 v VCOMBPRBOELMFRGID) ZIREL &5, &7 7 T BEEIE 50K D)
IR T VY Y VGO ERMA RO GIOSM( @, w; )EEXD L, 2. ODEBITTCHE
T5. B, BESOMIHLT 2 EH2405LT 5.

(GEBA) & DR CCOBEMIEEIGIOSM( @, w;; VR EL DL, BUENSERER
R EMFT Y v LGV CEDEDNSBEMERRK (3.6 1240, &5 DFE4HAR(2.10)
RCOWUDRBOERMR(BIDICE S, LoT, ZOMEOTT, BYEBEILRTL, 2. O
MIETRTHILT S Z L AHBET 5. O

3.2 ZEETRICHIIIREBEOERR ¢ [t DITHE lim o[l

FOERED, K25 DEUESOZBBERER IS (=0, 1, 2, ) B, K(2.7) 0HEY,
EGAiTH AN, ZoXQ7) DEMESHIEOREE, 20FL 0[] 11

fp[t]—z SM(®, wj;t) Tw; (3.24)
’C?ﬁ%t *E%L'C&l') XGB24) D, %:Eﬂ%@%%w[t]@ﬁr:l):Fi@l_r“Faﬂ:(z 19) D
S(e;0(=SW))THBED NS,

23 W, REDZNEZOMEITIE, SERBEEST) ,

elo]l, ¢l1l, e[2], -, @[tl, - (3.25)
DATH ‘

lim ¢ |t] (3.26)
CRET B DERETH oL VR B, O hmcp[t] 75%5777:1')@ DRFEI Yy —
W DINY = VBTN Tw; i B ED POREE % 5.

ZEEREDERRODRER (FH2.4, , FH3.3) 2WET L, SMO1—0&M4%5% 225
(1.16), (L17) 2T 5 (IRA S MN% V) BEOFERET 5 2 Lbh ), KOEE341E, &
(3.25) DL B BERRF| DFT% lim ¢[t] ZREL T2

[EH3.4] (BBBEESFIOIHEHE)

R (A3 DT QLRI 2R THIIL,

250 (2.13), (2.14) DL (3.27)

Slim ¢[t] =Tao; (3.28)
GEHY) =R e[ om#K (3.24)12238(213), 2.14) #RATEHS 2 TH 5.

=xRED. N(3.28) DT,

Tw;j— o[t]

=[1-SM(®, w;; )] T,



+ 3 ‘SM((p, wi ; 1) Tw>0(t—>o0)

iey—ij

#:(3.24) (3.29)

THoH 5, R(A3L) DT - QF LRI LR THE I b,
1—=SM(®, w;j; t)—>0(t—>>) (3.30)
AlVieT—{jl, sSM(®, w;; t)—>0(t—>x) (3.31)
ML, 2R(2.13), QU4)PEMLT S, - O

4 EDUEEMSMOE(LICES THE L, SSHERREE

RETIX, 2BOLBEBEEUELE, BI3EO—HLEEMENEERLZFIAL, SSHHER
BT HEAL L 2R (SRR EUE SRR A RET 5 (4.18). 2ok, SSEEEREN
M SN (4281), SEREEUELSEIBEISSHEETZBETHBEIILZDDTH S LEF5HEH
Eha. BEI, ETLEDERREAVT, SEREUEEAHREHRE, SSEERREOIRE
HD L7202, BT EMEBRRERAVZOF IV EAFHBEEN5S (4.38).

4.1 SEREECIET RN

RE SRR - LB — B F VIR - TR ik (SSiEe8a4kes) (B3], [B4] 13
MEBTHELN TV 2EUESFOLIRIC, HEBTRONLNY -V ZDLDELHVLY,
K (2.8), BV i, R (3.6) DELESMO L EEEIRICE DN T, SSHEERBRE LB THEONN
NE—YZDHDERCLRNT, BB TES L-BUESHOH % H 5 EKRT, HELL:
“SERBEUEERERE 25, DLToX ) ICiREINS.

F1(=0,1,2, ) BERORZ o[t} »RB24)TEHRSN, N(B.25)DEEBEERTIZHI5E,
HALESHER(2.8), (3.6) DIHEDOFHEHICH LT 5 RE) &R (2.38), (3.17) % a termination
criterion& L CTEA T UL, BT A 7213, K5 om<, “SMOAREHH 2 RKODHES 5EE”
¥BITTE D, ' '

IR RR L CTRET A ZEBENEERERETH Y, FEETRR LB/ -V ETV
JRANHE RS AR TR (SSAEREREERE) D100 TH 5.

M, FOVEOEHICHIBRIE TR LN — 2 V5 SRR RE (SSHEBR®RE) Lo
BV, SERENETRIBETCINRBTREONNY -V EEHVWR VT, MERETHE
SNFEPESA DA E AV THEDBRBOEUES 2 RETHI L THA.

4.2 SSIEEREEE
SSHERBMEL AT 572012, 421H~424HEHET 5.
421 BESEEARA(p) DK
H i/ 3 (updating operator), B\ id, BEZIEIEAFE (structural-fertilization operator) & XL
5514 ‘ '
Alp) i ®—=d, 222, e (4.1)
3, A CHEIN3BRER
O (A1) DE FNHBAEIET



@ R (A3.5) DEDEEESM

GR (A4.1) DA HBBBSC - (42)
ERATAERT, RO L) ICERENS ik [B4] 0fF4%S) :

(1) =0V pu=¢ DHE

Alp) 9 =0 : (4.3)
(i) ¢ FOA u# ¢ DHE
Alp)p=
Z, SM(9, @) Tayif 3 BSC(g, k) =0 (4.4)
2, SM(#, @) BSC(¢, k) Tay if 2, BSC(#,1)>0 (4.5)
O

422 HFJVRBHEZTRE (0, 2)) L2 o0EHK2cEFE=21
AT TVIRBHRERZER (D, 27 ED2TT <@, ), (g, A>ECPD, 2" DEDBEFHE=1%KkD LD
IZEFT 5. 2TTER=A1XE KB (equi-form relation) & IHEN % (3CHE [B4] Dfiske) :
(P, v> =al¢, 1> (BEMIZELW)
Le=¢gAy=2. (4.6)
O
423 A7 3V)FEABER (0, 2) LOBESHETRTA(L)TOES
A (4.1) OWEZHEEAEA () OFRIATERA Daxiom 1 %7€ FVERIEARTZEE L
TROLN, BESREER (structural-fertilization transformation) & FEiE 5 4%
TA(x)T <@, 2" = (D, 2", where y €2’ (4.7)
X, ZOEEE, HHESOTHIEHEED
TA(u)T : ®—>d, where p €2° (4.8)
RPRLTC, UTOL)CEHRENS.
AT TVIRBHE Cp, y>€<P, 2D %, RUDDTA(u)TTERLTHEORD I T TV IRE
Mk (g, A>ECD, 20 1,
(g, A2 =aTA(u)T- <@, y>

=a(TA(x Ny )TP,CSE(@, p Ny )>ECD, 2% (4.9)
, where

¢g=TA(p Ny )T (4.10)
A=CSF(¢, uNy) (4.11)

LEFSND (LB [B4] OfF§R7).
424 HTIVREAE (¢, y) ORFL I VIZLFX— E(e, y)

AT TVIRBHE (P, y>€E<P,2") PEDREEMLBELHI TV I2D100HEL LT,
ZDRT ¥ ¥ VIRV F— (potential energy)E(®, y) PEHEENS. E(@, y)ISSKF> I+
W EMHEN S (B [B4] DfFER8) ©

(1)p=0Vy=¢DHa

E(®, y)=0 (4.12)
(il) P 0Ny + ¢ OFA
E(p, 7)=17 -3 sM(g, o) - (4.13)



T2, |y iy HOBROREOETH-T, |y | 21 (4.14)
[
REMH (P, y YECD, 2 DERETH 4120, 3RX(49), 4.10), @1)OH 7 TV RE
Hik (g, 2> 12DV T, TRILEF—-FER
E(@, y)2E(y, 1) (4.15)
PEE, BT 5L EIRT, R(49)ICBHTHLMTA()TIE, REAR <o, y > OBWEL
{ERF& (refinement operator) & bFRENB Z L% 5.
425 SSHEIEFBHEOME
D EO¥MOT T, SSEEDRME (B3], [B4] kDL ich<bHns.
[SsEke Rk ]
(o] #H#iZMH
MBOMBRLETEHEMEDINY - @DEFTATEERD, o0, ¢3RN (A3D)DOHF T HEL
CDIDIRBTHELT, ¢ ORBTAERIFTIOEBED VA MR T ThoEREL,
Colt], AL>] =o=alT@, I>. (4.16)
(1] JRhiBers
85— 2 UL DR B TREPED D BBHA 7 T ) OFF ) R b OFI uld] €20 % MAHHEE TR
RLT, )
Cople+1], ale+1D>
=, TA(u[D)T-<@[t], Ali]>, 1)

t=0, 1,2, .
[2] & T
AE R
Coldd, AL =aTA(x[)T <C@[t], Alt]> (4.18)
DI, O

7 TVIREMFE Celd, Al DSSET ¥ ¥ VOE(@[t], Alt]) DT
E(¢[o], Al0]) >E(e[1], A[1])>E(e[2], a[2])
> >E(@lt—1], Ali—1D)>E(e[d, At =E(e[t+1], alt+1]) (4.19)
/5 L9, SMEBRTATEDMEEINTEY, ZThiZkoT, SSHEEZ®RED, R (3.28)
PR ZO K ICRENR LSS [B3], [B4].
£1(=0,1,2, ) EREORER e[t] T
ell=TA(x 1N Alt—1])T- @[t—1] (4.20)
THHZEITEELTBL. '
UL E OSSR EOBEED S HBHT 2 X 9 i,

2 BSC(¢,k)=0 - (421)
DIGED

A =2 SM(®, v ;1) Twx (4.22)
BT, K25 OEBEDAOMR D IR (2.7) DIPES A 2 B L7128y — %k

Blt]p=3 SM(¢, w;t) T (4.23)

%z, A(plt]) p RV ICHV TV DD, 410FBPENEERERETH 5.



4.3 BFLELCUERME B 3888
BMTBENIBRIELLELIPDHN GV E2BHICLT, SREEDESHIMRE SS
BRABEONHEZEDLFELEZLLD.
431 SMOEF L&
RQND, N¥—V ¢ €EdDE EREMOBUESMIBONIEL L.
RNQ7) DEUVESFEETILT 2 HEIRO L) BN 5.
AR ,
0=5(j;, <27 <5(j; )=1,jEL t=0, 1, 2, - (4.24)
W2 EE OB EsG 5 0, s:(G s D%
sojs0),si(st),j€Lt=0,1,2, - (4.25)
ERITSH. 20K, EM(@, wis )%
S, wis t)=
0 = SM(@, wist)<sj;t) DEFA
g(ISM(@, wi; 0 —=so(G; ) 1/[s1G s ) —sG501)
e50(j 3 ) <SM(@, wi; 0<w:(j; ) DHE

1 = SM(@, wi;st)=Zs(j; ) DHE : (4.26)

EEWT B, B LTV A

g {sloss=<1f—|s | 0=s=<1} (4.27)
3, 2BV H &S

Dgl0)=0 | (4.28)

@) =1 (4.29)
Wz LTORITNIER 52w, BFlzIE, '

gls)=s : (4.30)

gls) =+ (431)

g(s)=1—cos((x/2)"s) (4.32)
LREBEITHA.

ZnLE, ROTHEAIFEILL, ESM(@, oi; OPETFILEN, ESM (P, wi; ) PELND
ZEilhol.
[(EH4.1] EUERKOETLEH)
SM (¢, wis )=
S(®, wis t>/k§€:I S(@, w3 t)
3 S(@, wc s ) >0DHE

kEJ
p(Gi) 2 S(@, o ; V=004 (4.33)
EEFRSINI2A(2.18) DEIFISM 1T axiom 2 % {727, O

432 B LELERHE RV 3 SEEEUETRIZME
SERPEEPERREREICB VT, 2 (L16), (L17) B LT 5 EBRERE S t VA& L L, L
KeBolwga, RQ27)OEUESMZUTOEE EUEREOET ) 0 L) ic

SM (@, wi;t),i€]J (4.34)
tEFL, Ny —UFE#E LT,
B [t] ¢ =3 SM (@, wi ;1) Twy (4.35)
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THWDDOIENTH 5.
4.3.3 EBETFLFELEREE AV 3 SSHEEBME

SSHEBRIEIIBVT, BEZHEAZA () D3EHN(43), (44), 45)B1T5R(A35)D
O EEHESMOBEYPESM(@, w) DRV IZ, ESM(@, w; f(t; @) EHVITE, SSHEMEEE
BEOIWEEZEDLZ LIl D, 2212, FEEHUIIN@1D IIERTIREBEREST TH 5.
¥72, B

f(-; @) :10,1,2, =10, 1,2, -} (4.36)
i3, Y-V @ €D EPERCHEOBMBTHY, FEX

u=o=>f(u; ¢)=flt; ¢) (4.37)
T EW)EKRT, BRERLVERTH 5. o
B, £SM(@, wr s 0ORD I, ZOREBTMESM (@, o ; £t @) 2RV, —&,
SSTEREIMEDNRZ ED S Z L2k 5, ’

5. &IV

ZERREIDIz o TNY =V ETVERET, BEZHEROTBR (D27 7 T ORF¥Y
—VOEFNV) EFERT AR CERL, BMTIFE, 00, FHAERE SRE/ S - E
FOUIRANHE R 2O - AR A B R (SSARR FHak L) T3, simplex#EFE [A18] ISP\ FHE TR/ (Y —
YoERBHBLLIET S, A4, FLIEATREROL )RS !

MBONRETLHED/NY =2 @220V, FONF—VEFNTe 2%F, RdOHE, W0
HEAOHSES

géysﬂT¢)-ij]7/§J} (5.1)

ST (T, T E €y HBEBO I T I EORENY —V 0 DFEFVTo, L UTVS

BETHY,

[Vj€Tl 0<5(Te)=1] (5.2)

AOé%y%@¢)§l : (5.3)
POWREFRBL, Y -V ETVOEEREEICB O TRMEE TRR SN BETHER

TA(p)T, 2212, uCJ (54)

DEIEZIT, BHA T TR = oD T TVEEC, jJEARDIDD G T I IZRE
T LA RN D B L\ ) BBk A 7 L RECOGNITRON A58 - T\ 5 A1dk)

(g, A> (5.5)
RIERSET A LICL Y, REEORER(SSET ¥ ¥ ¥ VA B/MNCT 2 REEM) % 35K0, &
NY— o B/ LE) T 5.

KX T, bR SSFRakET BEAL U - S BRBSEUE R REBRENITFE SN,
BEHNTVIYALIBT 5 EETHERIROAZEZE L ETE5ELERER(1.6)1F, Tk
[A14] THELITVEY, KHEXTE, 2O—KIEIVEIERT VY VGEEAL, BEYMSH
BROANTHELERHLBE, NI -V 2SEBICD s TERLEFLEERT LFENCAT
bFEDHFE SN,



BIEM TV T ZLCHZIERT VY VGEARRLTREALLY, TOBAIK LT,
axiom 2% {ili 72 HE BB SM OB S - Z5 HRRAECEREH « OB LT, &4, 2
X(32), 3.6) DL, —HEBITREEINI.

ML TR, T TVEFTEBIOTRCORSTEEDORTESVLHEAL, SSHE [B1] ~
[B6] TDaxiom 2% {7z 33 (A3.5) DELEBEESM &, axiom 3% #7- 73 (A4.1) DASEE %K
BSCL %V, 37K (A5.8)~ (AS5.10) DM, FHIND “axiom 4% 72T 5 7 TV BN
CSFEEAT NI, 25K (28), 3.6) DEZEBHERERICIBNT, 17 TIVBEBESTORYIC, #
DEGEE ‘

CSF(, 1) (S)) (5.6)
RERBILENTE, COBEIWIIL-T, SRBENELBRICHS CRBOIUEE D, »

,%otﬁﬁwﬁ%Nt%<uk%ﬁﬁé??%%ﬁ?% - ;

w, EVBTECEER(17), 32) 0fx() (=0, 1,2, =, n—1), SM(®, w;; 1) (16])0)?}%‘?
HERVPUETHLDEI P L LT, ko f‘ohfw&w. BRI NTFFFEIS Mz,

X ® A

[A1] FARK, BEH 4 MHZHER", BELE, Sept.1979

[A2] BB “BEMEIA 77 -3 HBEBRFEAM—R2v b TO5FHAM", #A
#JE, Mar.1982 _

[A3] ANEAR, AEAME  NTHEEY AT A OBBE—HBE,P > —-Y 2 v bET—", ERESE
%, April 2001 )

[Ad4] KEFX “BEBHAE", +— 2%, Mar.1991

[AS5] AT3KRE, HHEMHFRE | A& BEOOBE—RMOEE A", fBH B Jan.2001

[A6] REZEE . “B@E L7 VT X 47, WBRE, June 2001

(A7] FANER, HYRE  “BER7 7 V4 2&RWI V7 ava—54 073 — X1 EEW
THITYXL", BPEEE, Sept.1995

[A8] BEER, FlREE, FEEd, RE—&, IIASHE | “IT Text EFZHI AT L7, + —4
#t, May 2001

[A 9] Luc Devroye, Laszlo Gyorfi, Gabor Lugosi : “A Probabilistic Theory of Pattern Recognition”,
Springle — Verlag New York, Inc., 1996

[A10] Zk5FF, BRMB, FRME | “FPGAZ 12+ / Bt — VY EEZREZEN N~ Fr 27", B
FHEHEBFRHWILEED-1, vol.J84-D-1, no.10, pp.2280-2292, Oct.2000

[A11] ARFEREAER, HOKTE, BRANUE, TAE, RAEES | “EMEZ BV EEIERED S OM%S
R, EFIEHBREFRWIGEA, volJ80-A, no.9, pp. 1546—1553 Sept 1997

[A12] BAIME, WEBE, #AE . “EHEFREHERESFHIC EHTLANHEY 7Y
7Ry M, BHERBEFRHLEED-1, vol.J82-D- II, no.lO, pp.1666-1674, Oct.1999

[A13] HHEH, ﬁﬁzﬂﬁ;% NGV OB ER LIEBE 2 —-F VA y P OPULEEEC
BULKEOUE", EFHERERFERHBILEED-1, vol.J85-D-1, no.1, pp.153-156, Jan.2002

[A14] HEAEE | BERT N T) X228 2T OWalshBAT”, BHRAEELH T, vol.42,



no.9, pp.2270-2283, Sep.2001

[A15] IWARHK, MAME | “HER Y ZHERE AV RERML”, HRLBELR T,
vol.42, no.9, pp.2239-2247, Sept.2001

[A16] RHEAT, HEKT : “LEFEGOELEICED (IRIT— 205 OXFREMM”, HH
SLER S5 0L, vol.42, no.9, pp.2248-2258, Sept.2001

[A17] BEOURESE, fH sk, ILHHESE | “ERMBEGAICBIT 5 Y v 7L 7 ARXORE”, ANTLHkE
#3CEE, vol.16, no.1, pp.147-155, 2001 ‘

[A18] SHiEMAT, BRHE T “% B WM R E L T Vector SimplexiEIC X AL BH 7 7 ¥ 4 Hifd
V=V OIEEHFE”, EHMIEZEAFH T, vol42, no.11, pp.2607-2617, Nov.2001

[A19] XANER], LHED), MERM . B0 -0 OREERE 7V —HMMO & EL & 3
HMMFEDORE—", ATHREFSEE, vol.17, no.1, pp.41-46, Jan.2002

[A20] FPAEMEL, $HAF— : “DCGA | SLRMURIBEIEMEEN 7V T X407, EHRLE%S
e - HIRE & AR, vol.97, no.81, 97-ICS-109, pp.19-26, Aug.1997

[A21] John P.Eakins : “Towards intelligent image retrieval”, Pattern Recognition, vol.35, pp.3-14, 2002

[A22] Ming-Hsuan Yang, David J.Kriegman, Narendra Ahuja : “Detecting faces in images . A survey”,
IEEE Trans. on Pattern Analysis and Machine Intelligence, vol.24, no.1, pp.34-58, Jan.2002

[A23] KHLHNSE, FEREELA, b, TFE, BIRILEH | “Rhola7E7 sk 25580 X4
DR, FRUHEFERFROCEE, vol43, no.2, pp.245-255, Feb.2002
CEBEFRBOME LTHVYRORTWAIRAI VI TEFVEMNEEA LT, T
MREETZEE L, BRTLFEIMEINA TS,

[A24] ST, NEB, F R RIG, BEAE KBRS ET— I R—ADNIVIREVAT LY,
BRI XFCEE, vol.43, no.2, pp.287-298, Feb.2002
- & H 3 (content-based retrieval) D 1FiE L L TOEPBREEMR 2 VT, NI U 7T
TWAHETZFEOFEOMELUTVBIEICY AN v T LD EREKR L T4
SNTN3,

[A25] Hun-Woo Yoo, Dong-Sik Jang, Seh-Hwan Jung, Jin-Hyung Park, Kwang-Seop Song : “Visual
information retrieval system via content-based approach”, Pattern Recognition, vol.35, pp.749-
.769, 2002

X ® B

[B1] &AKFE— : “B#RTE", MEE, Feb.1975

[B2] $hRHF— 1 “22—I Vi vy FOFEIE”, FHALEH, Sept.1996

(B3] $ikHE— /%% — U ERRRRIE DO BB — MR, EACEH, June 1997

(B4] $iRA— : “ABEIEHGROIBR", EMA3EH, Aug.1998

[B5] 8AFE—:“Ny—rvpry bu¥—7)LV", ETESEBESSHTEMD-I), vol.J77-D-
11, no.10, pp.2220-2238, Nov.1994

[B6] $8RF— 1“5 — VEBMOBFWER", EFBREELSHMERE 97— vk
CEF, Ny — VR HEME] |, PRL84-6(%155), PRL84-30, PRL84-38, PRL85-27,



PRU8B6-8, PRUS86-35, PRU86-69, PRU87-1, PRU87-28, PRUS88-30, PRU89-1, PRU89-27,
PRU89-40, PRU89-66, PRU89-77, PRU89-136, PRU90-5, PRU90-15, PRU90-29, PRU90-
125, PRU91-1, PRU91-29, PRU91-42, PRU92-1, PRU92-18, PRU92-25, PRU92-89, PRU92-
102 (4528%F), May 1984~ Jan.1993

[B7] AR~ “FREIEFOMIHHENIRE ZOEHS T2 —ay , EEREE
£:5%, vol.15, no.12, pp.927-934, Dec.1974

(B8] $ikA— | “EREHEL ZOFHIEFOILA", BEETFFELE, vol4d, no.l, pps-12,
Apr.1975

[BO] #ikA— I “MH SN HHCILIFHEIETHEOTAE", BHLEZLE, vol.18,

. n0.11, pp.1115-1122, Nov.1977
[B10] %*ﬁ—  “DIEREE L BB OSSR E S LR ICE T AR ER Y I 2 - 3 7,
TEEITFE CCER S - [EHFET) , no.4, pp.36-56, Dec.1983

[B11] #AkH— i*ﬁﬁ;pa fEN2:MEMOTRON & HAGEBEME T R OFAICE T 5515 3
2 b= ar’, BT GRS BHREL), no.7, pp.14-29, Dec.1986

[B12] #ARHA—, BHZEF © “MEBERLE BT 2 BMNESD", BRI Croks - BHse
£5), no.9, pp.173-196, Dec.1988

[B13] $ARH—, #H=ER : “RILT P2 Z AV &V‘ﬁiﬂfkﬁﬂik X % Prolog 70 7' 5 A DIRANE
HEIEHR Y AT LD, CEREICL A2EH”, BT CL8KRE - 1EHFE), no.10, pp.151-
167, Dec.1989 : :

[B14] W#=ER, AfLEH, HAFE—“V 7 Y2723 ¥a— b E A E—1DODRE
MIS|IZDWT—", a¥¥a—% 7 ¥ %X, pp.54-62, Jan.1990

[B15] $iRFA— | “SEBEMNIES S RGTERROREL TOHEMKI I 21— v, EH
B8 (CCBKR - 1EHRFEER), no.10, pp.35-49, Dec.1989

[B16] &iARH— ! “BRERBECESCENE. REBRIVIVE, TMEREONEHY I
V=23 »7, 1B8se LR - 1BHES rs) no.11, pp.51-68, Dec.1990

[B17] $iRF— : “B&ETHE L D ABHEMAE , TEHRAFZE (LRS- B#FER) | no.18,
pp.17-51, Dec.1998

[B18] #hAkHA—, BIHER | “AFEHESTORE/ Y — v OFEWREL . ZOFEHL I 21—
Tar?, EHRFZE CLERE - TEFEER), no.20, pp.77-95, Dec.1998

[B19] #iKRH—, ATHIER | “BEL Y PO V- C X A2 EFHESOIERMIT &, ZO5E#K 3
2 b—=3var”, [EETE CCBRSF - FHREER), no.21, pp.51-78, Mar.1999

[B20] #ARFA— . “PHEEHWAEEEO2EL, BN, B-S- Dol E, 20stE#K 3
2= a v, I GRS B35, no.22, pp.65-150, Dec.1999

[B21] AR —  “BRRAIL B85 -V EFNVOBR”, EHEIE CCBRE - BMEE), no.21,
pp-23-49, Mar.1999

[B22] $5ARF— : “RERMATA CINT T, SHRALEIR", WEHMHFE CrEkF: BHFEE), no.22,
pp.151-210, Dec.1999

[B23] $#iARH—: Eﬁﬁlmw DPWAAE) BT NVEBRIERAZD, EE GBI 5 e ER
YIiab—=ar”, EHITE CCERE - E8MFER), no.23, pp.109-182, Mar.2000

[B24] $5KRFA—: Wz’)‘%'ﬂl'&%?ﬁitﬂb BIRSTBIATLD, 77V 1= —F V%Y



M X 2RER, BEIFT kS - BMEL), no.23, pp.183-265, Mar.2000

[B25] kA —  “BEADBEMEZ KH L1233 X 7 ARECOGNITRON”, {5#HfZE (STHRE -
TEEREEE) , no.24, pp.185-257, Dec.2000

[B26] AR —:1“Tu¥rvary - YATLAELTDT 7 V4 INFRAF4 T -ava—5L,

ZESENY -7 7 T4 HRRT, HEEFZE CCBORE - ERFE), no.24, pp.105-183,

Dec.2000 '

[B27] #iARH— : “SSAGEHBEHBSCOBCHBERAO, STERHFEEROBA", HHRMIE
(SCHKRZ - 1EHRZER), no.25, pp.187-238, Mar.2001

[B28] $5KHA— : “BTHH¥0OHEE, SEEETRRRL, CERBZEIY ANERICEDS|
R, HEFTE GBS - EHEE) , no.25, pp.239-284, Mar.2001

[B29] $aARF— : “support vector machine * FIH L 7= K5 EEBOEER”, HHRITFE CLEKRE-1H
]RELR), n0.26, pp.1-62, Dec.2001

[B30] AR “24 7 T SHMEBEOEHER", B THEAF- FHFER), no.26,
pp.63-160, Dec.2001

[B31] &ARA— : “—AEDEREHE AW “EHEHIC X 55 1RREER", BHF%E Ol
K TEHEFE), no.27, pp.27-41, Mar.2002

[B32] $ARA— : “EUREOERE T 5 JAVAEFEIC & 5 RECOGNITRONDFHHEY I 2 L —¥
g 7, [EHIFFE CUEokE - B HFER), n0.27, pp.73-109, Mar.2002

{182A. axiom 1~4%2 8%, WS EThiEBSBVWNE—EA0, ETIVIBRIERRET
O lo, T], FLUEREHSM, X2FREHBSC, H7JVRREHBCSF

FBAEFATIE, REBEORF L L LMEDNNY — Y o DEE D, ETVESRIMERET, BUERE
SM, 7 =) BIREICSFIZOWTHBE s NS, i [0, T] O 2213 E% S % vaxiom1 &,
FOEEHESMOf 2 S 2T LR S R \vaxiom 20 HBEEN, CORRPHELPIZEN, I
BHESTHLZ VBB EINS. BIZ, KOEBHBSCOMA & 2iFid% b %\ axiom 35 #
BHaEND., 773 EREECSFAH S 2T TR 6 2 viaxiom 4 b FHBHIN S,

Al. axiom 1&ENE—=2ES0, EFIVIBRIERAERT
— &I, MEOWNHETLMEDNNY -2 ¢ DESOIZE AT [A1] 7 (separable) — xS
ANV FEM O D, B0 ECHATSTEETHL. HIZIE, 7 29 DERIRELLT,

M @RTEL— 2 Y)Y FREROTHIEGEE (AL1)

dm(x) : IEENV =272 F 4 VF = AREE (A12)

x=<{Xy, Xa, **, X0 EM(CRY) | EEHqEERTEEZR (A1.3)
ZEAL, ZORE(e, 9), /Valel % '

(¢, 3)=Iudm(x) ¢ x)-7 x) (A1.4)

I oIl =/, 9) (A1.5)

ET BB (R MVEE)ELTOMS2 e V)L b2 [B1] § =L, (M ; dm) D 25
&£LLT,



M=R*(2k Tt FH) (A1.6)
dm (x) = [x2+x2] ~'dx,dx, (A1.7)
vEEZEHMTES [B7], [BI].
DL e, BUNC, B
T: &0 (A1.8)
ERDaxiom 12T dhwv, Z0k &, BHETIIEFIVEBRERE (model-
construction operator) LN, TP € IE @ e oD LR VBB L V) EKRT, Ny —r e
O DET IV (model) & TN,
TEDaxiom 1226hPb L2, 87—V EE& I, BAE
={TelpedlCo (AL9)
zzL, RR(=0%2HHLL, OOEEDHEYBLLERLELLIRES, 2%, #TH
LREZL LV, TROR(ALIA) L2 ORRATECOVHETHEILEHLPIIL TV,
axiom 1 Z {72 9/%5 — VEA O I3FEIZ, WEAES (constructible set) TH 5. S.Suzukiid/$% —
ZEV) b OPWREHTFNEE L RVIBMINEED S 0 DESHMERERFER (axiom 1%
72§ f/hD @ DEH | set-theoretic reflective domain equation) ZIREL, ZOFBEXNEME, @
OREEZHLPIIL TS (R [B3] D2485). ZORKERIIRDEBYTHS :

85— LB LTV B TTOEA (EARFES ; basic domain) @5(30 . axiom 10 (i) DR
F)EBALT, EARNEIRERLER
O=¢zUT-PURY - @ (A1.10)
ol
=Tyl ¢ € 3} (A1.11)
RTMIEEHeROES ' (A1.12)
R*"-o={rtt. @ | r*TERTT, ¢ € ©} (A1.13)
DE I
®=R*¥* - [®UT: 5] (AL.14)

EEREND (LB [B3] OR(256) BH). ©DERK(ALIN) DS, BHEHIC, 200,
(@QT- =T - dCd

axiom 1 (ii), (iii) D27 . (A1.15)
b)R* " d=d (=R*""- ®zUR'"-T- ®yp)
axiom 10 (ii ) D#%E (A1.16)
B Y SLD. O

Axiom 1(INZ—VERO L ETNVBREARTEOM [0, T] OBALTANEZAE)
(1) Froo-awghks, ZLOT-FEIAM
(fixed-point property of zero element under mapping T)) 0 € ® AT0O=0.
(i) (@ DM, TOEEEBERIE ; cone property)
VeED, a-p EOAT(a @) =T¢ for any positive real number a.
(iit) (@ DAY (embeddedness) &, TDNF 244 (idempotency)
VPED, TP EPAT(TY)=Tep. ,
(iv) (BT DIEF BB ; non-zero mapping property of T) I @ € &, T +0. O




A2, MEOHRELBEMENDNY—> o DES O EEFNVERERAETEOH [0, T] OXFiE
&, EFNTe & o EOBMDORA—MERE

By — > ¢ € @A 2 5BHEEMZ T2, 2F 0, @250 7% %54 (category) % 3
LTWaBr2BET LB X 2F000, B A5 LARECOGNITRON T# 5. RECOGNITRON S
ETNTPEQZRLVHAVAY LAAbIX, BNy -2 eoedtMLIKRRAVHAZIAZDT
5 (F—mEFRE)ZL, BRTEL [0, T] oW THBEL LY.

NE—VEFNT ZHPT IR (AL DERTIERINDLDE. ROIKKHO~DTH %
(B3], [B4], [B6] :

OFEBTAB AN ; axiom 10 (1))

P=0€PIZTDONVTIL, Teg=0.

@ (EE#EAZEM ; axiom 10 (ii) DEE)

HEEOFEEEKaIH L,

VeeED, T(ar@)=T¢. _

B (RFEMH ; axiom 10 (iil) DEE)

VoeED, T(TY)=T¢.

@ CGEEBSHZM ; axiom 10 (iv))

Jeed, Te+0. O

EBDOO~DiZ& 4, AlEDaxiom 10 (1), (i) DEE, (i) 0%E, (v)THY, BT =0
EPRBERIMOENNY -V TH5B.

PIMBOWMB L TLHMEDINY — v ¢ DES
THY, TP EDPIF @ ERIIHNIBTENY—VEFVTHoT, BNy —eoedtFLZEH
WKHOATN TS, EFAVTRR, TP€dZRZVEVY LEaSES 0 ENRY -
EPNPDEICRAILZYVHIZZDTEE)%DdDTHA(A—AEER). ZoR—AEER%
ERT A0, SSHEH [B1]~[B6] Tix, X (A18) DEZEFNVERERZTIEA SN, it
[©, T] ZA1ZEDaxiom 1 Z2FHZ L TWAITRIER SRV EIXRB, TDLE, BETIZEFL
BHRERZELIRIENR, Tecol e ecdDXN LR VEBLLVWIERT, XF—-YpEdDET
N EENR S,

WMBOWNRETENY -V oDEFOEBHIUFTHLEINVNEROD, BROZELDH HER
FHERETHY, oo, TR (ALY) DEHTOR [0, T] 3 EEO4BEO~@((ii), (i) ®
2%, BZ(i), (iv)2ELET, AlEDaxiom 1% 72 &2 1FHIE% S %\,

ROEHEA2.11E, axiom 1%§G72F4 [0, T] 2RELTWA.

[EHA21] (NE—EEOEETIVIBRIMERARTEOM [0, T] DEFBHER)

NE = EHBLTWS ¢ OFEE (FEARER) 03(20) &, TRTOEEEBDEERYTLEH
Bva.

N (AL1.8) DEMBETHaxiom 10 (i), (ii), (i) d3%E, HNZ, (iv)ZW-TELEd. 20
L&, RO(A), (W)WY LD !

(DREONR LT MBS - DEEOE, KAL) DML FETHIE, 2R (AL15),
(AL16)HSEESL L, axiom 10 (i), (ii), (i) »3FT¥ % o ixi-L, &8, & [@, T] iZaxiom 1
T A '

(@)#iz, (0€) ek ERFEAITHFED @ A%axiom 10 (1), (ii), (i) D3RTEZ W2+ & T RIT,



®2PsURTT-OUT- @ . (A2.1)
EEEINERE, 22T, BIZ, 48RA2DEBWTESPEYT L L) RO EFHATR
12, axiom 1% [0, T] Do IER(A2.14) D XS IcFEE R, 27(AL15), (A1.16) b I T
5. : '
(BEBE) (1) 133CHk [B4], 10 EHEALITH S, ()3 XH [B3], pp.64-66(2.4Hi) CTHERA
ENTW3, O

A3. axiom 2 & FEECIERAHISM

HEDNY — 2 ¢ CONTR/ENTVBREMRINY — Vb R 5 ERBEOEEHNOEED
ENY— VL CORERTV LD, BoTWAPEEHETATFELZETHI LY, BROE A
’%%ﬁfanmngaéna BT RO OO FEIEERESM TS 5.

“IEgEHINZ—>" (well-formed pattern) iZ, & 512D HF T (category) €;(£5j € IFH DIEHE
B)DHIIBBLTWAEIDEL, ZDXI%RC,DETY (HRES)
&=1{¢;ljeu (A3.1)

RHEET 5. C, DA TV B HEE BBHIH R TV B3 /8¥ — ~ (prototypical pattern) w;(F
0)%10BETSH. i, #A (prototype) & LTHRE/NY — Y w2 L& LIZRRPG AT T
VTHhAZLERELALZEIIEELTBL. 221, '
O={w;ljeliCo (A32)
FR(A3D)OEn T TVEESGCITHILT 2RENY - DEEATHS. K(A3. 2)@%0@ wWE
Ef DM la | jEI 1IZoWVT
jg} a4 w;=0=VjEJ, 3,=0 ' (A3.3)
AR LTWB &) BBRT, 1XIT (linearly independent) TZRITIIE R b v, QEHE TR
ETEBHEDDH DD, Iy —RFID 5 QERBEEHICHRET 5 HEEICOWTIE, Xk [B3]
OfFEE I THEIN TS
axiom 1% 727X (AL DEFVEBBRIEAETICL 2T, R(A32)ORF/Y — VEFQADPE
BIhTHOLNLR

T O={Twlw€Q}={Tw; | jEIl (A34)
YIKMTTH2 EEETS. 0k &, FEEBES (similarity-measure function)

SM: &XQ—is|0=s=i} (A3.5)
zHAL,

SM(@, w)=1,010oT, ¥ —Y 0 €DK 4, kTN ECERF, HE

BFRICHD, $77, 0<SM(@, 0)<1DBAT, BERLEL-BEEFRCH 2 (A3.6)
L, SMEERL L.

X (A3.5) DBISMIZ R Daxiom 2% {723 & 5 IR ENQIEXER 52\, axiom 20 (1) T,

7 1 3 v # — (kronecker) ® 8 &5

8;=1 if i=j, =0 if i+Fj (A3.7)
DA SNTWDHA, 12, axiom 20 (1)% 5 OB, 77 TV EHOSHE - MR
BiATbh,

77 T fEAR OREF % Bllik (a sharp reduction) (438)
EHOTADICERINTVS



Axiom 2 (SBELUERIMISM DS /- N & ALE)

(1) (EEBERM ; orthonormality)

Vi, V€T, SM(wi, w;) = &

(i1 ) GRMALSM:, Wk, IEHM | probability condition, normality)

Veped, 25M®9w)—1

(iii) (%—f%T@T“C DFZEHE | invariance under mapping T)

V@ED,VIETL SM(T®, w)=SM(®, w)). O

Eikdaxiom 20 (i)~ (iii) ISV THBLICHHALTHB I ) ‘

SMOK (A3.6) TWH RO T T, (1)ik, MBERZHTTYOREY — ELIIHEEH
ERERIHY, FA—A7TYORENY — VL EHENZEUBRICHL L EEFL TS,
(i)iX, EEDONF =2 @iZ2o0nT, $XRTOIFITVIZOWTOEYUEOBINIITHL I L%
BEELTWS, (fi)id, Sy —VEFAT@IZENY -2 o LEBEDOH T T 22T HE—HFD
BErEOILREFLTVAE, LWH I EiE, NF—CVEFATeRRLY, B0z 35455618,
By —Y o RLEIICRZATY, BIZRDT528 (A—ARERE,; 2E2ZR)EEFL
TWbHZ eI A,

W, BIEIFEBDOH T T C;0ERERTH IFAEHP(C) %, 2&H4

[Vj€1, 0<p(€)<1IALZ p(€)=1] (A3.9)
R T 0L LTEALTEL. '

Ad. axiom 3 & XK FHERISIBSC

EETR, 51008 T TV ICRETHEI) P ERET D20 T T HERE LTOASEY
HBSCIE, axiom 3% 729 &9 RS h TR S ZnI L3S h s, '

. (A3.5) DELERBESMAE (A3.8) TWI “O 7 TV BHOSHHEIR” 2201,
axiom 2, (1) DEREXML BT LENDH S I LASAIETHEB I, SM(@, o) DRI
SM(®, w) BSC(@, )EAVIIE, /85— o FRETHHO MRV 7 T Bt R4, 8
FUCHIRCT & 2 LifE s B,

K FERAM (rough classifier, binary-state classifier) & FFIEL 5 2{EEIE

BSC : @ XJ— 10, 1} o (A4d)
%, RDaxiom 3% TdDE L TEAL, &R

NE—V P EPDRBT LN T TVBEHDIOWEEIZEBOI 7T

€;THDH%5IE, BSC(@,)=1TH5 I EHFET LW (A4.2)
RALLD. ZoB, EETREI ‘

BSC(®,j)=0THoTd, ¥—Y o EODREBTAHHIT TV BEHD12IZF

Ei€CITEBDOA T T G TRVEEFRS W (A4.3)
ELTWABZETHD, T/, axiom 3 D(i)HSbhsb L2, AFIAYEOHEEHRRM (the
mutual exclusion of the one category from the other categories)

Vi€, VieI—{jl, BSC(w;, j) =0 (A4.4)
FABELTERLTVWRVWEEIEELTBI). TOFEEEFH) OFEIZ, R(A3.5) 0EM
EEBSMAHZ SR TR wE LTWhaxiom 290 ( 1) (EREARME) TH 5.



Axiom 3 (A EBIMBSCOH /- T N EATE)
(1) (BFIUHHEES ; category separability)
Vi€J, BSC(w;, j) =1.
(i) (BBETOT TOXREM ; invariance under mappingT)
Ve Ed, VjeT, BSC(T®, j)=BSC(@, j). O

AS5. axiom 4&, #70YRIREIE CSF DIEEHR
%Y X 7 LRECOGNITRONAS /XY - @ € DT L,
Ry —vpead, R(ADOEITTVEELEOHIES
B (y)=16; ljey! (A5.1)
WO 12o0H 7T € IRBT 2R S 3 | (A5.2)
V) NF = o e dDHT IV REHMEE (categorical membership-knowledge)” %, o T3
LT3, ZoOMEE,
(@, y> € (D,2" _ (A5.3)
ERT.
(@,2=Kg, ylped, ye2i ' (A5.4)
12, 7TV IRBHEEZME (categorical membership-knowledge space) & MEXIL, T XTDINF —
pEDPL, TRTDATIVEFEEGy €2 LOWIMFDDOWV72Hf ) A b (an ordered pair list)
(@, 7> DEETHE.
517 3 VU BIREIM (category-selection function) & XN 5 Efg

CSF . ® X2'—2! (A5.5)
%, ‘A& 4% (inclusion relation)
Ve ED, VyE2, CSF(p, y)Sy CJE2! (A5.6)

2L, RY, ROaxiom 4z2H2TdDE LT, RESNBEL L.

Axiom 4 (A7 TV RIREABCSFOFH /- § N & AE)

(i)p=0Vy=¢DHAE

W %507 TVHFEGKEy b (@, v > OFRWLEFH T IT)FF TRV,

(ii)SM(@, w) =0ABSC(@, k) =004

HTTVEFREy X (@, y> OFMEER I T TVES TRV,

(iii)k2€7 BSC(®, k) =0D%H4&

BSC(®,k)=0THoThH, SM(@, ) >0THB L) LhTTIVESTKEy Z (@, y> OFER
LB T TVEBTHS.

(iv)k2€7 BSC(®, k) >0D%&

(iv—1)BSC(@,k) =042 77 TVEFEFKE y iI, SM(@, o) >0THoTDH, <@, y> OFER
RN 7T T FE TRV, ‘

(iv=2)SM(®, o) =0% 5 H 7T IFEFKE y I, BSC(@,k)=1Tho>Td, <@, y> DEF
A A T I) FE TRV, O

ROEFEA41TIE, R(AS.1) DEBRCSFIE, (A2.5) DBEUERESM, K (A3.1) DXGIERBEEK
BSCZ M 5T, :



ZDOEFEHHFOX2THY, ZOEEN, XF—r ooy TI)IFBME
(P, y>€E<®, 2 O “BRE” BHHT T DEE U X b (alist of significant
category-numbers) CSF(®, y ) €E2’DELATH 5 (A5.7)
THhbH LI, BRINLTHE,
ROEHAL1IL, axiom 4% {72 TR(AS5) DA 7 T BIREHCSFOBELR A REL DD
Th5b.
[EHEA41] (HFTVRIRBEIBCSFNIBR EIE)
RO EHIEHREINDRK (A5 D1DDE CSF 133(A5.2) & Lk Daxiom 4 & %73 ;
(1) p=0Vy=4¢DHs '

CSF(p, y)=4¢. (A5.8)
(i) p 0Ny + ¢ D&
CSE(p, v)=
key | SM(@, we) >0} if z, BSC(¢,k)=0 (A5.9)
key | SM(@, w) >0ABSC(@, k) =1} if é, BSC(¢, k) >0. (A5.10)
(FEBR) Bk [B3] OEHEEITH 5. O

FEHALIDEBCSFIZOWT, KDL ) IZBRTE 5 ©
WBMRET BRI -2 E€dDHT I E,,j€Ey DOTHPIDIIRET S
WREEDFDH B LBELHE, TONDA T T E;, jECSF(@, y) Ty DV
TP 1 DIRBTATWEEMD D5 L HRTEXHEEERBL, FOHN
CSF(@,7)id/88 — v o € dDEMLBRBHATIVEB YA 52TV, (A5.11)
' O
(FE BHARA—, HEH BEHT7TVIYXLIIB) 5EEELG) RN 23R LR
D, Ny — Y SEBEERIIED CRBANDOILH, TEKRE - ERER - BHRMEno 28R, &
Fa4E A H20024E9 8 2H)
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