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An Associative Memory System Equation of Fixed-Point
Searching Type |
Using a Pattern-Model

Shoichi Suzuki and Takuya Sakuma

~ Abstract

It is presented here that an associative neural-network binary memory system on
n-dimensional Euclidean space R" suggested by K. Nijima is able to be extended to a
system on any separable Hilbert space $ using a corresponding pattern model T¢ of
a pattern ¢ proposed by S. Suzuki. Applying to a problem concerning at how many
stages a pattern-recognition process converges practically an iterative scheme sug-
gested by P. Alfeld which can give a solution of a fixed-point equation on R", it is
shown that the process has a solution of a constrained minimization problem.

By virtue of this research, the associative system may act upon unitary-
transformation invariances such as rotations, scalings, and translations, etc. or per-
ceptual constancies appearing in the psychology, and a design of its weights and
thresholds and a evaluation about a convergence of the associatively recalling pro-
cess may be precisely shown.
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00 /0x, = of/dx, + X2, A, - (3¢,/0x,)
=0,s=1,2, -+, m (A. 8)

0D/ 0x, = of/dx, + X2, A, + (8¢,/0x,) ,
=0,s=m+1,m+2 -, m+n (A. 9)

RO, BREOK (A, 9) 25 A, 4, 0,2, ZRETHHERNCTHY, 2R (A. 8),
(A. 9) &
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00/04,=¢,=0,g=1~n (A. 10)

ERMITEROM 2, 2, 0, Ty Typrrs s Tpam 2 ROIT I,

ZDGTT YT a DFBEDHIBIZOVTEHLTE I ),

HERX (A, 9) 25, A, A, -, 4, EZRETEZERELTVAZLXERLZTRE
BHhVe 0T, TOIT IV IaORKEKILLDE, FEFEA - BAIEDE 3,
Xy, T, OEFFIHTRZVI DNV,

(ERA. 1DFERA)

Lagrange DXRTEEEE (L) #@#@HEL LD,

& (b=1~m) % Lagrange DFEE L L“C,

J=Z 0+ 2 0E [ijle v; — t;

— sgn(x! — 2]

EBL, 0]/05,=0,a=1~m &0,

Slalv,—t—sgnlx; —27)=0,a=1~m (A. 11)
PESh, 4, 9J/0v,;=0,j=1~n XD,

2ui,‘+2,,’=”1§,,-x,.”=0,j=1~n (A. 1v2)
ESN, 9J/0L=0 X,

SoE-(=D=0 - XTE=0 (A. 13)
PROENL, X (A, 12) ZHNT, v, ZROD L,

v, =—2" S & x (A. 14)
LR, ZoX (A, 14) 2R (A 1) RAT AL,

PN Zjojaij +2¢, ‘
=—2-sgnx/ -2, a=1~m : (A. 15)

BELNL, 2ok (A, 15) &3 (A, 13) L&A bEL L, #ET 1RFERX (A, 1) 2F
EIND,

CETIRAER (AL 1) PBHLERELOIELERE ),

lya=1~m W1RKMILEBELTVEDE, Gram DITH A4, FERITHY, 2047
HI3. det (4,) &

det (4,,) # 0
Thb, 72, EHEA

(i ) (5~ i)
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_ (An ‘0 )
A, '—A21A1_11A12
TIU, 0 BmRTEBEAY MV R ML) kKL, E i3 m REAATE
PEY LD, 5T, ‘

— All A12
A= ( A, O )
LB E, ADATHIR det(A) IZBIL,

det(4) = — det(4,,) - det(4,, A, A4,,)

PR B, Ay, REEEFFITHL,E, A SEEBETRICLRZHE, A, FHSZ b
Ay DEENZ PVTHEILIERTSE, det(d) OALREAICRY, 01Tk 5%\,
WoT, ELIAFERX (A, 1) B—EN2EE LD, O
A. 2 Zai-Flxv OB EGE
5T, EWME W, h %
W, —a—avyjihpba—0rYi~DYFTFTAHKEDEI (synaptic weight)

1

h,. =2—0¥iDFHE

1

ELT, #fHO= 2 — T Y ST VAT AHBER
yi:g(zi:l W’ijxj_ h,—), 1=1~n
2ER b,

T AR

722U, tIZEMEDR
Ea(=1~m FEHORHRELT,

xf=gEL Wzl —h),i=1~n (A. 16)
PRITHEIC, & W, h 2db5PLORELTBNT,

@) leo=ax="(x, 2, x,)
rHMELT,

r,t+1) =g W, 2,0 —h),i=1~n,t€10,1,2, .-}

2ROTITE, FEmATER (fixed-point equation)

¢+ =z,0®,i=1~n

BHBEA ¢ TRELLAEE,
z 5 2) = (1@ 2,0 - x,0) EESK:
EFTHZa—F Ay PEIEOMNRLLL ),
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gw) =1/[1+ expl— cull
€O, D=1{s]0<s<1}, 222 ¢>0

EV) —FEEB u DBBEHEAT S L,

gw)=s
& u=g ' (s)=—1/c) - log,[(A— 5)/s]

Pz, FER

0<p<2'<1—=p<1
Rz s 20o0ER p,1—p ITHL

2P =~ (1/0) - Log,[(1 — p)/p]

g7 A —p)=Q/c) - Log,[Q — p)/p]
YLD, TIC, TEER

W,=uv; 1/c) - fog,[Q fP)/P]

h=t-(1/c) - Log,[(1 —p)/pl, i, j=1~n
YEATBHE, BREXT MV

2= 2 )
AARBHETH o2 —TNVERy bOY AT AHERX

gL Wy 2 —h) =z €{p,1—p}
i1=1~n,a=1~m
X,
ijl Wij . x;l —h= g—l(‘rf)
=F (1/c¢) - bog,[(A1 — p)/p]
= sgn(z! — 27
- (1/¢) - Log,[(Q — p)/p]
i=1l~n,a=1~m
EERENDLEVWH) I D,
DINA Vi* x;a —t,= sgn(x] — 27)
i=1~n,a=1~m
ZZIZ,

sgnu) =+1if u>0, =0 if u=0, =—1if u<0

EEEESNDS, ROFEREZDIEALTBE
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(A.

(A.

(A.

(a.

(A.

(A.

17)

. 18)

. 19

20)

21)

. 22)

23)

. 24)

25)

26).



z="(x, 2, x,) ER" mMKFTL—21) v NZH)
Gix) =g(Z, W, x;,— h)

6@ ="G6,@ G,@ - G,@

G — G|
=[X,7, (G(x) — G,

V,= t(vu Vi ** " V)

1v,|=[1Z2 VA"

CTOLE, K=a—FNVEy FOKINESEME

IARER 0<k<1 2WATHAEEE ¢ PEELT, REX
IG@) —G@I=k-z—zl

PREED z,z€R" ITFLERYID,,

5% 27 XDASVWEER p PHEETHIEN, ROFHEA.

(EFEA, 2] (Za2—Fbxy NOHANRY MLVEOFHETEIE)

S x —t=sgn(xl — 27, 2l € {p, 1 — p}
i=1l~n,a=1~m,

EHELTWBET B, BB S - OES

2=t - x),a=1~m

(A.
(A.

(A.

(A.
(A.

(A.

(A.
2OFRTREND,

(A.

RAOVWFhD 1 DORE/NE—>% 25 EF3, 2 ERDICHDOEE 6 O

B,z")={zeR"||z— 2| <&
> :&:, "£__‘£*” — [2,«=1 n (xi _xi*)z]l/z
THET L, T0LE, FER
0<p<1

iy o AL,
0<4=minp/|V,|=0/max]| V]

i=1~n i=1l~n

L o7,
FED(=1~n) llDX],

[Vl = min [ V,['<0/6

i=l~n

PO L% HIE, EED 2, 2€ B,@™) T L, FERX
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(A.

(A.

(A

27)
28)

29)

30)

33)

34)

35)

36)

37)



6@~ 6@ sx-lz—z

BN

Do, 22,

k= {/np/d) - p* " log,p”*
(R) (WBNEGRER)

lim, ,,£=0

WAL, pA+HL-E3nE k<1 %2/BT,
(contraction-mapping) & 7% %,
LEOEHEA. 2, FORZRFIHWETH/2DIZ, SiniHa.

e

]

mEa. 1) (FyEoEH)

%

B y=f@ PHARM [, bl={&laszc=<h
(@, ) ={xla<z<b ThHrHITEETHLLE, Sk

f(a +h) :f(a) +h- (d/dx)f(x) |x=a+0h

% i

723 0(0<60<1) PHEHETS,

P

1

g(
)

1
2
3
4
5
(6

(07}

(1)
(2)
(3)
(4)
(5)
(6)

wla. 2) (V7EA FEBOHNR)

KLY u DEBMEMEK
w) = [1+ exp[— cu]]v_1 (c>0)
W, ROL)~(DHBBEILT 5.

g0 =27"

0=gw) =1

lim, ., g(w) =0, lim,_,.. g(x) =1
d/dwgu) =c-glw) - [1—-gw]=0
lim,_, ., (d/du)g(u) =0 '
s=glu) e {ylo<y<1}

72 u=g () ik

u=gs)=—1/0) - log,[s A — )]

IIﬁS

0=p,¢gs1 &L,
q

ds g~ (s)

1/¢) - [H(p) — H(g)]

Zziz,

H@p) = —plog,p— (1 —p) log, (1 —p)
H(g) = —qtog,q— (1 — ¢) tog, 1 — g).
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(A.

l1~a,

29) DEH G

(A. 38)
(A. 39)

(A. 40).

TN EE
O

S5THELI,

KBWTERETHY, »> HARH



(6Ea. 3]
rodEa., 20B% g ZowT,

gw) - [1— g(w]

_ 1 _expl— cul 0
T 1+expl—cul 1+ expl— cul ‘
w¥Ea. 4)

0Sp=1 AO0=z=1 DLE, IEX
b+ Q—-pa <z
B L, FE5E
p=0V z=1

DEXIIED, ‘ Ol
w@a. 5) '
B @) =x0 —x) for 0=zl IID0VT,

(1) max,, <, h(x) =1/4=h@™)
2) maX,.,, hx) =0=h(0) =h()
3) 0z, =x,=27" &b,
0<hix) £h(z,) <1/4
4 2S5, <251 %63,
1/4 2 h(x) 2 h(z,) 2 0. O

—

(EEA. 2 OFERR)

G,@ — G,
=gZ Wy x;—h) —g(Z L W, 2,— h)
THHDE, Gx) % Y= W, -x,—h OBEKLHT, GEa. 1 TRENDFHE
DEBEHEH TN,
s 20<1<1) PEELT,
G,(x) — G,(2) ,
= (d/dw g) |y, * (2,2, W;(x; — 2)] (A. 41)

— bb:,
¥, =25 W, D+ 0 =Dz — b (A. 42)

P 0. (A, 42) Oy, ik

*

Y = Z;'Zl Wiz —h

+ W, D — 2 + Q= D= 1)) (A. 43)
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EEREN, Ea, 2040)FHVT, & (A, 41) &

=c- g(y,) * [1 - g(y,)] * [ijl Wﬁ((l'j - Z]-)]

EERENS, T T, Schwarz DARER;

| Zj:l -l'j . ,17,] < [Zj:1|x” |2]1/2 . [Zj.__l nlyj IZ]1/2 .

TEATA L,

G, — G, |

=c-g(y) - [1—gly)] - |[Z,2, W,(z; = 2)]|

Scog) - 1—g@)l- 1wl lz—zl
2L, W= '(W/il Wiyt W)

DD 72D,
z, 2" € B,z" ThHrhn,
liz—zH+ Q-2 -2
si-lz=z*l+a—-n-lz—2"|
SA+A—-Do=6

28T, Th% Schwarz OFRFXZEA L THLNLAERX

W, - i@ — 25+ A -2 - —zH]1|
=Wl lra@—zH+a -0 -z

a:ﬁ)w“mf,‘fc (A. 43) OEROFSNIET L RER

|2 W, A, — )+ A =2 - & — 2]
S|wW-Me—2zH+a -0 G@—z291
s|wl-o

PELEND, |
ZZT, & (A, 16) 5

SIW xS —h=g" ), i=1~n
BT LTV S EIERELT,

=Wy x —h— oW

gy =W —h+ o | W,
LBECE, 2% (A. 43), (A. 46) XD
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(A. 44)

(A. 45)

(A. 46)

(A, 47)

(A. 48)

(A. 49)

(A. 50)



gw) =gWw) <g)),i=1~n (A. 51)
HIY LD EHINT, T2,

5 W< 0 c tog, [p7' (1 —p)] (A. 52)
MY roZ ik, X (A 36), R (A. 21) 2EETHL,

o-lwl .

< [p/max | V1 - | W,
i=1~n

= [p/max | V, |1+ ¢ og, [p"' (A —p)1 - | V]
i=l~n

Sp-clog,Ip' A — )]
PHbh B,
z=por1l—p
iEoT, 220841, TG T, FFKX

gly) - A — g(y)]
< p( —p) - expled| W, (A. 53)

FEYWIDZ L RTEHL LI,
I.z=p DL &
R (A. 49) oy iF, X (A 47) BRALT,

yi=g7'@hH+a-Iwl

< —c g, pTtA—pP1+p-c g, p7 A — P
=[c" - tog,[p7 A =P [o—1

<0 o R (A, 35)

%8BT, £oT, & (A. 51) 2HFELT,

gly) < gyH <2”
Hei B feoT, fla. 5OEFHEALT,

2y) - 1 — gyl =gy - [1— g | (A. 54)
28B5, 22T, X (A. 20) xERTHE,

exp[— gl @]
= expléog,[p~ (1 — P11

THBBD,
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exp[— cy;']
=p'(1—p) - exp[— cd | W, .
£, mla. 345,
g - [1-2@H]
. " p-l . (1 _p) . exp[_ c0 " Wi "]
1+ @=p -expl—c-a-IWIl 1+p7" - A —p)-expl—c-5- Wl

_ P . aQ—p -expl—c-d-1W,
Tp+aA—p cexpl—c-0-W,1 p+ A —p)-expl—c-6-[W,

_ A —p) ) 1
T o+ @ —p -exp[— oW1 p-explc-d[W,[1+aQ-p
- p(1—p) ) 1
TP+ @ —p -expl—colW, 1 1+ plexplc-d-1wW,I1—1]
A —p) L :

=5FA=p - el colw ] =202 - exwle- ol WD

wEa, 4
%0, |
g - 1—g@HI=pQ —p) - exple- - W, | (A. 57)

#1BC, 28 (A. 54), (A. 57) &b, & (A. 53) ORIEI DI S,
M. zf=1—p orx,
x (A, 48) @ gy, &, K (A. 47) 25

yy =g —d5-1wl

=c g, Ip" A=l =a- Wl = R (A. 20

2 og, p A —pl—p-c g, Ip A —p1 v K (A, 52)
= tog, Ip7 A — I - [1— p)

>0 X (A. 35)

gy) >27"
£HC, R (A, 5) RBEI 2L, @a. 50WLY, %R
2() - 11— g)] = gD - [1— g1 (a. 59

Y LD, 22T, & (A. 20) 2ZETAHE, -

expl—c- g1
= expl— og, [p”' (1 — P11 ,
=p/1—p) ; : (A. 59)

THohb, & (A, 48) EETL L,

expl— cy; ]
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= exp[—c - g7 (£)] + exp(cd| W, |1
= [p/1 — p)] - expled | W, ] (A. 60)

18T, wiEa. 305,
gly) - [1—g()]
1 . pQ=p e expled W,

1450 - expled] Wl 1+pQ —p~" - exple- ol W,
__Q=p - expl-calwil p
T A—pexpl-cd|W,1+p QA —p)expl—co|W,1+p

- P —p) ) expl— ¢ | W, [l
Q—pexpl—colW,T+p A —p expl—cd|W,1+p
- pA—p) . 1
p+ @A —p) -expl— W, [T pexpled|W, 1+ 1~ p)
- A — p) . 1
p+ A —p) -expl— oW1 1+ plexplc- oW, 1 —11
< A —p)
T pt+ @ —p)-expl—cal W]
=pA —p) -expled| W, 1 - dEa. 4
230,
g - [1— g1 < pA — plexp(cs | W, |1 (A. 61)

213 C, 23 (A. 58), (A. 61) 205, & (A. 53) ORI bh b,
dT, 2O (A. 53) #{Fv, FEX (A, 38) #AAL &S,
(A, 52) XY

expled | W; |
< explp log,[p~' (1 — p)11
=[p'a -n1

THhHY, R (A. 21) »EES 2L,
Iw,ll=1c" tog,lp™' A —p)11 - |V,
ThHirPE, 23 (A. 45), (A. 53) &b

16@ — 6, |
C=c-pQ—p) - expled| W, - I W, |z -zl
SopQ—p) A =P - [ g, A—p1 - |V, | |z — z
Sp(/p) - Teog,p™ 1 - Vil - Iz — 2]
A (A. 35), & (A. 19)

<p-p " llog,p™1 (/) lz—zl + K (A. 35)
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< (/0 - p " llog,p™ - |z — 2|
=k-|z—2z v (AL 39)

ORI Y, 3 (A, 38) DIEHIKT L,
(ROFEH)

Tlimy gy fy(2) = £itty o (@) = +

Nk E,

lim,_ ., [dfi(@)/dzx] /1df,(x)/dx] = £

YES

lim, .o fi(x)/f,(x) = € HSELY LD,
CEEHT N,

limﬂ—>a+0’C
=—Gnp/0) - limb—»+op1_p bog, b
= — (/np/6) - lim,_,,(og, p)/p"~"
= — (Vnp/8) * lim, .0 " /[0 — 1p°’]
= — (Wnp/8) - [1/(o— DI + lim,_,, 1 /p°™)
= — (np/® - [1/(o— D] - lim,_,p"™"
=0 - 3% (A. 35) '
18T, B SN O
A. 3 HEERRO—ENIGEHE
KT —2 ) v F2El R O®WHES X & x,z2€X 2D 12az20 &6

{1

arz+Q1—a-z€X

RRET AL X, WES (convex set) ThbEbhb,
A, 2HiTHOZ2—F )iy b2, HEEHEOTTHLIODELEOZLIRDOEERA. 3T
BREEND,
(FEA. 3) (BERBEO—BMIKTHE)
RS — 2 DS

="z x),a=1~m
HOWFI,1D%

* % %
="z - x)ER"

LRELL. A0 |
atb OLE, |z°—2"1>0 | (A. 62)

YBET D T77, 7 (A. 19) TOFEHK p %, E©HA. 20FRVRILT B LI, +a7b
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SCEATVRREDLL, K (A 39 D & %
0<x<1 (A. 63)

LY B

(i) EHA. 2TO¥E 6 O B,@" HNWEETH5,

(i) x€B,@™) ok, &K (A. 29) DEHGIZDNWT, G@) €B,(z™ #Bh Lo,
() AEhaHRER

z=G@) (A. 64)

i, ¥ B,@™) owkM—o0R ¥ *#HbL, o i,
ANy —v x A8

x € By(z™) (A. 65)
Eilz LT,
2@ |,_o=z € B,(z") (A. 66)

ELT, EfENhB8 — 5]
z(t+1) =G6x®),t=0,1,2, - (A, 67)

DR E LT
—BHI/BEONhE, 23, Xy —F|

x®,t=0,1,2, - ’ (A. 68)

F—ERIC 2¥ CIURL, ¥ PAMTEER LR v, : ‘
gz =z ERESNZRBHRENSY—Y z='@2, 1) OFERS z, &
2, 1—p LDAOEBPOBE->THThhEbhVv, COFHA. 312k,
A% =z DER By(x") ofMEE
U iBy(z) KEBRLTWAE, By —vo1o 2 L LCEER#ShS
EVWHTEIThB, LELEYNS, ANNRY -2 2 BFIOMES U B(z) OWHCH2
mEE, BB -v01o ¥ CIERTZZEPRIEESNT, TOANNY -2 x BH
BRELT, RERX (A. 67) FEFENTY, U2 B,@) OHCHB/5—> 2z I

THLSHENL a
v B B;(x),a=1~m BEWIZIETH,

(v) % © %

T=MiNg ez mars HEa_fb" (A. 69)
CEETDHE, B 0 PAER

<2t ¢ (A. 70)

Wz LTwhE, R B,@Y,a=1~m BEWZETHL, 2%,
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B;(z®) N By(z") = ¢(a # b). ~ (A. 71)
(GEHH)

i OB 1z, z2€ Bz, 05 =1
22w,

Naz+ 0+ @z — 2|

=lac—zH+A—a) -z

<alz-z*|+ Q- |z—z"|

Za-0+Q—a)-0=6

dz+ (1 —a) z € B,(z™.
GO tze B, orx, lz—z¥ =20 THHEH,H, FEAHER
Gz™ =z*
2, EHEA. 20K (A, 385 FHEALCT, RHA. 20%H5VER (A, 63) FEET I,

6@ —z* =16 — 6™ . 7
é/c'||£—g*||§/c'5<6 : : , (A. 72)
G(z) € B,(z™

HiDFEH c 3 (A, 66) @ z2(0) ICiix@EALT,
z(®) € B,&™,t=0,1,2, - (A. 73)
Bz, 2HEA. 20X (A, 38) ZEHALT,

lzt+1) —z® |
=[6&®) — G+ 1) |
Sk-llz@® —z@¢—1|

IA

<k Jz@ -zl t=1,2, -
BROENDL, Thdb,
s>t DLE,
lz(s) — 2@ |
< ilzw+1) — 2@ |
7T e 1T 2@ — 2
sk k7 2@ — 2 |
—0 (t— ) (A. 74)

DRI b, LoT, RO/ va|-|ICELEMTHED2S, 430 (A. 65) ~ (A,
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68) TD/¢5 — 5 Az} grs... RER zE€R" EHbH,

d

lim,_..[z(® — z|=0 (A. 75)

BRYILD, AT, 47 (A. 27) ~ (A. 30) TOEE G OEZRHEFEE 6 O
B,(z™) IZHIRL7zk &, B,z WRHEETHY, i kY '
G Dl € B,(z") ThHHH5 z€ B,z
Thb,
A (A. 73) CEHEA. 2FFHLT, X (A. 75) 2D,

IG®) — G@ |
<k llz® —z|—-0 (t— )

ORTEM, EoT, &R (A. 67) KBLTERICBIE, AL z X, Al GQ
CEBAAT AL, REAFER

z=G(2) (A. 76)

z=zx (A. 77)

THhb, LT, #DIEH,
x (A, 73) BHRIZLTWBERL, X (A. 76) IEEL, EHEA. 2%BHALT,

lzt+ 1 —z*=16®) — 6™ |
<k-lz@®—2*

2HELENL, t—o o IIBITTNE,

lz—2*l<k-lz— 2"
A—r-lz—z*I=0

PRILT B Edbhb, k<1 Thihbd, lz—z =0 %8, EHsR,
FEHEFER 2=6@) OBI—BENTHS

T EREWT L, GOEMIEET T 5, |

YEB,@") ENOMELT, y=GQ) T2, % (A. 76) ® z oW, y=z %
RERTER 5%, EEA. 22MALT,

lz—yl=16G= —c@ |
Sk-lz—yl = Q-0 -lz—yl=<o0

¥R, k<1 THE2H, lz—yl=0 %1/, FEHIK7,
WORB i atb ETh, |2t —2']>0, 0% 9 z#2° WCEELTE,
BKOFR Bz, a=1~m BFEWIZETRW

EIREL L9 €9 THhiL,

z € B;(z") N Ba@b)
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T x WERETD, 258, € B,z ThiHLL, 2R (A. 66), (A. 67) I
CHREALT, 2° K—EWCIET %, ¥/, z€Bz) ThHHAL, 2k (A. 66), (A.
67) iz WALT, &' IC—BIICIUET 5,

PRO—&EH»S, 2°=2" %18, ZhEFETH S,

v DR [ EmErAE T,

z € B,(z") N B,(z") (a#b)

%723 xzER" PHEET Do
TE€B,&") rtwiTidn lz—zlo<27c
€ B,z twHZErn |z—z'[s6<27c

THHH, /va |- ©3AREX, WLy,

lz* =z’ <)z’ —zll + ]z — 2’|
=|z" —z|+ ]z’ —zl

<£20< 7= min |z —z"]
a,be{l,2,eee,m},a+b

L FIEHE S NI, -
#43B (RBIAKRAO—®E?)
B2 25X (fixed-point equation)
z*=F@&*, 0) (B. 1)
R LEEZLD, T2, Fid
F:R" x [0, ©)—R" (B. 2)
ST, RTEnktr—2y FEBTHY, |
[0, 00) = (] 0 < & < o0}

CEWIEBEERTHDL, SOREESER (B. 1) % an iterative scheme
&

=zl ,ER" (B. 3)
DFT,

‘ZHI =F(£v 8:) € Rn, .
e, €1[0,),t=0,1,2, -, N—1 (B. 4)

LR E LD, AL, 24
() VzeR" |F@ o —Fz0|<e

i, |- lEEE LR VA



(i) 3 L (Lipschitz constant) (0 < L< 1),
Vz, Yy € R,
|F(z, 0) = F(y, O | <L - |z — yl

FHLTBL, % B, LT the contraction-mapping theorem (E/IEHEREH) 12X ﬂ&f(w,
R™ \3pEs

disiz, ) =lz—yl=[Z2, (x,— 1"

RELTEBETHLD L, £B1i DT T, the traditional iteration
Z = F(z, 0) (B. 5)

EME1 DD ¥ WIGELT, FEAFER (B. 1) OENIELD z2¥ #koOb5hbI e
HEBELTW5S,
I, tRBEORTH S,
(i NEROETR) ~
fERFE A PEMZEEZE X 2*EB5EHFOFICEL, ZOTHB Domain (4) 2°
Domain (4) =X THY, 7»> a *5&H

0<a<i1
i TBELT, XOFOEED ¢, n X LT,
dis(Ag, Ap) £ a - dis(yp, 1)
HbH% I, FERHERN
¢ =A4¢ ,
BMELODR " EFDO, TOM ¢ i, WEOT ¢, FEBICEATTE DY
0, =AQ, 9= Ay, ¢, = Agy, -

DERE L THELNE, 2212, dislp,n) WXDOETOHBEREKTHS, |
8T, lzy— 2™ 2

lzy—z*|
ST e+ LY |y — 2 ‘ (B. 6)

CRMEEND Z EIZEELT,
Sl T e+ Y -2t =a (B xHhIER) ‘ (B. 7)
EEHELT,
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>N !cost(e,) — min : (B. 8)
o5 LHLEERE N LHif~s b
e="(eg &1y "ty ExD)

% Bl X (COP:the constrained minimization problem)
EVWIREICERL TELNE, TOREERDLICERZLONS,

(EEB. 1) (EHRBEBF X D COPRER)

HBH p>0 L,

cost(e) = ¢’ 7 : (B. 9)
LERETNE, COPDOREEZXSL N & ¢ &

tog,llz, — z*|/al

=—@p+1)- Tor. L (B. 10)

o=k LTV =0 1,2, -, N—1 : (B. 11)
THRAbNE, 22U, |

=%*[a—LN'||§*—:£O||] , (B. 12)

L=10""" ‘ | | (B. 13)

wic, ova |- % |

la—ylf =222~y . (B, 14)
ERELTVD2LIE, &1,

Z,Zlvfél ' | (B. 15)
R o="(v,v,--v,) EHEL,
/ Fi(x, &) =F)(z,0) +e-v,7=1,2, ", n (B. 16)

LEETI, WS, 22, X (B, 2) @ Flr,e) &, txHMBEOEELLT,

F(z, ¢)
="'(F\(z, ¢, F,(z, ), -, F,(z, &) (B: 17)

Th5b,
f182C (EFNEBRIEAR T:0—0 DHERH)

ToED® My —r o€@® ORYELDETFTNVNTHS LTI, S%mh@%%bfw
B vy — Y BEROBFENER T <3, B
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T:90—0 (C. 1)

FROAWE A ~= EBLELRTREELEWE,
(EFVHERERE T Ol T<E& 414E)
(EEA) o=0€ @ Z2WT Top=o.
(BEwr) Veed, Tap) =Ty for any positive real mumber a.
(EEN) Voed, T(Te) = To.
(HE=) o€, Tp+0. O
0 € @ C Hilbert space § THhD

T-0={TplpedCod

A IR AT DY Y
YEETDH, 2FY, O

9ED LI T TpE
Rz L, O RERTICHT 2REEETHORIERS v,

Invariant pattern recognition with high discrimination and robustness to noise
DMRD 12012, 155 — ¥ DEFIH LK 2 58 % TS 5 54 (a technique to extract in-
variants for deformations) 2SLETH Y, INSHIZTDOWTIZICHRCY, @IZH B4, = OFREH
HEREHVIE, 2EbHD1DD 185 X —% Lie BEEEBREOTTAREL Ny~
DETIN T” ZRETE B,

KFERC TR, T2 VEEEBRAEMLZHA 2w, LECAHE 1 ~= %@l
BRZNy—vEFNV To Z1OHBLTBEI), 2% Y BEETBRAEE ML, 48E
f~= %Rz —EFTN To ODOFEBICOWTIE, XH3), ()~010, 1), 13, 15~09,
20, ezdH B,

NRE—> 9, €8 DIRMVELEFR

(Dp(Pz,“‘,(Pk,"' ‘ (c- 2)
TEEL, TOR,

951 = ¢
2= ¢, — (03 0, I ?y "—l) O I [N I

|—1

|—l

0= 0, — Zi1 (0 010,17 - 0,1l 9,1
(Gram-Schmidt Orthogonalization process) (Cc. 3)
ko,
nkE(Bk’k:lrz;.'. (C. 4)
LBUTEBLNE § ORFLRER ) W

Vk, véeL=A{1,2, -},
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e ) =0l In,ll- 6., (orthogonality) .
T, G,=1lifk=¢6 =0if k#¢ (C. 5)

é%ﬁf:?o ZZT, EEHK C>0 THEL,

leel =vC - [n. 7 (C. 6)
LERSNDEREE ¢, 2EZX,

D=t My (c.‘7)
EBITIE, Q)i

VieL |¢,F=Clke LIZImEEEELR >0
(a flat-power property) (c. 8)

M7z ENTHWBHEISRTH 5o

37,

% (o, ¢,) 3EEMETH S (Cc. 9)
LU, BB e, ¢ ARER

0=e, ¢, <ll¢,IF/sup e, ll ¢,IF (C. 10)

iz T LB ERTVWRELE), ZDLE,

a,(p) = ’
{o--- VEkEL, (p,¢) =0 DOHE
((p) d)k)/supkeLl ((P, ¢k) | - 3ke L, ((0, (bk) #*0 o)i%/ﬁ\ (C. ].1)
LT,
u(p, k) =
41 te<alp)=+1 DL
0 —e,<ap)S+e NDLE
~1-—1Za(@<—¢ DL& (c. 12)
*HEL,

To = ZkeLu((or k) - on (C. 13)
LEBRSNDER T:0-0 FEROIME [~= FWATILIREN, T VK
TERFETH 5, ‘

AME A ~= %HizL, LdD W45k Hibert ZH o TOHL1=F JIEHEDD

CBADBDTTARELRNY —VEFNV To OHEBBRIZOWTIE, -V p€dCH »bLil
HENBELKELBEHORME ulp k) LLT, »2HCAREAEHOEKD ® 09
U9) 2 B\ 72088 — 2 @ @ 2 RIFETLBAEAE (S. Suzuki DIRE L2 BENLI=2VFEE® ©.
©, @0, @2 (1 etrically unitary invariants)) ZHWIITTEETH Y, TOBKE LIZDoW T,
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SCHR(3), (7)~@D, 09, 09, 07, @0, @Vizd b,
(BARE— - EAEIRN, THERZIBREE TEHRALE No. 157 HB#HL, ¥y —VEFNLE
AW R aRGREEEEE Y A7 A FER, #BEAE 1994410H13H)
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