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A Probabilistic Relaxation Method Using Similarities
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Abstract

Let us suppose that a process of recognizing a pattern is to narrow down a set of categories to which the
pattern may possibly belong and to convert the set to a set which contains only an element [3], [4].

In this paper, instead of dealing with a recognition system RECOGNITRON [3], [4] which can possess
of an universal faculty of recognition only for any pattern in question, we shall
research which category of m categories €, €5, ***, €, each of n objects (patterns) @, @,, =+, P, E D
C 9 (aHilbert space) should be simustaneously assigned. ‘

Using compatibility measure CM (@, @¢; €, §;) of pattern @, having category ©; when pattern @
having €; and influence coefficient IF (@i, @;) of pattern @, from pattern @;, a new probabilistic

relaxation labeling method with regard to similarity measure SM defined in appendix A is proposed based



on literature [39], where quantity SM(®y, w;; t) is the probability of the k-th pattern @, having the i-th
category @; at step t. The dynamics of the re laxation'system and the relatibnship between convergence
properties and system parameters are studied analytically and strictly in detail.
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BEONY - VEBFELY . BREFTHS 2 WHEBFEIRESERT BEIELER
SRR m&i«ft LT, BETAI LD THHEN TS (LB [3] 0E 6. 1 (FaesRs
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BEEEOTEHARL 20, BHICHBETX 2, :
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S.Suzuki DRE L7124 7 TV BB BT 2 FEAFIER (fixed-point equation) 2SI L.
MOBESPRT T 5 Lv)88 [3], [4] CHL., 20RFOZBRBEICRET LBEEY > T
DEBEHEET B72ODOFM R EFRENT WS [15], 5o, BMEEY Y IR S s HMER
BT T DB ZE DREFNFRAE L TV BB 7 T OBCHAIT 2 L v “HEHEISRGM”
TiEZ (T, BNSFESRGMOMIE T 3 “REAREHIBESESBRRRERE T/ 4 —
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BESEERETo CHRERY 7 ) OMBICE2 BB E D200
BREPS 25 & LR

PR EhTWS [15],

AL T, 12075 — V@Il TOEBOB X %2 T\ 258H> X5 ARECOGNITRON
DOBFEL 3R %D 1DOBEANIZ, nHOWE Ny — 18

P, Pa, >, P . (1.1)
BB L, segmentation DMIBHHIH L 72 &%, £ @, (k=1~n) 1. mBEOHF T
€, &, -, €, (1.2)

DA, W% 5577 T) 2MHE5ETREPEZEZTHL I,
ATIT)EPHEENTBERY -2 o h b RT, ﬁr:U@#ﬁ%éhfwaA& M7
L OWEDORERE
CM(ey, @5 €, §)) (1.3)
EL =V OB RT, XY=V @ DEBBORRE



IF (¢, @) ' ‘ o ' (1.4)
COERIChroTWAEIEN, AFTYEDIONEHELZBRT HICHzo TLETHS L
VO DR, FERIITANY > JiEiE (probabilistic relaxation labeling méthbd) Thbo

23 (1.3), (14) O M (@, @15 65, €)), IF (P, @) IKOWTIR, FWX T, ROBIL, 12
DML, BELTB A, R2FRAFENEZ BEICEFETZ0ICRIOTHA ),
[B11] (B2 HEOREED1KH)
CM (@, @i; €5, €)
= (Tei— TP ) — [Tex—Te) |72
/igj | (Te—T@ ) (Toi—Tw) | 2

where k, {EN=1,2, -, n} andi,j€J=11,2, =+, m} : (1.5)
O
[B12] (HEBOBREN1RH)
IF (@, @0)
= Te.—Te, Il—Z/egN | Te—Te, || 2
wherek, LEN=11,2, -, n} (1.6)
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RosenfeldBUFE SR BOMIGEE & 13 B 72 A FERAARE: [39] ICHEL -2 LAWRREICR Y, B b,
FF5% A Daxiom 2% 72 THELEH SM 2R (2.13) DI, SMOEH TV ITY XL DMHEME L
L TR L 72RO AR L 22 < Ty RS, BF LB ICoWwTh, STk [39]
ORIET BEFICOVTREFORE LM THREICE o T 5b (B EEE) .

KEH 7N T ZLER (1.1) TRENTVSn BOWEI$F — 1B @, @, 0, @ lE3CER [39]
LIRERY . —BHRe VUV b (Hilbert) ZRIOTTH Y S 2T T X (. EATEEMEIELE
AL RWVIEETDS o T D (B3 .

EEROBEICHEA L T A BEEICOVTHRET A 2 LROFEEL LTERETYS

M. AT, RFETH LCBRINLIEFHT7ILVITY X 200# 54K (2.13) THRAZ
nBENEERS (3], [4], [12], [18] SM #y — Y e d ST AET IV [11] Tk, &
BOWNS L3 oMED Y — £ LICHELT, BILSNTHEY, Hic, FEBTIR. XEH
FNTY X LONREEZHSPICT B0 BELREREI RO TS, £L T, FHC~LT
X, ELEREBSM L., BAREESMREI LTV,

2. MEORE - EAE, EHFLTY Z.L\ [ER'E 50

KETIE, HREDISY — 2 @, @, -, @u DT Daxiom 2% i 72 T E R SM OfE SM
(@0, @) (k=1~n,i=1~m) ZEEIICEFHTLH L VMR T XY ¥ 7 (probabilistic
labeling method) HSFHBHAE N5,

A pattern with a kind of categorical ambiguity can be interpreted as a fuzzy set [3].

We can propose a various probabilistic relaxation scheme which aids to solve labclihg problems based on



the probability theory [21] ~ [25]. However, this method is very complex in calculation, and some

approximate procedure is needed.

2.1 HEREECHREE

AREILCIERL &) LT HMBEE, FHL LD L T2 20BIREREIZL . ROBIEDE L 5

FEHETERSh T3,
[FERE] (FRED/SZ2—>0, REHFITUMFT)
() Ny —v o OnFroHLETY
{ @1, @s, o, @b =@, | nEN} Cdyp
where N={1, 2, ***, n}
2) #7T) (EHE) COomMEILHLETD
=16, Ep e, Gy :{@j | jEJ}
where J='{1,2, ***, m}
BEZONI L& Fo KWL EATF Y (B2, 6) 2&iF255 9
2L LD,
[BF7EE4E] (global consistency MEE)
®3telo,1,2, -}, VKEN, Vi€E],
SM{(@, wi; t)
=j§€:J CM (@, @,: G, @J) -SM( ¢, wj3 t)
forany {EN  (global consistency)
ALY LD &I, PR SM D5 IEE
@SM(@y, wi; t),kKEN, i€
t=0,1,2, -
TERLTTE, FRELT,
®@3telo, 1,2, -,
VKEN, Vi€ J, DFF (@, w;;t) =0
BRI L, KR,
@3tel0,1,2, ), YKEN,R(@,, t) =1
Y L, FHREE
®3te {0,1,2,+], VKEN, Vi€]J,
SM (@, wi; t+1)=SM (@, w;; 1)
(REIRHER) .
PRONDL LT 2OPHAERETH S (EHB. 2% B,

ST, LBOMERETCORBED 7 T HTOFERRO L S Il s N b,

[(REsH 7T OF ]

MEBROOVHILL 2L &, FEKENFHD/SY — v @ 2id, 5 TYRE

i(k) =argmax je; SM(¢k, wist) €7
ZRRAL.ATTVEELTOIRLE %
53 %

CEHD, ZOLE, ROBEIVEITH I EHFLEE L,

(2.3)

(2.4)

(2.5)

(2.6)

(2.8)



[Lf LOEER]

MEBEOONHEILLzE X,
VkEN, Ji€],
SM(@y, wi;t) =1 (2.9)
ALVi'€T—{il, SM(@, wr;t) =0] (2.10)
DENHLF L\, 'l

2.2 A new probabilistic relaxation method using similarity meatures
2.2.1 6DDEEXE D~®

axiom 2 % {5 72 T PUE A%

SM: @ X Q—{s| 0=s=1]} (2.11)
*BAT 5, axiom 2, (i) OBMEFESBRILLTVENH, -V o b i€IFEBDOH T
T CORENY — ¥ w0 L O OEYE SM(@, @) % '

SM (@i, w;) : The probability of pattern ¢, having category €; : (2.12)
L. BRY %,

KO6HFE D~O v BEATS !
@OSM(@y, wi; t) : The probability of the k-th pattern @, having the i-th category € at step ¢
@CcM(@y, @:; €, €;) : The compatibility measure of pattern @ having category €; when
pattern @, having §;
BIF (@y, ;) : The influence coefficient of pattern @, from pattern @,
@ONSM (94, €0 =3 TR (@4, @) * 3 CM(Ps, @15 G, B))-SM(@1, w55 0)
: The nelghborhood support measure of pattern @, having the §; at step t

®% (difference)
DFF (@i, €5 1) =SM (@4, wi; t) —NSM(@,, €5 t)
®OR(@; 1)
=3 [SM(@x, writ) +SM(Px, wi;t) “DFF (@, G5 1)] O

2.2.2 BHFHFILIYZIL
The dynamics of the system depends on its governing equation, i.e.updating rule of the system.
X (2.12) ®SM #EH L T\ { updating algorithm iERKD & I IR H N 5:
(i) initialization (fIE1t)
SM(@y, wi;t) | t=0=SM(®\, w),kEN,iE€J (2.13)
(ii) updating rule (FEFTHIAI)
SM (@, wi;t+1)
=[SM (@y, wi;t) +SM (@, wi;t) “DFF (qok, )] /R(@ 1), KEN,IET (2.14)

2.2.3 SM(@y, w;t) DIBIERMA
X (214) o5bhB L2, BEAEE
VKEN, Vt€(0,1,2, -}, 3 SM(QPs, wist) =1 (2.15)
BHY Lo TWVD, FoT, 2.2.1H, ODOR(@t) DFEHFRIR



R(pgt) =1 +i,§E:J SM(®y, wi;t) "DFF (@, € :t) (2.16)
DY o T\ B, : .
2.2.4 WILEDTEE CM, ¥EBORE IF D@L ThIEE S VLY
compatibility CM( @y, @.; €;, ;) &, influence coefficient IF ( @y, @;) & iZ. 2.2. 1HTHBEENT
WBY, K, ROFERMER/TIERERT S :
[CM D7z & T HiE 7% & 7% v axiom CM]
(i) Vk VLEN, Vi, Vj€J, 0=CM (@, ¢,; 6, ;) =1
(i) Vk V(EN, Vi€l = CM (9, @3 6, ) =1 : = O]
[IF Diii 7z & i3 id 7% & 72 Ve axiom IF]
(1) Vk,VLEN,0=TF (¢, @) =1
(1) Vk 2 F(p, ¢)=1 . O

2.3 EXXHEE#HET CM,IF : :

25AR (2.17), (2.18) 2T CMIBEXMERA TV L vbis, AR, 25451
(219), (220) %72 § IF IEXMEHI TS L wbh 3,

[EH2. 1] (EZMCM, IF ODNSM-SMIBZEFTTE)

Hbi€T L, BAKEN EBHFEL T,

MALMEDRIE CM OEM .

CM( @y, @; €, €) =1 : (2.17)

ALV LeN—{k}, VieT—li},cM (o, ¢,; 6, 6,)=0] (2.18)
PO ZoTHY, Bo, BEERIFOBEXN ‘ :

IF (@, @) =1 . ) . o " (2.19)

ALV LeEN—{k}, IF(py, @,)=0] (2.20)
DY S o THBRIE, ’ :

NSM( @y, €;;t) =SM(@y, w;; 1) (2.21)

DFF (@, €i;t) =0. ‘ - (2.22)

PRI L, FHREEERT 3RBALER

R(@st)>0= . (2.23)

SM (@4, wi;t+1) =SM(@, wi;t). . (2.24)
T 5,

(FEHA) NSM (@, €i;t)

=2 F(Po )3 CM(9, 911 €, €;) -SM(@r, w;31).

=e§N IF (@, @) *CM (@, 13 G;, €,) -SM (@, wi;t) 0 R (2.18)

=CM(@y, ¢y €, €;)-SM (@, wi; t)

250 (2.19), (2.20)

=SM(@, wi;t) R (217) (2.25)

2R R (221) OBNATRERT, R (222) RERROP OIS P TH S,
R(@gt) 3ARER (B.8) #ii/zLTwans, & (223) i,

R(@st) 0 - (226)

LS THE, LoT SMOEHR (2.14) 25, K (224) PRILT 52 E0bh 5, O



3. BT HREORKE BT 5

AETIE, [FEBTO “SMERMBMEICBIT 2 ERNHEEE” 22 &L LT, SHUER
FREORBICET BN EMA L, 2. 2. 2OEHT VT ‘)ZA#-f%Tj‘Z)u%kﬁ:ﬁ\lﬁgzpkéh
5o

3.1 FEIRHEXZHTFEHEREICRATS 3%@%@
%3, AEEHRRIWLT 5 &) BT, HRARABEZ RS 52 2. 2HOEHRT7 VT
VA LHRT S 2R ER O PITT 5 OB O3 D ORBERS. 1~3.3% AT %,
(3. 1]
" The updating rule in equation (2.14) can be rewritten as
SM(@y, wist+1)

=SM(@y, wi;t) +SM (@i, wi;t) *d(Py, wi; )/R(Py, t) ‘ - (3.1)

=SM (@, wi;t) [1+d (@, i3 ) /R(Py, )] (3.2)
where

d(@y, wist) :

=q(@s, wi;t) *DFF(@y, Gi3t) — Sies—pii SM(Pi, wir;t) “DFF (@, wi';t) (33)

q (@i, wis)=Zer—ii SM(@y, wist)

=1—SM(@s, wi;t) : (3.4)

The dynamical behaviors of the labeling system with the probabilistic updating rule given by its governing
equation (2.14) are determined by the quantity NSM (@, ©;; t) and therefore d (@i, w;; t)- defined by
expression (3.3) is known as a controlling variable of the system.

GEW) X (32) OBIER (B1) »HHLLTHL0H, R (3.1) OBLERE ),
X (2.14) 2ERT L, :
SM(@y, wist+1)
=SM (@y, wi;t) +SM(@s, wi; 1)
- [1-R(@i, 1) +DFF (@, ;) I/R(P 1) - (3.5)
LB Zhic, R (2.16) 2ERLTHELRLER ‘
_i,éj SM(@y, wi';t) *DFF(@y, G5 t)
=1—R(@s; 1) (3.6)
75:1&)\‘?7& ‘ :
SM(¢k, wi3t+1)
=SM (@i, i;t)+SM(@y, wi;t) - [DFF (@, Cist) = 3 SM(@y, wi't)
*DFF (¢, €5 ) ] /R(@y, 1) :
=SM(@s, wi;t) +SM(Py, wis 1) - [(1—SM(@s, wi; 1)) -DFF (@i, -Gis 1)
— S yer-til SM(@y, wi;t) ‘DFF(@y, G5 )]/R(Py, 1)
=SM(@y, wi;t) +SM(Py, wi;t)* [q(Py wist) ‘DFF(@, €;;t)
— S~ SM(@s, wir;t) ‘DFF (@, &) ]/R(p, 1) "0 R (34)
=SM(Py, wi;t) +SM(Py, wis 1) - d(P, wis )/R(Pt) 0 K (33)
. R (3.1) OBMAITRENT,



(#BhEHE3. 2]

Vi€J, DFF (@, §;;t) =0 (3.7)
TH L,

R(@y, t) =1 (3.8)
B S H, FEIAHER |

Vi€, SM(@y, wi;t+1) =SM(@y, wi;t) (3.9)

27 T ERE KT 5,
(FIBEE3. 20FEH)  R(Pi, ) ORHK (2.16) 12, X 37) BAATIUE, 2 (3.8) By 7

DIEFDbH L 28 (3.7), (38) X (3.5) ILRAAT L. KG9 ORI, O
(B RE3. 3] |

(i-DR(P 1) >0 (3.10)
Z5Ix,

SM (@, wi; t+1) =SM (@, w;;t) (3.11)

=

d(@y, wi;t) =0. (3.12)

(i-2) A% (3.10) 2L, Bo.

SM (@4, wi;t) >0 (3.13)
6 1E,

A (3.11) =2 & (3.12).

(ii) 3 (3.10) I LTHEY, Lad,

SM (@, wi;t) =0 : (3.14)

o, X (3.11) Y O,
(iii) R (3.10) 29KIZ L TV L,
KX (3.11)
X 3.14) VR (3.12).
GE®) (-1) OFEH : X (3.1) 2»5EHS
(i-2) OFEH : FER (3.10) AL LTHB 05,

A (3.11)
© OSMU(Py, wist) +d (P, wist)/R(@t) =0
x-(3.1) (3.15)
=d(Pe, wi ) =0 . 23%(3.10), (3.13) '

(i) OFFHI @ KX (3.10) #FEL. R (3.14) 2RAT 2L, X (3.15) BRI, X (3.1)
R (315) 2RATHIE, X G11) #RYEoZ LA bh s,
(i) DFEH : KX (3.10) AL L Twhig,

. (3.11)
o (3.15) o & 30)

o3 (3.14) VR, (3.12). O

3.2 FEHREOER
ROFEF3. 11, 2.2. 1THDZE DFF (@, €:; t) %,



a suitable quantity for measuring the global inconsistency among SM (@, w;; t), and
CM(@,, @:; G, §;) and SM(@,, wi;t) i'en (3.16)
THHIEEHLMILTEY, 2.2 2HOEH TNV T XLHPEREL EB T2 &4 2R L
Tw5,
[E#3.1] (FEREORREXTHE) :
The k-th pattern @, with the i-th category §; arrives at a stable state at stept such that

[SM (@, wi; t+1) =SM(®y, wi;t) if R(@,t) >0 (3.17)
=
d(@y, wi;t) =0if R(P, t) >0, : (3.18)
2%0,
q(¢k, wi;t) *DFE(@,, €3 t)
=3Siei—tii SM(@y, wi;t) ‘DFE(@y, wir;t) if R(Py,t) >0] (3.19)
V
[SM (@, wi;t+1)=SM(@y, wi;t) >0 if R(P, 1) >0 (3.20)
=d(@y, wi;t) =0 (3.21)
o (3.19)] .

(GEHH) =X (3.19) DAz
SR (3.18) DL o X (33)

=R GBI OETZ 0 R(@,t) >0AT (3.1)
RSN, Wi,
3 (3.20) DL
SSM (@1, wi;t) *d(@Py, wist) /R(P, t)
X (3.1
=R (3.18) DRI
SM(@y, wi;t) >0AR(@,, t) >0
ok 3.19) o o X (33) O

3.3 “2® (29), (2.10) THREh3LZFLVER” O, EHF7ILIVILICLIER

K G PHME) WRIEROBY) TH 5,
3s€1{0,1,2, -,
Vit=s, . .
R(®, t) >0 (3.22)
= ' k
3ier=11,2, -, ml,
Dd(@y, wi;t>>0
DSM (@y, wist+1) >SM(@y, wist)
@d(@y, wi;t)=0
SSM (@, wi;t+1) =SM(@y, wist)
®@d(@y, wi; V<0
SSM(@y, wist+1) <SM(@y, wist)



AL 23K (3.1), (B8) #FETHE, I LIhrd, ZHL i,
Aselo, 1,2, -}, ' o

Yit=s,

i€, d(Py, wi;t)>0 (3.23)

A [Vi'eT—lil, d(@., wi ;1) <0] - (3.24)
ifR(@,t) >0 o : ’ (3.25)

ThHhhE, :

t—oo [ZFEVY, .

SM(@y, wi;t)—1 ' : (3.26)

ALVi'€T—li}, SM(@y, wi;t) —0] (3.27)

PHFEENAZ Ich B,

3.4 TEREORILICET 358

i IR
R(@, t) >0 (3.28) -
THI, ‘

d(@y, wi;t) =0 o (3.29)
SSM (@, wist+1) =SM(@y, wi;t)

WEhER3. 3, (i-1) : (3.30)
OSM(@y, wi; ) =0Vd (@, wist) =0

WBhEHE3. 3, (iii) : (3.31)
= : ' » '
[d(@s, wi; ) =0 if SM(®y, wi;t) >0] - (332)

VISM (@, wi; ) =0 if d(@y, wi;t) >0] : ‘ (3.33)

=Vvier—lil,
[Sier—ii SM(®y, wi-;t)] -DFF(@y, ;1)
=S ier—iii SM(@y, wi-;t) *DFF (@, ;1)
K (33) ’ N : © (334)
SVier—iil, ‘
DFF (¢, §;;t) =DFF(@y, & ;t)
if 1>SM(@y, wizt) "0 (34) (3.35)
CEELTEL,
ROEH3. 213, PHEIRER (3.38) HIZ LT,
The quantity DFF (@, §;;t) is referred to as the degree of inconsistency with regard to
SM(@y, wi;t), CM(@y, ;; 6, 6;) and
SM (@, wi';t) (i'€T)
THBLBRENDZ LICHE LR (342) DRI REZIEMLZLDTH D,
[E#3. 2] (FHREEHE)
(i) R(pst)>0 : - (3.36)
%5,



viel—{i}, SM(@y, wi-;t) =0 : A (3.37)

 2SM(@y, wistt 1) =SM(@Py, wi;t). E (3.38)
(i) & (3.36) FEIMLTWD R SIE, .
SM (@, wi;)>0 4 , . (3.39)
ASM (@, wi; t+1) =SM (s, wi';1) ‘ (3.40)

=d (@i, wist) =0 ' (3.41)

[Siei—1i SM(@s, wi;t)]DFF (@, €;;1t)

= Svei-iil SM(@, ;1) DFF (9, Gi31) - o (3.42)
B LD,

(i) _

[Vi'€T—1il, SM(®y, wi' ;1) =0] . ' (3.43)

VI[Vi'€J—|i}, DFF (@, Gi;t) =DFF (¢, €;';t)] . (3.44)

b, R (342) WY IO, '

(iv)

(iv-a) SM(@, wist) =174 51, R (343) ALY 70,
(iv-b) Vier—i{il,
SM(@y, wi; t)—SM(Py, wi';t)
. =NSM(@y, €;;t) —NSM (&, €5 1)
ZoiE, X (344) WY LD, ;
(GEBH) (i) . #WBEHE3. 30 (i) ZHALTELNS, .
R (341) 3, WHPTEHE3. 30 (-2) EHLTELNL, R (342) @&, 2R (33), (34) %
Hwt, X (341) 2FBEXELALDIOTH A,
(i) W EHSPTH S,
(iv-a) &, R (2.15) 5B TH 2,
(iv-b) . 2.2. 1THO®OEHREZHWT, R (B4) *BXEHLZbDTH 5, O

4. 03V

Z L DIERPIBET 5 ANEERP SHEORROAEFRBLIZVEETD L, ZD L) LEE
AL e 22 “SERSIT U TAREBEEET V" Tk, ANy - OMBH OB TR Y -V D
MEBOFB LDV TAPERELETNERS WV, Ay 74—V F2a—=F VR b
[2] 2FH L7 2 OBOBRICIE., SIS TREER OMBTY (= a—uroiafi) 54
EENTWS [40], .

H—DRKEGNICEINIWMEOLH 2 RET S “DHRBES AT L &, K4 Bho7:
BERBRTHTUTFTLAEINTF I -V ML TRETAVAT L E LTHEET AR
[41] 3d ), MEEEKELLZVE ) REBETERICL, BET 2WROBELZOIERLTE
R ETDOEHPLODRPLRVEVIERRY — VOERICHTRTELIDYAF AT, T—
ViV IOWREBEEY 2 —NVERBED 2 — VAT, BELEREZIEFICEESETVES,



DL BUMEOBRY AT LOWEIL | Bd <, BFEAEARIOTHS S,

RLESL, AMMEARIE., BE—EEH» SBEROWAS D T B shsL 512 (segmentation
[42]) AR HEHSWEL L DTH B,

The relaxation process iteratively modifies the similarity vector SM(@;; t) = {SM(@¢, wi; t) | i€ T}
and generates the final similarity vector SM(@,; t) satisfying a fixed-point equation SM( @,; t) =SM( @:
t+1) atiteration t.

The dynamical process of the system suggests that a probabilistic relaxation can be regarded as a
- competitive process among categoies under the probabilistic constraint (i.e. 0=<SM (s, w;: t), CM (@,
e ¢, E)=1, %J SM(®, wi;t) =1 and %J CM (@, @.; €, ;) =1). The distance between some m-
dimensional unit vector and SM (@; t) does not necessarily increase (or decrease) monotonically to the
final result. It often increases at the first few steps, and then decreases to the final result.

We could see that the proposed scheme has a reliable property of labeling (classification) based on its
recurrent dynamics , i.e. the convergence properties and the behaviors of stable states of the scheme.

RHRL T, 120785 =V IZOoVWTORH#OH X ERRHCHATV2BH XT L
RECOGNITRON OffsE L 13£ % ), 120BEHENIC, X (1.1) O nEHOWEE @, @, -+, p.€D
CONDLEHPLI-E &, B ok=1~0) K. X (12) OmBEDHFTY G, 6y, -, G
DWW, W% %57 T) 25T E00, R (1.3) OWIUORE CM(@,, @,; 6, 6) L5t
(14) O HBORE IF (P, @) 72601, 1, 1. 20 FH L~k e L~V 2R 6 (Do)
THEASN, NERAOEMEHH SM ¢ ML T52 2 2HTHB SR TV AEH T LT X
LERAT B SMEERE 7 XY ¥ FHEEEANURT 2 720 O LMD M B O8I S h s,

BRIRINTVDE DR, EROBEIER LT, 20F9M - EEE+HETL-Th s,

Let SM (@, wi; t), i €T denote the certainty measure, i.e. the probability of the i-th object @, having
the i-th category (label) @, at step t. The initial certainty SM(®x, wi; 1) | 1= is set such that SM(&4, w;: 1)

| «=o=SM(@, w;) (the similarity measure between the k-th pattern @ and the i-th prototypical pattern w
i). Compared with the updating rule of three expressions (3.1) ~ (3.3), Rosenfeld’s, Zucker’s and Chen-
Luh’s updating rules have a common form

SM (@, wis t+1)

=SM(®x, wi; t) +SM(@, wi3t) d (@, wi; )/R(G, t)
where

Dd (@, wis t)

=NSM(®,, €;; t) _m(¢k’@i; t)

@ONSM (@, G:; 1)

EEJ NSM (@, €;;t) -SM( @y, w;; t)

OR(@, 1) =
1+NSM (@, €;;¢) (Rosenfeld et al.)
NSM (@, Gi;t) (Zucker et al.)
1 (Chen-Luh).
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HERA. NE—LEFI To, No— A0, FHERM SM

BAFEFATIZ, FHUEBE SM &\ b O SRk & 2 vaxiom 225563, FHBEI R,
FDk, BEIA T TS5, EFVEBIERAE T, RBEONHE T AREBEO Y - E£450I1CH
T HEREGREROBE, O, EUE SM 258 555 — » OERIAERHERS M S
n5, ‘

A.1 axiom 2 & BRI SM :
“IEWB/INZ—2" (well-formed pattern) (&, $5100AhFIYE; (FjcIFBBOEHS) O
ARIRBBLTVAIDEL, DL %C,0EFY (HIREES)

C=1{¢; ljent (A1)
2HET S, oA TV HE L HAMIIHL TV BRERIINZ—> (prototypical pattern)
(#£0) Z1DO®ET S, G . H7 (prototype) & L THORFE/F — ¥ w; ZHLE LIBER D4
HFTVTHAZERFELAZECEELTB, 2212,

O=lw | jEl C@ (A2)
PR (A1) OEATITVEELCITHIETHRENS -V OEETH L, R (A2) DR Q i,

BEEH DM la]jel KonT ‘

JE, 3 0;=0=> Vj€EJ, a;=0 (A.3)

DRI LTV B &) BERT, 1RMIL (linearly independent) TRIFIIE%R S vy, _
axiom 1 [3] 223X (A1) OEFVEBEHAETICL->T, K (A2) ORFENFY -4
EQPEBRShTHELRLR

T Q=[Twlwe€Q} =Tw; | jEI (A4)
BIXMVTHS EEFET S, ZDE &, BB (similarity-measure function)

SM: dXQ—{s|0=s=1} - (A5)
ZEAL,

SM(®, w)=1, 0IftoT, NF—vpedid
F4 ., o CEENERCEE. HEEFRICH Y,
F72, 0<SM(@, w) <1 DFAIE, BBk
HERRICH S (A.6)



&L SMEBRLL S,
BIZ SM iR Daxiom 2% i/ d & ) ISR S iid % 5 v, 512, axiom 200 (i) Z2ERK
T, &7 TV ERHOSEE - AR ICTb R,
7 T BEAOBEFLEIR (a sharp reduction)
ZHOTOEFBINTVAILICEELTB L,
Axiom2 (SEUERIN SM D= 3§ N E Q)
(i) (EME3ZM; orthonormality)
Vi, V€T, SM (wi, w;) = &}
I, 8T TR Y A — DT RET,
05=1 if i=j, =0 if i+j.
(i) (BURE{L4ef, IEHHE; probability condition, normality)
VPEOD, 2 SM (@, w;)=1.
(iii) (5—1’% T DT THOARRZEM; invariance under mapping T)
Veed, Vi€ SM(TP, w) =SM(T®, w;). O

A2 HEihrdUSk
BELTWAER (A1) O&HFTTUES (a set of all categories) G IZFEET 5, KBTI
B’y NF—vold, W, VA REA,
(@, 7). I ¢l =/Tg, ) (A7)
&F 257 (separable) —#EHHR LV ~UL b 2R (Hilbert space) [20] & DILET 5, =21z,
D AU 55 (separable) & X, T 7% (dense) WHEIBFTEAN O IZHET S LEET, ¢, g€
COMD VAR | -5 | XER.

le—yl =/@—7, =7 (A.8)
LERSNG,
RO, BIZE HILZHEL LT, R (0,5 %.

(@, p)=Judm(x) &) 7 & (A.9)
ZZIT, Ty OBEEREZETH Y,
M:qRjT1— 7Y v FER RIOTHEGES (A.10)
dm(x) : IEfHLebesgue-Stieltjes 3\ B (A.11)
X=<{X1, Xp, ***, Xg? EM (=RY) - (A.12)

ETBUGHREVA)L 22 6 Lz M; dm) TEZTBIFIEL v [11],

RIELDORR &5 %MD/ $5 — > (pattern in question to be recognized) @ DEA O Ix, B2 T4 7%
Hilbert 22 . BT 0 2 HELHAMHEETH 5,

BELTWAR (A1) OLHFTUES (a set of all categories) S ITEHT 5, EEH/y —
YPED WEWDI2DHT I, flXi, BEIJEBDOHTIUC, ORRBELTVL LD
B, WITH, &L, EOHTTVIZHRBLE VY~ 208 EOHF TY O LI
JRBLTWENRY =Y R EORELRNG — U BFEELTVE b LR,

BEONY -2 oo REMIC, HBLT, HHHF TYERSH (a prior probability of
occurrences. of any §;; a priori categorical grade-of-membership distribution)

p(), j€T. v - (A13)

—38—



¥, WEESZAM (probability condition)

%%OVC\/‘Z)O ZZIZ, @ﬂ)éﬁﬁ%gp(ﬁj)b
=1 (A.14)

[VjGJ, 0<p(@j) <1] /\j%:J p(@j>
2L TW5,

A.3 ETIVIBREAET &, BREERHEIOHE

Y=V o DEEOICKHLIH [3] ORBATHHEN TV Saxiom 1 %2729 £ 512, &)
ICBAZETIVIBHIEBRE (model-construction operator)

T: d— (A.15)

FEEL. £, 20K @) OB (FEFVERX) TKowT, 3%E

Doee

@OVeed, arped for any positive real number a

BOVeed, TpeED ,
W2 E) s —VEE 0 RBEETNIE. 0% 35—V EHBAL TS o 0ERES (B
A$BIF; basic domain) & LT, /NF —VEES ¢ 13, BREEHER (reflective domain equation)

®=@zUT-®UR** @ (A.16)

where -

T-o={Te| ¢ € o} (A.17)

R**-®=la-@ | @€ ®, acR"* (aset of positive real numbers) | ‘ (A.18)
B SR NER S kv,

HIREEFER (A16) DL LTy —VE£4 ¢ 13, ¥IHEH

(1) =o=Pp20 (A.19)
DT T, KA (an iterative equation) v

& (t+1)=0zUT @) URT- (1), (A.20)
DFFEHE S I, ‘

@ =lim & (¢ (A21)
THAHEPL, TOWZTXEaxiom 1 22 13,

O =R**(®gUT- Pp) (A22)
LEREIND,

A.4 FEQE SM DS EE B NE - OBRIEERRIM
ET, axiom 2% {723 L9110, R (A5 OELUERES SM @R E, R (E2) oh 7TV A&
REHERGA X VTR ¢ OB ARSI (a prior distribution of occurrences of @)

SM(®, ), jET (A23)
PEOLNE, 222, w(F0)EQWEE;EIFRON 7T C OB OHMHE 2 AW ICHA LT
Wb/ — (prototypical pattern) T&H Y, ZDBILHIPELRITCER [3] D8k 1 THHS
nTtws, X (A1) &7 TVEECICHEL, X (A2) ORFNFZ—VEE& Q PEASKL
ZLEBELTE ., Q RIFMICTRTIER SRV EieIBHON 7 T 6 i, ffle
LTO o2 HLb LR ERSTHAZ L2 RE LI LICERLTBI ),

axiom 20 (i) & V. WEREH
[V]ET,0=SM(®, w)) gl/\% SM(@, w) =1 (A.24)



DI LTEY, _
SM(@, w) id, 735 =~ oH 8 eI FEBON 7TV CIBE L TR BHEE (918w it T
VAR, 0, OWIZ@HFETNTVAREL LT, o 0RIC e RWETER) Th 5,
(A25)
LRI NS,

A5 NE—FEFN TeDisl-& &iThiX % 5 &y axiom 1
BEABHLTVD “WBONZ LT IMED Y — Y pDELEO(CH) LR (A15) DEET &
Ot [0, T]" O & 2T L% 5% Vaxiom LIERD & I IKB~5h5, £OHM, Bz,
ETWVEBIERE T OB OVTiE, BIRE, 53O (1]~ [4], [11) ©d 5,
Axiom ] (INF—2 & © EEFNVBHRERETEDON [0, T] OBLTAZAE) (3], [4]
(i) (FICOTEYEM; fixed-point property of zero element) 0€ & A TO=0.
(ii) (#M; cone property; Biv iz, BRULHE)
VPED, a-pEDAT(a @) =T¢
for any positive real number a.
(iii) (%%, idempotency; H A M)
VPEDL, TPEDAT(TY)=To.
(iv) (B8 T DIF G5, non-zero mapping property of T) I @ € &, T +0. O
A2, Bk A7 & RECOGNITRON 582 -2 EF L Tpe 02 BhiX, N4—>peot
RUICRAS L. R &9 A8 A axiom 1TH 5 &, SSHH [3], [4], [12] TiREEL
TWADTH5b,

f452B. SMEBEERRALRIC S 2 EFRBME

ARFB T, HRAD axiom 2 %7 TEOUERIE SM 2R (2.13) O < WAL LR
RL722. 2. 3EDEHR T v TY XL DOFEOUHKME 2 T 5 720 CBEE 52, 2. IHO6EAK
EO~OMMA TV 2 M H 2 BM AN SN2,

The relaxation labeling technique [S] was first proposed by Rosenfeld et al. to deal with ambiguity and
noise in vision systems. Relaxation labeling methods are iterative parallel procedures for producing
reasonable labels (categories) of objects (patterns) based on their incomplete information.

B.1 NSM, DFF, SMICEEd 3 R&sK
ROGEB. 11d, 2. 2. 13 Dneighborhood support measure NSM (@, €5 ) #51 X WK X ¢ 7
FAEHETHY . ZOHFT)HEE €T ITbT 28I 1 L% BB IER L 2 b D TH 5,

[#EB. 1]
Vielo, 1,2, -}, _
VKEN, [Vi€J,0=NSM (g, €;;1) <1] , (B.1)
AZ NSM (@, €50 =1. (B.2)

(GEW) TF(P, @), CM(@y, @45 €1, €), SM(@y, w;; )20 THBH5. 2.2, 15HO@ NSM



(@, Bst) X =0THAT Db h b, BIC,
: %j NSM (@, €;; 1)
=2 F (P, @) 3 [3 M@, @05 €5, €)1-SM (@, w5 t).
=32 F(P. @) 3 [3 SM(@:, w53 t)
€N j€y i€J
axiom CM @ (i)

=2 Fle, @) o A (Q215)

=1 . axiomIF® (1)
THhHPDL,

NSM(@,, 63 t) <1
ThHrILdbhb,

O

ROMEB. 21x, SM(@y, wi; ) PONSM(@,, G t) ZELFIWTELNIWMEDEVDEL L
T?2.2. 13D DFF (@, €3 t) OMxHED 1 LV KELLVWHERAERETHAL I LEEBRHLADO

Thho
[#EB. 2]
Vte0,1,2, 1,
VKEN, Vi€J, —1=<DFF (@, C;;t) = +1.
(GEEH) KX (215) 25,
C0=SM(@,, wist) =1
27, 720 A (B 26,
—1=NSM(®, €;;t) <0

(B.3)

(B.4)

(B.5)

bBL06, 202X (B4), (BS5) 25, 2.2.13HD DFF(@,, €;;t) IZ2oWT, A& (B3) #°

DY A RASH

O

KOMEB. 31, 2.2 2HTHE SN TV IEH 7V TY XA TO 2 DOBELEBESM (@, i

t+1), SM(@,, wit) CANERIE L 2FHEHLHLPICLIZbDTH S,

[#vFEB. 3]
(i) SM(@, wi;t+1)/SM(@, wi;t)
=[1+DFF(@, €i; ) 1/R(@; 1)
if SM(@y, wi;t)>0.
(ii)
0=SM (@, wi;t+1) DHFF=2:SM (@, wi;t).
() AR
0=R(@;t)=2
RSN
SM(@, wi;t+1)/SM (@, w;;t)
=2-1+2"1-DFF (@, G;;t)
if SM(@, wist) >0
SM (@i, wi;t) >0ADFF (@, €;;t) =0
ThHhhiE,
SM (@, wist+1) =271SM (@, wi;t).

(B.6)

(B.7)

(B.8)

(B.9)
(B.10)

(B.11)



(iv) 3 SM(@, wr:t) DFF (@, €i;1) <0 - (B12)
SR(@; 1) =1 (B.13)
S>SM (@, wi; t+1)/SM (@, wi; t)

=1+DFF (@, €i;t)

if SM(@x, wi;t) >0 (B.14)
NP AIASN
R(®;t) =122 DFF (@, §;;t) =0 (B.15)
Thhd,
SM (@, wi; t+1)/SM(@Py, wi:t) =1
if SM(@y, wi;t)>0 (B.16)
SM(@x, wi; t+1) ZSM(@y, wi;t)
if SM(®y, wi;t) >0. (B.17)
(v) 2 SM(@x, wi';t) ‘DFF (@, €i31) 20 (B.18)
=R(p; ) =1 (B.19)
=SM (@, wi;t+1)/SM (@, wist) _
=1+DFF (¢, €;;t) (B.20)
RSN
R(@;t)=21 2 DFF (@, €;;t) <0 (B.21)
Thiid,
SM( @, wi; t+1)/SM (@, wist) =1
if SM(@x, wi;t) >0 (B.22)
SM (@i, wi;t+1) <SM (@, wi;t)
if SM(@y, wi;t) >0. (B.23)
Grw)
(i) ofH X B6) ERX 2.14) »oBELND,
(ii) OFEHA :

SM(@y, wi;t+1) DHF
=SM(®,, wi;t) ‘[1+DFF(¢1<, Eist)]
N (2.14) (B.24)
THrHhb,
0=1+DFF(¢, C;00=<2 . & (B3) (B.25)
TERTH L. FER (B7) ESRS,
(iii) DFEHH : 2.2 1FHDOR(P; ) 12D W T,
R{@;t)
=SM (@, wi;t+1) DFFD, i€T b7 5 HH (B.26)
ThHAEDH, K (215 2FEEL. KX (B7) OWED, i€TITh72286H% &P, Rk (BS)
PRLND, _
Tz, FX (B.6) ICAER (BS) #ZET L, FEX (B9 FELNL, BEIC, &
(B.10) DT TORER (B.11) DL, AERX (BY) 2oL THh 5,
(iv) OFEH K (216) D R(Ps ) 2EEBTH L. RER (B.12) 25OFRER (B.13) OB



VIZHLLTH B,

I/, AR (B25) MR LTWALL, RER (B.19) 2%R (B6) WEET AL, 1%
K (B20) DEIMIEHS P TH B,

HiZ, &R (B.15) OTFTTORER (B.16) ORI, 2A%X (B.13), (B.14) »5HLH
Thhb,

REIC, AERX (B.17) OBRLIE. A%ER (B.16) »O5HLPTH S,

(v) OFEH R (2.16) D R(@;t) xZEET S L. AEKX (B.18) 25 DOFER (B.19) DL
BHL P TH B,

Tz, AER B25) PRAEZLTWE2 5, AMER (B.13) 25X (B6) WEBT L, I
7 (B.14) OFITIE. B2 TH 5,

iz, &R B21) OTFTTORER (B.22) OBzit, 2A7%X (B.19), (B.20) 2S5BS
THbo

Bitlc, RERX (B23) OB, A%ERX (B.22) »oHLLTH D, O

B.2 #&EB.3D (i) oW\ T _
EB.3D (i) LS 2 &iE. XD (A), B) ORISR :
(A) DFF (@, Ci;t) =0 DA
(A—1) SM( @y, wi; t+1)/SM (@, wi;t) Z1/R(P; 1)
if SM(@, wi;t)>0. .0 R (B.3) (B.27)
(A-2) R(p; =1
= SM( @y, wi;t+1) ZSM (@, wist)
if SM (@, wi;t) >0. (B.28)
(B) DFF (¢k, S <0 D&
(B—1) SM(@, wi;t+1)/SM(@¢, wi;t) SUR(P; 1)
if SM (@, wi;t)>0. °.© X (B.8) (B.29)
(B—2) R{p;t) =1
= SM(@x, wi; t+1) SSM(@Px, wi; t)
if SM(@x, wi;t)>0. ‘ (B.30)

B.3 #®&EB.3D (iv), (v) 21T
WEB. 3D (iv), (v) I T Lid, kD (C), (D) DRRKEISNS :
(€) = SM(@x, wi';t) ‘DFF(@, € 1) <0THII,
DFF (@, €i;1)=0
SSM (@, wi; t+1) ZSM(@, wi;t)
if SM(@y, wi;t)>0. (B.31)
(D) i%] SM(@, wi ;t) ‘DFF (@, € ;1) Z0TH 1id,
DFF (¢k, @i;t) =0
SSM (P, wi; t+1) <SM(@, wi;t) :
if SM(@y, wi;t)>0. ' (B.32)



k@R (C),

[ZEHB. 1] (SMﬁE*Eﬁﬁﬁﬁkawéﬂlﬁiﬂ)

EEDt=0,1,2, IZ2WT,
(1) 3, SM(@, wi; 1) ‘DFF (@, €50 <0 THIUR,

Ji€J,DFF (@, €;;t) 20 THH L
(1) = SM(@, w5 t) ‘DFF (@, G520 THRIL,

Vi'€l—{il, DFF(@, ;1) S0 THh B I &

AT 72 E i,

() €T, SM(@y, wi; 0) <SM (@, wi; 1)
SSM(@, wi32) <1

DY AL, BT,

(=) Vvi'er—lil,sM(@, w;;0)
ZSM (@i, wir; 1) ZSM(@,, wir;2) =0

A LD,

B. 4

FEREORR

FERESED X ICERENDh %, 2. 1HOFREEICESL,

O

(D) 2BHATH L, 2. 180 [ZF LWHER] 7B NEKROEHEB. 15455 o

(B.33)

(B.34)

bL., ®AHH telo, 1, 2, ] T, global consistency ’E’nﬂl_ﬁ"%%ft (23) DHIL L7255 1F
2. 2. 13E D neighborhood support measure NSM (@, €;;t) {22\ T,

NSM(@q, €;;t)

=2 F(e, @)- 2, CM(P, @15 G5, €)-SM(@,, w;; t)
~z IF(@, @) - SM(¢k wi; 1) R (23)
—SM(% wit) 2z IF (@, @)

=SM(@, wi3t) . axiomIF® (1)

eF /N

VKEN, Vi€],

NSM (@, €i;t) =SM(@, wi; t)

BEEIL L 2.2, 1BHODZE DFF(@,, €;5t) IC2oWT, & (2.22). 2% 9.,

VKEN, Vi€J,DFF(@, €;:1t)
=SM (@i, wi;t) —NSM (@, €;;t)
=0

PO L, LoT, 2ok (B36) 5

f‘]\

5hs, 2% (B37),

VKEN, Vi€],
SM(@,, wi;t+1)
=SM (@, wi; )/IR(P; 1) R (214)
F NI,
R(g;t)=1 " =& (216)

DIEZEBELUC, 2. 15O EESE SN ROEEB. 20 .

(B.35)

(B.36)

(B.37)

(B.38)

(B.38) 225 # R, THIIRRE % £BT 5 Ay ﬁﬁfrﬁt (2.7) BT %,



[F¥B.2] (‘FHREZERATIFXBRHEICE) v
BaHE t€10, 1,2, -} T, global consistency % ERT HER (2.3) P L72% 5 1E, 35
(B.36), (B.37), (B.38) HEA L. #fE. FHREZEHRTLIABEFER 27) PRILTS,
O
EROEHEB. 2%, EXRERMAT2. 2. 13O CM, IF IC2OWTHEREE 2 ER/ T A A8 8 518
® (27) PRATAHEDOEH2 10—KILTH 5, '

B.5 SMEERNENEARITORLEM
bL, BAELEt€10,1,2, ] T, 2. 180 [£F LWER] MESN%51E, 2.2.25HD SM
DEHF 7N TY XL 2EH t+1 DBRCBWTRETLILEN RV L2 EHT 5 ROEHEB. 32°
YD, BHFH 7N T ALATOREPREREZHBL TVALIBEELZHLPIILTWA I LIZR D,
%1, HEB.1TORK (B.1) 2T, JIOETIHEHL, LLEFLLL S,
(#BhEHEB. 1]
vtelo, 1,2, -, »
(i) VKEN, [Vi€J,0=NSM(®,, ;1) =<1] (B.39)
DRI B _
(ii) VLEN, V€L, cM(@,, @15 6, §) =0
SNSM (@, €;;t)=0.
(iii) VLEN, V€L CM(®, @56, €) =1
=NSM (@, €i; 1) =1.
(FEBA) 2.2, 1O NSM (@, €i5t) 12D\,
VIEN, VJETL, IF (@, ), CM(&., 95 €, €)),
SM(®;, wj;t) Z0foranyk ENand anyi €7
axiomCM @ (i), axiomIF ® (i) (B.40)
ThHirHI G,
0=NSM (@, €;;t) ‘ (B.41)
DOEIIZHLPTH B, EIT,
Zy TF(P, 003 SM(@r, wj31) -0
éNSM(qok, @i;t)
E%NIF(%(, @) 'EJCM(%, @o; €, €) - SM (@, wj;t)
axiomCM @ (i)
ZIT. HEF =1
VLEN, V€T, CM(@, ¢:; €, €) =1
DEETH 5 (B.42)
=2 (P, @) 2 SM(P, wj31) 1
axiomCM @ (i)
ZIT, Er =10
VIEN, V€L, CM(@,, ¢ €, €;) =1
DEETH 5 ‘ (B.43)
=3 F(o, o) . A (215)



<1 * axiomIF® (1)
B GOSN, Gi), Gil) 3& 4. 23 (B42), (B43) »HHLATHD, O
[ZHB.3] (SMERIEMADKEHITRILETHE)
VkEN, 3telo, 1,2, -},

Ji€T={1,2, -, m}, SM( ¢, wi;t) =1 (B.44)

ALV €T—{il, SM(@, wi;1) =0] (B.45)
DAL L 727 51F,

Vi€T—{il, NSM(@,, wi';t) <1 (B.46)

=

SM(&, wizt+1) =1 (B.47)

ANIVIET—{il, SM(@,, wi;t+1)=0]. (B.48)

LoT, PERELERT 28 AHER (27) PRI T 2,
(REBA)  2.2. 13O DFF(@,, 6;;1) I2DW T, 23 (B.44), (BA4S) B0,

DFF((Pk, @q;t)

=SM (@, wg;t) —NSM (@, G,; 1)

1—NSM(@x, €g;t) if q=i

—NSM(@y, €;t) if q=i'€T—{i} (B.49)
ThHoHILNbPb, LoT, & (216) D R(@;0)IZDOVTIL,

R(¢k;t)

:1+%JSM(¢1¢, wi;t) ‘DFF (¢, G ;t)

=1+SM(@, w;;t) DFF(@, §;;¢t) K (B4S)

=1+DFF (@, €t)  ~.© R (B45) (B.50)
PHY o, X (BSO) 1K (B49) AT S &

R(@;t)=

2—NSM(@, €;t) ifq=i

1-NSM (@, €;t) ifq=i"€T—1{i} (B.49)
PROND, FHBIEEB 12 EETA L,

R (B46) DHEI=R(P;t) >0 ~ (B.50)
TH2ILHbrbd, BHERX (214) 2 ZET 5 L.

SM(@x, wi;t+1)

- =[SM(@x, wi; ) +SM (@, wi;t) *DFF (@, €;t)1/[1+DFF (@, ;1) ]

=[1+DFF(¢, €;;t)]/[1+DFF (@, €;0)] . 3% (B44)

=1 (B.51)
AHBHL, Eic,

Vier—{il,

SM (@, wi;t)

=[SM(®,, wi;t) +SM( @, w;:t) DFF (@, €;;t)1/[1+DFF(¢,, ;0]

=0/[1+DFF (@, €;;0)] . K (B45) .
BHRY . RIS, FEREE LT 2 RB A SRR (27) OBILb. 4% (B44), (B45), (BA47),

— 46—



(BA48) »OEALHTH Y, FEHIKD - 72, O

f182C. RBRERRTHEA S N 2FLUERB SM &, 20—t

2ODNRE —VETNTP, Ty MO/ IWLERE|Te—Ty | IKIEET 5L, axiom 2% 723 R
(A.5) DELIBE SM ORFEHZ 16]L LT,

F—B &M

Vi€J, Vi€T—|jl, | Twoi—Tw; Il >0 (c.1)

DT, ,

SM(®, @) = | T¢—=Tw; 172 | T¢—Tw; || =2 (c2)
Bdhb [3]o BHECTIH, ¥ 2Ty ORER

Dl pl=lel-lqgl (C3)

OFER (C3) THF =0OHYIODIE, ¢%y DEH (o%é‘tr) D,

BWid, 9P e0EH 0%&DL) HoL Z RS . (C4)

&, Re ['] % OFEMOEL LT, /)vLHEEHLHELARE L OBBR

ITe-IT@l =Ty -ITyl-1l

=2-{1—Re[(To, Tp)/[ITE - | T5 111} (C5)

WCHEHL, 22085 =Y EFNVTY, Ty HOELR Y DEESGVE S 2 2B ELARK
(Te, T/ LITel-ITyll]=
0 Tel=0vVITyl=0 L&
1| Te—Ty =0 D&Z (c6)
POETHEVERBSM % 1OBR L, Z0%, ORI —&ts 5,

C.1 BB ERBOZTHRICE D < ELUERE SM DiER
C.1.1 BESHIW
EEH a>0 %37 2 — 7 ZHOIEE5 M (exponential distribution) DFERBEf (1) 3.

f(t) =
aexp(—at) - -t=0 D & X

0 <O L & (c7)
THY, ﬁ‘%ﬁﬂgﬁlF(t)ﬂi\ '
F(t)E_];odt f(r)=
Il—exp(—at)"°0§t<00 DL E

0 QDL X (C8)
LEMEE NS, FIMHE (mean value) E, 4757 (variance)Var i3, &4,

E= fdf +f () =(1/a) (c9)

Var= fdr[r—EP f(z) =(1/a)2 (C.10)
k%fﬁéﬂéo

EHFEMD 1a ThHERBHESEE (0,t) OBICEETAIHERIT, EiX. X A3 O FOH ©
ZkThb,



F(x) & x & DD 13001 OESeryxt i

0=F(x) =1

©0=x=—(1/a) *log.[1—F(x)] <o (C.11)
/_IJEE LVCQ"OK_ Do - ) :

C.1.2 1EHSH LTUERE sSM X ,
K (C8) DI_EFHERSHEEF (x) IZ2WT,

F(x) =SM(®, w;) (C.12)
EBTHe TTIT, SM i, axiom 2% 72T (A5) DELUEEETH L, 3 (C11) 26,
sm (@, ;) =x=—(1/a) ‘log. [1—SM(®, w;)] (C.13)
DY IO,

X (C6) DHBUELAMEIE, axiom 20 (iii) W22 (i), Gi) WSV, ZHT, 2
K (C12), (C13) WHEALT, K (C6) DL E axiom 2% 72 LD I L TH LA
LROEHEC. 1D I,

[EHC. 1] (RBIEAT/IES] ﬁ@l?ﬁéﬁsmo)ﬁﬁﬁmﬂ)
F—BEHRX (C1) OFT, EOBZEHa>0 2 EAL,

S(@, w)) .
—(1/a) *log. [1— | (T®, Tw) )/ [ I T@ Il - | Tew; 1] 12] (C.14)
LEZRINEHK
S:dXn—lsl0=s=1} (C.15)
ZHwWT
SM(¢, CUj)E

P(GJ)'"J%J S(@, wj) =0 DEE
S(e, wj)/Jgj S(@, wi)
w2 8@ ) >0 DHE o o (C.16)
EEZEINLRK (AS) OB SM iFaxiom 2% 57,
2T, p(€)d, HEEREMHR (A1) 2WHATESIBHON T I GOEERETH 5,
(FEH)  axiom2® (i), Gi), Gil) %32 %2574,
axiom 29 (ii) DEIZIE, HEFEEHR (A14) & (C16) 2B,
axiom 2 (jii) DBELIZiE, axiom 1 [3] O (i) DEET-T=T 2> 5B D
axiom 2® (i) DI ETR% D 6
2K (C3), (C4) DY aT VY DRERLEET L L, TR
| (T, T)/LITel - I Ty l] 1 <1 (e
PRI LTEBY, £oT, '
0=5(9, w;) = (C.18)
THHILITEELTB L,
Dp=w; DL &
(Te, To)/LIT@ |« | Tw; | 1=1
S(e, wj)=00
@¢:wi(i*j) DR



| (To, Tw)/ [ 1Tl - 1 To; 111<1 =0 K (CD)

O0SS(P, w)) <o
DML TWAZ LIEET L,

Be=wnt X,

SM (g, C!)j)

=1/[1+3ier-1ji S(@, w;)/8(@, w;)]

=1/[14+0]=1

@e=w (i) DL &

SM (@, &)j)

=S(¢, wj)/[s(¢7 wi)+2k6]'|j‘ S(¢, wk)]

=FMRME [EBE+HFRE] =0 :
%1%, axiom 2® (i) 2SI L7z, O

C.2 AEELEN—#KIL
EHCADHFHEAST LS bH 5 L H 12, R (C16) OHRBEEUE SM 28R LEEL LTELXR
DEEC.20ME LN 5,
[EHC.2] (FECUEREE SM O—#BREE)
F—8 &R (C1) ODTTEZ S, 25H#

Veed, VyeQ, | fi(p, p) 2 =1 (c19)

Veead, | fi(p @) l2=1 - : (C.20)
iz 2B £ DR

fi:oxXo—zeZ(BEHOEW) |1z > =1 (c21)
VT, IEOBER a,>0 # BEBICRL. ‘

S(®, w;)

=—(1/a) *log. [1— | £; (T®, Tw;) 2] . : (C22)
LERINBE T ,

S:ox0—islo=s<1] ‘ (C.23)
% AW,

SM(®, w;)=

p (&) s S(@, w;) =0 DHE
S<¢, (l)j)/%J S(¢, wi)
---%J S(@, w;)) >0 DHBE (C24)
LEHRINZA (AS5) OBESM Zaxiom 2% {727,
T2z, p(@id, HEREMR (A14) R THE€IFEEDON T T GOEEHRTH S,
C (GE®)  axiom2 (i) OILIE, WEEREMER (A14) R (C24) 2OHL
axiom 2 (iii) OFWIIE, axiom1 [3] @ (i) OHBRET T=T »LHL»,
axiom 20 (i) DFETIE, FECIDFHIZB VT, R (C6) DHBILABDMRY T, (TP, To))
RERATRE, BEFEBICREIRS, O
[(B11] ($ysETEE BRI SM) '
3k (C21) ORA%Lf, & LT,



fi (@, n) =exp(— @~ 51%(a)?), 3,>0.
YRHATE 5,

(2] (3ABELERIE SM)

A (C21) DB%f & LT,

f; (@, 7])

=max [0, (1Va)* (— | @—» | +a))],8,>0
THRATE %,

(#13] GFREFABIEH g % H\7-EUEEH SM)

354

g;{0)=1

A [Vuz0, g;(u)=0]

AN0=wm=uw=g;(u)=g; ()]
A L

gi ¢ PR FRAEHEKDES)
ZHAWT, K (C21) OB & LT,

(@, p)=g;(le—7y 1)
»RHATE %,

(C.25)

(c.26)

(c.27)

(C.28)

(C.29)

{+82D. 3AMRBLIERIS SM DR

FAEDTIE, 3ABROBEDEBDLK SM 2 2BEBHE L. i, 2008 — B O E
Hamming #18 Ham (w (@), u (7)) 25 %E T 2HUEME SM SK S5,

D.1 3ATBKOBEE (x) IC&3ELEBES SM OB
D.1.1. 3AMIKEH
CEBELH x DX S 1REK
f(x) =max {0,1—|x—m/al, a>0,m=0
WEHLE ). £ () @3@ABRELTBY., 4y
OVxE{xIm—a<x<m+a}, 0<f (x)<1
@df (x)/dx=1/a>0 if m—a<x<m
@df(x)/dx=—1/a<0 if m<x<m+a
@f (x) =
0if xSm—a
1if x=m
0.if x=m-+a
BHbHIELIEELTE L,
D.1.2 XELUERIE SM DiER;

ERDO3ATIRBIE £ (x) A5 hint 278, ROFED. 101< |

&%,

3SATLIRELIE RS SM 2Rk T



[EHD. 1] (3AMRELIERS SM DR EE)

251

Vi€, a,>0 ' (D2)

Vi€L Vi€T—|jl, | To;—Tw; | =a; (D.3)
DT T,

M(o, wj) =

max {0, 1 — | T® —Tw; |l /a;}
I3, max{0, 1 — | T® —Tw; | /ai} - Ti€J, | T —Tw; | <a, DH&

p(€) Vi€l I T¢ —To; | Za, 04 (D.4)
LEZRINAR (AS5) OBIH SM idaxiom 2% 725, O

DI Te—Tw; | Za; A[Fi€T—{jl, | TP —Tw: | <a;]=>SM(@, w;) =0
DI T —Tw; | <y ALVIi€T—{jl, | TP —Tw; | Za;]=>SM(@, v;) =1
@3i€l, 1 TY —Tw: | <ai DA
0<SM(®, w)) <19 0< | TP ~Tw; || <a;
DEILITEELTB <,
(EHD. 1DFFHH)
axiom2® (i), i), (i) PERILERT .
(i) DEZREICOWTIE, 254K (D2), (D3) ZZELT, DIXBWT, ¢=uw; (i) &
BIFiE,
SM(wi, w;) =0 ({iFj)
DD DY, QIZBWT, ¢ =w; b BT,
SM( w;, w;)=1
DRI DB
(ii) OEBAEMFICOVTIE, SMOEHER (D4) »SHLH,
(iii) O T-AEMICDOWTIE, axiom 1[3] @ (i) DEETOD, T@f\#%r@f%%%#f&)éo

0
D.1.3 S1DNELERH SM
D D 1M F 29’11(}1(61, TRET Do
A
ul ®XL—Z (EEHEHROESE) . (D5)

ZEAT D, w(PKEZIRINI -V 9 EQDFEKELFHOIFHMETH 5,
axiom 1 &{l72§ “NF—VEEO(CH) L, K (A15) DEFNERERET Lo [0, T]”
BT BEN L T OB

Te=3 u(@.k) ¢« (D.6)
LE5ZONBEREZHZTWEbDTHS [11], (3], [4].
2DDNY —VETFNVTQ, Ty DETQ—Ty D/ VA [ Te—Ty |l DEFEE

I Te —Tyl?
=(Te —Ty, TP —Typ)
=3 3 [u(e,k)—uly, K] lul@, ) —uly, O] (¢ ¢z) (D.7)

k€L (€L



LETEE NS,
B2, {gdia ERHE

(¢, ¢0)=0(k+F1¢) (D.8)
Wiz L. EXROBA.

ITe—Tyl>

=3 lu(e, ) —u(y, B2 gl (D.9)
ERBIEDDDD,

SM (@, w;) ,

=1T®)—Tw; II*I/% ITe —Tw; I -

on condition that

Vi€l Viei—{jl, | Toi—Tw; | >0 (D.10)
EEREINDA (AS) OBIHSM b axiom 2% 72725, BHED. 1 CHER S N2 EUEBEMK SM O
FOEHEICER BT 2B A0SV EE X bR,

D.2 4¥@MHammingEREICE D < 3ATRIELUERS SM DR
u(@, ke, 1} DBHA.

w(e, k) =1 »
ONY =V QILRRBEIIEER u O ET A WE IO X,
FBRELFEHOBMELHET S (D.11)
LR TE L, 2002ERY PV
a=col(a; a,***an), 2, €10, 1} . (D.12)
b =col (b; by***bn), b €10, 1} (D.13)
&l O Hamming B3 Ham (a, b ) & 1.
Ham(a, b ) =3 la—b| . (D.14)
where L=1[1, 2, -, m} (D.15)
LERIND,
u(p,k) El—1,+1} (D.16)
DHE
v (@, k) =[14+u(p, k) 1/2€l0, 1} : (D.17)
EEBLTBINE, UTORB20FF, KTt 2,
IVEC N
N =Y @€ PO SN 2ERYREDH
u(@)=col(u(®,1) ul®,2)u(e,m)) (D.18)

whereL=_[1,2, *--, m}
DHEEZ Do 20D2ERMEOH u (@) & u(y) & OO Hamming B
Ham (u (@), w(yg)=3 lul@,k)—ulyK | (D.19)
*BAT D,
[ZHD. 2] (BAMRBLIERES SM OB TE)
254



Vi€, a;>0 (D.20)
Vi€l Viel—1{jl, Hum(u (Tw;), u(Tw;))=a; : (D.21)
DFT,
SM(®, w;)=
max {0, 1 —Ham (u (T®), u (Tw;))/a;}
/3 max|0, 1 —Ham(u(T®), u (Tw:))/al
++3i€]J, Ham (u (T@), u (Tw;)) <a; DHE

P(@j) . . A
~Vi€), Ham(u (T®), u (Tw;))=a; DHE (D.22)
LEERESNSLE, (AS5) OB SM iZaxiom 2 %723, o O
SM (@, w;)

=Ham (u.(T®), u(Tw;))~"/ 3 Ham (u (TP), u (Twi)) !

on condition that l

Vj€J, Viel—|jl, Ham(u (Tw;), u (Tw;)) >0 (D.23)
EERINARR (AS5) OB SM b axiom 2% {72345, FHED. 2 THEK S W BLERE SM
DFHDBERBNERICRET 2HEPLVEEL LN,

ATSRE. SR RREIEEIS SM OB

AMNFETIE. BEEBROELERE SM 2 2BEBR L. i, 220037 — HOSHH
Hamming Ji# Ham (u (@), u (7)) 5 %E F 2 EUERE SM 2K S h 2, :

E.1 BEEROBE f(x) Lk 2HLUERE SM OB
E. 1.1 BF3ANKERR
EHEEE x OX SR 1 KBS
£(x) =
0 - x=m—a DEHE
(x—m+a)/(a—Db)
~m—a<x=m—b DLHE
1 m—b<x<m+b DHAE
— (x—m—a)/(a—b)
cem+b=x<m+a DFE
0 ~m+aZx DBHE
,a>b=0,m=0 (E.1)
KHEHLE Y, b=0 L BNT3IATRIC L 288t x) WEREREZ LTHY. 3BH
OvxelxIm—a<x<m—b}
Uzl m+b<x<m+al, 0<f(x)<1
@df (x)/dx=1/(a—b)>0




fm—a<x<m—b
@df (x)/dx=—1/(a—b)<0
ifm+b<x<m+a -
BHAEZLICEELTE L,
E. 1.2 XEQUERIE SM DIER
LRDEFTRBE £ (x) 25 hint 23, KOEHEE1 QWL . Ai&ﬂkﬁw@ﬁéﬁ SM B3 HEX,
TX 5,
[EHE. 1] (BEFRELERIE SM @ﬁﬂzmﬂ)
251
Vi€l a;>b;20 (E.2)
Vi€l VieT—|j}, 3= | Toi—To; | (E3)
DFT, _
(N Fi€), | T¢ —Tw: | <a,DHé&
S(e, (Uj) =
0. TP —Tuw; | Za;0%4
(aj— I T@ —Tw; I )/ (a;—1;)
< I TY —To; | <a;0H4&

1 | Te—Tw; | <bOH& (E4)
LT,

SM(@, w)) =S (9, w)/3 $(P, w) (ES5)

2% Vi€l, | T@ —Taw; [ 2a, DBHE

SM (@, w;) =p(E;) (E.6)
LEFEINLK (AS5) OB SM idaxiom 2% 727, O

DI T® —Taw; | Za;A[TicT—{jl,
[ Te—Tw | <a;]= SM(®, w;) =0
QI Te—Tw; | =a;A[VieT—|j},
[T —Tw | Za;]=> SM(p, ;) =1
@IELb< | TP —Tuw; | <aDHE
0<SM (@, 0) <1Eb;< | T —Tuw; I| <a;
DEMIEELTE L,
(EHE. 1DFEH)
axiom 20 (i), (i), Gii) ODWV.ZFRT,
(i) DERMEICOWTE, 244K (E2), (E3) 2ZELT. O, OBV T, &4, 9=,
(#Fj), ¢=w & BFiT.
S{wi, @) =0GFHAS(wj, ;) =1 , '
SM (wi, w;) =0(i#j) ASM (w;, w;) =1 (E7)
DEILH BB,
(ii) DBBALFHFIC OV TIE, SM D2EHER (BS), (E6) 2°5H5 0,
(iii) DT-REMIC OV T, axiom 1[3] @ (ii) OHETO, TORIEURP LB HTH 5,

—54—



E. 1.3 S1DNELIERH SM

CDIXRMT %% gl EBET S0

X (D.5) DREHHHE R u

XEBEATH, u(PKNEZIRNNY - ped DEKELFHORFHMETDH 5,

A. 5EQaxiom 1 &{fi/2F 87 —VEE 0 (CE) &, X (A15) DEFNVERIMEHE T L O
[@,T]” BT HHHYLE TOFIE, R (D6) THFXOLNEIEREMITVELDTH5,

2ODNRF = VEFN TP, Ty DETP—Ty D/ Vi I Te—Ty | OBFE, X D7) O
ELLRHEENS, 2, [dde R (D) OERM A L, BEXXROHAE, X (D9) 0T
&L, BHEND, '

H. R (D.10) DZTEL, EEINLA (AS5) OBE SM baxiom 2% {72345, EHE. 1 TH
B E NP SM OB ERBICENIRET AHENSVEEZI LD,

E.2 $5#EHammingEREICE D < 3ARIAELUERL SM DB
u(e, k) €0, 1} DFE, u(p, =112 T, RD.11) DTEL, FRTE 2, 2202RK
(D.12), (D.13) D2EXZ Fva, b DOHamming 58 Ham (a, b) &id, X (D.14) 0 T& L,
EFREIND,
& (D.16) P IoHAE, R (D.17) OTL L, EBRLTBTIE, DTomIZz0FE, &K
YA R '
D&,
Ny —vped PLMUIND 2EFHED, K (D.18) DAEER 5, 20 D2HEIFHEDH
w(@)& u(y) oo, X (D.19) ®Hamming ¥l Ham (u (@), u(y)) #EAT 2,
[EHE. 2] (BAMRELIERS SM OBKEE)
2544
V€T, a;>b; 20 (E8)
Vi€, VieI—1j}, Ham(u (Tw;), u (Tw;)) Za; ’ (E.9)
DT T,
’ (1#) -Fi€J, Ham( u (T®), u (Tw;)) <ai DHFE
S(¢, wj)=
0 -Ham(u (T®), u(Tw;))=a;DH4E
(aj—Ham (u.(T®), u (Tw;)))/ (a;—by)
-+b;<Ham (u (T®), u (Tw;)) <a; DHE

1 -Ham(w (T®), u (Tw;)) <b;DHE (E.10)
L LT,
SM(e, Cl)j) =S(®, ;) /EJSW’, wi) . (E.11)

(2#) Vi€J, Ham(u (T®), u(Tw;))Za DFE

SM (@, w;) =p(G;) : (E.12)

LERENDLRA (AS5) DOBE SM idaxiom 2% {723, -

H. & (D23) Tk, BREINBRX (AS) OB SM b axiom 2% #7345, EHE. 2TH
B S N BEUERIE SM OB BSERBICENBET 2 BEPEnEEILND,



{348 F. Hamming IEBE ICE D\ - JELUERIS SM OER

FAEFTIE, B3, EB2ENRZ FVEO, X M5 TV 5 Hamming Bl % EHE N2 kL
B OHamming BREE~EHLIR L (F. 1), 20, n XKoL —2 ) v FZH R HOEHE~Z F v
ELTONRY -V ped I2DVT, 25MF.1, F2D T T, axiom 2% 72 THEUEEE SM 25
L (F28), ®&BIC, &A1 (REBIEEM) 2@ TEANRY MV We 2B 2 P8,
HHEND (F3%8E), ' R

F.1 EHENY MIVEIOHamming BB Ham
EHGT ai, b E1D2EER B 20D bV

a=col(ajaa) (WRIFINRZ ) ‘ (F.1)
b =col (by by *** bn)’ o (F.2)
DE D, WIS B BT a, b DEVOD, k=1~nllb 722 8BAiE, _a, b BOHamming 25k >

bhs .
a, b [#®Hamming F5 &
=3 127 [1+al =271 [1+b] |
=273 la—be |,
 where a,, by € {—1, +1} (k=1~n). (F.3)

1EEH u D2fERH
psnt (u)=
0 if u<0
1if u>0 : o (F.4)
2EATHL,
BB a, bA2E £1 2 £ 520DRY b
a, b DHamming & Ham(a , b )
=n——kél psn* (a*by) (F.5)
DY DO Z LITER LT, EED2ODEHRMENY Fva, b ER B O Hamming JilE % KD 5E
F.1T5 2 %,
[EFEF. 1] @ODREMENY bla, b BMOHammingIERE)
EEDO2ODEMENY Fva, b €R" FOHammingJE# Ham (a2, b) L1, 3% (FS) 2+
b5, S O
CDEII, B a, be 20 £1 2L 527 F)va, b BOHammingEEREICOWTHE, &
(F3) TOBREERFIL I —BTHILICh D,

F.2 2%fF. 1, F. 2% 37 ¢ BBIERIS SM D#R
EEBHn 214, RIZH->THEL,
@ =col(a;2,*** a,) ED, '
where a, € ER (EHEFEDOES) k=1~n) : - (Fe)
Twj=col(bi(j) b2(j) b (j)), '



where b (j) ER(k=1~n)
[ZDWC,
: (@) k=a,, (ij)kEbk(j) (k=1~n)
ELHERLTEL, 22, @7 TVEFEET .
I1=[1,2, -, m}
ELTBL,
RYMEOEHRNY b+ -
W= (Wi | €€11,2, 0]}, k€11, 2, 0
zHBALTHEL,
RO2EMF. 1L, E 252 THB L,
[&fF. 1] (REyAEA)
Vj€J, VKEIL, 2, -, n},
2 W (Twp) =Ty
[&FF.2] (R (A2) © Q HOERE Y —V o HOF—BEM)
Vi€,
0=e;
=maxes—|ji é:§1 psnt ((Tw;)  (Tw;) k)
< é:z"l psn* ((Tw;)e* (Tw;)y) (>0)
=n. '

Hio, BHF1ZEHATE. ROMEFIOML , c(@), Tw;H D Hamming FEHE
Ham(c(®), Tw;)=n—d;(®)
WRD LS,
[45%EF. 1] (HammingPE8 n—d;(@))
alp) = é:l Wi (T@)y, k=1~n, pE P
< (9)
=col(c: (@) 2 (@) *+ calP))

LT, (@), TwMo, R (F.13) OHamming#i#E Ham (¢ (@), Tw;) TD d;(P) &,

dj(¢)
:él psnt ((c (@) (Twy)y).

DL E, ROEHEF. 125V LD,
[E#F.1] (Hamming IESICE SV A HEEIERS SM OBRTEE)
25MF.1, F2D T T, axiom 2% {72 THEPEREK
SM: dX0—{s|l0=s=<1}

D12k,
S((O, wj)E
0 if d;(p)=e;
d; (@) d;(w;) if d;(®)>e;
LT,

(B.7)
(F.8)

(F.9)

(F.10)

(F.11)

(F.12)
(F.13)

(F.14)

(F.15)

(F.17)

(F.18)
(F.19)



SM(CD,‘(U;)E

p(G) if 38(¢, w)=0 (F.20)
S(#, 0)/28(9, w) if 3(0, 0)>0 (F21)
R RF (W3

GEH) A 1EDaxiom2® (i), (i), (i) 29K IT2 2 & %57,
(i) DIERBEO®IIZIX (F20), (F6), (F21) SHOITH A,
A 5SEDaxiom 10 (i) OBETT=TH 5, X (F.14) O (@) iconT, T-REM
V@ED, VKE(L, 2, -, n} ¢ (TY) =c, (@)  (F22)
PRWIELL, LoT, K (F15) D), R (F16) D d(9), 25X (F.18), (F.19) N S(@, o) i
DWTHRFARGT-AEMSHIZ L, 238 (F20), (F21) DSMIZOWTO, (i) O T-RERORT
FRLPTH S, _
WERIZ, axiom 2D (i) PRI L TWB I L 2FRFI .
D= wDk X
3R (F.14) ~ (F16) 2HWT, d;(p) 25ET2 L. IER
dj(wj)
:él psnt (e (@) (Twy)i)
=2 psnt ([ 2 Wi+ (Twy)( ]+ (Twy) )

:él psnt (Tt (Tw))) (>0) 0 & (A3.11), 7 (A3.12)

>e=0 " X (F12) (F.23)
PREOND, LoT, X (F19) 25, ' ‘

S(wj, wj)=1 (F.24)
HHEED LD,

@p=wliFj) DL &

330 (F.14) ~ (F.16) VT, d;(p) 2E51E35 &,
d; (w:)

Zkél pSIlJr ((L(wi))k'(ij)k)

=2 psn* ([ 2 Wier (Twi) o+ (Tw))w)

=2, pon* (Tw)e (Tw)) 0 & (®1D)

Ze;(z0) o K (F12) (F.25)
PRONSL, LoT, & (F18) 25,

S (w;, w;) =0 - ' (F.26)
B LD,

VL@, @55, axiom2® (i) DRI EZRTROG), DHES N, SEBRAS D 5 72 :
%7, 2R (F24), (F26) 5,

Vj€E], kg}s(wj, wy) =1>0 , (F.27)
ERBTWAILIZEELTE,
©¢ ‘—“wj@Z &

SM(eg, Cl)j):S((l)j, wj)/kgls(wj, wi) =1.



@Dp =0 (i+j)DL &
SM(®, w;) =S(w;, wj)/kgjs(wi, wi) =0. O

F.3 %F. 1 (FBIREH) 2HBET2O00OBRFE
F.2BEDSMEL (REISEME) 227X (F10) O W kRO BFHEZ20RF), Fhid,
KOO, QTHZLN5,
OREY M % W 72 SRR

Wi =0 if k#¢, =1 if k=(. (F.28)

OZN )¢ S 3 AR V%) *

ci= 3 (Twi)e* (Tw))y (F.29)
2 BITEFIOERZ L T 5175

C=(cy)i, jEJ (F.30)
OHATFIZ, R (A4) DRT QXKML THE0 D, FIET S, TOFETH %

Ci=((c Yy, jET (F31)
TEZIo

RIS

(Tw;) lE(gJ (€D T, (F32)
DEHITEEENTZ (Tw))t ZHNT, R (F.10) OEBEDOEEHI W DS Wi &

Wee Ejéj ((ij)L) e (Tw;) ¢ (F33)

LEHET L, FTEOABAAER (F11) ORIAFKOEHEF. 2THRIBEENS,
[EHF. 2] (RE)REHR)
A (F33) DL CERSNAEBHEOEEL WS, FEAFER F1D) 2#3,
@)  HEEOjeIL. EROKE(,2, 0l & Do
ezﬁ Wi (Taw;) ¢
=3 [3 (To) ) (Tw)e ] (Tw), "0 5 (A333)
=3 ((To) Ve 2 (Tn) o (Twy).
=3 ((Tw)H)erey 7 K (F29)
=3 (2 e aToderey 7 R (F32)
= (%J %J(C‘%'Twr'cij)k
=(3 13 ey (el T
= (EJ [%J cirle™Mul Tode " c=cp

= (r§€:J a\jr'T(Ur)k

= (Tw))x. : (F.34)
13, R (F11) OBRMITRENT, T T, &gl

8iq=0if iFq, =1 if i=q (F.35)
¢ EFREN7zKroneckerD TNV F EHFTH 5o , 4



W8RG, N2 = EFIVE/ VAR ICE DV A BEUERIS SM DR 1

KFEFEGTIE, KX (A22) D87 —VE£450 LR (A15) DEFVEBRIERE T oxt [@, T] #¢
RFEFA. ASEDaxiom 1 %72 L& THEE L V) BE, FMAEA. Al1ZDaxiom 203
B () EHERM, i) Rt (ﬁwks"kﬁ) (iii) T-AEM) 735X (A5) DELIERH
SMOIEBSI % T 5,

}\77 PEDIINTHLZDODHRADBFDNY —VEFVTQED ThAHLD tfc (A.15) DEMFZT

5L RDAMEO~@% M-8R TN Lo wWET B LETHY, %@f‘ﬁ\ o 2R (A22) O
; I ICERE T T,

[0, T] HFMFERA. A SEDaxiom 12725 &L 51k b (Srik [4] oE®AL 1 (B [0, T]
DEFEEHR) 2SH])

O (BRAEAM) ¢=0cOoVTTp=pEd.
O (EEBMEREM) Ve, T(a @) =TPEd -
for any positive real number a.
QINXEH) Veoed, T(Te)=T¢
@ (FFESH%M) Jpco, Te+o. O
CHEO, D34 EBEE. TR L W 87 — VEBOT T, /85 — v 2w ) BRI
ﬁéna LEEHEL TV S, B
AMEO~@E 7T £\ WK CE F VRIS L IR :m%it (A.15) ODERT %EAT S
ZEDIDDERIL, %I&"%LM@@#&&T%A& YeEVIbDODORMMERDTEEIC Y
(OC#k [3] 02382 BH), Xy — VBB AT LOHTHBI BB CRLOND 2L TH D,
BEEMIZE, XF—VEFL Te%. %Wkﬁéﬂfﬂﬂﬁ%kﬁéﬁémny v @ DM
ELTOERL Y — v EBET B L, N5 — VBRAFICBIT20bYBR (A15) OEHIL
ER T FRAEHZ S 2T ME% 5 2 v BEO~@O%EHLTWBZ L Th s [3], ik X
7 .5 RECOGNITRON " T %2 R2 L, ¢ DX I ICRZBALEITRTH 5,
P&, 273 GoRENY —V w0, X (A2) O Q IZoWTiE, BY
(=) Q IF1RM %% '
EREL, B2, 200 k., axiom 1 %728 (A15) DEBET L1220,
(Z) T-O={T w;|jEN Z1RM 557
(2) Vi€l Vvjer—lil, | Toi—Tw; | >0
2HET S,
HEREMHR (A14) 2WATEHTTY COERERp(C)ZDEALTE,
[BHEG.1] (N2—=2FFIVE/ IV LBEREICE SV /-SM O#RETIE1)
BRIz ENDTHS ) ZEREINY — VBTN To, MO BESME
Vi€, (I Tw;—Tw; | =) 0<4;
=min i €J—{j} | Tw;—Tw; |
= | Tox—Tew; | foranyk€J—{j} , (G.1)
VI NDEEEERGVHFETHEL X9,
MEBOMBR LT BN - e dCTHITHT L,



SM(¢, a)j) =
max {d;— | T¢—Tw; I, 0}
/%, max {d;i— | T¢—Tw; I , 0}

TJKkEL, &~ | T¢—Twx | >0D L & (G2)
P(@:j) .
VKEL d&— I Te—Tu | 0D L % © 7 (G3)

LEFRENDLE (AS5) DEESM L. RATEFA. A1EDaxiom 2% 727,
(FEBH) EHIZ. axiom 200 (i) WEEM GHBILEME) OB b5, 72, QDN F&H
X0, axiom2® (i) T-AEHOBRIS bh b, Bic, SEELEAER (G1) kv, 208

Vi€, max {dj— | T¢—Tw; II,0} | p—.,>0 - (G4)
[VieT—{j}, max {d;— | T¢—Tw; |, 0} | o=, =0] (G.5)
BHIEZLTBEY, LoT, axiom 2D3MHE (i) ERMDOBKIML b bh Y, FEHIED 72, O

AL, 27T 6, G, AJInNy—rpedCHD, ﬁumwiwrﬁg
k€L ITe—Tw |l >0k &
Vi€l Viel—1jl,

SM (@, w;) = SM(®, w;) (G.6)
©max {d;— | T¢—Tw; I, 0} = max {di— | T¢—Tw; |l , 0} . (G7)
Sdi— | Te—Tow; | 2di— | T¢—Tw; | o (G.8)
=d;=d; Thd, ' , '

| T¢—Tw; | < | T¢—Twi : (G.9)
T 2T, R (G6) THEBMHY LoD,

3R (G7) ~(G9) THEFIWY Y OHAIRS : (G.10)
75‘ & (G2) LUKV T-TWE I EHHBET 5, :

F88H. N2 — 2 FFIVE/ WL ICE SV IBEUERTS SM DR 2

FAEFHTIE., X (A5) O ELEREE SM 0161%, Gk &, FEGTOESLL 2 KE
L. BT 5%, : :

[EHEH. 1] US8—2FEFIVE/ VLEBICE DV - SM OE EHE2)

BRI &N 254 :

[Vi€T, I Tw; I >0] o (H.1)

ALVi€T—{jl, | Twi—To; | >0] : (H2)
DTTER L) BIEH ¢ 2. THEHICHETLRER ' :

V€< =

min xey-ij} I T — Tw; I /[ I Toox | + 1 Tow; ]

S| Toi—Tw; 1/ [ Toi | + | To; | 1 if i%Fj ' (H3)
Bz LD B, BELTEBL,. 208, &s;(@) %, '

(=) 1 Te—Tuw; I < ¢- [II T@ | + || Tew; I ] (H4)

PR : :



sj(@)=

e~ I T —Tw; 1 /[ T@ | + Il Tw; || ] (H5)
(Z) 1 Te—Tojl Z & [ TE | + || To; Il ] (H.6)
D& X
si(9)=0 (H.7)
LEETD, FIT B L,
SM(ep, a)j)E
Sj(?’)/kéj (@)
= IKEL, I T —Toc I /[ 1 T@ | + | Tw | ]1< e & X (H.8)
p(@j)
“VKEL I T —To I/[ I TP | + | To | ]2 ;0 & & - (H9)

LEFRINDX (AS5) OB SMIE, FAHEA. A 1EDaxiom 2% 73,

GERY) Ebic, 2R (H8), (H9) TEFREN 5 SM IE. axiom 20 (ii) ekt (ML
KfF) ZilT I LdbR b, T2, FEBCOORFEM LY | axiom 20 (i) T-REMROKT D
Lhb,

BT, 2504 (H1), (H2) #ZET5L., HSEEER H3) LY. 288

Vi€l si(w)=¢>0 o3& (HS) (H.10)
ALVieT—{jl, s;(w)=0] & (H7) , (H.11)
DEIMLTHEY, XoT, axiom2D3WH (i) EREDHY. b b2y . FTEHIRD 572, O

WO, 287 TY G, Gl L, ANNRY—v pedCHD, EUHENET L iHE
TERX (H4) &, AER
TP —Tw | < e+ [IT@ | + || Tew; |l ] : (H.13)
EBEO M oT WD E X,
Vi€l Viel—{j},

SM(®, w;) ZSM(®, w;) (H.14)
&
si{P)=ei— 1 T@—To; 1/ [I TP | + | Tw; | 125 (@)

=&~ [ T¢—Twi /[ T | + || Tw; || ] ‘ (H.15)
e~ Z TP —Tw; 1 /[ I T | + || Tw; Il ]

— I Te—Tawill7 [T | + | Tewi Il ] (H.16)
Se=e Nl To; | = | To; | THHIT,

| T¢ —Tw; | < | T —Tw; | , (H.17)
22, X (H14) TEESPEEY o0,
3R (H15) ~ (H17) TEHEDHY TOBE RS (H.18)

25, 23K (HS), (H8) X VHY ZoTwb I LA BT,

881, HIVNy V1ERE % AV - XELUERL SM DR

AHFRITIE, S.Kullback @ cross entropy (information theoretic distance) %\, AAHEFA, A. 1



BDaxiom 2% 72T (AS5) DU SM 2R T %,
hET [1] ~ [4] LRI, AT TYBEBFOLEETIZONT,

| 3| (cardinality of set J)=2 — L1)
£ b, '
RY : FREBLEKOLE (12)
ELT. R (DS DEMMBEZROEEE Z 05 RYANEHIR Lo 5%
u: ®XL—R" (1.3)

BAT S, TII, NF - e Ed PO ENEE (ELEB OFAERMEREE v (¢, 0)
IZ2WC,

Ve d, VIEL u(P, £)=0 (14)
BEY Lo T b,

“K (A2) DRFENRF —VEE Q IOV THiIN S - B R E OFE— Bl

Vi€l viei—{jl,

J (L, u(Tw;, e)/kgLu(ij,k) #u (Tw;, K)/kéLu(Twi, x) (L5)
DTTERD, COF-BEHOBRLIBELFEETEIEZVILE, Q OBRRILDLP 2,
Kullback D cross entropy., v &z 1LIL,

T@ D Tw; 2> 5 D some sort of distortion measure

d(¢, wj)

=2 ((Tw;, 0)/3 u(Tw;, k)]

‘log. [(u(Tw;, @/éLu(ij, k)]

/{u(TP, £)/ 2 u(TP,k)1]=0 (16)
REALT, BE(P, ) RO LI ICERT S !
(o, CUj)E
1—d(e, wj) /kzad(("” wy) ifk%Jd(‘?, wy) >0 ' (17)
p(G)) if kzejd(;o, wi) =0. (1.8)
22T, p(6) BHEREMER (A14) 2WLTHE€IFHONT T GOERERTH 5,
]

ZDLE, ROBELIPEY LH, 120 PERE SM PR INLZ LA 5b,
[ 1.1] (cross entropy & % SMIBHK EE)

s(@, w)=g; (@, w;)) (19)
REFL. 20085 — Y @, o HOBLE SM(@, ) &
SM(e, (!)j):
s(e, wj)/k%I s(®, wi)
<3k EJ, £(@, we) >uo(k) (L.10)
p(€) VKEI £(P, wi) >uo(k) (1.11)

tmi%én%it (A5) DEfE SM X, REFE3A, A 1§®ax1om2%¢ﬁm“o
ZZi, B
g [0,1]={xl0=x=1}—[0,1] (r12)
22w, :
(4) g (=1 ‘ (1.13)



Thh, 2o, RER
O=maxye;—j f(wk, w;) Sue(j)<1 -
2w (j) PEELT,
(1) g;(x)=0 if x=u,(j)
(V) w(j)<x=>0<g;(x)
DY MLOFR g, ETNHEASNTREDDET B,

GEH)  AMHERA, A 1EDaxiom 20 (i), (i), (i) DR 2HID L,
axiom 20 (i) DB (EEIC, JET B, @=w; & T 5, L.

d(e, wj)=0
© VLEL u(Tw;, £)/3 u(Tw;, k) =u (TP, )13 u(T,k)
WKEET L,
d(@, ) =0
ALVieT—{jl, d(@, wi)>0]
S (1L5) AR (Le)
z215C,
f (@, wj)=1
A[VieT—1j}, 1> (@, w) >0]
230 (L18), (17)
BHIET 5, &oT,
s(@, w))=1 " & (113)
AIVi€T—{jl, s(®, w;) =0]
330 (L14), (1.15), (L16)
2BT. BB, £Eojericok,
SM(@, w;)=1
ANIVieT—{j}, sM(@, w;) =0]
23 (1.20), (1.10)
DAL L FEBDKD - 72,
axiom 20 (i) DB : SM DEHER (1.10), (111) 2>5HH S 7
axiom 2 (iii) DI : axiom 10 (iii) % @WH T T,
VoeD, V€T, d(TP, w;) =d(@, w;)
3 (16)
B VD, £oT,
VPE®, ViEL (TP, w;) =f(®, w;)
2 (L7)
As (T, wj) =s(p, w;) R 19)
ASM(T®, w;) =SM(®, w;)
w23 (110), (L11)
%5,

(rL14)

(1.15)
(L.16)

(1.17)

(L.18)

(1.19)

(1.20)

(1.21)

(122)

(1.23)

(1.24)

(1.25)
O

The cross entropy was proposed by Kullback under the name of directed divergence.The cross entropy
measures the information theoretic distance between two distributions P= {p1, p2y ***, pn} and Q= la1, @

"',QN} by



D (Q, P) = kgl qclog, (qk/pk)- . (1.26)

This measure D (Q, P) is also studied by Renyi as the information theoretical distance between the two

distributions P and Q.Renyi also points out that the formula can be interpreted as the expectation of the

change in the information content when we are using Q instead of P.The minimum cross entropy method can

be seen as an extension of the maximum entropy method by setting equal initial estimates for all p; when no
prior information is available.

The maximum entropy principle allows us to select the solution which glvcs the largest entropy [43].

O

8y, —{LBLUEEIR GSM

AR TIE. A1EDaxiom 2 &7 THELERE SM, ﬁf—ﬂ%téntﬁﬂlﬁﬁéi& GSM., & HF
723 5o
MBORNEELTAEEON Y —VELS (0E)0CH D2DDHWHTEE

By, D ‘ ' (3.1)
PEAL, BEHE v
V€L, ;€@ N, , (1.2)

REHELTBL, 2210, 0, €0 REEIBFEBOITF I §ORENI -V Thbo
BB % £ 35X

YoeE D, VjE],

GSM> (@, ;) =SM(®, w;) (1.3)
PR ILD LD RER

GSMy, © ®,X &,—|s|0=<s=1] Y
13, axiom 2 % i /- S ELUEREL

SM,; : @, X Q—{sl0=<s=1] a.s)

D—HRALSFLIEBIS (generalized similarity-measure function) TH 5 &2,

£ 05 IEBLTWS Qid. X (A1) & TFITVEEC ITHIETARENY —VEET
H5,

GSMyp, (@, 3) &, 220D88 — Y @ €y, €D, D—BDEE (the degree of coincidence
between $ € and y E@,) FHLTWALALEL ). R (T4) O GSM, DB LT 5K
OFEE 113, #B. X (A2) ORESRTF—VEE4QEALT, R (04) O—BRILEBERE
GSMp, BSERENTVWA I L2595,

(81 (k)] (—R{CECUERY aSM DB ERE)
& (0.5 O SM, &, axiom 2% {72341 0 DL
SM, : &, XQ—{s|0=<s=<1} (1.6)
REATHE, RO (i) ~ (vi) TEEEND GSMp i, %X (03) 2L, R 05 OSM,
O—RALELERBEETH 5:
(i) GSMy (9, )
=32 SMI(@, v) - SM: (7, @y).



FEIZ, SM=SM,=SM, D4,
GSM,; (@, 77)
Ejg'JSM(¢’ wj)'SM(77, (l)j).
(i) GSMp (@, 77)
= 2, min {SM: (9, w)), SM: (7, )},
2. SM=SM,=SM, D4
GSM(®, 7)
=2, min{SM(@, w;), SM (7, wj)}.
(iii) GSMy (@, 7)
=maxje; min{SM; (@, ;), SM; (7, ;)].
i, SM=SM,=SM, D4,
GSMy:(®, 7)
=max;e; min{SM(®, w;), SM(3, w;)}.
(iv) GSMw(®, 5)
= [jg] SM; (@, wj)q'SMz(T], (Uj>q] iq
ZZIT, q REEOEER.
2. q=12 DFA,
GSM;, (¢, 77)
E[jg’; SM((O, cuj)“z‘SM(y, wj)l/2]2.
(v) GSMy, (@, 77)
=LZ min{SMi(@, w;)%, SMa(, w;)o} ]¥
Z 2T, qEEOEER
Wi, q=12 DFA.
GSMy (@, 77)
=13 min{SM(®, ;)2 SM(7, w;)*} ]2,
(vi) GSMr(®, 7)
= [manEJ min{SM; (g, wj) 9, SMz(V, wj)q} v
2T, q IEEOIEEH
R, q=12 DA,
GSM,: (@, 77)
= [maxje; min{SM (@, ;)" SM (7, w;)"?} ]2 ‘
(GEHA) axiom 200 (i) ZFH LT, (i) ~ (vi) DGSM, 25 (1.3) (#1) %732 L 255
ICHEDPD D Z ENTE S, ' ' ' O
RO, EHY. I TR S h22R (.4) DGSMy, Haxiom 2% 755 (15) © SM, & L T2
HZLEEMBTIALOTHA,
[EHETL HREEHE) 0%1] (EFRBZM- MR- AT ORTTE)
APEREHD (i) ~ (vi) TEHRENSD GSMy, i, axiom 2% {729, SVBZILE, %00,
@,@%fWT ¢
@ (EME3M; orthogonormality)



Vi, V€T, GSM, (wi, ;) =0y
@ (BAEALSt, T3 51 ;probability condition)
veed, 2 GSM,; (@, w;)=1.
® (2o @Eff?'k T ®—®,T,: &, 0, DT THORZEM; invariance under mappings T, and T,)
axiom 1% {72 3200 EH

T, : &~ (1.7)
T,: ®,—d, ‘ ; (1.8)
oW, '

VPE®, VPED,,

GSM; (i@, T 7) =GSM (@, 7) (19)
Bz,

Yeed, Vje],

GSMy, (T @, T ;)

=GSM,; (T, @, wj) (3.10)
=GSM,; (9, wj) (7.11)

P D ALD, '

(GEHH) @, @iz, X (03) OBMPSHO»TH D, @DBKILIE, SMy, SM; 7 axiom 2

O Gil) W2 TEPSHLLTH S, : ]

182K, FAEUERIE SM & EREERREE P, , (@) L DB

FAEEK T, R (A5) OFEWEERBSH SM & Bayes risk or the error probability Pe, y (@) associated
with the Bayes decision rule & DBfR7 £12oWT, BiFESh 5,

K.1 EREBHEMEERORR
HEOHZX T, NFOEYE TN EENWTIE R, A7 Tk (categorlzatlon) LTHSz
TWwb, 2F ), Mook BEBEF RV r2EYEGL1o0F LT (FF T, EHEK
category) AL L, TOMIMOPOREEEZ RVIHE 220 LOBEMESLHRELR LT L
ib&&&tfw% WEOWNRLTLHMBEDINY — > o€ dCHEEBMD A T T Offhse
DIZFREBOET HH, o THRART 2MEP., (@) 2 EIZOVTEHRLE LI,
K 1.1 EREBEERD, (C/p) &E- -0
B AT APRBORNFE T HHEEDATI NS — > ¢ € 01/ L FHIH 7 T REMFE[3],
(41, [12]
(@, y> €L, 2D (K.1)

ERHoTCVBHEEEZ L) NI -V @eED IZDVT, @HFATFT TG, ,jEy €2' DT
BB L Twa L w7 TYIRBA (categorical membership-knowledge) % #R5%k A 7 4%
FHoTWaEE, oL zoh 7 TVREBM#HERX (K1) 0@, y) TERTOTHS, 2 ideh
FTAVEEFRETDITRCORGEEDLETRELZEL TS ~
DY — v @l L, BEREERERS M (a posteriori probability of occurrences)



py(Ci/@), j€Ey €Y : (K.2)
EBL, AT TVES R,

j=argmax;e, p,(C/@) €y . ' (K.3)
&Lk, o *

@ belongs to the j-th category €; _ (K.4)
&L BT L, 22 R (K2) 0% p,(Cre)id. RS O2LEE o

[Vi€y,0=p,(C/e)=1] (1 L hkE CHVIREN) A _ (K.5)

z p,(C/p)=1 (BHIBEM) - (K6)

%ﬁf’ LTV\&U'?L 725 Ry,
Dk, oMOmATHEES L L COERFES (basic domain;the sample space of the pattern variate
) oIt E, HERT 5,
K 1.2 /¥2—> ¢ DRFHHEEPR,, ()
PR (probability of misrecognition) P, () i
NS =2 @edgh'R (K3) DA T TVEFEFj€ yD '
HTIYGIRBT AL X, : (K.7)

P.,,(®)=1—maxc, p,(C/p) (K.8)
Th5b _ ;

CEHbRD, 72, @ EQIIDOWTDFIEP,,, (p) I
RE (K7) D3B8F — Y @ ED I DWTHY 7o & X

P.y (@p) = 5 prob, (@) P, (¢) (K.9)
=2 prob, (@) -[1—maxic, p, (€/p)] AT (K.10)
=1—¢§¢Bprob,(¢)'maxiey p, (C/o) (K.11)

k%éh%o ZZiZ, 338 (K9) ~ (K.11) D prob, (@) FNE - DECIN AT VP E D,
AL, X (K1) OFFYF TVIRBHE <@, e, 2»%?%0%41:«%?( P E DD
BT AHMETH Y, BEHAOUEE

[VPED;, 0=<prob, (@)<1] (1 LW AXLHVIEEM) A : (K.12)
L, prob, (p)=1 (BB : : (K.13)

Bz LTl b vy,
K 1.3 p,(®/€;) &prob, ()
ZZT, A (AS5) OEUEREHSM 2EA LT,
Bi€EyCIBHONTTYEHERONLE, NI -V pEd, DEBHEERER
(conditional probability) p,(®/@,) (2. , ‘ CE
p, (9/6;)=SM(p, wJ>/ 2 SM(p, w;) (K.14)

ERBEhBL, T2, @Jm‘ TR A D 2R
[VPED5 0=p,(¢/€) <1] (1 LW AXHVIEENE) A (K.15)
o2 p, (@/€)=1 GBEIMELM) , (K.16)

B LC\0D S ERbh b,
T, X (K14) 0p,(9/6) &, uTmit (K20) @ prob, (€;) #HWT, ¥ —v pcd,
DOEBFTERHEE (a priori probability) prob, (@) I,
VY @ € Oy, prob, (@)



=3 prob, (€)) -p, (¢/6)) (K.17)
LEREND £, HS B

RS DO2ME _
[Vi€10<p()<1] (1 LY KRELHRWVIEENE) A _ (K.18)
3 p(€)=1 (RANHAEE) ; - (K.19)

%(ﬁf’tfwé%]a%ﬁ@ﬁr:u@ DEREEp(C) ZEALT, R (K17) KEHLTW
LIAE '
prob, (€;) = p(@)/E p(€;) (K.20)
. AT ITVEFTE]T %JEy LEIBLABED, i€y CIFBEOL T IY € OFFAMHER
ThHY., HRGSHO2HE
[V@ Edg, 0<prob, (,)=<1] (1 XY K& LvIaM) (K.21)
A3 prob, (€)=1 (RAHUEE) (K.22)
=7 L“ClﬂZ) EBbR5b,
K.1.4 p,@/p) DFREA
CEy) LpEd bk DREALFIEE (joint probability of occurrences) p (€, @) %,
pr(@j’ ¢)Epr0b7(@j)'p7<¢/@j)
i€y, 9€Eds (K.23)
LERT o
CDEE, BEIATLINY—reed XL, K (K1) OFFAI T IV REEBNE @, y>
EXD, 2> kFoTVARIT T, N¥—Vvped Gz o/t &, R (K20) DERIAERE
F prob, (§;) POLERFLTWIHERL LTO,
[Ejey CIFEHON 7 TY €0, K (K2) ©
F 1 % B 1R AEHSHESE (a posteriori conditional probability) p, (€;/¢) | (K.24)
2. ROFHEK. 1,00, BRSNS,
[FHK. 1] p, (Cj/p) DEHER)
4N (K14), (K17), (K20), (K23) OFTR,
@z (K.17) D prob, (@) . 2R (K12), (K, 13) %49,
®VJ €7, ‘062@5 Pr(@j’ ?) =prob, (@J)
#mhio
@R (K2) Dp,(Cyp) DEB
Vi€y, VPE @5, p, (/@)
=prob, (§;) * {SM (¢, w,)/¢2BSM(¢ w;)}
/[2 prob, (&) -{SM (@, w)/ s SM(g, w)l]
B T 25 (K.5), (K.6) R S NT VB,
@2 (K8), (K9) DP.,,(9), P, (@s) i,
V@ Edg, P.,,(®)

=1—max;e, prob, (&, ¢)/prob, (¢) ‘ (K.25)
=1— [max;e, prob, (&) p,(®/E;)]/prob, (®) (K.26)
V &z ED, P, (Dp)

=1-_3 max;e, p, (G, ¥) (K27)



L. BAARICESND,

GEH)  ODFEH :

Z _prob, (@)

—ng) 2 prob, Q) -p, (¢/6)) x (K.17)

=j§y ‘pg)%prob (&) -p, (9/G;) V2D DO
—2 prob,, (§;) ¢§¢ p, (9/G;)

—Z prob,, (§;) - A (K.16)
=1 &% (K.22)

/T, X (K13) OFMLARENZ, X (K12) OFEILIZ, prob, (@) 1, FEETHI2H

Y @€ dy, 0=prob, (¢)
%gﬂ)nproby(¢)=l R (K13)

/T, mENT,

@FEH :
¢'ezq> py(@" ?)

=32, prob, (@) -p,(@/6;) o (K23)
=¢§¢B prob, (§;) ('062% p, (9/€;)

=prob, (€;) R (K16)

/T, AR D o 72,

QDI : N XDEH (Bayes’ theorem) % BH L T.

py(@j/¢)
=p, (€;, @)/prob, () LMY & EEERp, (G p) DER (K.28)
=p, (G, ¢)/2 p, (G, @) o EIREERESD, (6, @) OMH
=prob,, (§;)- p,(("/@)
/3 prob, (@) -p, (¢/G,) R (K23), (K17) (R4 X0EH)
—prob (@) - IsM (e, w,)/¢2 SM(®, w;)}
/ [2 prob, (&) - {SM (e, wl)/ 3, SM(g, w)l] R (K14) (K.29)
B2, B, ot (K3), (K6) ArshTwnss ik, 2ok (K29) »5HLPTHY,
uiEHHﬁ‘ﬁ‘févbo ko
@DFEH :
P.,(¢) ‘
=1—max;e, p, (&, ¢)/prob, (®) R (K27 , (K.30)
=1—maxie, prob, (&) -p, (¢/E;)/prob, (¢) R (K23)
=1—[max;c, prob, (€;) *p, (¢/E;) 1/prob, () (K31)

BT, 23 (K25), (K26) ORMATRINT,

z2H/T

Kz, 3 (K27) DEVERFD

Pé,y(q)s)

=¢62%proby(¢) - [1—max;e, p,(€;, )/prob, ()] 23 (K9), (K.30)
:q)EE%PfObr@) —3 prob, (¢) ‘max;e, p, (€, ¥)/prob, (@)]

=1—maxie, p, (€, @) o (K13) O
v R (K27) OEA b o7z,



. 3 (K28) 5, FRKEEHEEp, (G, ¢)DEH
Y@ Edg, Vicy,
prob,, (@) -p, (/@) =p, (C;, ) (K.32)
DRI LTWAZLICh, HEELTBEI I,

K.2 BXEHBEEIBAIRDSBABUEENOER
Let us consider the usual decision-theory problem of classifying an observation ¢ as coming from one of
| v | possible categories €;,j € vy .
ROTHEK. 213, BAFHHERDRTRNERAEUEELZ S LY s 2560 (1), (0) THA
ZEEREHLTVS, '
[EHEK. 2] (BAEHEEDEFTRND 5 BABUEENDEREE)
BV AT LHRBORE LT LMEDOATI NI -V pedp it L, X (K1) OFHFHTT
VIRBHE <@, ECD, 2> EH-oTWVEEA.
ZONRY—veiiaL, FITVESjER (K3) 0 KOS HEAFRAEEMHEREHRITRIC
$oT, R (K4) OBICERT 52 L3, 254
(1) Vi€7,prob, (€;) = constant number
(o) Vi€, o2 SM(@, w;) = constant number
VRS AV DR EGRY (A= it (K3) DHTITYHFEFjEYICEHL,
j=argmax ;e, SM(®, wi) €y (K.33)
AL L B AREDEERRE & 25,
GEH) X (K3) oAFTVESjEr #EHLTOI ),

j=argmaxe, p,(C/p)Ery o K (K3)

=argmax;e, [p, (€, @)/prob, (@)]€r " K (K28)

=argmax;e, [prob, (&) p,(¢/&;)/prob, (®)]E€ Y R (K24)

=argmaxe, [PI'Oby(@i) 'Py(¢/@:i)] (K.34)

ThHI, & (1) PBOLLTWIUE, B,
=argmax;e, p,(®/€;)
CEBEN, LoT, BB,
=argmax;c, [SM(®, wl)/ 3 SM (@, w;) €7] oK (K14)
LEENDL, 22T, & (9) ﬁ‘ﬁk‘ib’(lﬂ}’ui i,
=argmax;e, SM(®, w;) €7 -
EERIN, FSEAPED 722 b5, O

K.3 ERREEFEEPR.,,(®), P.,(®s) DL, TR
AETIX, 23X (K8), (K9) DEFEBIHEEP.,, (@), P, (@) ODLE, THREZRDL),
K.3.1 RREBMEEP.,,(p), P, (@) DL
&C. the Bayesian probability vector £ Fr& % 23 (K.2), (K24) D p,(C/e) ZFj€IEH
DERLTHHINRT M7
p,(&/9)
=col (p, €/ ®) p, (CyP) -p, (Cu/®)) (K.35)



J=11,2, -, ml
%ﬁ)\bi’)o BIZ, N4 XFERE (Bayesian distance) BD, (G /@) %,
D,(E/p)= 3z [p, (€/@)]12 (p, (& /p) D/ NV LDEF)
tm%b %@{PE@BthéﬂFi’JﬁEBD (8 /@) %,
BD, (& /®s)=Es, (BD,(E/9))
=3, prob, (9):BD,(E /) '
'Cxlz%’?‘%o Z 21U\ Eo, (*r) &, =+ ICBT % the expectation operator T 5,
y =T OAX, 23X (K37), (K38) OERIITE [44] THEZHNTW5S,
5’:‘:3& ;,haila‘ékﬁﬁih,,(fp) P.,, (®s) D LIRIZ, ROEEK. 3TH52 512,
[E#K.3] (BREEHFEEP.,,(p), P.,,(0s) @J:BEEE)
(i) Vy€2, VPE Dy, P, () <1—BD,(E /).
(i) Vy€2,P.,, (@) <1—BD, (& /ds).
(FEBH) BD, (& /@) ZFHEL T &,
BD, (L /9) =3 p,(Ci/9) p,(E/p) R (K37
= [max,e,p,(@/';ﬂ)] 3z py(@/¢’)
[maxjey p, (G191 & (K.6)
=P, (p) = R (K.S)

ﬁfﬁ%r‘on%ws‘\ ZOR (K40) I2BWT, P, (@) ZELICBTTIIE. (i) 7"BLLh2,

X (K39) OEBLIZDOWT, PE D ITh 7z 5FH % B,
BD, (& /®s)
= 3, prob, (@) -BD,(E/¢) "R (K38)
§¢€E®B prob, (@) - [max e, p, (€;/@)]
=1-P,, (@) .7 X (K11)
/T ZOR (K41 I2BNVT, P, (@) 2EBEBTTIE, (i) PE5N5,
K.38.2 REBHiEEXR,,(9), R,,(®s) OTER
%3, 200HBIEEK 1, K22EHLTB
(B EEK. 1]
BEOBEFEH 2, (i=1~m) T2V T, FER
maxi=i~m |z | SVZiz ™z 7
B LD,
[#BEEK. 2] (42t DA%R; Jensen’s inequality)
251
4=20G0=1~m), 2 a=1
mﬁﬂiténfu%&uloo oL Ex, M (x) 2o, T%ﬁ
2 af(x)
Sf(Z a'xy)
DEHXD & V)i?%m@@ﬁxl,m, s X lZDWTH D 37D,

(K.36)

(K.37)

| (K.38)

(K.39)
(K.40)

(K.41)

(K.42)

(K.43)
il

EdROMBEEK. 1, K. 2% #H LT, BEEP.,,, (@), P, (@) OTFHRIZ. KOEHEK. 4T

Hxiohs,



[EEK. 4] (FRRBEER,,(9), B, (0:) OTREE)
(i) VY€, VPE D,
1—[BD, (& /9)]12=P,,,(®).
(i) Vy€2,1—[BD,(E /®s)]2<P.,, (®s).
- (GF9) WBEEK LBV T, z=p, (C/p) EBITIE, FEKX
maXiey py(@i/¢) :
—P.,,(¢) o A (K8)
S[E py(@/qp)?.]l/Z .
—BD SE& /@) o K (K37) : (K.44)
28, P, (@) FECBEITNI, (i) PRENLIEFDRPL,
K (K44) OWBIZ, 2 _ prob, (§9) L (RS (AP N
¢62¢Bproby(¢) max,e, p,(Ci/®)
—P.,, (@) . X (KI11)
= 2. prob, (@) - [E p, (C/ @)~
S[ 2 prob (@)~ 2 p, (E/@)2je
&E&iﬁcf(x) Z/X CHBIEEK. 2% B
= [BD,(& /@)1 - X (K38) (K.45)
%18, P, (®p) ZECBETNIE, (i) WRENLIEFDRL, 0

K. 4 logarithmic information measure (entropy) - & % EREZFEFEE R, (¢) 1y (©g) DFF
T AT APRBEONR LT HEEDOATI NG —~ @ € D lTHM L, (Kl) DEH AT T
) Jm)ﬁiu;& (@, y> €D, 2> ZFHoTVERE, ZOATITY Jﬁﬁb~§§‘iﬂé$"’]7ﬁﬁﬁié
(uncertainty) %, = (K.20) @ prob, (§;) T, I FOAE— (entropy)
ETPY, (€ )
_—E prob,, (§;) *log, prob, (€;) (K.46)
CESND,

2053 A 7 L RECOGNITRONZLE DR L T 5 EDO ANy — > e <1>B L, R (K1)
DEFAF TV RBAER (@, v ED, 2D 2Fo TV AERE. 20X T TV REICET 5EER
BEFE L (uncertainty) (X, TV FHEE—

ETPY, (& /¢)
=—3 p,(8/®) log.p, (Ci/ @) 4 (K.47)
THY, X (K4) OTE L, RAEHMEEIRST N THE S UL,
R (K7) OTFTTOR (K8) DBRFHMEEP,,(¢) THo T,

p, (€/p) =1
ALVier—ijl, p, (Ci/@)=0] : : , (K.48)
L b
LEZbN, X (K47) ORTAHEE S,
ETPY, (8 /®) | s (a9 #n oo e 3 =0 ' (K.49)
AT 5,
FDE



[ETPY, (& ) —ETPY, (& /@) ]+
[ETPY, (& /9) —ETPY, (8 /®) | st (a9 psen s1ocvon 2 5]
= [ETPY, (& )—ETPY, (& /®)]+[ETPY, (& /@) —0]
=ETPY, (G) (K.50)
. RAERERERAREACC, MEOANNY - 9 & BHAE L 72356088 X
T LRI S EYIEHRE (average amount of received information) THAHTH5 L., X bhd,
X (K47) ©ETPY,(C /9) %ﬁz@a prob, (@) - TEFHT L, &
ETPY, (€ /®3) =2 prob, (¢) “ETPY, (G /@) ,
=2, 2 prob, (@) *p, (€/®) “log:p, (€;/ @) (K.51)
BFELNBA, 27 (K47), (KS51) O ETPY, (6 /@), ETPY,(E /d5) &23% (K8), (K.11)
D P,y (@), P, (p) LOBICHE, ROEEK 5TRENLEEDD 5,
LY hu¥—ETPY, (8 /9), ETPY, (& /®s) DFMHEIC & 2EFTHIERP,,, (@), P, (0y) O
EEERD L0, ROWIHEEK 32 HET 5,
(#BhE#K. 3] [45]
FHR (K42) Pz shTwbeLE), SO E, oy fn¥—

H(ay, a, **, an)

=3 alopa (K.52)
2o &, RER

1—[maxi=;~p a:] 27 1H(ay, ay, ***, am) (K.53)
Y LD, Il

ROFEHK. 513, BREREEP.,, () DLEREE5Z25DTH5,
[EHK.5] (L FAE— ETPY,(C /0s) DHAHIC L 3 FREBHEE P.,, (0:) O_LIETHE)
(i) VyE€E2, VP EDy,
P., () <27-ETPY, (& /@) .
(i) Vy€2,P,, (ds) <27''ETPY, (& /®s).
(GEH) a=p,(C/e) L BT, HWBIEEK 32 BHE L, RER
1—maxie, p, (C/®)

=P,, (@) . X (1.09)
=27I-ETPY,(L/¢) = R (K47) (K.54)
PRLR, (1) dPREh/,
(K.54) DWBIC, %zmproby(m-~--'Wﬁmé»¢m;ﬂ (i) »E5NB, O

M. RO2HEK 1, K 2ILEBLTBEI ),
X (A1) O&H T TVEEGCOETES
G, ={¢ljeyICE (K.55)
L. BRGNS -V OERES D, C O L DHBEEEHE (mutval information)
MI ((_S.y;q)a)
Ej%y (a,ezqm Py (@j’ 25
log, [p, (€}, @)/ {prob, (@) *prob, (@) P (K.56)
YBAT D, £H)T 5L, ROGEK 1P T2,
[67EK. 1] (&HTTY G (€ v) ODEFTEREE prob, (€;) NDFEH)



Vi€ y CJ, ,Z,, prob, (@) -p, (€;/¢)
=prob, (§;). (K.57)
(REB) 3, prob, (@) -p, (€y/®) |
=3 0@ e 0 XKD
=¢EE¢B prob,, (&;) p, (¢/€;) R (K23)
=prob, (€;) 2, Py (p/€))
=prob, (§;). R (K16) l
K. 128 LT, ROMEK. 2058 Y 70, '
[4REK. 2] (HHEIEHRE MI(C,; 08) DERH)
Vi€yCIL Vo Cde2, MI(E,;Ds)
= 3, prob, (¢) - [ETPY, (&) —ETPY, (8 /¢)]

(=ETPY, (£)— 3 prob, (¢) ETPY, (& /¢)). (K.58)
(GER) 3, prob, (@) - (K.50) DFIH

=, 3, prob, (@) - [ETPY, (& ) —ETPY, (L /¢)] (K.59)
IETPYy(QL_)—(pEE(berob,((P)'ETPY,(§_/¢) ok (K13)
2%7 (peZm prob, (¢) *p, (€ @) -

log, [p, (€;/®)/prob,, (€;) ] R (K5T7) (K.60)
=Je ¢E®Bp7(@j, 2

log, [p, (€;, @)/lprob, (€;) -prob, ()} ] R (K32)
=MI(€;Ps) R (K56) (K.61)

2ERBH, 2R (K61), (K59) KDL DTH b, ]

(SRR —, AR TEWMEE - WS A 7 LR, SO - EHEEE- IHRATAL no.20” Hitanm
3, HOCHEE EUERRE Vo HERAGRAE, AR B 199849H2H (K))
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