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Abstract

How to extract the features from a pattern ¢ €® (a setup of the feature-extracting process)
has set up in satisfactory is equivalent to measuring how much the pattern @ € ® resembles in
shape each prototypical pattern < Q of each category (a construction of a similarity-measure
function). A contrary can also say. In a mathematical theory(SS-theory)[3], [4] of an associative
pattern-recognition, a multi-stage autoassociative pattern-recognizer RECOGNITRON proposed by
S.Suzuki has been presented making such an idea into a background. As basic pattern conversion,
this multi-stage autoassociative recognizing method has adopted the structural fertilization operator
A(Z) . This method was applied to recognition and an understanding of a landscape image, and the
result of a certain grade is obtained.

In this paper, research which uses a function of heteroassociation for raising the pattern
recognition capability of the recognition system RECOGNITRON which adopted this multi-stage
autoassociative recognizing method is done.

When the model T¢ € ® of an input pattern ¢ € ® does not resemble which in a corresponding
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pattern-model set

Tw,eT-Q={Tw,|jeJ}c® #1)
of the memorized prototypical patterns (@, € Qc @, jeJ )at all and the model Tp € ® resembles
any one of a pattern set W(c @), after recollecting one pattern in a pattern set ¥(c ®)from a
model ¢ € ® (heteroassociation), to recollect one pattern in 7-Qfrom this recollected pattern
(autoassociation)is needed fundamentally to realize work of good pattern recognition.

What is fundamentally demanded to work of autoassociation and heteroassociation is a
character of primitive recollection which means that each pattern memorized can be recollected
without error in a single stage. Unless the character of primitive recollection is fulfilled, recollecting
without error each pattern memorized even with the multi-stage recognition construction of
association with the purpose which is going to improve the performance of single stage associative
recognition is not necessarily expected when the pattern similar to either of each memorized patterns
is inputted, and this input pattern is assumed to be a probe. Each method of many association
proposed by this research can realize the character of primitive recollection.

If the model T¢of an input pattern ¢ is as heterogeneous as the model Tw®; of the
prototypical pattern @, of a category @,, an heteroassociative conversion is made from T¢ into
1

. Tn.
the pattern 77; Em obtained multiplying the pattern model 77, by the constant HTU H corresponding
J

j
to the model T®, of a representation pattern @;. Changing this obtained pattern into the model
Tw;of the prototypical pattern @;of a certain category € ;, good associative recognition is easy to
be attained rather than directly changing at a single step the model T of an input pattern #into the
model T, of the prototypical pattern @; of the category@j. In addition, this paper is going to study
some works of heteroassociation as it has the character of primitive recollection.

When the hyperplane Mirror, which intersects perpendicularly with an arbitrary unit vector w
and passes along the original point O is considered to be a mirror, the conversion which is a special
form of the Householder conversion which obtains the image p of arbitrary vectors & reflected in
this mirror Mirror, and which moved from one element a to the element p of another side is
called a mirrored-image transformation about the two element &,b with the equal norm. After
investigating many character of Householder conversion in separable abstract complex Hilbert space
9, many properties and many examples of the mirrored-image transformation which imposes
restriction on Householder conversion in real space 9, and two applications of this transformation to
a solution of the simultaneous linear equations accompanying conversion in upper triangular matrix
and the easy methods of recognizing a pattern associatively were considered from Chapter 2 of this
paper by Chapter 5.

It is shown by Chapter 6 that the finite sequence of mirrored-image transformations convertible
from the arbitrary patterns whose norm is 1 into the arbitrary patterns whose norm is 1 exists. This
mathematical existence is useful to hearing the reason why the recognition determination of whether
a pattern belongs to one category becomes difficult. That is, it will become clear that the boundary of
whether a pattern belongs to one category is ambiguous infinite.

It is supposed that the model T¢ of an input pattern ¢ is similar to someone of the limited
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sets
Ty,.jeJ ={12m} (#2)
of pattern models 777;s. A heteroassociative method of recognizing patterns which from an input
pattern @, recollects one of set
Tw;,jeJ={,2,"--,m} (#3)
of prototypical models 7®;s with correspondence of 1 to 1 to pattern-model 77;s, and which
recognizes this input pattern ¢ is presented in the following two forms (1) and (2):
(1) How to use the mirrored-image transformation U, .
(2) The method using a real-valued similarity-measure function RSM' not using the mirrored-
image transformation U, . O
Furthermore, supposing that an input pattern ¢ is similar to someone of limited set of an
expression (#3), a pattern which may be similar to one of limited sets of this expression (#3) is
recollected from ¢, and the autoassociative recognizing method recognizes an input pattern ¢.
This autoassociative recognizing method is also studied.
In Section 7.3 of Chapter 7 , the multi-stage heteroassociative recognizing method 1 is proposed
as follows:
[the multi-stage heteroassociative recognizing method]
RECOGNITRON asks for the model T¢ of a pattern ¢ and a pattern normalized by norm
el

9'= &(i 0),where  ¢'=0 if Tp=0 (#4)
7ol
is made. The fellows U,(i€J) of mirrored-image transformatios who fill pattern conversion
Uini’ = wilai eJ (#5)
are prepared where the set J denotes a whole-finite set of a category number. If RECOGNITRON
knows
argmax SM (U,¢',0))=jeJ (#6)

ieJ

, in the scene of that RECOGNITRON uses pattern ¢ as the input pattern in question, a pattern
U,¢' is considered as the input pattern instead of ¢ to RECOGNITRON which has adopted the
multi-stage autoassociative recognizing method. O

The multi-stage heteroassociative recognizing method 1 is the recognizing method which
improved the single-stage heteroassociative recognizing method 1 of Section 7.2. It is shown that
RECOGNITRON which adopts the fixed-point recall type inductive inference recognizing method can
use the multi-stage heteroassociative recognizing method 1 as a pattern pretreating method of
assistance. It is assumed in old research that the model T'¢ of an input pattern ¢ is similar to the
model T®; of the prototypical pattern @; of a category @,, that is, T¢ is seldom changing
compared with 7@, . Even if these contents of research do not have this assumption, they enable the
recognition system RECOGNITRON to have work of good recognition.

Next, in Chapter 8, the method of measuring correlation between the pattern remembered and
an input pattern @ € ® by the inner product is adopted. Then, by two methods using the inner
product value a,(T9) which is not quantized and the quantized inner product value a;(T9), two



8RS — : HouseholderZE# &, FARE Ol & i x 7= % OMABTZ R~ D) H

autoassociative operators B,(¥),B/(¥) which are going to realize the work of primitive recollection
are constituted. The work of the single-step autoassociative recognition with the primitive recollection
is studied using B,(»),B/(y) .

Next, the method of carrying out multi-stage composition is studied by use of a single-step
remembrance with the work of primitive recollection.

When the model T@e® of an input pattern @ € ® does not resemble which in a set of the
model Tw, €T-Q of a prototypical pattern @, € Qc® at all and resembles someone of another
pattern set ¥(c @), after changing a pattern model 7@ e ® into the pattern O(y)To(=O()p)
similar to someone of the pattern set W (< @), it is necessary to carry out multi-stage associative
type recognition processing by the recognition system RECOGNITRON which S.Suzuki proposed
(the necessity for introduction of the heteroassociative recognizing method). This paper is one
preparation which studies such a heteroassociative recognizing method:

The construction of the mirrored-image transformation type associative operator B,(y) using
Householder conversion is discussed. Then, we inquires about the construction of the map B(u)
which is useful to the associative method using the real-valued similarity-measure function RSM' is
used for instead of Householder conversion (paragraph 10.2). ]

Although it will be expected from the previous simulation[21], [22], [23] if B(x) will probably
bring about a recognition performance better than B,(y), there is an advantage in the method who
use B,(¥) which is simple.

Key words
(1) heteroassociation (2) autoassociation (3) primitive recollection
(4) Householder conversion (5) mirrored-image transformation
(6) rough classification (7) multi-stage pattern-transformation
(8) recognition system RECOGNITRON (9) pattern model (10) prototypical pattern
(11) categorical-membership knowledge
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% Flak 9" A e EHE 7 (statistical operator) Td Y, F8i#k s A7 ARECOGNITRONT(X, LLFD/ ¥ —
VEEAFAC)* YT 5. BEFHEERROFFHNFERE (=% JFEE) I3 T2 01
85> A7 LRECOGNITRON S HIETE Bk H R 2 ff < SRAFERRE (3% — U RhhEE) Th 5.
1 (1.24) OFEFE T A7 LRECOGNITRONDffiFEik I, o v T TVFKFE jeJ 2T,

<o,[j]1> (1.31)
LREINS. ik A7 LRECOGNITRONDIEAIRHEIT,
<*1,*2> (1.32)
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LEIND. ZZIT, *LIEARAE =Y, BWEIRF =TT LTHY, RFIHITIVEEVANTH
5.
BAIRRE <*L*2>(%, S.Suzuki®d, H 7 = VIRBEFROEESREFBIC LT,

<HFLF2>= ) ISM (*1,0,)- < o, ,[k]> (1.33)
keCSF (*1,%2)
LRI &N CCEk[3], p.119, THIT.1), ZORAIREE<*L*2>1%, #EXR
SM (*1,,)
D> SM(*lLw) (1.34)
ieCSF (*1,*2)

THIREE < o [k] > & & BREETH D CCR[B1 DTG D EFLGA) .
IRARIE<FL*2> 250l T 5 AR IIMESRFIER R L TN 5 3% — U AREE A B 0 s 72
LOTHY, K(1L.12) AT 2V BIREAE CSF %> C,
A *1= Y. SM(*lLw,) To, (1.35)

keCSF (*¥1,*2)

LEIND CCEB3]Dp.174, FFG2).
PO X L3, EEETRTER AR L THY, T OXRMBEET
TG SEAE A (O — AR A L)
TA(*3)T <*1,*2 >
= < TA(*3N*2)T *1,CSF (*1,¥3M*2) > (1.36)
Mo 5 RGN EH ST, BARIEEZ S DMPREICERT D & (1.37)
ThD. 22T, FESE =, BOESE—CETATHY, 23T I FE Y R R
Thd. FFIZ, B7FTVESY A MSIIIFHAHBEOE X TF ORERE SN2 TR 570,
HAAEEHB S ERNA2D 2@ Z LIV THBIL TR Z . ZORBT D07 U OFAIR,
C=1{€,ljer} (1.38)
DODNDIDTH D LI RUBOMGLETIMEDOANTINF — e o0 TD, Bk AT A
RECOGNITROND BB HIIZ R 1T B B3 (A )% — v 9 e O 20 T OFEFRIBE) 1,
<O >=3< Ty > TAU)T-< 6,4 > 1, Sy, =0,1,2,+ (1.39)
on condition that < ¢, A > _=, <T@,y > (1.40)
& o B SRR (1.21) OB TH 5.
AT T R o KA R

<o, Ay > <P A > <DL A > <D A >, <A > (1.41)
T, <bup A, >=< LA, > (1.42)
(UL, HEEwREMI(C(J):¢,) DS
(O
o i prob{(b—;} ,s=0,1,2,-. (1.43)
MI(Q(J).cb.,)-;prob{ o) e, )
¢,
ZZig, prob{d)—’}:SM(d)A,,w,),jeJ,s:0,1,2,~~,t (1.44)
IZD&E,
A =172 061F, FiEMI(CJ):¢,) M RfE-log, p(€ )z L5 & (1.45)

BEE LWV, DFD,
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max MI(C(J):¢,)=MI(C(): &) AMI(C(]):¢,) =~log, p(€ ) (1.46)

NYEE LW, =iz, —log, p(€)) %, RECOGNITRONIZ LY, #jeJ ZHOHT 2V C \2i@E+
D LERRRMTE SN2 AT E — 2 0 e ® o H I (amount of self- information) T 5.

FHERFICLE, AN REZ—r0e®@ b7 IVIRBICHEHT IRROREESZTVRS W)
BERT, MAEMFREM ZRKICR L LS 3F — U BialfE s @Rk 5 2= (1.21) O 2k
TWBHA (1) DB T TV IRBEEROINIRDOTHS.

1.4 SSER1, SSER2
S.Suzukild, WkD2JEBH(#H), Q) EEZTWD :
(1#) SSER AMEIC L D /3% — 2 @ OE AR [42]
FEEOPEDE, |Lkta—2r Vv RZEM gUONHE|pn], /L blo %> TRLES.
VIRAMST 72240 S rcqiam CREBIS V2, ER LAV FERID O

3n
¢):z cﬂ.(‘l)(-'_wl such that vg6{1925""3n}9(¢L5(b€):0 (147)
=1
WCHRHET D E 972, R"<l><2>--<n>=R<1>xR<2>x---x R <n>D7wiL, NAF*x
p=collp<l> p<2> - @<n>) (F|~7 bi) (1.48)
TERbINs., 22,
3k
p<k>= Y ¢, ¢, ,k=12-n (1.49)
(=3k-2
ThY, R,
p=Y p<k>+p, (1.50)

k=1
DRILLTWD. [AERIZ, RE—UNEDITONTH

3n

77=Z; d,-¢,+n, suchthat Ve {l,2,3n},(,,¢,)=0 (1.51)
n<k>= SZk:d(g(b@ (1.52)
Pt

77=Zn‘,77<k>+m (1.53)
%%ﬁﬁa‘k;t, R <15<2>--<n>DOWik[p.n], /v 4olid,

[f/w]zicwduw\zx/[m (1.54)
LEFR SN, R7;<k>0>lj‘1$§[¢<k>,n<k>], I Klp <k >,

lp<k>n<ksl= Se d lp<ks|=lp<kop<k>] (155)
LEREIND. %5?“623f_2

[(0»77]:;[(/7<k>»77<k>] (1.56)

o= Do <k>f (1.57)
D3R N, b
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VST 723840 S v, oam 2 FHNT2R(1.49), (1.52) D X T RSN D2 DD/ — 1 9.1 € HIT
LT, HEIDNZ— L LTONEe<k>®n<k>%4%x,
s Cyn dyy
P<k>®n<k>=|py,,, ¢y, dy, (1.58)
b3 Cyk dy
LEFRTD. 0N DA Ee®n I,

p®n=) p<k>®n<k> (1.59)
k=1
LERIND.
EBEOPESLEEDke{l2,-,n} LITxIL,
(p'<k>z%-n<k>-[(p<k>,n<k>] (1.60)
[n<k>n<k>]

go"<k>sm-n<k>®((p<k>®r]<k>) (1.61)

EBTIE, EA R

p<k>=¢ <k>+p"<k> (1.62)
DR S, TS, 200y @' <k >,9" <k>(k=12,---,n) ORI, EAME

[p'<k>¢"<k>]=0 (1.63)
MRIL LTV 5.

EOT DL, SSHEL(RE— 2 @ DR E— 2 9 € @ DSSHMESIR[42])
P= 0 <k>+ " <k>+¢, (1.64)
k=1 k=1

NP AIBVASR

(2#) SSEMH2 (T T VIRBAT <@V > DER 53R [3]

BT TV IRE A & FEIEA, ik AT LRECOGNITRONZS R % — o @ e D (2 5f U 40k
<@ y>e<®,2' >i%, RF—rpedRHTAVEL

C()=(C,|jerte?’ (1.65)

NOWTNDI DDA T TVITIRBE L T D ARENN S D L Fite. 2218, MEBOXRBY DI T
VIR B AR ZE R < @,27 > ANEA STV A,

MHEBDOEFHBITRDOD LN TWABA(B34)Dh 7 3V IRIRBEECSF 24> T, N
K@y ><h,A>), I Vh|<oy>|%

€py><eaz= ¥ [SMlpe)-[SM(e) (1.66)
JECSF (9,y)NCSF (¢,1)
[<o.7>|=J(<p.r><0.y>) (1.67)
L, HATS.

f1HEBDOZ (B.11) ©, axiom 2% i 7= 3EALLEEBIEL SM , (B (B.19) @, axiom 3% ili7= 3 K47
% BSC BT BN A H A TVWD EORED T T, SSE2(IT IV RBHFH<PY > DSSHE
S iR[3])
V<p,y>e<®2’ >,
<@y >=Y (<py><0,lil1>) <o, lj]> (1.68)

jeJ
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DD SEH (CCER[B] O EERT.L (I 7 2 Y i@ sk OFE ey i E B )
<Q,J>E{<a)j,[j]>|jeJ} (1.69)
EAT TV IRBAEZEM < 0,2 > DEATFHELRTHD.
LoT, R=v 7 LD%EX
V<p,y>e<®2 >,

<@y >’ =Z;(< 0.7 ><o 1> . (1.70)
Je.
%Y 3L CCERB] D EFLT.1DRL). O

852% HouseholderZ#aU L EMETHR LS DFEMEE

ARETIE, A7 —BiG e L)L NZE/ O NHEFZERM T D %G O Householder 45 #2
Ue=e=2-(o,W) - WwHEFHBH L, TOKHOEAE L LT, A5R—ge L~ MEM D NEZERTH
DEA OB, L LBELV2ODITTICOWNT, —HDIEH bith )5 05t~ 4 HouseholderZs
W TdhHhDHZ & A&FBA LA S, HouseholderZEHa, SHMAHLOEME 5.

21 AIIE—RHMREIL NIV MR O HEEZRE TH 5154 DHouseholderzZ e U
2.1.1 HouseholderZ#:U D EZ
A 72— AR e L ~UL R 2O NEREMTHNIE, @ 2EFE R a 0 ILBEFER L LT,

Vo,Yned,(o,n)=(1,9) .1
THY, LoT, EEOEZEKAITHONT,
Vo,Yned (p,a-n)=a-(p,n)=(@-p,m) (2.2)

WRNLT D08, LAk, S ZZ 2 T\ D & X2, Ao —img e v~Ur hZefi] O 25242 [
EL,

Vo,Vned, (o.n)=0,9) (2.3)
MK NEDET 5. Ryl — g e v~UL NEM O NEEMThHIUE, TEOEETEK A TSV
<,

Vo,Vned (p.a-n)=a(p,n)=(a p,n) (2.4)
MRV SOZ Lz, EELTEBL.

EEOHAAY MV WwIZEA LIRS O %18 5 B m & Mirror, 3%, Mirror, %85 & 5 2 12 W,

Z DEE Mirrory ICMATEE DN bla(=pe D) DB b(=ne D)X

b=d-2-(a,w)w (2.5)

ThH5(H2.1%25M). plddizo T DHouseholderZEHAU IC L > THBND LWV D
b=Ui=a-2-(a,w)-w (2.6)
Us=e=2-(e,)- W, Z 212, |#]=1 (2.7)

O
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2.1.2 HouseholderZ£#U N RAFRE, BSfRME &t 1=5U%
WO EH2.11%, HouseholderZEHaU M w % —w (BT KA ROMEEZEL TWD.
[E32.1] (HouseholderZE#a U o 8N &)
BHRe-UL FZERD, Ee UL FERO OB T,

Uw =—w. (2.8)
GER) U

= D=2 (W, D)

=w-2-w o | =1

= O
BIGAEMHE B9 > 90 /1 1[B] 1%

|]= supl3e] (29)

LEFRSN, |Bl<onlx, BIEAERZIEIEMNFE (bounded linear operator) TH % &) 5.
52y
Vo,V e, (Bp,n) = (¢,Bn) (2.10)
MR SEOMIEAVERE B % A R MIEEH R B O 8 E A 3 (adjoint operator) & U\, B THKDT.
B=B D&, B%HACLEIEMZE (self-adjoint operator) THDH VN

2= () L MMEFR)
Vped.|Bo| =g (2.11)
DO SLOF e IEER S B 2 =% U {Ef5& (unitary operator) &\ 5.
Bp=00F, ¢=0Th5% (2.12)
DM 72 Z TN B I,
[Voed BAdp=p]A[VneD 4Bn=n] (2.13)

T TRIBERZE 4D > DO NIFET BN, ZD A% B:D—>D0ii{EFF (inverse operator) &\
W, BlEERbT.

WROER2.21%, HouseholderZH#aU A3 H AN, witk, ==X VO3B ZHA TN DHZ L%
B LTW5.

[E¥2.2] (HouseholderZEH#aU o H . Huffett, Witk, =% U k)

BHRE AL FEMD, R~V hEMD OMTTERD (1)~ (iv) 3K Y 3D,

(i) (&M Vo,vneD.(Up,n) =(p,Un). (2.14)
(i) (G¥fith) Voed UUp=op. (2.15)

(i) (==% V1) Yoed,|Ug|=|¢| (2.16)

(iv) U=U"=U". (2.17)
GEW) (1) DFEHA : Vo, Yned.(Up,n)

=(p-2-(p,w)-w,n).

=(,m)=2-(p,w)-(W,7).

=(p,m)—2-(p, (7, W) W)

=(p,n=2-(n,w)- W)

=(p,Un).
(i) DFEHH : VoedD UUgp
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=Ulp—2-(p,w)-W]
=Up-2-(p,w)-Uw
=Up+2-(p,w)-w - JEH2.1
=p. 0 X2.7)
(iii) DFEW : Vo ed, ngHl =(Up,Up)
=(@,UUp) - (i)
=(p,p) o (i)
=l
(iv) OFEH : (i) kv, U'=UuTHBHZERb»N5. (i) &V, U'=U THHZERbM5b.
£oT, U'=U=U"TH5. O

22 TRHE—HEREINI NEBODNREB THIIGEDEMETIAU
Aoy 7 — RS B UL N ZER D NFEZERTH A D, F(2.7) ®HouseholderZEH#i U 17,
BN MvwE, v SRR

|l =[é] (2.18)
DFT,

T

[ (2.19)

LENNIZ L &, $EMZEHA (mirrored-image transformation) T 5 &V D . p 1T d IOV TOEEIRE
UL - THELND V) (K212 H]).

Mirror,

Fig.2.1 Mirroring transformation U having a common original point O

2.1 HBELGERZFFOEMERU
WOER23, (ii)ix, &MR(Q2.18) 2z S X5 W ER?23, (i) TkEshz=X02.7) o

HouseholderZE#a U 73 5eb20 (2.18) 2 7=+ & &, FEICEMOME A2 T-bDTHDHZ LE LT
W5,
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[EHE2.3] (HiphAHaERE)
Aoy e — WG e UL N ZERT O N EZERITH DG,
a5 0n[a]=0A[p]=0 (2.20)
L LT, #(2.19) oan< K (2.6) DHouseholderZBHa U WO W 4 %+ 5. Z DR,
e

(i) Ua —~ (2.21)
ja-2|
LT,
(i) [a] =[] o, va=b. (2.22)
GEWR) (i) OFEW : Ud=d—2-(a,w)-w
-2 o)
7] o7
=d-(2a ‘f"i)- ‘E_[Z
U .
=a-(a-bl+ Bt S0 saja-Firah
_ . . za-b d-b . - a-b ad-b
B R
=d—(i-b)-(G+b ‘E_li)- “:_[3
la-ol" -]
=Gd—(i—-b)—(G+b,i—b) _a—i
o)
:5—(&—5)—[\\"\\2—\\5\\2] ;__;2 v (@,b)=(b,d)
-5t 1AL 0
J-2|
—E-H‘?HZ_HEH.* o 2 (2.19)
e
(il) DFEH = (1) 5B H 570, 0

$83%F HouseholderZE#a D i (FIEABEEL o(x) DIEARLEEICEEZEL T)

KETIE, BN g e AL N ER O RERZMTH B 5E, EH a> 0) 05 5B o(x)
2041 1@®%&%&F£E—‘eﬁx:m-ﬁ(f% = ~+0) fvmﬁ(p(m-ﬁ) kY B R S B K

B BFAET D &0 D FEALERD, Ye-ShannonDIEA(L TR Z WA L CREH &N D. D%, H
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2% OHouseholderZE# % 52 2 TE MU AR & L COBFITIBIRE A, Fhops1a0... THRET 5.

3.1 FHIBIE o(x) DIER(L
L <HmBNTWS EMBEE o(x) OEALERRIC S X, ZOMHEBRZ LIZDOT, LLITIZZEORIE
L THL.
p(x+a)=¢(x) for every xeR (EHEENESR) (3.1)
N, XAEEKAITHOWTHYIHOELED. AL FZEMD=L,({x]|-a<x<+a},dx) TD, H
#om, /v nleli,

(@m:fMMMﬁO% TS, miEn odELE (3.2)
(I ENCAD) (3.3)
Thbd. ZDLx,
A=k Dk =0,+1,42, ) (3.4)
a
ELT, Hh(=0,£1L12,-) FH DRI
¢, (x)= ﬁ -exp(+id,x),i = \/——1 (3.5)

EHMAT S, ZOEFREEIE RO cosin. 1T, RO2HE (1%), Q%) 2= 9 & W EKT, 572
RIEHERLRTHD:
(1%) CEHEAM) (¢,0,) =

lok=(DLrx

{ 0--k2lDEZ
(3.6)
(2%) (GE2HE) V(= 0,£1,42,--),(0,¢,) = 0= |p| = 0. (3.7)
O

Elo X 5IT, EREMELRE L TOERELEBEER Oiconn. 2> T, 241%, 7—U =#k
%

d

0= Y (@.6)-6,(x) for |<a (3.8)
k=—0

L, WRFIOFIZEMTE 5. &AM, #HRHIBRR (3.10) KV > TWDH K H eXZ—r @25
WL, ARf1oE

)= (.66, for |i<a o)

AR SN, ZOoXGCIHIBRGINDO LI ITEEEINDEVION, ROEH3ITHS.
[FEHE3.1] (A% o(x) OIEARIERR)
77— = BRI (0, &) BE I+ 1R THIRFIR STV B854, 2%,
(p, 4)=0 for |k|>(+1 (3.10)
WAL LS TWD BT, Fix, A a(>0) @ o(x) [FEREOFTIT/2 <, AREDOFE LT, &
DEIICKRBETED.
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sin[z(£+1)- (X =]

o= 3 pm—). 4Ll for xf<a (3.11)
= G-
a (+1
[EE31DFR1]
BB

K(x.)= zi 3" expl+iZ, (x— )]

=1

1—exp[i(2f+l)%-(x—y)]

:%-exp[—iéz-(x—y)} - (3.12)
“ “ 1—exp[i =-(x = )]
a
EHETD L, ANGIDOPI,, ¥ <aZfli/c T xiZ2o0T,
P(x)= Y (0.¢,)-6,(x) = [ dvK(x,»)-0(») (3.13)
rEEEnG. -
(EFE3.1OFEH) B%K
@'(x)=
o(x) for ‘x‘<a
0 for ‘x‘Za
(3.14)
EEZLHE, 0X)IZT7—V =2FEHOET,
1 +00 +a
P) =~ [ dp-explripx): [ dy-exp(-ipm) /() (3.15)
2r =, 2
LRHETES. LAR, K(310) LY,
Idy-exp(—iyx)-(p’(y): jdy-exp(—iyx)-q)(y)zo for \,u\>(£+1)-% (3.16)
ThoHrZ R, XQGB.15)IEEE,
1 +a
PO = [z it explrip) [ dy-exp(-ip)-¢/(y) (3.17)
T \u\s(ul)a i
LEFB., LZAT,
[ dx-¢ (0-exp (-4 =0 if [2]> 220 (3.18)
ThiE, vA~b FZEM O =L,({x] -0 <x<+0o},dx) DIETH 5 BEO(x) 1L5E1F,
1oy — VLR 'sin(27er—7rm)
o) m;wd)(ZW) 27Wx—nm (3.19)
L RBLTE D (YeR-ShannonfE A L EH) . ZORBEHZXGIDICHEAL LS.
Vs a 1
n-LZ=2 —_— .
(0+1) p W IR (3.20)
L, EEEW Zikbiug,
N &= by m .sin(ZﬂWx—ﬁm)
“’("",Zf’(zw) e — (3.21)

LRBTEXBHZEWCRD. 2T,
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m- <a .. ‘m‘<f+1
l+1

Zii=d m iz oW,
-t = o(m -
v/m £+1) oim £+1)
ThHND,
x| <a #ii7=9 x Icon T,
sin((0+1)- % x— xm)
a

+00 , a
P(x) = Z (/7(m'm)'

m=-0

(f+1)-£~x—7zm
a

sin{;z(f+1)-(§—%)}

=3 pm—.
O )

e, FEANKDD.
(EFR3.1 DR 1FER)
KG9 EEET L0z, HE

+{
k=—

[ dy OTIEFE 2 SE e U,
¢ —a
x| <a Zi7= 9 x iIcon T,

o)=Y, [ dv o) 6,() ¢, (x)

+( ta 1

= Zjdy P05 e (4G

~farom) L3 ewtiaG)

k=—1
=Idy~l<(x,y)~<p(y) o K312)
13, FEHA KD 5. N(3.12) DRANORBUTFE LRI DO ORF
2 n—1 l_r’l
atar+tar +---+ar  =a-
1-r

FHEALEZLOTHD.

3.2 HouseholderZam, #EEIBHEABRICLIRER

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

O

AIHI ORI HEIER {(bk}kzo,il,tz,m 1%, BLUL 22RO = L,({x|—a<x<+a},dx) TIX, 221EHR
BRRZRTHLNPD, RGBYDLICEMATES. LoT, K(2.7) OHouseholderZEHLU DEFHRN D,

{FE OHE (= 0,£1,%2,--+) {5V VT DHouseholderZE#a U, (3,
Up= 2 (@.0)¢,~2-(0,6,)-¢,
k=—o0
LRLOIN, R,

Up=—0,0)-¢,+ Y, (@.0),

f=—00,k#(

(3.28)

(3.29)
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MRODLEDTHD.

RAE  SRIRZEHAU D fI

ARFETIE, Ao e v -Ur NER O NREM TH L5E, Rl R EEA R 2Rk L T4
X9,

4.1 NE—2 9 DIERRS max{p,0} 5, /\‘";‘7—‘/00)ﬁﬁﬂﬁmin{wO}Na)fﬁﬂﬂa"?ﬁU
FHEGDOGIEI D, /32— ¢ DIEESy max{p,0}, F#K5 min{p,0; ~D 4R (G5) Z# B L T,
wZ

max{7,0} max{®,0}

_ Hmax {n, O}H - Hmax {o, O}H

max{7,0}  max{®,0} (4.1)

Hmax{ry,O}H Hmax{a),O}H
LRE, BIBEAFZU 2027 1206,
Up=¢p—-2-(p,w)-w forany ¢ real separable Hilbert space D (4.2)

LEFETD L, EH23D(i)ZMMALT,
max{7,0} _ min{w,0}

fmarc .0} -maccten 03] > 0725, U =i 0y )
BRSNS, UBMERTHD.
42 3ABBFR G000 EFE UIBERER
EE AL RO =L (x| —a <x <+a},dx) Tix, NEE(e.n), /vbe|ix
(@.m) = [ drp(x)-n(x) (4.4)

THDH. KO LI ICERSNEZ3IMBEE R . 1, Ee L0 b2z
D=L,({x|—a<x<+a},dx) TIX, ZLEEHEZRTHS :

1
J =
¢ (x) e (4.5)
1 k
IR wo
1 .k
¢2k+1(x) = ﬁ'sm? (4.7)
k=12, O
3R A e 1, EE AL R ERM D =L,({x|—a<x<+a},dx) TiE, ERERBELRTH
LB, PlX, 7— ):E?f‘&%(
P(x)=(9,¢,) - (x) + Z[((ﬂ, ) G () (@, 1) Gy (X)] - for ‘x‘ <a (4.8)

k=1
L, EERFOBICERMTX 5.
X o, K(2.7) ®HouseholderZEH#U DEFN 5, EEDEEL(=1,2,3,4,--) T2\ TD, 4.1(i
DERRAEHU 13
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Up)(x) =(9,¢,)- ¢, (x)+ i[(‘/’» $2) G () + (@, 5,1) Dy (%]

max{n,0}  min{w,0} max{,0}  min{w,0}
Hmax{i],O}H Hmin{a),O}H ). Hmax{n,O}H Hmin{a},O}H

-2-(o,
@ max{n,0} min{w,0} max{7,0}  min{®,0} (49)

Hmax {n, O}H - Hmin {o, O}H Hmax {n, O}H - Hmin {o, O}H

LERbIND.

$B5E EMETHOM (nE)RTTA—2 Y v RER R DIFEDIEMETHC &,
E3ABTIINDEBRADIGA)

KRETIE, TR —BEHRe L~ FEMONEEMTHEHE, DL LT, nG)Kkita—72
Uy REMR ZESTHES.

ARFETI, Ao — g e L)L NE O NEEMOn fKora—27 Y v REM R Th 554,
HouseholderZE#t, SEBRZSHAIIITHI TR IND Z LICHER L, SEMAREFIH L TEREOFIETINZE,
N IR FRERE MR RRIERI 72 E3AITHI~ERTE D52 L ERE 9.

51 nEHRTIA—2 vy RER R DOBEDHEREHRU

nZh) R —27 Uy REMR OEE, 28 X=cllx, x, = x) (FNXT7 k),
y=col(y, y, -+ »,)eR OHFEEY) I
(%,5)= Zxx (5.1)
THY, TeR "@//I/AHxHinH JEX) EEEESND. FIR7 MV EORBEESRZ BV E T
=(x ox ooox,) (T2 b (5.2)

LERIND. Householder’}{?ﬁ&U 132:50(2.6) QNI XL - TERSIND. £HT DL, K& X nxnpiy
5|

U= (u[j )15[,,’5;1 (5.3)
1L, K& InxnOWELATIN 2> T, 1751
C=1-2-ww'
10 00 W,
01 0 0 W,
=l =2 e owy, e o ow] (5.4)
00 10| |w,
00 - 0 W
TRIND. i
W
W,
w=| i |=collw, w, w, w,,) (5.5)
Wa-i
w
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=1 cHa L% L AIOFIRT hALTHS.
&)@, Householder{T4#|C D& i(=1~n) 174 j(=1~n) F|DBEHu,; 13,
u,; =
1=2-ww, i=jO L&
—2'W,-Wj li] DL %
(5.6)

LRDOHND.

52 RAMATIICO)D, FHIREDFMREBRTIU, (1<q<k) 2R\ L3ABITH C(h) NDZEH
521 (k+DEDTHIC(@(1<q<k)E7{2=HD L BEDHFEMREMRITHU, (1<q<k)

RE S nxk DITHN(EITHATH) CO) Z 5 ARt L LD FTOEBENR T XTHETH D &9 72 E3A1T5
Ck) \ZEMA 272012, AMRMEOSFBERITIIU, (1<q<k) 2fli>TH LS.

n>k>1 (5.7)
LD niI T, KIIFETHD.

nxk 1751 C(q) = (¢ ) (Dhisncjar, =012,k (5.8)
I,

Clg)=U,C(q-1),q=1,2,--,k (5.9)
LERIND. ZOLE,

C@=UU, - UULC0),q=12,k (5.10)
ThD.
HIATEIC0) 13, HimZEH U (1<q<k) D3l

U1=U2>"'>Uk (5.11)

o T, ®BEATHITH D E3AITHIC(K) ~, B TEDLZ L AZUTDHT, RE 9.
BARATHIC(R) 1%, ZDHi(=1~m) 1758 j(=1~ k) FIoFEFR ¢, (k) 7

c;()=0-i>jnj<kpLx (5.12)
BT &V BT, E3A175
_C“(k) cy(k) cy(k) - Clk(k)_
0 (k) k) o oy (B)
: 0 : . :
Ck)y=| : : 0 ool

. . . 0 0

Lo 0o 0 o0 o0 |

(5.13)
ThD. FiE, BITHCQG,q=12k DFEFc (> jrj<IT,
Cij(Q)ZO"'i>j/\qu@k% (514)
Zimi /e E3AITHITH D.

522 kEOHEMEMRITHU, (1<q<k) DK
X(5.10) D, kEOHEMAEBRITIU,(1<q<k) MK L THE D,



AR5 — : HouseholderZE# &, FHARE Ol & i x 7= % OEABTZ R~ D) H

FiEI~BDFEHD, REEnx<1DINRT M (@) ZHAL, K& Snxk D1151C(q) &

C)=[c(q) &) - é(q)]

(5.15)

LELT. FBIEI~ODFAD, RESnxIOFIR7 i ZHAL, K&ESnxndifylU(q) %

Ug)=[i(q) t,(q) - u,(q)]
LEbT. LT, 2:026), 2.7)To|ig)| =175~ Frig) &

wi(q)
(q) = ¢ (@-D-<,(q) |wmi(g)
e, a-n-¢,)]
w,(q)
LEWHDD. Z T, Kronecker® & it 5
é‘ij:

{Lw—j@ag
0eit j D& X

(5.16)

(5.17)

(5.18)

FEAT S, 2:(2.6), QDITHE, X7 MAWq) ST, HFq(=1~k)FHOHEMERU, %,

U,e=1-2-(,w(q)) - W(q)
=1-2-w(q) - w(q)'s
= (U, (@) 1cicnic jen®
Z iz, u(@)=6,-2-w(9)-w;(q)
LiED L. (2 ITHEVY, IV AORAFESM:
le,(a=D]=é,@]-a=1~*
Mjubﬂ\écto Z, Ha=1~n) BREDITHIC(g) D% C,(9) %

e, ()= Zcil(())z ¢ (1D =0(22)

»(2)=, /i%(l)z 1€2(2)=0(23),¢,(2) = ¢, (1)

en(3)= D a2 10x(3) =00 2 4),c5(3) =, (2 =1.2)

6@ =30, (=17 6, (@) =062 g +1).¢, (@) = ¢, (=D =1~ g~
() =[S e k=1 ., ()= 02 K +1), () =6, (k=i =1~k =1)

Ly, 220(5.9), (5.10) DT L 9T
C(0),C(D),C(2),---,C(g—1),C(q), -+, C(k)
RO TTITF IR L.

523 kEDHEMEMRITHIU, (1<q<k) DRR

wOREXGA) DT T, kEOFEMERITHU (A<g<k) ZRHL THL.

(5.18)
(5.19)
(5.20)
(5.21)

(5.22)

(5.23)

(5.24)

(5.25)

(5.26)

(5.27)

(5.28)



SCBOREA e THBTED #1385 200847

g=12,kizonT, U % Clg-DIZfEASE, C@ #HsRRIZBNTIE, Cl@-DoEI1T
B ~F g1 OXATHERIEL LW ECEETS. £,

~ % q-117,
U(g)= (ui/(q))lSiSn,leSn DA ZEHR u;; (@) 1z T,

(1&) --1<i<qg-11<j<g-1p L x
uij(q):é‘ij
Q&) gsisnrg<jsndlE
u,;(q)=
1-2-w,(q)-w(q) i=joLz
{—ZMW)%W)m#j@k%

(5.29)

(5.30)

Lo TS, DFED, *ZFLEIMORVTIIEFAEL LT,

Ulg)=|:

DETHD.

(=
O = O
O = O O

*

0 0 0 *

2
- 0]
0
0
0
%

*

HafT

FnfT

%ad _%nﬁﬂ

5.2.4 #3751 C(0),C(1), -, C(k) DEHE
C(g)g=12,-,k) DEFX(5.9) 120V, 5:(5.23) ~(5.27) DERED F T, 1741C(0),C(1),---,C(k)
ZHELTHRLD.
(1) g=1D L =
H(523) k0 |6 =[e ) 23 LT B a s, EB23% A LT,

Ui6(0)
BN,

COH=U,LCO)=[UG0) Ug©0) -

= [El M

0

| 0

=(1)

CAORERRAV)

_cn(l) ¢, (D 3D

(1) ey (D)
5, (1) E
: ¢, (1)

e, (D ]
¢y, (1)

(D
G D D

Ug, (O)]

(M ¢ ;M) ¢ () ¢, (D) ]
ThHHIEWbND.
(#) g=2m L =
%9, RG240 L0, c,)=c,)THDINE, w2)=0ThH5. Lo, Ui,

(5.31)

(5.32)

(5.33)
(5.34)

(5.35)
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100 -0
Uy=|0 * * .. * (5.36)
0 k '._ * %

* * * *

DKZLTNWAS. i, CO)MN6CR)~DERIZENT, CO)DFHIT, H1FIOERIFMRAFS
ntc, CQ) Lis.
wiz, X524 kv 6Q)=]6M|23sr LT s, EBE23FEA LT,

(e}

U,6,()=6,(2) (5.37)
NNZD.

C)=U,C)=[U,c(1) U,&,(1) -+ UG (D] (5.38)
=6 &2 - &) (5.39)
feu@ e () (D) |

0 (2 52 . (2)

: 0 : :
=| NN ) . . (2) (5.40)

1@ ¢y (2

L 0 0 (2 @ ¢, ]
ThHHIENDND.

(B#) g=3DL =

57, KG25) &0, ;0 =c,;D=12)ThHsr7bH, wB)=00=12)ThHs. LoT, Uy,

100 -0
01 0 - 0

Uy=[0 0 * .. x (5.41)
O 0 *k k *

DFE LTS, hil, CQ2)nbCE) ~DEHIZBNT, C2) OHL2IT, #1,2 5|0 HEH T
frFan<c, COLR5.
wiz, X525 &0 [60)|=[6Q)| Rl LT Bh s, EHE2IZEM LT,

Us6,(2)=6,(3) (5.42)
NNz b. Lo,

C2)=U,CQ2)=[UG2) UgGQ2) - UgQ3)] (5.43)

=[aB3) &B) - &0)] (5.44)
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_cn(l) c,(D) ;1) e, () 1
0 ,,(2) c5(2) v (2
0 ¢, (3) :
=| : : 0 ¢, (3) (5.45)

P ) A €))

L O 0 0 a3 ¢, (3 |
ThHDHZ ENbND.

T, FRRICEZE, =k L&, K(5.13) D/RED E3AITHCHR) ITERESND Z L3bn
2.

53 k{EDHMREB{TIU, (1<q<k)D, BITRFAEBRDOBENDICH
AL IR ST REA

Zaij'szb,.,i=1~n (5.46)
j=1

DS
X=col(x, x, - x,) (5.47)

wRODDIT, FMEHEEZRAL LS.
EFITINA=(a)1si <o ZATHIC(0) L BTFIE, EOESI IR FRERIT

C(0)i=b (5.48)
LEEXEIN, LoT, HEKX
U,---UUCO0F=U,---UUb (5.49)
"ELND.
U, UUCO) 1L, *MEED FOBERTRTETHD LI 7
0 * * ... %
0 . T ¥ (5.50)

DEDIHIEFITINTH 200 (FITFLIFTR L RVTHIER), ZO3FHIEFITHIFE TN X, DK E
v, ZOx,OEEZFE-TITRATIUL, x, BKED. KES20Dx,, %, OEEF n-24TI24K
ﬂ?‘ﬂli‘, x,,,27j§5kié. U\T, IEH:%@:LVC, Xys Xy 15X, 055Xy, X 75‘:@“@@:5}2&5

F6E  JIVADBBIELENIZERDNG =205/ IVAPRIBILENEED
ING — I NZEHTE BIRREBRDT

ARETIE, FED/ VIABIEERE AR = RZ2—on#0)e®nd, EED /L AEkKSE
Bl NS =g — o(#0) e ® ~EHTE ZHEMEMRU, OFIRVINFAEST D Z &5, EPE6.1THE
Hahsd., ZOFRL, EOEBZLZRNTAZ—URALZFR—HT 225G, EOBEN Z K
SWUNSES E, AWICRRD AT TV GRS D200 FBIE A F — 32 =2 1,0 DEFRIZH
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5 X 97, X(1.24) OB A7 ARECOGNITONIZ £ ¥ 1E L < #Bfk S 7p W R/ S 4 — vz —
UNEBFHET A EEHSMNILTVS

BT, 22038 —2'(#0),0/(#0)e® N2 LT & &, 20034 —1 (#0),0(%0) e ® %,
n="L(#0),0=-2(20)c® (6.1)
n |l

EBTIE, 220 R% =2 ,0 13307 ) L AR NTHBIL SN TR,

il =lof1 (62
BRSO, 22T, EOBHN 2R, £ ed %,
d);E77~cos(§-%[)+a)~sin(§%)qu,i=0,1,2,~~~,N (6.3)
BT,
by =10y =@ (6.4)
MDY LD, £ b eD %,
0= e ®i=0,,2,--.N (6.5)
@
LB L,
n 1)
Gy=r =y == (6.6)
I o]
NS AIRVASN

PO TR MR bbb N D R TH DG, Hi(=0,12, N =D& E OHMEHRU, &,
4:0Q2.6), (2.7), 2.18), (219 DEW®RT D L ZAIHEN,

V¢GQu:®14¢z¢—2(¢,@_¢”1y ¢, = ,i=0,1,2,---,N -1 6.7)
(’bi - (‘bi+1 (’bi - d)m
LEFETDHL,
lo.|=1,i=0,1,2,---,N (6.8)
Thorob, TH23, (i)lckv,
Ud, =d,,,i=0,1,2,---,N—1 (6.9)
N AIRTASN

VB 2SR, S AN FRARTHDH L, OFV, I ALARLTHEKESNIEEDE
B ARG —rne® s, JVABRNIHEBILSNEEOFEKE ALY -2 2~ 0e® ~EHT
E DEMZERU, OFRIIBPFAET D2 L0, ROTH6ITRENTZI LITRD.
[EH6.1] (3% — 1 DIEMZEHER)

A7 — AR e L N E O REEMTH AL EEBE X LS.

BB, 20D EBENZ—r 7' #0,0=0)ed NG 25L&, 20DFEKRE Y —
n,0e® %X (6.1) DN, EHETH. EOEHKN 23R,

Gy =10y =@ (6.10)
THD L%, FEIEAY — 35— 5
(l)oy d)ly (l)za"'y (bN—l’ (bN (6.11)

B, BEEANZ = RE = S FEIAENRT — R F = ~DE — A (6.9) Z il T3
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Uy, ULU,, -, Uy (6.12)
ThHzb6Nn5. 22, ¢, e®(i=0,L12,--,N)ix2:(6.3), (6.5 CTEHZ=N, U,(@=0,12,---,N-1)
12:0(6.7) TEFZSIN TV A,
BTE HER, ZERETOMBRREEAND, HEMEROICH

ARETIL, HEBETANRRE - pe@inh, 9pe® L HE ¥ — 1 23 2 MAAREHERE,N
S AR L GHALTOHNS.

71 (AT I VRS BOEMRERU,(j J) DHERK
K (219 12hE- T, 2:(26), QD DOW, %

iy = 20 (7.1)
n; — o,
EEFELT, KQOIHW, [EEORT—r e @ RATTENTHFOHNHU,p %
Up=p=2:(p,w,) W, (7.2)
LERTD.
T 0) @ = LY (o) (7.3)
"] o) |
LERTD.
=] =1 (7.4)
MELY LD, Ko T, EHEH23D (i) @A L T,
Ui = @; (7.5)

MEY LD, U I38AE i ThH 5.

7 2 ﬁﬁﬂ*wmo)ﬁ*_ 5] eJ (-_Jiéﬂfxﬂ bfm*gtnbn If1
AFJRG— 2 @ 3Rt D B R AR RERIE I 23 L & 5.
ASIRH— /¢70):ET/VT(/J L,

¢ = (¢0) BL, Tep=0DLr x¢'=0 (7.6)

HT H
I,
0, DIEFELSE, j=1~m (7.7)
DTN DD IS — | CUTb\é LLEI.
axiom 2Z{iti 7= 4"k 912, B, BSEiOX (B.11) OMALERIESM 2 EAT 5.
argmax SM (U.¢' ,a),.) =jed (7.8)

ieJ
BT,
NE =@ jeJ BROAT I C (CRETS (7.9)
EHERRT D 0D, HEPEMAREREIEITH D, 22T,
argmax f'(k) (7.10)

keK

i3, Zfke K DEEZATHE LN D REMEBEE f(k) DIEON, HAEZ G X 5Kk DIEON,
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Kb EVEEZFRT. O
axiom 2% 729 L D IHERR S 2 E TOR(B.11) DAL IS SM 1
ERDIEEH alZoNT,

Voed,VjeJ,SM(a-p,0,)=SM(p,0,) (7.11)
B2 LML, ROEHTANGEHIN, 2RI Toniie -HIclcnia T, nic
EleviuE, KTV >Z EBNWIFFEIN LS.

[EIE7.1] CHEREMAREFERIE 1 O R ER)
ik oo B BEMA R ERRRIEL T, WBLOXMR LT AMBEO Y — 0Re=n,0 L X

p=n,0tx, Ug =0 (7.12)
N AVASE
SMU,p'\@,)=1 (7.13)

21, RO s, KT HHmEND.
GFER) K(7.12) ORI, (7.5 0258 5.

SM(Uj(p’,a)j)

=SM (0}, ;) -+ X (7.5)

=SM(Tw;,0;,) - 2:(7.3),(7.11)

=SM(w,,®;) = axiom 2, (iii)

=1 - axiom2,(i) O

8, 9, 10E T, MARERRIE 2R L-ifRisss A CARERMIE & e s b.

7.3 R AT ARECOGNITRONNAAT BN —2 D, BMEBROKU,,.je) [CLBRE
ICHES Z B P fth AR SRR E 1

Bk A7 LRECOGNITRON~ A4 5 /3% — U G EBORU , je JIZX W IREL, BIES
ATz — o B2 B O AR RS 2 7 ARECOGNITRON~ A J) USR5 % £ Br P fh AR 3RE% 1231

FBHL LS.

Ajjx\“&—:/(ﬂ@:eff“/wgoﬁ:@'éb, K(7.6) D" 1%, X(7.7) DF = HELENOMNITDOD IR

Vil tnwa E Lk D,

RECOGNITRON:MDM&@@ﬁ%&&#éﬁi@]\ﬁ/\& YETLHBEICREWT, X(7.8) B3V
SO BIE, eIz, U;p ZRECOGNITRON~D A E L, @ Z3ikT 500, LEEMmiER
BB TH B O

ik AT ARECOGNITRON~ A JF % 8% — 2 D, SEMEHROBEU,, jeJ \Z L BIEICHED %
BEFEMARERERIELDS @~ Ton (e -{DIZBRTWR T, Il Tnd ¢ 2K (7.9) o<
WBR 2 Z ERHIHFEND Z EEROEBT2N/R LTINS,

[FEHE7.2] (%M AR ERARIEL O TR E )

R B AR RLERERIE LTI, WO R E T OO — v PRe=n,0 L %, K (7.12)
WO SLD, jeyrdhTAVEFI AN ye2 ZBAL, eORVICUQ Z AT LIz &0, #
MR ER (1.21) 217 < R.(1.24) DFi% S %7 ARECOGNITRON DR H /) < &, A > |22 T

<¢,A>=,<Tw,[j]> (7.14)
15, RO’ HEmIND.
GEH) K(7.12) Okarid, R (7.5) 58 5.
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R (T12) BT Bh 0, jermnhTAVERY A hye2 2RAL, PV IcU P =0 %
AN Ltz e &0, @iFRSSER0121) O H<e,A>1E, K (7.11), B,
HEEDOEEaIZHONT,

Voed,T(a-9)=Tep - axiom?2,(ii)D#% P (7.15)
Vpe®,VjeJ,BSC(a-p, )= BSC(p, j) (7.16)
BESLLCWE G, H(7.14) THDHZ L8, CHB]OER6.1 (T HERFEE) OFEHE &2 EZ I LT
WG, L]

8% WHEEREFALL2DDEREMARB (), B(y) &, ACHERE

H oAk, o ICEANICERESND DX, BB LML O/ — 0 PNE RS TRz
<, mAHEInd (fRans) v [HEBEME (primitive recollection) | T 5. FAREME D3
TENTWaRNngE, SRERLEEL ORZ = ONTFINICBEITWEIREZ = RA &/ x,
BOLBBAERIECHRME LIl 087 — 2 ZRAERL, SiAHEND Z ERHFINNNS
ThH5D.

ARETIE, Ay —r0e® L OMBEZNETHI- T, B LAV, Bk L2
BEHEH2OOHET, FEROEHENH 5 HMBROFHENEIIND.

8.1 BERYELAVAEHERZFIALLBEERRE() & ACHEE
FEEDORE— e RANENERED, BT TVERY A bye2 28I L S B (e %

B (»)¢ = BSC(Tp,k)-a,(Tp)-Ta, (8.1)
key
LEETA. axiom 1, (i) %YL,
(T-RZEM) Vy €2’ Voe®,B(1)To=B(y)p (8.2)
DALY NS, F7-, axiom3, (ii)lcLb,
Vye2 ,Voe®,B(y)p=) BSC(p.k)-a,(Tp)-To, (8.3)

key

MRV Lo, Z 202, 2fEBER BSC 13N (B.19) TROEINDH L OTH Y, {14EB, B6Fidaxiom 3% i
KR E LTWA. HEDOR D) 0BT I BOMEYERMEESZ 2 TB<.
Fe UL NEM D TlE, SchwarzDO AR 15 55 RE%ER

-1<a,(Tp)<+],jed,ped (8.4)
i 7o AR
(Tp,Tw))
a(TQ)=—1—"7 (8.5)
7ol 7o,

1 Te & To, b OMOBULHBETH Y, Hx 0 a,Te)To,(jey) iz % —rEFNTe L HF =
VE oE g —rEFATO, E ONEHBEZE, BRENEZFOHESNE) SF -2 Th .
BT IVHESZY A bye! #EKICHLHOER
B(y):® > (8.6)
N EFIH L-RBEEAZTH Y, NWEMRBERAEERNSZE V).
WREFHBIT AR E R B(y) 2~ 7~ B CAREREIEEZHH L X 5
ANSRE— P DETFATEE, (11D DORE—FF A To(ey) DELSDOMNIPLIDITETND
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ELES. ARRE—r o0t KAL) DORE—EFNEENDIODET IV (ITHEVE — ) &
ML, ANE—r 0 2B 2008 CBERRETHS. ANF—rohnn, K1) DS
B =BT NEENDIDIEW B (e 4 L, AJi/3% —2 @ 23879 2 O NAEHE BRI
HAZEB () I LR ETHD. DFV, axiom 2&TW729 X 512, 8B, BSEiDOX (B.11)
DOHELERSSM # B A LT, AHRZ—r 03, JC(165)0)7JT:1)%/\@(7)0)10 I LT
5 EHB LT B IR,

argmax SM (B,(y)p,,) = j €y (8.7)
BT,

ANRg—vped i jey(cHEROAT Y CITRET % (8.8)
&, MR 2 O WEHHBIAREERI SR B (1) 12 X 2 A DAEREEIETH 5. O

WOFEEIVALY L H, HEEAL L722WR(8.5) ONFEHEMEa;,(Te)jey) v, FEELzla D
RE—vTo,(jey) NEEMCTHERL, SrHEND FEEEND) LD [HEEME ] NER
INTWD

> BSC(w,.k)-a(Tp)-Ta, (8.9)
key={j}
3 o7 Y Cy =D 2B T LTS DS
BSC(w;.k)-a,(Tp) Toy (key—{j}) (8.10)
DI TH 5.

[FEHE8.1] (Hfl L7V AR B 2 i > 7o IR B ARIEE VR L 58 B, () 1T & % AR E L)
jeyoLx, B(o,
=Tw,+ Y. BSC(w,,k)-a,(Tp) T, (8.11)
key=3
DY LD, RHBI% BSCIZB LA EDOX(D.1) 0717 =V MO APEBRIEAS AL L TOIUE,
jeyrorx, B(nw,=To,. (8.12)
GEWD) B(1)e,
=BSC(Tw,,j)-a,(Tw)-To,+ Y. BSC(Tw,k)-a(Tw,) To,
key={j}
=BSC(w,, j)-a,(Tw,))-To,+ Y. BSC(w, k)-a(Tw) -Te,

key={j}

. axiom 3 (i)

(8.13)

15, Zoiz
a,(Tw;)=1 (8.14)
BSC(Tw;,j) =1 -+ axiom3dD (i) (8.15)
ERATIUT L. O

8.2 BiEMtL/=ATEMBEZEFAL2D0BIKERERB () &, B
T, AEX
—1<e, ;<e, (<0<e, (<e;  <+] (8.16)
-9 BfEe e o€ 060 BB LTEL. 0%, X(8.5) OIRKLHERRE e, (Te) % Efiikit
LT,

a;(To) =
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—l—1<a,(Tp)<e, , DL x
a,(Tp)-e; ,<a,(Tp)<e, ;L x
ano_a@@<%m@&§
a,T9) e, <a,TP)<e, DL &
+1~~~e,,+13a,(T¢)S+1@ké°
(8.17)
LD HAIT, BEIL LT a)(To) 285 b0 LE 5.
BB/ S = pe®@BANSHIEIO, HTTYFSY 2 byed ZHEHIC LN B()e
%

B{()p =) BSC(Tp,k)-a,(Tp)-Taw, (8.18)
key
LEFT S, axiom 1, (i) DE¥Lb,
(T-REME) Vy €2/ ,Vp e ®,B/(y)Tp = Bl(y)p (8.19)
MEL Y SE>. F7-, axiom3, (ii)izkv
Vye2 ,Voe®,B/(y)p=). BSC(p.k)-a,(Tp)-To, (8.20)

key
WS, a(@)Tw 38— FFATeon, 715720 € 2+ 5 NREHBEZLE#G a;(9)-To, D
BB L TH 5.
PNEEFEBE AR AR A 55 B (7) &l o 7- B ARERRERIE Z A L & 5
ANNRE =2 @DETNATeE, (1.1 ORZ =TT VEEDOMNANIDIZETHNEEL LS.
ANIRE—r 0, KA DY = FFLVESRADIODET LTIV F —) ZMEL, A
T — v QEEHEHT HONBEBEREH#IETHL. ATy —ronn, XKQAD)ORE—VET
NMEBNDI DIV B(Ne 2B L, ANRE—2 @ %8B 2 0N NEHEBEEAREEMSE B ()
L2 EEBERMRIETHS. 2F D, axiom 2% F L 51T, 14%B, BSEiOX(B.11) OFHELLE
EeE]iﬁ(SM%%ALT ATIRE—2 @1, t(lés)wﬁrﬂ)%/\uy)@m JRE LT D &8
LTV,

argmax SM (B/(y)p,w,)=jey (8.21)

iey

e blE, K(8.8) an< #HEFH T 5 O NEMBIIARRIEMNE B (7) I L 2 B EERRIETH D.
O

E®Ro Xk o, EREBG) DR VICB() 2A LT, #iffiol CARERMENEH S,
H—rpeD BT D ENHEKD.

WOEEB2MRL Y LD, HERAL L7z WA BIE @) (To)(j € y) 2V, FoiE LIzl x o3& — 2
To,(jey) WHEM CIRZERL, BAHIND FEEINS) L W) THREEHE NERSATWY
5.

[EIE8.2] (HfEm L L 7= PNESFHEIMME &1 - 7= NREAH BT AR /E I 32 B (p) 12 X 2 A8 EBE2)

jeyméx, B,

=Tw,+ Y BSC(w, k) a,(Tp)-Tw, (8.22)
key={j}
B L, KROMEBIE BSCIZB LA 7 =) I OAR EHERRIEAS L L Thdud,
jeyrotx, B(yo =To,. (8.23)

GEH) BI,O/)CUI-



5 RF— : HouseholderZE#a &, SEARE Dl X 2 i 2 72 % DOBARTE R~ D)5 H

=BSC(Tw,, j)-a,(Tw,) Tw, + Z BSC(Tw,; k) a,(Tw;) T,

key={j}
=BSC(w,, j) a,(Tw)) T, + Y, BSC(@,k) a;(To)-Ta, .- yiom3m (i) (8.24)
key={j}
1%, ZoR(8.24)17,
a\(Tw)=1 (8.25)
BSC(Tw;,j) =1 - axiom3®D (i) (8.26)
AN (V=N O

[EHE8.2MFR1] (BfE#fl L 7= NAEMBIME 2 1 - 7= NSRBI AR EF 35 B () |2 X 2 FAER E 20
D)
e . Sa/(T(p)SH (8.27)
DS L TNWDE IR =0T A TelZBL,

jeyméx, B(e

= BSC(¢, ))-Tw, + k Z‘Z ‘}BSC((p,k)~a; (To)-Tw, (8.28)
€=U
DY L, KROYFEABEL BSCIZBI LA 7 2V MO EHERRIEA RN L ChdiuE, 2F 0,
BSC(p,j)=1 (8.29)
VieJ—{j},BSC(p,i)=0 (8.30)
RN LTI,
jeyrmlx, B(ne=To,. (8.31)

GEH) B/(ne
=BSC(Tp,j)-d,(Tp)-Tw,+ Y. BSC(Tp,k)-a,(Tp)-Tw,

key={j}
=BSC(p,))-d(Tp)-Tw;+ Y. BSC(p.k)-a;(To)-Tw, - axiom3® (ii) (8.32)
key—={j}
1%, ZoR(8.32)17, 2EA(8.29), (8.30), NI,
d(Tp)=1 - 2:(8.17), (8.27) (8.30)
ERATIUT L. O

F9E BEMREMEFRALCBEERRBE () &, RBEOMHHEZFA ithii

AETIE, BRZEHBRAFIHL, MAEEIENE B, () 2K T 5. £k, FHFEB(0)ICLLZ0
AR O & DRBEOMEH 2 X TWDH 0 E D MERETT 5.

9.1 2D/ =21, (jey) &K FERBER BSC’
2ODNRE =2 0,0,(JEY)NE, 200 F = n,0, (jey) &

=0y 0 = L (2 0) 0.1
=7 O, = 9.1
|70, |70,
LHED. IV ADOHIEAL
77; _ a); -1 (9.2)
MR LD, I, 2MEREI%
BSC': ®xJ — {0,1} (9.3)
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1%, DL F@axiom 3 &z b D& LES. BSC'(p,j)=1 BLd 4L, "F—rped T \x—
v e® LIIEOBRICH B F — v 0, e O NIRBET D jercHFERBOT IV C iDL
ATREMES B D &, Fite
Axiom 3" (KREJEBIEL BSC' Dt 7=~ & A FE)
(i) (B =2V HiAE J;category separability)
V) e J,BSC' () j) =1.
(i) (BB T O F CTOARZ M invariance under mapping 7T')
Yo e®,VjeJ,BSC(To, j)= BSC(, ). O
axiom 3’ %7232 BSC' lIc oW\ T,
EEDEH (= a>0) fHITBT 5 AL
VjeJ,Vped,BSC(a-p, )= BSC(o, ) (9.4)
WRRALT D 2 LT,
VieJ,Ype®, BSC'(a-@,))

=BSC'(T(a-p),j) *+ axiom 3',(ii)

=BSC'(Te,j) - axioml,(ii)D#%E

=BSC'(p,j) - axiom 3',(ii)
EIREND.

1, axiom 3% #7232 (B.19) O KSYHBIM BSC % MHkd % L], [414HIMA LT, axiom 3 Zii
T2 (B.19) D RSPREBIR BSC' AR+ = L W TE 5.

9.2 fhABHCIERER B,(7) DIERL

RQIDIHE-T, W, %
=@,
;=]
LEFZ LT, 25K(2.6), (2.7) ©HouseholderBHLU (B L, {EED/Z — peD B3 AS) STz HE
D, BT TVEZFY X bye2 #BERIZHLHH N B,()e %

B, ()= BSC'(To,k)-[Tp-2-(To,w,) W] (9.6)

key

Wj:

=0 (95)

LEETD. Te-2-Te,w) W I8~ EFF LT DEMEHRGE THEH. hTTVHFSY A b
ye2 ZMEHICLOFH
B,(y):® > ® 9.7)
EEEm A AR R L MEERARZTH Y, SiskEAE (F H F (associative operator using mirror
function) &5 .
axiom 1, (iii) D#%}L v,

(T-RZEM) Vy €2 Vo ed,B,())To=B,(y)p (9.8)
ALY N>, F7-, axiom 3, (ii)ic kb,
Vye2,Vpe®,B,(y)p=2 BSC'(p.,k)-[Tp-2-(Te,w) W] (9.9)
key
NS A/AVASR
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9.3 FEMZTHEFIA LB NzthiBi(ER S B,(v) £ AUV /= AREEERE (CfEH - TSR 1A%
R (9.7) DEEMTZARRLAEA T B, (1) % - 7o AREFRIIEZ B L L O -
A)‘J/\’S’—/(/)O)%T/I/T(p ZEL,

(=
n,j=l~m (9.11)
DA DD INF — 2| CUTb\é LIS,
axiom 2% 729 &L 912, {16kB, B5SHEiDOX(B.11) OELEIERE SM 285 AT 5.
AHRE— e ﬁ\Jm)E*félo@ﬁT: UE X, ZoREEER A AY—2 B, (e DIFE
TH1OOHT Y LT,

argier?axSM(Bz(;/)go,a)i):jey (9.12)

LkHHID. ]
P OSBRI 3R By (7) 24 o 7o AR FRBIEIZ OV T, TOFRBEPHLT 5085 0%k

Bl & 9.

7,

=1Tn, -~ FX(9.1), axiom 1, (ii)DEY}

=Tn, - axioml, (iii) D& (9.13)

=7, (9.14)
IR,

JeErokx,

B, (y)m;

:AZBSC’(TUJ'.,k)-[Tnj’.—2~(T771’.,wk)-ﬁzk]

= 3 BSC o) 70 =20 5) %) - axiom 3 (i)

key

=ZBSC'(n;,k)-HTnjH-[n;—2-(77;,@)-%]

= BSC'(,..j)-|Tn || @, + Z BSC'(p). k)T, |-} -2+ () i0) - 9,

key={j}
230 (i)
Tn, L
=i Tt 3 BSC, [T |- =2+ %) W] ¢ axiom ¥ (i)
j key={j}
(9.15)
MRV SEo. BT 2 Y MO A PERRE (the mutual exclusion of the one category from the other categories)
VjeJ,VieJ-{j},BSC'(n], j)=0 (9.16)
DS LTV,
JEYDEE,
B,(»)m;
|77
= To, (9.17)
2

J
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MRV SEO. LA LT, KOEHLINELND.

[FEEE9.1] (BEMRZEH % I L - ABEE 3 B,(¥) 12 & B S48 0 S4B EFE3)

jeyorx, K9.6)DB,(Y) 05D HF B, (N 13K 9.15) D X HicE S, axiom 3 ET-TK
SYRERAE BSC ICBI L 7 = U IO E PR (9.16) 235 r L CWLE, jer o e x, B i3k
QI DE kI, FHEEOHENERINTND. O
i, 2(9.10) DXZ —2 @' |IZOWT, axiom 1D (i), (iii) @205, 2:.09.13), (9.14) ~DZ%
T L RRIZ LT,

Tg'=Tp=|Tg| ¢’ (9.18)

DKV - TWD Z EICHERELTEL.

E10E hTFIUPEREE DOC(p:C ) #F > THR S N - REEELERH
RSM'(p,1) ICK B3BEAR L, TDHRARE

ARETIE, ANARZ =B LBREEHR L GEENER), ANRZ—RNRET2073) 8, A
TR E—rh BRI ND 3 — 2 L BREFFCHE 531 2 RECOGNITRONIZ & % HARTE AR ALHELIC,
Z OB AR L 7o W SEEESRLLUE RIS RSM 2 fif o 7 FIERIFE ST 5.

10.1  BEEUELREIELALIEEBI S RSM (0.77) DFERL
10.1.1 AT IURERBEEOC(p:C )

FHRETIE, 7 =Y EREEE DOC(p:C ) AR (E.6) TEFHREN TS, ZOWHDHT 2 43
75 5 £ (easiness of binary classification) EOC(¢: € ) %

)’%‘

. SM (9, ;)
EOC(p:€ )=-DOC(¢:€ )=log, —————L—
(@:C)) (@:C)) ogel_SM((p’w/) (10.1)
EEFERTDH. ZOEOC(9:C )ik, kOMEERF>TND :
EOC(p:€ )=
+oo---SM(p,0,)=1D & %
0~~SM(¢),a)j)=%0)k%
_OOSM(wsa)j):O@(E%
(10.2)
O

EOC(p:C )%, "o —roe®@pEje BEAONT Y EC ORE Y —v o ZBlTHUEN D
EFE (R F—rpedPNE jeJ FEHONT IV CICHIFE L TOIUTNSIZY), KEAEKEE
LA LICHEELTEL.

10.1.2 axiom 2' ZiEf-9 JEBtAR L EBUELE L E RS RSM'
KOOV FNE =, DES
VY={nljeJ} (10.3)
BEAT D, TO NS SZ— o013 0.) TERSN TN .
FEEAHHELE B9 %% (real-valued similarity-measure function) & FEEL 5 BE%K
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RSM'":®x¥ — R(={s| -0 < 5 < +o0}) (10.4)
(X, Wdaxiom 2' &= L O S ALRIZe BRu:
Axiom 2" CRE{ELEE BI%R RSM ' DDl 7= 3~ = & A PH)
(1) (EHLE R orthonormality)
Vi,V 3s, > 0,RSM (7 0)) =5, if  i=j=-s, if  i#].
(i) (B8 T O F CTOARZ M invariance under mapping 7T')
Vo ed,VjeJ,RSM'(To,1,) = RSM'(p,17}). 0
axiom 2" Zifi 729720 (10.4) D FELAEFALLE BIEL RSM" IO T, IROFERE R T 5
RSM (@) 5, min [=5,[I2fE>C, 7= pe® Tt x, m; & e TE R 7R BAILLEE BAAR,

HEBRICH Y, £z, IRSM(0.n) 53457, WNEWEEE, SV E WLl - AEBERICH D,
]
EEDEH (= a>0) fHIZBT 5 AL
Vpe®,VjeJ,RSM'(a-p,n;)=RSM'(p,17)) (10.5)
WRALT D 2 &I,
Vped,VjeJ,RSM'(a-p,n})

=RSM'(T(a-9).n;}) - axiom 2',(ii)
=RSM'(Tp,n}) = axiom 1,(ii) D%}
=RSM'(p,77;) *» axiom 2',(ii)

LREND.

i, axiom 2% 3729 (B.11) OFEALUE B SM & #5p%92 Fi1E[3], [41ZFH L C, axiom 2’ i
723 2(10.4) O FEHAEIEE IR RSM ZHERR+ 5 Z LN TE 5. I H /R SR BI% SM % 4%
AL, Lo X oic7z25.

SM'(p,n))
“1-SM'(p,17})
FRA0D) A5 L5z, TR(B.1) OFEEERBKSM (cB W TH je FEHOIT IV E 0
RH = @0, DRV IZ n, ZBMA LTz, axiom 2" Zili- LIRS SM' | RSN D T T Y
TERGETH .

RSM'(p, 1) = EOC'(9:C ) (10.7)
L EFRENT=(10.4) D RSM' Hlaxiom 2’ Zii7= 3 2 &1k, K(102) xHbnsd.

K(10.6) DB T 2V PR G E EOC (9:C ) Z Bl L, K (10.7) O EEEELUE RS RSM ' &

v, —BEMZR Taxiom 2’ &= 3R (10.4) O FEEMELIERE] RSM' 2R IE TR L L 5.

EOC'(p:€ ) =log (10.6)

101.3 ATITVDEBRZEEOC(¢:C ) DBttt & LTHD, EHIEELIERS RSM (0,77))
K (10.0) DB T 2V RS E EOC(p:C ) LRERIZ, K (10.6) DA T =V /3RS E
EOC(p:C ) ZHigik LT,

RSM'(p,77) =
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§i =< EOC(@:€ )<u, L%
EOC'(¢:€ )--u; | <EOC'(p:€ )<u, ,» L x
0---u, SEOC'(p:€ )<u, L x
EOC(p:C )-u, <EOC(p:C )<u, , b %
i, SEOC(p:€ ) <40 D & X

LWV BALS, BEBL L RSM (o) 2855 b0k L& S, Z2ig, %X

—0o<u; <u; ¢<0<u; ,<u, , <+0

J+0

%{%fuﬁﬁﬁ’ﬁ{ J—1° _/40’ j+0’ j+] %ﬁHELT}D< if\—, Tth

—0<s;  <0<s, <400

A 7S 8,0 ZE L TEL.

Ja+l

#.(10.8) D RSM ' (9.0) &, 5(10.7) D RSM () & [FEEIT, axiom 2’ Zifi7=F .

10.2 fEECEFSR B(v) DIERR
EBDONRE—2 e P NASTENT-HEOH B # RO LI ITEHT .

200847H

(10.8)

(10.9)

(10.10)

BT IVHFZY A b pe’ BRI E OSSR 1E 35 (structural-fertilization operator) & FE{ZH

%548
B(y):® >

3,
R (10.3) DI F — 2T NAELY =) | je ]}
A(10.8) DOEHAIELLEBIFRSM : O x ¥ — {5]—00 < 5 < +oo}
axiom3' %72 973K (9.3) DKy HER S BSC': D x J — {0,1}

BT, ROLIICERIND -
RSM'(g.17))
max|RSM (¢.7;)|

Wz, 200EY,-7,.(Je)) &
max RSM" (. n' )<y, <0<y,

ST L
BRSM (p,17,) =
Loy, <RSM"(p,11) © k- %
RSM"(p,1))+ 7, <RSM"(p.0) )<y, D L %
0--RSM"(p,7) <y, DL &
AL,
(i) p=0vu=9¢n L x
B(u)p=0.
(i) @p#0Au#zgdm L x
(ii-1) Y BSC'(p,j)=0 DLzx

Jeu

B(w)p =2 BRSM (p.11}) - Ta,.

Jeu

RSM"(p,17) =

<+1

4L

(10.11)

(10.12)

(10.13)

(10.14)

(10.15)

(10.16)

(10.17)



8RS — : HouseholderZE# &, FARE Ol & i x 7= % OMABTZ R~ D) H

(ii2) LBSC@N>0 gpx

Jeu

B()p =2 BRSM (¢.1))- BSC'(¢, ))T ;. (10.18)
Jjeu
= Y BRSM(p.7)-To, (10.19)
JeunBSC (9. )=1
O
2R:(10.17), (10.18) bbb X HIZ, jJeEHD L ED,
BRSM (¢,11')-Tew,, BRSM (¢,17)- BSC'(¢p, j) T, (10.20)
W=D, HjeJFBOATIVESTHDH. axiom 1, (ii) DEIL Y,
(T-AREEHE) Vi e 2’ Vo e ®,B(u)Tp = B(u)p (10.21)
NP AIBVASR

10.3 ZEEEMER R B(w) & o 7= B AR FREE
X (10.11) OFEEAEA R B(w) AV, BB (0) A8 (4T 3Bk (3 2) 2L L L 9.
AT = @ DET LTI,
Tn,,jeucd={2,,m (10.22)
DI THDH E L&D,
RE = QXN T TV HEL

S ={€,|jeJ} (10.23)
DIDITIFER L TWD ZEMHHLTVWDELED. DL,

argg/ax SMB(w)p,w)=jeucJ (10.24)
RoiE,

RE— @3 jepc FROHT Y C I RET S (10.25)
LHERRT .
WOEFL01135L 0 1 H, Bon13:(10.23) D Lk H ek Sh, FEROMENERS LTV,
[EHE10.1] G EE)

jerorx, B =To,. (10.26)

(GEH]) #9% maxiom 3, (i) XY, BSCH,.)H=1TH Y, axiom 2'® (i), 3:(10.13),
(10.14), (10.15) 75

BRSM (n,17}) =

li=j DL x
{0...,'7:]'@&% (10.27)
AL, fERZEB) OERO (i-2) 3 Sh,
B,
= BRSM (17,,1)- BSC'(n’, j) - T, + Z BRSM (17,11,)- BSC' (17, k) T, (10.28)

ken—}
:1-1-Ta),+k Z;_}O'BSC'(U}’]{)'T“’/{ axiom 2',(i) axiom 3',(i)
eu—{j

= Ta)j

5. U
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ENME & O

1M1 BERTLONG —FB#EEh &L ?

BHEICIR A D L ) ICRBLENTARZ = DFOER L, "I =2 BNEDI>DHT 2 CEEE)
\ZIRBT D 0B RIE TE LR (feature) TH 2. Z DIt EIEH (membership) 23FE L TRV H —
> (a noninformative pattern) [XIE# 72/ 3% — 1 (well-formed pattern) TiX72\y. H 2547 IV O
BREFNZ = (Ta N2 A T RERNZ =) ICHRT D FHIAN T AN — VR EET D&, 2O
AT — 2 e MBI 72 FF N Z — S OFERFI & LTI IAA TSN ( 7'e &2 A 7T
S AT IAVADORES) DB, B AT LD —FRHAE I TH S.

1.2 XFBXIIMFAEHFZLEZDOHM?

AINE — 2 e Z B do s U (AR ZS ), A AZ — BN mlgd o730 &, Az —r
PO IND 3 H — 2 L BREIRFCHE B2 BARE LIRS, SEMZEHE B, (y) Z2FIH 3 2 ik (59
), FIH U720 EEUERLLE B RSM %i’ﬁotﬂﬂ?fﬂtf’ﬁﬂi%lg(ﬂ) W2 &5 HE(GE10%) BIFgE S
7.

IHETOMEICENTIE, ANRE—2 0DEFAToRHLHT Y E,0fFERF—r 0,0
ETNT0, LR TNDZE(ToRTo IZHA_RBEVEFR L TNWARNWZ L)PBEINTEY, Ak
AL OEENR R ThH, A (1.24) D, 25 LRECOGNITRONZS B AT 72 38k D = 2 2 &
BHILEARICTELDOTHS.

11.3 fthiBic & 5 2284
AHRE =2 QDEFAToRH L AT IV E, oRERE—r 0,07 N To, L BETHT

B, ToxaTo, LSz lz2TVD Y — 2 EF N (DERET, = IAREAHR L2, B0

Ty,
2k
Nz E =TTV ESHL AT C,ORE AL~ 0,0V To [ABREW LIz (il
EOFE) D, BIEREEOME NER IOV, KimsE, £ LT, oM 2518
EOMWEZH A TWD K DI 2 FEEE LT,

ARG = QDETNTIL, NE—rTT AT OFRES

Tn,,jeJ={,2,-,m} (11.1)
ORI DIBTND E LT, AJpZ—2 @b, 1, L5 O%IEE bio iR \x—
o, DEF N To, DFRES

Tw,,jeJ={,2,,m} (11.2)
DANDISZAE U=tk (AHIE), AS 3% — 2 @ 238k D ABRRRRIED, (1) BEMAHRU, 27|
I 25, (2) SEMAEHRU, 2RI L 7e v CREEEEELE B RSM' 24 > 7= FIED2O DJE TRE
Iz,

o, fRERF—v o077 To,0, X11.2) DFRESDOHDOMNNIDITE TS E LT,
AN G =2 @int, ZOX(1L2) OFREAONDOLISZEIE L (B A8R), AJ/Z—r 0%
W oo ECEERRETH DL, ZoH CEERRE LIRS .
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1.4 BEHEEOHE5T, MBS RIFLEBERBOEBEEZERTIEDICVLETHS

RE— eD N LFHR AN T 2 5k (FEIMHIEORE) & FERICRETE 2 &%, 20
RE— e NRRHT T DRRENRY - 0eQ b EOREICEPTWE N EERET S 2 & (JEE
FERBOMRIE) % FERICRETE 22 THY, b5 EWIHE 1 RSB ORE &3
ur”&w@%mﬁt@nfpr@ 72 8BRS AN T IS, Suzukiod /3 7 — 285k GEHARTE N 2 —

) OBCERIEER[3], [41TIE, L13EHOZEM B ARSIV T, NF— & O(4) DR
VAT K — AR (1T sﬁﬁf’ﬁﬁﬁé’g) AQD) Z8H L= Z B B CARERFRIER], [48B RS, E
FEG O - A A SN21]~[23], EAREDORENELN TS, ASRFZ—1rped D
ETNTPe® PREARFY— 0, eQcODET )V

Tw,eT-Q={Tw,|jeJ}c® (11.3)
DES Gl l/Cb\é/\é? VOERINO ENE B EL LTV T, X —HEHR Y (S D) N
1> EERITND , T, ETATeed g, XEZ—UEHEPY(CO)NDIHO>D/F — 248

i L7tk (fAEiE) _@*ﬁtéﬂt/\5 Yinb, T-QWNODO1>DZ— %218 35 (B8R 2
EW, BIFRNZ — RO E 2 EBT D OITEAMICHEL SN,

1.5 REEMHEDOERIZEREBEDMHBHRECEVTOLELEIND
B AR, AR oM & ICEANICEREND DX, FEIELIMEL O/NF — 0 PREEBRE TRz
girthens (BiEshs) vy IREERE Tho. RERMEE M ShTuhng,
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C(W): Q) =<D,,T,SM,BSC > DRk % ATHE/: © L #H 5 SS/AHE R (a system of axioms proposed by
S.Suzuki) NI SN S, BT TV IRBEE A RICES, S.SuzukidFs H, L 7= SSEAL 3Rk 7270 (SS
equation of associative recognition) Dfif % K 8> 2 % Be iR AE 23 T REM R Ol & % 2 72385k A 7 &
RECONITRON D Z Bt/ & — L3RR TH D, F OMMSFEMRAIRE, FRMRRE, IR E D3R
SN D Z EMBEZ, BIONZRoTW5[3], [4].

W, LAFOTTARERIERZET, HUERESM , KOMBE BSC #H LziE i >\,
S.SuzukiDFH LI H B .

B1. Ny —DRMIITEE

BWMFETE, Y27 503 5 *HRICHEK (domain) 2 EEWICHEET 5 Z & %, BT (type-
assignment) &9 . NEZ— LIRS AT AR D MG TH B 3K — U HEAITS. Suzuki DEER LS TUE,
A FRET D E WO BIF TN IR TRV OIE, T0OMERNETIT N AEETRWITE,
WDUDPOREEHZTONDNETHS D). "E—UHEAODORBZEMITF /37 e ~UL h 22O T
bLHETDHE, DOKREHOILNRNE = L LTEROBZRNLDTHDLIND, BfFIFNMNEATHD
ZEPHLNT LR LT

HEIRE DX S (B 2 1F, LBORNSB LT HRIEO RS - 0 DELSO) 2 EHRT ik bHFELIIE
D12, LLTFOIFMNES, FIRIEF (recursive definition) TH 5 :

(1) &7, &N, BERBdgshb52%.

(2) wic, BAEWlektgzltio T, MOBENeG 2 ERTD.

(3) b (1),Q) TEEESNTZHLDODLNETEHRLL Y ETHHLTHA. O

S.SuzukilX, T ONRE = OIFAERIZEY, KB OFFHERFEXLEE, ZoME
(A D) DI KD, K (A.4) DRECOGNITRONIZEH L, X% — 5 O ORI 237 — U iF#k%
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OB THD TR LET T2 RE =2 @ DET AT EAT 5.
[/R% — 2 DIFANAIE R
DDET0 % &t EAGES, (basic domain) @, €D Z AT 5.
QP DT Ped T NF—Tho.
QoW =272 B1E, a-pTel I Z—2Thd. T2, AliHMEEDOEDFEKTHD.

@LULEDD, @QITLY, NF—=2 LHPTIEDODIRNPNRE—ThD. O
ko, RE—olfmEs L v, EmiE R
O=0,UT-®UR" - D (B.1)

NESN, ZOFEREEFEXB.DOMRE LT, #BREAKXKADOORRED.

B2. &= oDETFTII9
RIEED /N — 2 DI ER TEH L TV ERF = ET AT OV CHHLTERBZ S
L (A.4) DRECOGNITRONE, bLERANZ — RO 2k 5720, "F—rOfRICE
FBEELOENEPRLT, F—r0ePDEFT L Tee® LT HILERD 5.
ETNTee® QMR E DX, DDOIL, DD TRMAL R {d, ), ZHAL THE LD LIRFE
2y
To=>u(p,0)-¢, (B.2)

(el

Thbd. T2, w@) I RF—roePnbilil SN e LEROHMRETHSL. Z0/ ¥ —
VETNTe®NOAFHHEu(p, )L

(1) HHESNARMEDD O, HEFORE

(2) ==% V) W2 EREZE D T AL e B B O

(3) i SN 7K R OB
WHBEETH V3], [4], ¥ —r DR ee @ 2 L= A2 Tee®ITWMY AND Z EAHNKS.

B3. No—&EEOLETIVEBRERART LDt [O.7T] DT NERNE
AR D, AL, iR
T:O->0 (B.3)
Maxiom 100 (i),(ii), i) d3#%¥, WD, (v) Z2W7=7 60 & 3L, NEFEx (ordered pair)
[O, TNHELAT Daxiom 1 &7 Z L BARS L D.
Axiom1 (RZ—VEEO LETIEBRIERRT O [O.T] Dtz NEQHE)
(i) (FExX0DO® —aEHE, FHL0 DT - RE) A% fixed-point property of zero element under
mapping T )
0edATO=0.
(i) (DM, T OIEEEEWILIME;cone property)
Voped a-¢cOAT(a* ¢p)=Tp
for any positive real numberg e R**.
(iii) (D OHIAME (embeddedness) &, T DXF2E1E (idempotency) )
VoeD,Toe D AT(Tp)=Tep.
(iv) (B8 T DIZEB 141 ;non-zero mapping property of T)



8RS — : HouseholderZE# &, FARE Ol & i x 7= % OMABTZ R~ D) H

dpe®,Tp=0. U
Ditk, BR[O, T]1E Bk daxiom 125729 LL H.
RE—=QDRVIZ, ZOETATORRATDHLEE, YRRDD, Pumpa =T DIEFHREHT
FEoTWVDHILiThd. L, RF¥—r 0l EnsEHRON, N(B3) DE/RT OB A
O ETQOHEWO M LIz Z 27D, %X
P =Ppved ¥ Pronfived

DESLL TR, ZokE, REHEAGRA
TP ped = Pivea

ILHITHAL LTV 5 28 (axiom 1, (i) D), —H%IZ,
TP,onficed # Pronfived

ThdHI L, EELTEL.

JFNE = ODET N Qe =TQ AR L, #iIEES) - IERIEE) 2 FF2A(B3) OFMH T X, xiir
+ 520Dk

(1%) FoRZ—2 @ ~ETTO, FH(OHmIZET %) BN (fidelity to the original pattern @)

(2%) JFRZ —2 @ ~\iFTO, FH(OLEmIZET %) EM: (summary to the original pattern )
2 TV B, BEIERINR 2R 513, BHRENEINHE DL,
HEERBRINR LR 513, BHRUERNPH< D, ZomEREfEL, 3L <F
272K (B3) DEBRT 28 L2 TR 67220,

B4 AFIVIREMBEER<0,2” >
S.SuzukiZ3HEEE L 7- R (A4) DRk %5 LARECOGNITRON~D A7), 76D A, LLTIZHA
SN 0T 2 I EEE (categorical-membership knowledge)
<@,y >e<®2’ > (B.4)
THD.
K& L U OMEEENEANSNTEADITINE, /vaxg&x, (o.0),
BRI E A UL RZERE L L 9. 20085 0,27 13,
(—) PGEONSD) : MBLOMR LT HMED Y — @ DEL (R — ) (B.5)
(D) 2/ ={ylycd} : RF—r e DRETLZNLHNR) AT TV E  OIRZAF(HT Y
BV EERET LT RTCOWMBESE (DT TV EFEFES) @E, ZOHSESDOY A M
L oFRE) DESE (B.6)
ELEY. EEYORIFIEFOMNEEROLNE LT, £H5DO512ORBETHHIY AMELT
RENDHZERDS.
8k AT - RECOGNITRON 78, MO HR LT HRED Y —2 e D 2o T,
PN, HREOHT IV E,(iey)nblrb(B.16) DEAC () ONOMNNI>DHT = VIR
BLTCWDHEEEMEND D LWV D T IV FaiHi% (B.7)
EEoTWAEA, Zoh7 3 Himi#ke (B4 o 9. BRI (1.21) 2588
WA 2 LT L0 S — 2 @ BRI RRARALER L& 2 7-RECOGNITRON(ZR (B.4) 77 = U FHHijA
<Py >Hm AT Y EHRAIR< O, A > ITRAEDRBEE TEL L T D, <o A>138EH, ddr 72
UERENEIEL, <To,[J1>0OFE2 L TWaA. 128, (G#) odERRi RN (1.21) O REEE
<T@,y > (=< by, Ay >) 2< P, 4y >< Py, Ay >

o|=(p.0) LT 55
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<, A > A=, TA(u, )T <y, Ay >=, <TA(p N A)Td, , CSF (b, oty N A ) > >

o<To,[j]1>(=,<¢,,4,>) (B.8)
BV, REOFEFRERE GE 1B D <, A>=,<, 4 >m<To,[jI>DET5 L&, NZx—1
PIIEjeycJ BRONTAYC ITBRATEETHL LV, ZLT, " —roi3Tolcgks
ﬂé(wﬁﬂ‘om,ﬁi@ﬁﬂ-ﬁﬂ@éné)kb\o. 22, T VIR ARz & R B ZE

<®,2' >={<p,y>pecd,ye2’} (B.9)
Foo25fR =, FFRABERLFTN LD THY,
<@ y>=<bi>[p=¢Ay=21] (B.10)

LWV S BEAIZERSNTWA[3).
COMDHT Y AGK< @7 > DT XCTOEEN AT 2V I BAHRER <02 >Th 5.

B5. 3E{UERAEISM DT NE
HHILLEE BA%% (similarity-measure function) & FEEH 2 B3
SM:DxQ > {s|<s<1} (B.11)
1%, RODaxiom 2% 723 &L 5 ITHE S HLaaide H a0,
Axiom 2 (FBLUEBE#SM OiEi-g NENE)
(i) (E#E R orthonormality)
ViVSM(a,,0,)=8,(=1 if i=j,=0 if i%)).

(ii ) CHEM S, MesRME, 1EMME;probability condition,normalization)
Vped,) SM(p,0,)=1.

jeJ

(i) (BT O F TOARZM; invariance under mapping T')

Vped,Vjel,SM(To,0,)=5SM(p,0,). O
1LY RELRWIEFEESM(p,0,) 1%, F—1r e, HjeJ ZFBONT Y
€, eC=C)={C,lieJ} (B.12)
DM &2 TV DI Z—
0,eQ=0(J)={w]icJic® (B.13)

EPTWDREEZERLTWD, LMIRTES. 22, JEEITIVEFESOEELVDILLHD
Tho. BT IVEZOEREJOHSES

y=Ai,j, ki (cJ) (B.14)
X, BEEEZENH-THLLWY R |
y=[i j - kle2’={AlicJ} (B.15)

LT, RHRSNHIENRHY, ZOWTAVEBY A bye2 nbEED LI 7,
CW). QW) DR

C(={C, liericCW)ycJ (B.16)

Q) =lolieyjceQ),yrcJ (B.17)
HiEELTR<.

[Vie,0<pE)<1]aD p(€)=1 (B.18)

JjeJ

i dEjeJERONT Y C oHiEE pC ) ZBALTEHL.
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B6. K4 #ERAI BSC D= NE
K4y ¥ERE% (binary-state classifier) & FEIEAL 25 B4
BSC:dxJ — {0,1}
1%, WDaxiom 3%& 79 L 9 ITHERL S uiaid7ze 5720,
Axiom 3 (K2R BSC DFE =T RENHE)
(i) 7 =2V HH#E S category separability)
Vj e J,BSC( @, j)=1.
(i) (BT O T COAZM; invariance under mapping T')
VYoed,VjeJ,BSC(Tp,j)= BSC(p,j).

(B.19)

O

BSC(p, )=1Thtix, HicJFEBOHT IV E 1%, " —roe® RNgET 2T Y D

1>ThsE, RTE 2.

B7. SM & BSC &&=RW=h5 I3V EIRRAE CSF DR

2 (B.36),(B.38) IZ 8% L CWA R (B34) o7 I VBRI CSF: 0 x27 — 27 1%, W& F%

(inclusion relation)
Voe®d Vye2' ,CSF(p,y))cycJe2’
2L, b, ROaxiom 4% TH 0L LT, BREINTFIUER S0,
Axiom 4 (AT 3V BIREMCSF D=9 NEnHE)
(i) ¢=0vy=9D55H
W72 7 TV F Gk ey b<@,7>OFRMEAMH 7T 2V OF 5 TIE/R.
(i) e20Ay =4 THY, 2>, SM(p,0,)=0ABSC(p,k)=0 D4
NTAVEFkey X, <P 7>OFHMNRMFEMAT Y OFF TR,
(i) @=0Ay =4 ThH0, 7o, D BSC(p.k)=0Di4

key

SM(@,0,)>0ThD RO NT AV FESkeyiL, <@.7>OHNRMEARIT TV OFH
Thb.
(v) @=0Ay=¢dThY, 1>, Y BSC(p.k)>0DHE

key

(iv-1) BSC(p,k)=0725 07 IV FEFkeylX, <P, V>OHMRGEHMIT IV OFS
TIE7ZRu.
(iv2) BSC(p,k)=17/25hT Y HZSkeyiL, SM(p,0,)>0ThhiE, <@.,7>0
BRRGERD T ) OEFESTHD.
iR Daxiom 4% i 729 7 2 Y BRIREIEL CSF 13, ROFEFBITREIND.
[EEB.1] (7 =V SR CSF O ERR)
WD EHZERZRSNHHX(B.34) D1 >DEAR CSF 13:(B.20) & Eik daxiom 4% 727
(i) ¢=0vy=¢ D4
CSF(p,y)=¢.
(i) @#0Ay =g DEE
CSF(p,y) =
tkey|SM(p,@,)> 0 if ;BSC(%"):O
{key|SM(p,0,)>0ABSC(p.k)=1} if X BSC(p.k)>0

(B.20)

(B.21)

(B.22)
(B.23)
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GiERA) CHRBIDEHEITH 5. 0

B8. BERBEMEFIINDIERTA T <02 >>< 02’ >
B8.1 RBEZHBEBRLTIEINDIFE/HTAWT:© >
BT TVHESY R b pe’ ZERITEHORIES K EH % (structural-fertilization operator) & FE(E L
%544
A(p): ® > @ (B.24)
73,
KA DREAZ =V EEQEET NMERAEMBT TERL THELND LRI 2 RENT —
EFNVES (IRMS R THEZ ) T-Q={To,|jeJ}, W,
FELIERRESM O xQ > {s|<s <1} (B.25)
KOPEREBSC : D xJ — {0,1} (B.26)
ST, ROXIICERIND :
(i)p=0vu=¢nLZ
A(w)p = 0. (B.27)
(i) ¢#0Apuz¢nD L=
(i-1) TBSC(p,j)=0 DLx

Jeu

Ay = %SM(rp,wj)-Tw,- (B.28)
£-oT,
Y SM(p0,)=0D L%, Awe=0ThH%. (B.29)
JEM
(ii-2) IBSC(p,j)>0D & &
Jeu
A(p)p = ,EISM(w,wf)-BSC((p,j)-Tw,~ (B.30)
- /e;m&%(q),/):l SM(¢, a)j) ’ Ta)/ ’ (B31)
Lo T,
SM(p,0,)=0D L&, AWp=0TbH%. (B.32)
JEUABSC (9, j)=1
O

K (B.24) OHEEZRAEM S A(W) @, EROEFRITHSE L T 52K (B.25), (B.26) D250 %K
SM ,BSC | 345 4, axiom 2,axiom 3% 3ii 7= S 721 AL 72 H 720,
Z @ A(p) O axiom 1772420 (B.3) DEF ARMAIEMZET 2B L= 544
TA(u)T : ® — © (B.33)
BEEXDTENTED.

B8.1 BEZBE{RIAWT:©>00, BEZREREFENDIERIA( T <0,2” >
—><®,2’ > DHLER
X (B33) OB TAT (X, ZOEHM, KA O THIEBTHD. HLEEESM, Ko
B BSC %> TEHRSIN D 7 2V EINEIEL (category-selection function)
CSF:dx2/ -2/ (B.34)
FEAL, T, EEAL ST - EE O T, BT TV IRRMEHREM < 0,27 > ThHER
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TA(u)T < @,y >=, <, A >e< D2’ > for <@,y >e<®2’ > (B.35)
WIERTE 5. 2hiaik, 7 3VERY X b pe2 ZBEKICR SR (B.33) 0G4 TA(WT %,

TA()T < @,y >=,< TA(u " y)Tp,CSF (@, 1" y) >e< ®,27 > (B.36)
,where

G=TA(uny)Te (B.37)

A=CSF(p,uny) (B.38)

EERTIELLST, ZofE, X(B33) OMES GG TAWT : © —» O 1%, HhEREEs T
N5 (B.36) DB TA()T < .27 >—>< D2’ > ICHiES 5. R (B.33) D5 TA)T (335 —
BB = NEWRT DOHRTH DN, PRI NT=HR(B.36) OGAG TA(W)T 1307 2V It @iz b 7
Y JRE IR~ T S Z L ICEE L TRL.

(f+8%B - ¥ V)

f+§%C.axiom 2% 7= 3 LR SM O BRAFELEE

AfHRC T, axiom 2% V7= T AU RBIZ SM 75, axiom 2% 72345 1> OFEL ERIE SM' % 1%
BT B FE (FmAIRERRIE) O12 & LT, 2EmBEBEKIC L ek ezl L E2E 2 XD,
SM OFEIRBIREVEE NAMRECIZ L Y, £/, 19HLNIR-7=Z 8T b,

C1. 3B9#klog,exp,tan [Z kB SM D BEIRHIERK
WOEFC.1IE, B##Ba4log, fHBI4kexp, EHBItan 2 T, axiom 2% i 7= 3 FAMLLE
B4k % axiom 2 % i 7= 3 FELEE BI%L SM 2> BHERR T 5 J7 1k (FIRORERER) 2 5 2 T\ 5.
[FEHEC.1] (3% log,exp,tan (= & 5 SM O FHIF AR & HE)

= (B.11) OFELLEERI S SM |Faxiom 2% 7-F L L Lk oH. oL x,
1
1 1

[ log, ————
—log, SM (¢, ®, * SM (o, ,
(1) My (p.0)=—e M O0) (9.2) (c.1)
ieJ _loge SM({D,C{)[) ieJ log - -
* SM (¢, ®,)
1
1—exp[—(1-SM _
(i) SM.,(p.0,)= exp[—( 1 (p,0,)] c2)
ier 1—exp[—(1-SM (9, ®,)]
1
T
tan[E{I_SM(waw])}]
(i) SM,,(p,0;)= 0 (C.3)
7 tan[ 1= SM (.}
L ERINT3EEO K
SMlog > SMexp 4 SMtan (C4)
IXaxiom 2% ji 7= 9.



SR THBFTED #1385 2008471

GEH) SM 1y, SM o, SM oy DWTIG, E D53 F1T
p=0,0Lx, o THY, p=o(ec/-{j})DLx, ARRIFAELTHS
Z kb, axiom 2,(1) &AW T I ENRIN, £, FOERAD Haxiom 2,( i) & B b I
TR NY, REIZ, SM axiom 2,(ii) /-3 2 LIk Y, FOEHRAD Haxiom 2, (iii) &
Wi Enbnsd. m

C2. 2{EHREBAICKL D SM DBIRIIEK
IROTEHC2TIE, RIS 2 3 AT B A
(1) B&Z (disjunction), (2) # 5 (conjunction), (3) 75 (negation)
IZ &Y, axiom 2% 7~ 92> DL ERE SM, , 1> OFLIEERIESM 75, axiom 2% 7= 32>0
R BAEL SM . n, SM 1, R BEESL SM_, S FHIRHIICHERL S TN D
i, T(C.6) D SM 4y IZDWT, ROFMBEBC.UIER L THL.
[(HBIEEC.A] (X +x,— X - x, DEIREH)
0<x,x,<loEx, 0</(x,x)=x+x-x x<I
GER)  f(x,x)=1-x)x+x,, f,x)=0-x) x,+x
EERSNDDD, f,x)1Ex,%, 01k ThD. Eiz,
) =320, - fx,0) =(1-3)20
X, Ox,
ThHY, x,5,0FBPEBTHL. LoT, fux)iE, x=x,=00Lx, FK/VES(0,0=0%L
D, x=x=lotx, FEXRE/(AD=12L%. O
[EHEC.2] (BE - HE - WS X 2HEEERE SM O FBImtlakEH)
X (B.11) OFELUERI S SM , SFONZ, 2{E OFELLE BI%KL
SM, : dxQ—>{s|0<s<1},k=12 (C.5)
Idaxiom 2% 7= & L L 9.
SM (9, ;) +SM, (p,0,) - SM,(p,®,)- SM,(p,®;)
D [SM (9, @)+ SM, (¢, ) - SM, (9, ®,) - SM, (9, )]

ie

SM (0, 0,) =

BL, 53R 0DGE, SM#IV#Z((pﬁa)j):p(Gj) (C.6)
__SM\(p.0,)-SM,(p,»,)
ZSM1(¢7swi)'SM2(¢swf)

ieJ

SM 1,40 (0, 0,)

BL, EB0DHE, SM,,,(p.0)=pE)) (o))
1
SM_,(p,0,) = L(f’a]") (C.8)
i 1-SM(p,,)

LEFRSNDH3ODOREK

SM 4y iy s SM oy oy SM_, : ®xQ — {s]0<5<1} (C.9)
%, axiom 2% w729 .

GEHD) FEEND. O

PLEDOEBC2EIEEL LS
Bl z1x, 2mEABOEEMBEA— B=if 4 then B
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A—>B=—AVvB (C.10)
ThHZERBWEZT L, KROEHCINMY L.
[FEC.3] (FF & 2HLEREESM OFEIF#EEH)
K (C.5) D2EDIELE RIS SM, [Taxiom 2% 074 & LLH. ZoL &,
SM 41 (0, a’j) =SM_y (0, w,-)
[1-5M,(p,0)]" [1-5M,(p,0))]"
D [1-SM (g, 0)] D l1-SM\(p,0,)]

keJ keJ

1 +SM2(¢,C()])— 1 'SM2(¢7wj)

[1-SM,(p.0)]  [=SMyp.o)]"
E[Z[I—SMI(@@)]”+SM2(¢””") S-sMyp. O]

keJ keJ

BL, 20 DGA, SM#I—»#Z(waa)j):p(@:j) (C.11)
LERIN D
SM, Ly i OxQ > {s]0<s<1} (C.12)

%, axiom 2%V 7=1.
GEH)) #ZEshb.
TEFEC3D SM (@, 0,) = SM 1, (0, 0,) DIEREZE —RILL L 5.
TEB O n 2285211 (= 0,1 R BRI AL / (%, Xy, X, )€ {0, 13) 1L, BE vV, HEFE A, TFE -~ OFGmMEL T
i o TRHEENDD D, ROEHCANERIND.
[FEIEC.4] (HLLE B SM DR 2ER ER R M E)
BE D& @ ERVERE O n Z25214E (= 0,1) i BB E S (x,x,,-,x,) €{0,1} @, 4524f (=0,1) ¥
X (k=1~n) |2, axiom 2% 7= 9 4E (LU B4k
SM, : OxQ—>{s|0<s<l},k=1~n (C.13)
ZRAL TR LN D B
M, (.0) = S (M (p,@,),SM, (9, ®)),---,SM,, (9, @,))
! ! Zf(SMl((o’wi)’SMz((o’wi)""’SMn((/J’a]i))

ieJ
BL, DRER0DHE, SM ., (@,0,)=pEC)) (C.14)
1%, axiom 2%z 9. AL, H(C.14) DOFRIEEBIE f(x,x,, . x,) € 0,112\ TUE, TS X vy, #
EXAXNTOVNTHE L, X, +X,—X, X%, X, [ZEXWZHLEDET 5.
GEW) FZEIND. 0

O

C3. SM g2y s SM i oy C&kD M, SM,,,, DA
WOEILCSIE, SMyy 40, SM 0 035 %, SM 0 SM iy ICE VRATE A Z L ARLTW
5.
[EHEC.5] (SM iy s SM ingin 2y D IR HIRE R E BE)
R(C.5) O2E DOKELLEE BTN SM, 1Zaxiom 2% 7T L L L 5. SM,.,., D01z,
max{SM, (¢, ,), SM,(¢,»;)}
> max{SM,(p,®,),SM (¢, ®,)}

ieJ
B.L, 53R 0D5E, SMmax{#l,#z}((/’swj):p(@f) (C.15)
EEALTH, B

SMmax{#l,#Z} (o, a)j) =



SR THBFTED #1385 2008471

SMmax{#],#Z} OxQ—>{s]0<s<1} (C.16)
ITaxiom 2 & 729, [EARIC,
SM 41,50 DRV IZ,
min{SM,(p,,), SM,(p,®,)}
SMmin{#l‘#Z}(¢9 a’j) = ; L ! 2 !
Y- min{SM,(¢,®),SM, (¢, ®,)}

ieJ

{E l/) 6:}75) 0 @i}%/ﬁl\) SMmin{#l,#Z}(¢’ a)/) = p(@]) (C17)
ERALTYH, Bk

SMmin{#l,#Z‘, OxQ > {s[0<s<1} (C.18)

IYaxiom 2% 7-=9. ZOMRATH, 2EHC3,CANFL DY L. O

C4. FBUERIE SM O —REHBIRIER
A X NOBEZORK %S ‘X‘ L 9. positive-sign function & FEEIL T KW 15EE K u O BI%EL
psn(u) =
0--u<0D &&=
{ lu>20mD L &
(C.19)
EEAT L. B, FEX
O<e <1 (C.20)
il T BEe, 8 ANT 5. &b T AV FSEES T OWMHES
Joo@)={jeJ|SM(p,0,)2e;} (c21)
HEZTEL.
WO EHC.61F, positive-sign function PST Zfif > T, FLUE RS SM % FIRAIICHER L T\ 5.
[FEHEC.6] (fIERI%L psn |z L 2 HLUERIE SM O — & 1)
SM'(p,w)) =
psn(SM (g, w;)—e,)
S pon(SM (@) —c) ---;psn(SM(w,w,-)—eJ =

ie

p((ij)~'~ZPSH(SM((/’,0’,~)_ei) =

ie

J (@) >0 & x

Joo(@)|=00 k&

(C.22)
LER SN
SM':0xQ > {s]0<s <1} (C.23)
[Taxiom 2% i 723"
GEFD) FEEND. O

WOEFC.TIE, EHC6D b THB. 250F(1#), Q) &= BIs S, & LT,
(1%) f(s)=5",n=2,3,4,---
(2%) f,()=+s
(3%) f,(s)=-s-log,s+s, ZZiz, 0-log,0=0
(4%) f(s)=log,(1+s)

6w_m@4m§@
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(6%) fj(s):l—cos(%-s)
(7%) f;(s)=1—exp(-s)

(8%) f;.(s>=exp[—1‘Ts]

(9%) fi(s)= % -log,(1+s%)

(10%) fi(s)=
(0---0<s<a X
bl
a, —a,
b,—b,
a,—a,
1-b,
a,—a,
\ la,<s<lo b &

- = )
— ey,

(x—a)-a<s<a,p L x
(x—ay)+b,-ra,<s<a; o b x

(x—ay))+bya;<s<a,p L x

0Sa1<a2<%<a3<a4£1 (C.24)
0<b, <b, <+ (C.25)
0<_b <1,b3_b2 =1, 1=h (C.26)
a, —a a,—a, a,—a,
RERDS.

[EHEC.7] (0 ZARBSICEF OB S, IC X DL S SM O — R FHIR EH)
25408

a#) f,0)=0 (c.27m

Q#) 0<f()<+x (C.28)
iz R D e 15 %s o Bk

fiiAs10<s <} > RT GEAFERDROES) (C.29)
ZEAT L. R(B.11) OB SM (Taxiom 2&§Z L TCWbH E L LY.

SM'(p,0,) =

1, (SM (9, )))
S Mgy OO 00k

ie

pE ) fi(SM(9,0)=0 g 1 x

ieJ

(C.30)
LEE SN T=R(C.23) O BE% SM ' 1 Zaxiom 2 & 7=
GEH) EFZEins. 0O
WOEHECSIE, EHC.1D M, (0,0,),SM . (p,0,), EEHC20DSM_,(p.0,) % —ffb Lzt DT
HD. 25M6:019),028) 2T E LT,

(1&) g‘/.(s)=sin,n=l,2,3,--- v EHC20SM_ (9, 0;)
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(2&) g,(s)= EBC.1D SM (9, 0,)

1—exp(-s)

G&) O EFC.A D M, (9.0,)

tan(% -5)
(4&) g/.(s) = _IOge s

1
8 ()=
(5&) l—cos(g-s)

(6&) g/'(s): ]

(78) g, (s) = exp[- ]

(8&) g;(s)=

g (9=
0&) %~loge(1+s2)

1
(10&) g;(s)=log,(1+—),n=1,2,3,--
s

(11&) g,(s)=tan(Z-(1-5))

(12&) a,=0D & & D (10%) DEEHE HW T,

1
g,-(S)=f/(s)

RERDHS.
[EHEC.8] (WEIZ L AFELLE RIS SM O — B m & 2E)
251F

(18) g,;(0) =+ (C31)

(28) 0<g (D <+w (C.32)
i & D A 15K s DBk

g, 15|05 <1} = R™ GEAFEHBROES) (C.33)
BFEAT S, A (B.11) OB SM 1 Taxiom 2%7i7= L TWAH EL L D.

SM'(p,0,) =

Zgjg(,-l(l ffﬂiffaf)» 2E(-SM(p.0)> 00 L E

ie

pE€ ) g (1-SM(p,0)=0D & X

ie

(C.34)

L ERESINT-R(C.23) ORI SM' [ Taxiom 257~
GER) EIZEhD. 0
(fHC - #& V)
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fF#%D. axiom 3%&iH/= 9 K ¥R BSC DBIRHIFEIEE

ALHERD T, axiom 3% 729 2 (B.19) O R HHBIEL BSC 05, axiom 324/~ 4 15D K34
B3 BSC' W5k 3 2 5k (BHImAIRERIE) D12 & LT, 2EmBEERIC LI a8t EZHWAE Z &
EEZLD.

BSC OFHFHIGEMEBENAMEDIZ LY, F72, 1O HMNITRo7T2Z L1072 5.

K7 =3V B OFE A HEFRME (the mutual exclusion of the one category from the other categories)

VjeJ,VieJ-{j},BSC(w;,i)=0 (D.1)
EEZTHEL. IS, FEa; ol )., (oW T, RS
a .

n J :0
=0 L E, D.2
,'Z:l:a Za ( )

i
i=

1
ERIRLTHL . Reglc, Rt
o<e, <1 (D.3)
il BIE e, Ofil{e ), ZBALTHE L. RKkIC, B4 X NOBEROBHE [X| L £

D1. 4R8%k psn,log,exp,tan [k B BSC DBEIRIIERK
D1.1 HREILIREIZ & 2R ERKROBRIERK

WKOTEHED.IE, EHCOTEY L CW22MEB%k psn 2 H\ T, axiom 3% 72 3 KB %
axiom 3 %-¥iti 72 KAy FARASL BSC 7> HAREL T 5 715 (BRI RIE) 2 5 2 T\ 5.

[EED.1] (BUSLERIEIZ & 2 KFEBI%L BSC O M rofE Rk EEE)

X (B.19) © R4S BSC 1Zaxiom 3729 Lk 5. Ly, XD OHT IV HOMEHE
btz LCuns & LI 5. K(C19) DX D ICER SN2 psn & W C,

v BSC(p,j)
BSC'(p, /)= psn(izBSC(w) e;) (D.4)
ieJ
EER SN
BSC':dxJ —{0,1} (D.5)
Idaxiom 3472 L, #7 TV MOMAPERMEL BTl L T D,
i BSCle.)) _1_,
GER) () p=0,0 L %, ZBSC((p,i)_l_ (D.6)
i BSC(g,j) _0_
Q#) p=0ie/-UNDOLE, SBsCipi) 1 (D.7)

ieJ
ZEETE, axiom 3,(1) &M+ 2 eNma, 7Y HOHEAHYRMEZHZLTNDLI LD
bz, Fiz, 2OEHN(D.4) 05 (D.4) OREE BSC' (Taxiom 3,(i) ZH] LTz 4 2 &b
nb. O
X (D.4) CERE SN BSC IZOWT, BafL k).
Ji(@)={jeJ|BSC(p,j)=1} (D.8)
L LT, Bk S 7= (normalized) Nbsc(g, j) %
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. BSC(op,;j
Nbsc(p, j) = Z#C?((pj,)l) (D.9)
ieJ
EERTIUL,
Nbsc(o, j)=
m~--fl(¢)¢¢AjeJl(¢)@&g
0--J(p)#£pnjet(p) DL &
0---J(p)=gDL &
(D.10)
THY,
[Vj € J,0< Nbsc(p, j) <1]A Y. Nbsc(g, j) € {0,1} (D.11)
jeJ
NP AYACRA
ST, WOFEMIEEL TR S : (D4) TESR INI-2MEREEK
BSC'(@, j) = psn(Nbsc(p, j)—e;) (D.12)
EEZDE, KT,
BSC(p,j)=0= BSC'(p,j)=0 (D.13)
bbb, WIZ,
BSC(p,j)=1 (D.14)
DA EEZ LS. R(D14) =M 720 €, onbia T, FEX
e < \le(%’)\ ~(p) = ¢ (D.15)
Zll= G —@e®@ TR LTI, BSC(p,))=010VTFhofaTh, FiX
VjeJ,BSC' (¢, j)= BSC(p, j) (D.16)
BT Z LoD, L IAW, BHAT TV OBBREL R, REX
0<m<e,ul<«p)¢¢ (D.17)
BTN = pe®izxt LTiE, BSC(p,/)=0l0WTFhoifsiTh, HF
VjeJ,BSC'(p,j)=0 (D.18)
INERALT 5 Z LI B, O

HIZ, ROMEDANKY LD ERbnd.
[458ED.1] (GEFED.1D—i{bEF)

X (B.19) D R AyHHEA%K BSC (Faxiom 3%{ii/=4 L LX 5. Ly, XML T IV MOMHEE
BRIEZZ LTV & LK 5. 25K(C.27),(C.28) &= {H4RCOR(C.29) wBIK f, 2T,

£,BSC(p.j)
> f,(BSC(p.))

(=

BSC'(9, j) = psn( e;)

(D.19)

LEFRSINTZHR(D.5) DREE BSC' (Taxiom 3%&iifilz L, #7 2V MOHEPERIEZ b7z L TV 5.

e JAESC)
W) 419 _Zf,»(BSC((D,i)

ie

—101—
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IZDOUNT,
l@) J(@=¢ntx, q(p)=0 .. BSC'(p,j)=0
0= =0
Q@) J(p)=pABSC(p,)=0m L x, 1\P)= > O BSC'(p,j)=0
ieJi (@)
(p)= AL,
GB@) J()=dABSC(p, j)=1n&x, 9\P)= Z £~
i (p)
BSC'(¢,j)=0v BSC'(p,j)=1 .. BSC'(w,))=1
£V, axiom 3,(i) , WNZ, BT TV MO AEBERRMEDALIE 52y, HIZ, axiom 3,(i ) DKL
1%, BSC Hiaxiom 3,(ii) Zim7=9Z & L0 HIH . O

I, WOMED2NE Y LD ENbN5.
[$558D.2] (KAVHERI%k BSC & Z:ffli7e 1> D KA ERI %k BSC' DR ERR)
A (B.19) O K43¥ERE¥K BSC iFaxiom 3% /=4 & LELD. Loy, RD.D)OAT IV HOMAEYE
FRMEAEmZLTWnHELES.
1

BSC'(p, )= psn( LD ) (D21)
= 1-BSC(o, )
L SN (D.S) OB BSC 1Zaxiom 3&47= L, A7 IV BOMEPEREZ bz LT\ 5.
1

(FEFA) q,,(q))fw (D.22)
o7 1= BSC(p, )
22\,
1 1
(1&) J(p)=g DL %, ‘Jf(ﬁ”):mﬁg - BSC'(p,j)=0v BSC'(p,j)=1
(&) J(@)#¢ABSC(p,)=0D L%, q,(p)=0 .. BSC(p,j)=0
1
(3&) J(p)#dABSC(p,j)=1D & =, q,(@:m BSC'(;, j)=1
1
£V, axiom 3,(i), WONZ, BT IV MOMEHEBRMEDORKSLIZA 52>, ®IZ, axiom 3,(ii) DKL
1%, BSC Maxiom3,(ii) #7292 & X DS . O

LLFC, EHED.I2MGED.I,D20OKAEKSS.

D1.2 3%k log,exp,tan (2 &k % BSC DHBIFHER

AT O K HEEE BSC' WD, K(D.9) DBUSILEISL Nbsc(o, j) % AV T, 3B3%log,exp,tan (2 L V),
BSC % FImalc s 3 hux, o EED.20m< 725, EHED.2IX, BARxBElog, faBIsexp,
TEHZEEAEK tan 2 VT, axiom 3% 72 3R FEBA SR & axiom 3% i 72 3 KA EABIEL BSC > AR T2
F ik (FIRAIRERE) 2 5- 2 TV 5.

[FEIED.2] (3B%klog,exp,tan (= & % BSC O FIFAIHERLEHE)

K (B.19) O K43 S BSC Itaxiom 33724 E LE 9. Loy, BT 23U BOMAEYERRME 272
LTWnsELED.
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Zobx, (DY) DHkEAL S 7= B Nbsc(e, j) & T,

—_

1 1
R S log, —
. —log, Nb. L] ° Nb ,J
(i) BSC,,(9,))= psn( 8. ic((p /) -e;) =psn(#—ej) (D.23)
ie _IOge NbSC((/’»Z) ie log 1
¢ Nbsc(p,i)
1
(i) BSC.y(p, /)= pon(—SXPEU=TC@D] (D24)
ie7 1—exp[—(1— Nbsc(g,i)]
1
7 .
tan[ - {1- Nbsc(p, j)}1
(111) BSCtan(Q,j)sz}’l( 1 _ej) (Dzs)
= tan[% 1= Nbsc(p,i)}]
L ERINTIFEHOBK
BSClog > BSCexp > BSCtan (D26)
IFaxiom 3% V7= L, W7 2V MOMAYEBRME A Hi7-7.
(REBA)  Bsc,, BSC,,,, BSC,,, ND3 D D518
1 1
log, —— : tan[ - {1— Nbsc(g, j
‘Nbse(p, ) 1-expl=(1=Nbsclp, )] "y TV D] 027
1 ’ 1 ’ 1 ’
2 — 2 2
ie ie7 1—exp[—(1— Nbsc(p,i)] iz ” ;
71 7 p =
og, Nbsc(p.0) tan[2 {1—Nbsc(p,i)}]

TR, BUTFO(1%),02%) &7z LT A5, Bsey,,BSC,,, BSC,, (Zaxiom 3,( i) Ziii/=4 =
LR ER, £, AT IVEMOMESREELBELTVS I ERDbMS. HIC,
Bscy,,, BSC,,,, BSC,,, ® 7E#3(D.23) ~ (D.25) H Haxiom 3, (ii ) Z 08 & 2\ 729

(1%) =0, &%, X(D27) D3IFIXITHS.

2%) p=w(icJ-{j}) DL X, X (D27)D3IEFIF0THD. O

D2. 2fEFRIEEIEIC K B KD EERIE BSC DBIFHIMEEL

WOEFD3 T, fdmilc i) 23 ARG R

(1)3® = (disjunction), (2)3# = (conjunction), (3) 7 (negation)
WXV, axiom 3% 7292050 K43 ¥ER% BSC,, 1> DO KR4 FEAS BSC 7>6, axiom 2% {79220
KFEBEBSC,yn, BSCy i, ROTFEBIFBSC , NEIRAIICHER SN TV D,

[E¥D.3] (&5 - #HE - HEICL D KHHEBE BSC O ImtER E )

2 (B.19) D K/HEBER BSC, WO, 2{HD KBS

BSC,:®xJ —{0,1},k=1,2 (D.28)

Faxiom 3% 729 & LE D, HIZ, 7 FTVMOMAEHRELZ bliZL T2 e LES. (DI D
Nbsc(p, j) &[RRI Bk LB
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N — (D29)
2 BSCi(p:i)

ieJ

ZERTDH. LT OMECOMBERC.HIEE L THL.
Nbsc (@, J) + Nbsc, (@, J) = Nbse (¢, /) Nbse, (9, /)

prSCk(Q’aj) =

BSC ,j) = ,
e O D) =S N, (p.i) + Nbse, (9.~ Nbse, p.i) -Nose, (@] (030
ieJ
. Nbsc, (9, ) Nbsc, (9, /)
BSC = I 2 e
12 (05 )) psn(Z Nbse,(¢.1) - Nbsc, (1) ¢ (D.31)
ieJ
I S
BSC_,(p,))= psn(Lcl((o’j)—ef) (D.32)
ie7 1= Nbsc(g,i)
LERENDI DMK
BSCy 4y, BSCyy 4y BSC ,: @ xJ - {0,1} (D.33)
IFaxiom 3% Y72 L, W7 2V MO AYEBRMEA Hi7-7.
(G EZEND. O

PDLEOFEPDIZILIRL L 9.
Bl z 1%, 2fnE A, B O & E A (implicational proposition) 4 — B=if 4 then B Xz (C.10) » < F
SNDHND, ROEHDAD ALY L.
[E¥ED.4] (FEITL D RERBEBSC OFIFHERE )
1 (D.28) D2 D K3 HaRIS BSC, 1Taxiom 2% 73 & LL 5. U7 2V O AEHEERM:Z b7
LTWsELE). ZnexE,
f(4,B)=A—>B=—-Av B (D.34)
L LT, FHD.3D Nbsc,(p,)) #f# > T,
BSCyy 4, (9, ) = BSC_4, 00 (9, )

_ S (Nbsc, (@, j), Nbsc, (@, j) B
B ps"(Zf (Nbsc, (@, 1), Nbsc, (p,1) %) (D.35)
[1-Nbsc (o, j)]fl
D [1- Nbse, (¢,k)]"

[1 - Nbse, (@, )]
> [1-Nbsc,(¢,k)]"

+ Nbsc, (@, ) — - Nbsc, (@, j)

P = Nesapal” = Nbsopal” )
— Nbsc,(@,i . [1=Nbsc,(p,i . .
ZIS i Nase b O TS i Nase gt )
keJ keJ
(D.36)
LRSI
BSC, ., :dxJ —{0,1} (D.37)
(axiom 3% 7= L, 07 = U IO MILHRIES i/
GEW) % SR5. .

TEFED.AD BSC,, 40 (9, ) = BSc_yy 0 (0, J) DRERIEE —MRILL X 5.
{EE O n 2880248 (= 0,1) BB £ (x, x5, x,) 1%, BE, #HE, GEOKMETL TV %ffo
TEREINDI DD, ROTEHEDSHIEHSND.
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[FEHED.5] (K4y¥HBI%K BSC O IR M2ME R E AR
axiom 3 %l 7= 9 R FEEA %L

BSC, :®xJ = {0,1},k=1~n (D.38)
L, A7 TV HOMAESEREL b TE L L.
=—"707 k=1~
Nbsc, (¢, ) Z BSC, (0.)° n (D.39)

ieJ

ZEAT L. ARE O n 2255211 (= 0,D) G BEBE S (x,x,50,x,) €{0,1} O, %24 (=0,1) Z£¥ x, (k =1~n)
(2, Nbsc,(p,)) 2R LTI DD BESKL
f(NbSC1(¢,j),NbSCZ((D,j),'",NbSCn(Q,j)) _

BSC 1 @2 )= PSS Nise (i), Nbses (@), Nbse, (@.1) ) (D.40)
ie
Idaxiom 3% 7= L, W7 2V MOMEAPERRMEL BT
() HI% Sn%. O
D3 BSCmax‘#l #2"BS min{#1,#2} (‘- Ct 6 BSC#I\/#Z’ #IA#Z @{‘Em

WRDEID.61L, BSCyp 4, BSC, 0 3%, BSCmax{#l,#Z)’BSCmin{#l,#Z} WCEOVRHT&EZL2RLT
W5,
[FEHEED.6] (BSCuimsay> BSCoingsr oy O FFIIINE AL AE BR)
X (D.28) D2 D KAy FAREEL BSC, 1Taxiom 2479 & L& 5. BT TV MOMHAEYERRME % &7z
LTWbHELES. BSC s PRI

. max{Nbsc,(, j), Nbsc,(¢, j)}
BSe,, )= 1 y %
cmax(#l,#2; (¢ ]) psn(z max {Nbscl (¢) l), Nbs02 (¢)’ Z)} e,/) (D41)

ie

ERALTY, B
BSC, 00y - P xJT —> 0,1 (D.42)
Waxiom 2%-4ii7- L, 77 2V BOMAYEERMES 729, R,  BSClppmem DIV IZ

min{Nbsc, (¢, j), Nbsc, (¢, j)}

BSC, i (02) = |
SComina (P = PSS N bse, (i) Nbsey (i)} (D.43)
ie
ZEH LTS, B
BSCmin{#l,#Z} :OxJ —{0,1} (D.44)
(Taxiom 2%/ L, 7 =V MOMAYERMELZ bz, ZoRMATS, 2EHDAD.SHH Y L.
0

D4. K5 $ERI%EL BSC D —RxHI B IRERK
WOEFD. 71X, THD.l, MED.1O—fRILTHB. 278(C.27),(C28) TEHEN D250 (14), 2#)
VTR S, oW TR, CARICH 5.
[EHED.7] (0 ZABRISHOBIEL [ 12 & 2 K5y JHBI%L BSC O — % Bt e #1)
25 20(C.27),(C.28) THE SN D250 (1#), ) ZiliT= 9 X 2 72 125%ks @, A (C.29) wBI%L S, %
BAT S, X(B.19) ORI BSC (Faxiom 3% 7= L, H7 IV MOMEPEERMEE b3+ L LS.
BSC'(p, ) =
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pon(LIBCOI s S (Nbsclpiy >0 0k %

> f{(Nbsc(g,i))

ieJ

0--->" fi(Nbsc(g,i) =0 D b &

(D.45)
LEFRENTR(D.5) O2ERI%L BSC' iFaxiom 2% 7= L, BT = U B O AHERMEZ bi-d.
(GEH) EZEnD. O
WO EFD.8IL, FEEED.20 BSC (9, /), BSC,, (9,)), EFID.3D BSC (9,)) % — L LI=bDTH
%. 28(C31),(C32) THREN B2 (18),(28) Zili7- Bk g, lIc >\ TiE, C4ffiicdh 5.
[E¥D.8] (HEIT L 5D R3EBEBSC O— i #)
250 (C.31),(C32) TR EIND25:M4:(19),28) i+ & 2 20185 s », K(C33) D%k g, #EA
35, X(B.19) © B BSC iFaxiom 3%/~ L, H7 2V B OMHAHERMEZ bii-9 & LE D,

BSC'(p, )) =
g,(1=Nbsc(p,))) = 3 .
psn(zgi (I Nbse(o) e;) l;gi (1= Nbsc(p,i)) >0 D & X

ie

0---Y g,(1- Nbsc(p,i)) =0 D &

(D.46)

LEFRENTR(D.S) O2ERASEL BSC 1Taxiom 2% 7- L, W7 2V MO B A b7,
GEH) #EZsnb. 0
(H3D - & 1)

T8RE. h 73 D ERME DOC(p:C )
NE = e NE jeJ FHOIT AV CITRIBETHZ L ORI, "F—rpe® g jel

FHOATTYE, OREAY—v 0, LEITOBRERE ERUE) SM(p,0) Tho L, BELLY. £
29 huE, —log, SM(p,w,),~log [1-SM(p,®,)] %%«

—log, SM (¢, w;) = iR 7% & v TWIRWEREE 2 Kb (E.1)
—log [1-SM(p,0,)]= oWk & ATV D REEZR DT IEHE (E.2)

LERDLMER L.

DSM (p,;) <1-SM(p,0;) (2)SM(p,w;)=1-SM (¢,»;)

B)SM (¢, ;) >1-SM (9, ;) (E.3)
RBIODHEREIE, KX,

NKe— v ongje] ZBAOHT Y C T

(D) JwELewy, Q) WmETSLbmELARVNE bRy, 3) IFRT S (E4)
RS LTV 5.

—log, SM (¢, ;) -[-log {1-SM (¢, ®,)}]

=[P ok E A TOIROIRE 2R DT IHHE

— [P o& G ATV DREZ RO IF ) (E.5)
DIEAE, "EZ—rongje BEHONT ) C,ORENF—v 0,2 G TR, ATV
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DOHEZHFRMETABRICTHHDOTHD.

o= ped N jeJ FHOAT Y CICRBET S Z L OWEESORETH D HT 2 ) DR
H#EPE (difficulty of binary classification) [47] DOC(¢: @j) 1%, —0onGH+0 ZDEEDOERMELZES H O
L2,

BRbEGThoKE, DOC(p:€)=—0Thy, KLEETHLEE, DOC(p:C)=+0Thb, &K
LINEECTH LML R GRS TH LML O TERHMORKE, DOC(p:C)=0TH2s LI REEERD LD
L&D

DOC(p:€ ))=~0 Th 5, SM(p,0)=1ThHYy, DOC(p:€))=+0Th 5, SM(p,0,)=07T

b, DOC(p:€)=0Th 5k, SM(¢,wj):%v§>5;5fociEWESM(w,wj)zi‘ﬁEa“éf‘&;%5
D ?
SM(¢,wj)75§07b)%%i’éiE§ﬂM‘é&é°, DOC(p:€ )>0CH b, SM((p,@,m%zxala@%mm

L&, DOC(p:€C)<0ThY, SM(p,0) ﬁié Dz L s L&, DOC(p:C)=0DKEKlEz L 572
AHIM?

DOC(p:€ ) =-log, SM(p,w,)~[~log {1-SM(p,®))}] (E.6)
EEBXTHILL, FED L.

RE—rped PN je HHOIT IV CIRBT 50, R LARVDOORE 2K DT EIKE
(equivocation) Z 1§ # & & L CHEH L= EQVO(9,€ )1, 025 log, 2~ 0.693 Y2 DAL D EE il
EEHHDELED.

EQVO(9,C ) =-SM(p,®;)-log, SM (p,®,) —[1-SM (¢, ®,)]-log,[1 - SM (¢, ®,)] (E.7)

EEFTIUE, BEBREE EQVO(9,C ) @, AL SM (@, ;) 23234k L 7= R O 7 %%

d .

d—yEQVO((o,@,j), where y=SM(p,®))
BB T 2 SPRERBERE DOC(p:C ) Tl B = & SR END. SR ZAUT, SM(co,w,):b?o#%%
T B b %, EQVO(p.C )13 L, DOC(p:S )>0Th 0, SM(w,m,)zﬂéya>g15zi%wu¢5

L x, EQVO@.C) 11 L, DOC@:C)<0Ch v, SMpo,) ﬁ%d)ﬁﬁ%&é&%,

EQVO(9,C ) 13 kit log, 2~0.693 2, DOC(p,€ )=0% L& %,
AHHRE T, LRROEMEEZRo20 7 2 ) R DOC(p:C ), mEBRE EQVO(p,C ) 23,
FAEE Sy =SM(p,0,) DBI%E LTERL LS.

El. 74 FEY, FREZERHY IXrOE-BHOBOTAR
i[x~10gex—x]=10gex for x>0
dx
MRRINL LTS, &,
1

——,—0 <X <+ E.8
1+ exp(—x) E8)

(1) 27 EA FEA% (sigmoidal function) f(x) =
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1—
(2) %Rk 5 B B9% (information-density function) g(y) = log, Ty ,0<y<l1

(3) =¥ k= v—B3%Kk (entropy function) A(y)=-y-log, y—(1-y)-log,(1-»),0< y <1
DRI, WDDTRRAREY L

d 1-
@ﬁ—y-legey—(l—y)-logea—y)]=log97y,o<y<1

SR o U N
dy y y 1=y

d? 1 1
@——[-y-log, y—(1-y)-log,(1-y)]=——-——,0< y<1
dy y 1=y

1

—=»,0<y<l1
D14 expiog, =27

1

=y,0<y<l
d
D1 expl . -y-log, y(1-1)-log. (-] L

1 1

+

1+exp[+x] 1+exp[—x]
4 1 ___ v 41 R
dx 1+ exp[+x] 1+exp[+x] 1+exp[+x] 1+exp[+x] 1+exp[—x]

d 1 1 n 1 1 1

=1,—0 < x <+®©

,—00 < X < 400

,—00 < X < +00

dx 1+ expl—x] 1+expl—x] = l+exp[—x]" 1+exp[—x] 1+exp[+x]

E2. >4 REE, BREZEBLY, I OE-—BHOMEELS S
E2.1 T hOP—@#A0)OHE

T bu e —fz=h(y)=-ylog, y-(1-y)log, (1-y),0< y<1
2OV,

h(0)=0

h(%) =log, 2~ 0.693
h(1)=0

Th5.
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(E.11)
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(E.13)

(E.14)
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(E.17)

(E.18)

(E.19)
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z
A
log, 2= 0.693
>y
9, 1 1
2
Fig.E.1 A graph of entropy-function z=Ah(y)=-y-log, y—(1-y)-log,(1-y),0< y <1
RE1 IvhRE—B#K z=h(y)=-y-log, y-(1-y)log,(-y).,0<y<1DT 357
E22 FHETERHK(O) OHE
d 1-
15 B FE RS g (V) E@h(y) =10g67y (E.21)
Thh,
8(0) =+
1
y=0
&)
g(l)=—
(E.22)
Thh,
0<y<%3g(y)>0
1
y=5= g(»)=0
%<y<l:g(y)<0
(E.23)
TH5b.
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v
<

N | —

1—
Fig.E.2 A graph of information-density function z=g(y) =log, 7)/’0 <y<l

1- .
SE.2 1‘%?&%&4‘&5&%&2=g(y)=10gg7y,0<y<la)’777

E23 YU EA FEH f(x) DitE

L K = () = e <<

v > 1+exp(-x)’
22OV,

f(=0)=0

1

f(o)*g

f(+o)=1
Thb.
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y
A
\]
2
L
0]
) o . 1
Fig.E.3 A graph of sigmoidal function ¥ = f(-X)=————,-0<x <+

1+exp(x)’

ME3 7L FBgy=f(-x)= —0<X<HO DT T T

1+exp(x)’

E3. $ELIERSKSM (0,0, OBE%KE LTH, HhTI3)HEREEDOC(p:C ), BEBERE EQVO(p,C )
Axiom 2% 72 9720 (B.11) OFALUE R SM 238 A§ 5.
BT =Y Sy EEE DOC(p:€ ) %

1-SM(p,o;)

SM (g, ®,)

EERTUE, R (E.6) DI £ i, 2 (E.1),(E2) DR EZEHTUE, X (ES5) o iR E

no.

X (E7) o<, BERE EQVO(p,C ) 2iExT 5.
2EHRN(EG),(ET) b, BHondiEAXELITICEITL .

DOC(p:€ ) =log, (E.26)

ARDH S,
d
— 4 _EQVo(p,€ )=DOC(p:C
dSM (¢, o,) oro.t) (@:&)) (E27)
ANON N
LDOC( -G )=-— 1 _ 1
asMp.w) T SMigw) 1-SM(g.w,) (E28)
NA@D D,
e BOVOW.E )= 1 (E.29)
dsM(p.w) T SMpw) 1-SM(p.o)) -
AR D,
1
= SM (g, 0,
1+exp[ DOC(p:C )] @.)) (E.30)
NGO N
1
—SM(p,a,)
d 3 ’ (E.31)
ltexpl—— 2 EQVO(p,6
+eXp[dSM((p,a)j) 0VO(e,C )]

HKAROND,
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1 1
I+exp[DOC(p:C )] ' 1+exp[-DOC(p:€ )] (E.32)
HKARDHD
d 1 - 1 . 1
dDOC(9,€ ;) 1+exp[DOC(p: € )] ~ 1+exp[DOC(p: € )] 1+exp[-DOC(p: € )]
(E.33)

X (E.32) — R (E.30) &350,
1
1-SM(pre,)= 1+exp[~DOC(9: € )] (E34)

3X(E.33),(E.30),(E.34) 2n 5

SM(p,w;)=-SM(p,0,)[1-SM(p,®,)] (E.35)

4
dDOC(¢:C )
(f1$%E - ¥ 0)

fTEF. FHBEIFRE AMI(C():0,) ZRKICT HRBEOBE LT ?

AAFHERETIE, FHHE A & (average amount of mutual information) AMI(C(J): @) ZHFE KT 5
Wk oBE L X2 N MHEND. B, EEHEAFHRE AMI(C):Q,) 2 KICT HRHOE & &
i, 1280 (3#) oEBEREFEX(121) 0, KMBEX(BS) T — 5|
o =TP, 1,555 &y &, THDZEBHALNITEND. 18- T, 128D (3#) D S.Suzuki D HEAR 7B
AR (1.21) 2 S SRAFRRIX, RZ—2 e ke il[Rofel &, RXF—r e, D, 7
TAVIFRBICET OREES 2 R/NITHHEITHLZ LMD,

F1. FHREERE AMI(C():D,)
probiC€ } 13 jeJ ZFBO TV C OHBERMREE L, HREE
[VieJ,0< prob{€ } <1]A Y prob{€ } =1 (E.1)

ie

PRV TWDbDET 5. EiE, prob{C }ixfHaBOXBI D pC )DL Ths.
prob{iTo} (335 — e ®, OMBIfERZR L, MERIEE
[Vpe®,,0< prob{Tp} <1]An Y prob{Te}=1 (F2)

pedy

BV SL-TWDHEDET 5.

X, A= e, DEFNATee®, N2 0NEE, HjeJHHOIT IV E D

ijﬁﬁﬁé( EATiER) 2R L, MeRiEE

¢
Vped,,[[VjeJ,0< prob{—~ f}<1]AZprob{ f}—u (F3)
jeJ
DD TNDE LD ET 5.
L%, R_u— TN Tee®, OHBREEN A
probi{To}, @@, (F4)

NhEZbhizE LEH. X(B.16) DFtiEa A Lzt 7 TV HEE C(J) &Ry — 55 O FEAR
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@, & O OFEIAR EAG Bk AMI(C()): @) 1%

probl
AMI(E(J): cDB)_MB > .1 ) (E.5)
LEFESND. AMI(C(]): D)) 1T, _@mﬂ‘rﬁi&%AMl(@(J):%)@(ﬂe@gﬁ%v\
MI(C(J): p) _;pmb — b{L} (F.6)
=2  prob{€ }~ [~ Z ol (E.7)
Zffio T,
AMIC(): D)= Y. prob{Te}-[-) prob prob{€ ) -
o P
(-3 probiz2-log,
-2 prob{m}.m(é{]).@ (F8)
tﬁi\%fﬁw;;bé
prob{C,} (F.9)

ieJ
i, - /:ET/I/Tq)eCDBMjwa:k%, 2h T IVEECNDNOE LT ) E Nz HHIC
L, E@*%f@?ﬁﬁﬁé(uncertainty)ﬁ«%éﬁ %fﬁ%ﬁ%“(“%%bt%@'@}bé. F*7z,

(0)EQVO(9,C(J)) = -

D (F.10)

ieJ
X, A= EFEFATe®, N, }_777:1 );%AL(J)W@&m’)@yU—?:FU C iR+ 50>
WTo, Tﬁﬁfﬁ“é@&f%ﬁ:%‘uiéf%%&%(equivocation)f“&;'o, ZOWFHEDETHHA(FET) D
MI(E():p)= Zprob , prob{€ } —EQVO(p,E(J)) (F.11)

ieJ

i, /\57~/%—r/1/T¢e<I>375)£737:r VEACHNDO EDI>D AT ) € ITIRET 520
TO, WY ESNTAMHES (FoFRE) 2R LD, RE)ICKIUE, AMI(CWJ):@,) 1%
ZOWMY ELNTEARES (BFonERE) 2 (F4) O F — TN Teed, O HBLESRS A
probiTel,pe® iCBIL, FHLIEbDOTHD. HBLESE prob{Te} D REVWE XL, ZOWMYEDL
NEAMEES (FoNERE) 2 RE L, HBUEE prob{Tel B/hEnE EiX, ZOmYELNT
RHEE S (B LN EHE) 2/ NS <FEli Lz b o, EHMAERE AMI(CJ): @) Th 5.

Zziz, RE)DOMI(EJ):9) %, Kullback-LeiblerdfFHMEDE R ZM A TWD 05, ROIMEE
(1&),(2&),(3&) B3 D SED[47] -

(1&) MI(C(J)'CD )20 LE, MICJT):@y)=0 L7225 D1%

Vied prob{ } prob{€ ;} (F.12)

DL XIIRD.
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(&) MIECJ): D)= loge 1 (F.13)

- lerob{f’} prob{€ 3|

MR LG, %5 ;tJE(F12)73>5524’9“%>&% RS,

(B&) Y| prob{—’} prob{€ }|<2-\1-exp[-MI(C(J): D,)] (F.14)

jeJ

WEY LG, %5 ;FE(F12)7§>5524?‘5&% RS, O

F2. BQDINE—2pe®, [CDNVTD, HEBRE MI(CV): )

K (E5) D AMI(C(J): @) Z I RICT 5121E, RE)NHDND LI, flx D% —rped, |2
2T, K(F1D) DO MI(EWV): ) ZFRIZTHIE L.

#(F.10) @EQVO(;D,(S(J))

Jed, prob{ }

(F.15)

DLxE, Eerﬁo%&@, Z DI, Ml(@(J).(p) iﬁfﬂﬁ—logeprob{@,}%ké:kc:ﬁ%ﬁﬁé.
FA ﬁ(Flo)@EQVO(@G(J))ci

(F.16)
Y

DL, szu loge\J\ L0, Zol, MICJ):p) iH/ME

1
-1 J
Z 08 rob(C 1 prob{€} O8. ‘

ie

%J:Za.
NRE—vpe®pgje FHOAT TV CTRBT S & &, 126, (3#) OBARTER &K
(121) @, RfpEFEX (B.8) TH/ ¥ — 1 F

Elje‘la(bo(:T(/’)’d)lasz"”’ ¢:-1’ (bt(:Ta)j) (F-17)
ZERWTIL,
Ty, =¢,s=0,1,2,---,¢—=1,¢t -+ axiom 1,(iil) D% (F.18)
EEETIL,
JjeJ, lim prob{ }_1 =1 (F.19)
J
(F.20)
ThHHND
lim-— meb{m; }-log, prob{€ } =—log, prob{€ } (E21)
ieJ
lim EQVO(¢,,C(J)) =0 (F.22)
1%, 23, (F11),(E8) 15
lim MI(C(J): ¢,) = ~log, prob{C ;} (F.23)

hmAM](G:(J) ®,)=— probiTe,}-MI(C(J):¢,)

¢ ey

=~ prob{T¢,}-log, prob{€ } (F.24)

0,eD,
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"ELNhL., 2ok, R(ET) O MI(CU):p) O KfE -log, prob{€ } 72345 5 1, 3 (F8)
AMIE():®,) Dkl ~ 2 Provilodlog. probiC } e o civp,
z iz, #(F24) o im AMIC(): @) py o s gk 5y
prob{T¢,}-log, prob{€ } (F.25)
TONRE =24, €%, HH1OODOHT AN EC ORERZ—> o, 0TV =To, Thb L 57k
K(F17) ORI ARE =B % EZ TNDe b,
lim AMI(E(J): ®,) = =2 prob{Te,}-log, prob{C } (F26)

JjeJ

ERBEND Z LITERLTEL.

o
F3. &Hfr&mEx prob{T—;} &l

c.
NE—pe®@piEje FEOAT AV C TIRBTH 2 &@%#H%ﬁ%%mb{ﬁ)} I, 42—

voe® N jeJ FEHONT T C ORENZ—v 0, LTV DIEE GERE) SM(p,0) Th b &,
MELXD.
¢
prob{T—(;)}zSM((o, o) =SM(Tp,0,) -  axiom 20 (iii) (F.27)
End Zkicie s, prob{€ Y ix, FHEBD, BsHEiD, HieJ BHOI T ) C oL k%E p€))
L
prob{€ ;3 =p(€ ) (F.28)
EWnH KoL, HELw.
S.SuzukiD /3 ¥ — Bk O EFAI R3[4 TiE, 2 (F.27), (F28) % E T, FI, FR2Ei0NA%
IR T 5.
(H8%F - #d )

185G. NF—2 9O PSIERRS, BEBRSZHMET 220D ETIIVERERET

ARG T, ~F—rpe® T

B A7 5 SUp | (%) < 0 G.1)
o L, BASZERIL,(M,dm) DIt THDH E LT, "2 —rpednhi
E#5 max{p(x).0} ﬁ&ﬁ%ﬁﬁzﬁmw (G2)

ZhhtHd %, fHEBOB3FE Daxiom 1 &1 7= 42 >DF 7 WAEMIEMFET 21 L X 5.

Gl. NF =P PO ERNEMBTIETIERIERRT
max{a,b}, min{a,b} %% %, a,b ODPV/INEL 720, KRELRWHETH. REZ—r e DIEHS
@' (x) = max{p(x),0} =
{(p(x)---(p(x)zowk%
0---p(x)<0D & =
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L, ARy
¢ (x) =min{p(x),0} =
{ 0-p(x)>0D L =
P(x)p(x) 0D L =

s

EEMx D&,
Vx e M, p(x) = max{p(x),0} + min{p(x),0}

(G.3)

(G4)

(G5)

WD NEDZ EWNbnD. NE—2QIXER D e, Ao OMEOMMNLRS>TNEDTHD.

FlIEEIZ,
Vx € M,| p(x) |= max{p(x),0} —min{p(x),0}
PR St s, Zo2 o, #% L i,

0" (x) = max fp(x), 0} = 212

2
¢ (x)=min{p(x),0} = M
PR Y L.
VxeM,(To)(x)=
G

- cesup @t () [>0D L X
Su};‘w (X)]  xem

0--sup|p" (D) =0 L =

xeM

(G6)

(G7)

(G.8)

(G9)

LEFRSNDABI)DEHRT L, NF—r@e@RbLIEMSEHE LTS Z ERbNnD.

BT, BT OREEOFELE RO EEG] TR

Vx e M,[|p(x) = p(x)] < [¢ (x) = p(x)]
WCHEELTEL.
[(#HBIEEG1] (REhSEH)
VxeM,p(x)=0
Thig,
sup [ (D) [0, 1} o L x| Vxe M, (To)(x) = (x).

xeM

(G.10)

(G11)

(G12)

GFH) K (G175, VxeM, o(x)|=e(x) Bz L, K (G10) 25,

Vxe M,p"(x) = p(x)
WALV TND Z SR L TBL.
(1) suplp*(x)|=0D & =
xeM

&t TOEXRN(GI)ND, VxeM,Te)x)=0ThH5. KIZ,

VxeM,p(x)=0Tdh 5.
EoT, VxeM,(To)x)=0=g(x).
(2) suplp'(x)|=1D & =

xeM

T OEHFR(GY) &, K(G13)1 D,
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VxeM,(Te)(x)=¢"(x)=gp(x) (G.14)
2, Ik, O
ROTEBGUL, BT BETNMERIEAZETHDL ZLEZPLNILTND.
[BEG1] (EH @ OfttET LV ER)
FEHROEIICEBEBEINT-EHTIE, axiom 10 (1), ), i) D3, W, (iv) &7,
(FEA) axiom 1D (1) DB PEG T I L OFEH © VxeM,p(x)=0ThiLiE, VxeM,p'(x)=0
Thn. koT, SWIPTMF0 2, e EmGIZ#EMLT,
VxeM,(Te)(x)=p(x)=0.
axiom 10 (i ) D P& 29 Z & OFEH -
aREOEREL, Th, N=a-¢ i<,
VxeM,n"(x)=a-¢"(x) (G.15)
NS AIRTASH
(ﬁ@1)§§5|¢*(x)l=0@ag
TorE, TOEHRR(G)MND, VxeM,Te)x)=0Th 5.
X (G15) 7 b, Supln @ |=a- supl(ﬂ DF0 k2. LoT, TOEHKX(G) D,
VXGM,(TH)(X)=0€’H, VxeM(Tn)(X) 0=Tp)(x) %15
(i »2) fgg\w*(x)l>0@gg
ZoLE, KGIHMD, W @ECSWIPWP0chs, 15T, TOERKG) NS

xeM

Ve M.(Tpw=—1® _ @0® 90 gy
suﬂr;ln(x)l a~suA13|(p(x)| suAg\w(X)l

axiom 10 (iii) D% 2723 Z & OFEHN -
n#&, n=Tp LB, TOEFRN(GI) ND

VxeM,0<n" (x)=n(x) (G.16)
MY Lo, HIZ, R(G16) & T OEFRN(GI) 0D,

sup 7" (x) = sup [7(x) e {0,1} (G,17)
Thb. EoT, 2RK(G16),(GINICEEL, WBEHG] Z@HAL T,

VxeM,(Tn)(x)=n(x) (G.18)
PELND.

axiom 10O (iv) &= 3 2 & OFEH : MiBhEHG1IZEH L ¢,
[VxeM,p(x)>0]A[3x e M,p(x) > 0] THiuT, igﬂgl(p*(x)lﬂo)é:ér,
VxeM,(To)(x)=p(x) (G.19)
EEA. 22, IxeM,p(x)20ThD. O

G2. NF—2oed hoBEAMKN BT S2ETIVBRIERRT
o e® i
VxeM,p(—x) = p(x) (G20)
Zii =3I, BBYER (even function) Th 5 LW b, £z,
Vx e M,p(—x) = —p(x) (G21)
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AT, AFB9%K (odd function) TH B & Wb b.
K= pe® DIEBIEER Sy
¢€V€’1(x)E
{ P(x)-p(-x)=p(x) ThDxeM DL X

0--p(—x)=-p(x) THDHxeM DL X

L, AR
@ (x)=
{ 0--p(-x)=p(X) T B xeM DL X

Px)p(—x)=—p(x) ThHxeM D& X

LEMz 5L,
Vx € M,(x) = ™" (x) + p(x)""

(G22)

(G23)

(G24)

DN Z LR DND . RE = QITBBIEGH Y 0, AT B SY 0 DWHE OFIH G g5 T

. [k,
Vx e M,¢(_x) = ¢7€"6‘" (.X') _ q)odd (x)
MR D ST oM, = 023(G24),(G25) OF, =% L,
@7 (x) :W
0" (x) :W
NS A/RVASR
VxeM,(To)(x)=

wiev(gf)msuplw”""(x) PO L x
sup [ @ (X)) vem

xeM

0---sup| ™" (x)[F 0D & X
xeM

(G25)

(G26)

(G27)

(G238)

LEZREIND, RBIDOEHTIL, F—r e MhLEEAEE S EZME L TND I ERbnD.

HF, GRT OFRBEOIFEEZ R OB EHG2 TR
VxeM,[p(x)=p(=x)] < [ (x) = p(x)]
MRV SO Z L IZERE L TEL.
[(HBNEEEG.2] (REhUER])
VxeM,p(x)=@(-x)
ThHig,
sup [ @™ (X)[e{0,1} o L x| Vxe M, (To)(x)=p(x).

xeM
GEH) X (G29) @A LT, X(G30) b,
Vx e M,p™ (x) = p(x)
DKV > TWNWD Z EICHERELTEL.
(1) sup|p™(x)[=0D & =

xeM
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TOEFHRL(G28) . VxeM,Tp)(x)=0Th 5. X (G32) 5. igﬂglw(x)l=0 -
VxeM,p(x)=0ThHsd. LT, VxeM,Tp)(x)=0=0¢(x).
(2) sup|@(x)|=1D L &

xeM
T DEFHR(G28) &, K(G32) D,
Vx e M,(To)(x)=¢""(x) = @(x) (G.33)
1%, mEhTe. O
IROEHG21E, BRT PNETMEHRIENFZE THD L 2P LML TND.
[FEG2] (MBI ohitET L EB)
FROIHIICEREINZEMBRTIE, axiom 10 (1),(ii), (i) D3, WL, (iv) &7,
(FEBH) axiom 1D (i )DH%LE2HE-ZIT 2 L DFEH : VxeM,p(x)=0 Td i,
VxeM,p(x)=p(-x)=0ThH%. L-7T, sup|p™(x)|=0%7%, #HEEG2ZEM L T,
Vxe M, (Tp)(x) = p(x) = 0. <
axiom 1D (i ) DFEEET= 52 & OFEH -
arEDOEKEL, Tk, 1=a9 <.
VxeM,n”" (x)=a- 9" (x) (G34)
NS A/RVAS)
(ii 1 ) sup| @™ (x)|=0D & &

xeM
Zorx, TOEENRG2)M1S, VxeM,Te)(x)=0Th5.
R (G34) b, iggln (x)|=a'§33\¢ew"(x)|:0’C*&’;é. koT, ToE#HN(G28) 105,
VxeM,(Tn)(x)=0=Tp)(x) 155.
(i @2) sup|@™(x)[>0D & =

xeM

ZorE, K(G3) 15, sup|n™(x)|=a-sup| g (x>0 THDH. LoT,

even

xeM xeM
Ve M, (= @0 0 gy
fggln (*)] a-§§£|¢ (€91 gglw (€91
axiom 10 (iii) D& Y- %7z 92 & OFEH] :
N%&, n=Tp LBL. TOEHN(G28) 0D,
VxeM,n(=x)=n(x), 2%V, VxeM,n""(x)=n(x) (G35)
MRV Lo, HIZ, R(G35) &, TOEHRNA(G28) 7D,
sup [77" (x) |= sup [7(x) e {0,1} (G.36)
ThD. LoT, 2RK(G35),(G36) IciEE L, MBEHG2 Z@H L T,
Vx e M,(Tn)(x)=n(x) (G37)
BNELND.

axiom 10 (iv) &5 7= Z & OFEM : M EHG2% 5w L ¢,
[Vx € M,p(x) = p(-x)] A[3x € M, p(x) £ 0] T LI, SUP ™" () =1y b x|
Vx e M,(To)(x)=p(x) (G38)
B4, 22, IxeM,p(x)20Th 5. O
(18%G - #&b )
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$nRS-— : HouseholderZSHfa &, RAEL O & 2 2 7o € DAL B~ DG H

GEH AFH—, @S0 HE  HouseholderZS#fi b, SEARE D) = 2 i 2 7= % OEARTEFEFR~DICH,
LER GBI JEn0.39 BRGS0, RFFEAH 200844 H9H (K))
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