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Abstract

A new pattern-modelling mechanism is provided with a form of using a perceptually meaningful set of
features extracted from a deformed pattern by the help of an orthogonal system.

We shall explain how an unitary invariant model is synthesized. The model obtained by this method has
two properties of noise-and dimensionality-reduction and redundancy-compression, and is possessed of the
same set of features that an original pattern has on condition that the absolute values of orthogonal expansion
coefficients of the pattern to be modeled are adopted as features extracted from the patterns. Two models of



the original pattern on a real Hilbert space enable us to bring a norm-normalized original pattern into a
unique representation except for a real constant number whose absolute value is 1.

We shall make clear that a phase-unceftainty in the stage of feature-extraction is represented by a
positivity of a sum of two entropies. An unitary equivalence between models is explained relating to the
feature-extraction .

Researches for such an model have not found so far now so far as we knows . We now can construct a
model picked out in many meaningful examples, which remains invariant under the Fourier transformation
.This model allows us to understand a theoretical framework for a model-construction operator presented
here.
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kELEZBBORHEL L TRATA, §5&,

u(p)=u(g; {Sle}kEL) ={u (@ Kler (A23)
E. - ped POMBENIBHEOHMTH 5,

K Q7)) YLD L) BERT, BEXR e PEETHNIE, X5 -V o DERERN
(A2), (A3) KBFA @i, BiZ. ¢.=0TH V. LoT, 0L, 3% (A15), (Al6),
(A18) DI,

dis(¢ l @171, SB)?

=1-3 p(®.k) : (A24)

=1—3 u(@,k)? (A25)
PN LTWAILIEELTBI )

K (A20) 22obhb LHIC, TP €D BRIFHE vw(p, k) *EXERBREICED /(Y - Th
D, BNRF—2@ed BT AT —VEFIV (DY Ll by — ) LTINS,

A5. BREREETONEI—2EFI T
X (A25) 1o, EH1, (i) OREEZEHETS L,
BERXR | dd e PREERDBE, &,
dis(plell ~1,SB)>=dis(Te | Te || -1, SB)? (A26)
PESNDEZLICEET S, 230, Ted, BHSZH SB »oE Y — > @ L EHMICH 2 H
BINF—=UTHY,
EFNTe 2 RIZVEVAZVTEE, By - oD X ICR2EIZ A,
T i3, HAEmE [25] TO. @Oy —VEFLTHE
LIRS L D100, FRX (A26) DTL L, HMIELTWw3,

1828 (V8-> EFI To % AV - 5EEOBHE)

BT, R (A20) DY —VEFN T 2T, MEORNRELT L7 -2 oEdD
RBT AN T TYRRETHHME L COSEEOEBRENFHHINS,

%9, R (A21) TERSNBEE (EFVER) T: 0—0 1200w T, 3K

OLISE

@ V@E ®,a- @ € ® for any positive real number a

B®Vped, TpE ®
2T E) NI -V EEORBEELTEL, TDL) BNy - VEE O DBERREEICON



T, XHk [7], EXXNVE2SE [33],
ATy — Y o DIRBTRENTITY (EHE) 2RETH L) BEOBE L L TiE, ¥
=V eDORYELTONRY—VETFNV T BEV, ROSEEI~VIEX LN
I. B/MEBEERE I X 5388 (31, [4], [11], [12], [28]
2DDIY =V @, 9 €O MO (3], [6]

(Feature distance)
Fdis (@, 5) '
=[3 welu(e, k) —u(y,k) | 2]
22, [VKEL,0<w<O0] A 5 we< o (B1)

ELENTITVE; GBIETFRHOLTTY) ORFENS -V 0, DFETNV Tw; L ZHELT, 12
OHT T HFE
j=argmin c; Fdis (T®, Twy) €J (B2)
2RO,
@ belongs to the j-th category @ ; (B3)
&, RkT 5,
M. EEIO (), (), Gi) 25b25 X3 ic, R (B1) OB Fdis 13, 31
(i) X @) OHOHBIEHEH L ifh1= 8 ) BEEE U OT TORENR
Ve € @, Fdis(Ug, ») =Fdis(®, )
(i) EOEREANENE
V@ € &, Fdis (a* ¢, y) =Fdis (@, )
for any positive real number a
(iii) ETFNVEBREREZET O T TORENY
V@ € @, Fdis(T®, n) =Fdis(®, »)
BdHy, RERX B2) PHYZTE, KO3ERHR (B4), (B5), (B6) HHY LD, 3RHR
(B4), (B5), (B6) oW 1204y v TiE, RHNX (B2) YLD :

U@ belongs to the j-th category &; (B4)
a *@ belongs to the j-th category §; (BS)
T belongs to the j-th category §; _ (B6)

]

38X (B4) ~ (B6) THEENLIFREMRBEOBHBX I, LTOTN~VIZOWTHEREh TV,

0. ARIRIEREE (tree-classifier) ZHER L723— k7 b Vg [34] 12X 5% [5], [24]

EBEOEA w DMl twil e ®. BYVETEFETRELTBWT, Bl -7 0 Vick?
Rl [33]. 20,

2w [2:u(Te, k) — 1120 or <0 (B7)

HEIPT, 258T A L%, BDEZEBZTEIELT, NF—rped Ril#T 5,

M. =2—F V4 FOREE~DERIZ X 55R#& (71, [16], [45]

ZANTT)C; (BIETFEEOHITTY) ORFENRY =2 0 DETN To e RERAIFHFO= 2 -5
Wiy PERBERLTBWT, MBOXNRETE/87 - pedk BKTF|IE (spurious attractors)
T WAREE, Pl To KIUREET, BHRK B3) 0T L, #BRT 5,



V. JAREOEERIC X 5388 (7], [22], [28]
FRENY — Y w,DEE

a=lw;ljeT] ‘ (B8)
Z. 3CHR [7] O%F21E, FE1OFETHFECHRELTE L [33],
3ME '

(—) (EXRH) SM(wi, ;)
=1 if i=j, =0 if i#]
(Z) (M) veeo, 5 SM(p, v)=1
(Z) (T—FEH) g
Ve ED, SM (T, wj)—SM(¢ wj)
&7z TR R B

SM: &XQ—{s|0=s=<1} (B9)
WS 5. FlZIE, ¥R D OTIE,

SM(®, w;) .

=T —Tuw, T3 Te ~Tw; | -2 (B10)

BEITHY ., O SM Ik, “SEPEIL ) VA EEECIHE S LT\ 2 MR O K G 57 &
WOIFE LWy
SM(@, w;) ZSM (@, w;)

SITe —Tw; | < | TY —Tw; | (B11)
75&‘5;)50 .
CIDEE, 1DDHFITYFHE

j=argmin vc; SM (T®, w,) €7 (B12)

RO, FHKX B3) o<, B#ET 5.

V. PE)ERREEEZRRRE (7], [9], [21]

ENTTVET JET DRE T DT NTOWGEREDOLTHEL VEEZI, y€V %, 15—
YPED DRI LTREMDODZ 77 TVHFBDIVA ML LTRALLEE S, 20y #BEHIC
Fony — VERERE (BETHIEES)

Aly): d—d (B13)
THEL. S —VEFVTR %, '
TA(y) T =n€® - (B14)

EVY LI NY—VEFN Ty NEEHT B k%%xioo ZOLE, BT ONFENE
(238, EE1O (i) L0, FEh A%

Tr=7y (B15)
PEOLLTBY, OBEZHERBERECESNR (B14) D5y — /,7 EEE T OFRE A
ToTWwh, , _

CDE) % y €V %, SEREDHRBRICBI L ESBETEOME, WIRY., & (B14)
DEEZIRER L SEPENCHE RV ELTITE, BRIy — VXV ORES 5 Tk
0)%573721)0)&7—%“&190; BRI, EETFROHFT) §IHb L2k o T A
Ny—roped &, FHR B3) OTE L, BT s, O



18RC (REXR. BREXREOSFMEHR)

DToORECHIRENS X910, FEFAOERERR (A3) 22oWT, ERBEERSRT A/
B L. %E*é&ﬁﬁ&n%)ﬁwfﬁﬂﬁtmaﬁ (CFMAERIIAE L, EREESR L ERPEER
REXXNTLLEN RN bR 5,

K. KD (i), Gi), Gi), Gv) [43] CEET 5,

(i) (BEREET) S EBET~DOER)

Pitide )L M2 S O, EFETIE L L LTHEERBED, 92— ¥ k€K IWKET AT
L35, S DITLY %,

P =pF (c1)
EEFEL 72, 2TC e, i %

= W2) - led+ o] (c2)

¢k5(ﬁi)*1'[¢k 2 ' (C3)

EERT Do 270 g, g l3FEIC, D OERBEILTH 5,
(ii) (EBMETTH S EEBIETADLEH)
BT, 2T e, e lFE VAV PR S O, EEIED, 85 X —F kKERIKET LT 2,
 ODTT ¢t %,

pdr=2) " Iptigd _ (C4)
LERL, DO %, ,

¢k*5¢7

=(2) " [p—igd (cs)

EEEL Lo 27 o, ¢ idIC, @ OBERMBETTH 5,
(i) (EEERBADO2ODEOM S 5K 5 IR L EERERBNO 20 DEOHIH & 55 B
55 & OMOFEMER D)
eEBEZ BN, @, e GDSEFRIND (1) WZBWTH, iz, 7w G BEZ LN, @,
PHFERSI NS (i) IZBWTH, BNV MBS OEBEDOTQIZOWVT,
VKEK, (@, n) e+ (P, ¢ - du
=(@, ) o+ (9, ¢) - (ce)
(iv) (EEEERZND2DDEDOMD S M5 845 R L EENEE xW@zo@E@%ﬂ#%;ﬂa%
R & DB OEMEBRDTFL)
70 % v 51— (Kronecker) @ 77 & :
Sim=1 if k=m, =0 if k¥+m B (er))
TrHET 5,
(iv—1) @DEZON, @7, 7, GHEREND (i) IKBWT,
(¢k+, @) =(@, P ) = Ok
AN @, @u) = (P, Pu") =0 (C8)
= (gx, 7w) = (¢, $m) = Okm A (i, ¢m) =0 (c9)
Pz, 7o, _
(Iv=2) 9, gD EZON, @F, @ BEREND (i) 1I2BVT
& (C9) ==& (C8). O



ROFHECL, L, RClF, Gi), Gv) 5, BEbICEHIS,

[EHC1] (%-E#EBZ}EI%F&E&EE&T%E*EE) [43]

(a) pEPEZHN, @, o ERINDL EABRD (1) 1TBWT, R (C8) 2D -T
Wi, RO p € H i,

VKEK, (p., o) = (@, ¢ )=0 (C10)
2T O OImMe  BWEEL T,
¢:k§K (@, ) it
t2 (@, o) o +o. (c11)

EXBEHING, 2ok x, 23 (C6), (C9) Y215, & (C11) Deld. XKD L3,
EFEEHZONA:

VKEK, (@L, 70 =(@., ¢)= (C12)
(SN 3‘@ DILPBFEL T,
kEK(¢ 77
+§K (2 ¢k> gt @L (c13)
EXERMI N5,

®) g6 G VBEZON, @, o BEERESNDL ERD (i) 2BV T, & (C9) DY oT
Wi, EEO e Hid, X (C12) 2WMATODOT O AFEL T, R (C13) DT &L, BEXR
BHEINE, 2ok X, 25K (C6), (C8) 225, R (C13) D@id, RDESHIT, EX
Bz ohb:

EEDee H1IF, K (C10) 2WAT ODOTLP . SFAEL T, R (C11) DT L, BEXREBRE
b,

[%ci]

EREIEHEE R IVk}keKU{sbkfkexﬁ‘jt%@*g?fﬁﬁﬂiﬁ Rt ek U@ fex P5EA.

O

482D (Y alL VU H—-FRAOBET 31=4 Y EBELTH)

AEEDTIE, BEE1O (v) K2&, BEFT 5, 2F 0, NBAOEKHER (A14) OTFT3R
(A16), (A18), (A20) CTERINBZEEFNVTED, 1 DOLZ4 ) BETEBAERY L7257
25 VERROER, LN, BB 18 exp(—itH) DWW TIHKRET 5,

El. HCEREAE H OEHEK exp (—itH)

X (7) OBCEBIEHAEH LML=y JIERZROEER 182 3HBT 5,

t 2 EBEOEHL LT, X (7) OBCHEEHAEH OREEH exp(—itH) X H & k1
yIERTHY [17], [29].

W&ot | o=@ (D1)
RALISEO. BT HFEROBHNER LGRS 5 5B, ¥ 21 Y ¥ % — (Schrodinger)
7R [2], [e], [13], [39], [40]

i(a/2,) ¢ =He, : (D2)



Thh, ToFERX (B2) oo i :
- p=exp(—itH) @ o (D3)

THHIENHLA TS,
Bz, a, bR BRLERE L, MELT,
M= {x=<{(x, %> | 4 =<x,=b;, j=1,2} (D4)

EEE L7 L M2 L, (M; dxudxe) 1ICBWT, HEEBIEHFZEH & LT,

Hp=(i—1-9/0x) 9 +(i—1:9/9 %) @ '

2T, BREE e (a,a)=9 (b, b) : - : (D5)
CEZRINLEHEEHZELEELTWLEE, Bedd.

@, (x1, x2) = (exp(—itH) @) (x4, x2) -

=@(x;—t,xp—t) (D6)
EEDLEIN, @&y, x2) & 72T, x, FHEHIC EQL:F‘??%QL%%@VC%%)O ZOBEORAERE
X (7)) O (BENRZ MV, A2 (EEHE) T£4.

sbk(Xl,Xz)

=1=2[b—a] "2 exp [i pxp (xi—a) ] ‘ - : (D7)

A=Z=1 () : (D8)
VC&Z)O \—-\—-bh B

k(j) €0, 1, 2, -} (D9)
LT, ' ‘

e =2mk(j)/(bj—a) = - o ' - (D10)

k=<k(1),k(2)> . (D11)
Thhb, :

E2. BNV MEMALTOMEREE K E . R SHHE %

BT H% [39], [40], . BHOBFEHR [2] ~ [31, [6], [13], [18], [33] iV T
. Yal ) v - FER (D2) TORBERAE H RHCKRRIERETH A I LAHIRE ENT
Wb, FiUud, ROEREEDINLORTNDS @ '

[(EAFEED] [29]

Ya L) v —FHER (D2) DFETH LR (D3) D @,

BB LT BHMIAERAE exp(—i tH) PEED

EF oL, =¥ VEHRETH S

O BIPERZE HGECHEIERAETH 5. . ' O

AL LT, BELHE LToIy YRRV T, E2TAHL ),

) - AR R FORRIOBE L LTEDG/NY —  OEESE U MU, =7 VIERE TR
SRS %wh? ZOEEIX, ROLHICHBINS

UB2=y JERETHAHAICED, U RMHERE LTo L 22/ [E Lo AHRE
BgTHb, 2F0, UNL=F UEHETHEL T, MBICZOEIFET 52 FRERAE [29]
DHE, Up L Up LOWTE (Up,Uyp) % (@, ) LHFELIRLIT, UPNMHERLLTOE
VOV N 2R OMNHEREESEE S 2 B, BEERBEOINY — v Ue ZEEERE D/ —
o LHRREZ VAV N EBIICBE RV 6 THS [3],



E3. /55 X — 4DV — BEERE
A (D6) CBHT 2 FTBBOEE Viexp (—itH)} wccse R8T A5 t D, 225 YRR
RSN —BEERBETHD, ZOL 5,

A= (d/dt) exp(—itH) | =

——iH ‘ _

=—-09/ax—23/9x "~ (D5) (D12)
LERENDBMEAEA IO —BIEE ?ﬁﬁ@ﬁﬁﬁd\“ﬁ%kﬂ?‘ ITh, &

exp(—itH) =exp(tA) for any real number t (D13)
BEY o T 5B,

%85 X — 5%WKTW%U—#®%ﬁﬁ$ﬁﬁ@ﬁ@@ﬁgulof&icfbi50W%\
%g%mﬁ¢®%ﬂ7X~&&Lf\ﬁﬁ@ﬁ%@%%%

cxp( 2 t*A;) . (D14)
LET L, BRRANER Aj DI ERBIFR :
AA—AA= 3 el Ay (D15)

M-I HEER [30] 4 DHMICL D, BT RA—5 D) —BOKBHEEINO = L it -
TLEIDTH B, KBFFETIE, 0L FF, ol U U F—HBR (D2) CEETEEL Y —
ERBHEZMBONREETHDT, T 2=y 0y —# [41], [42] 3B HFb i,

HSRE (FHEEIMEFIE & 20 D4 8h 1)

KT OME, EBHEOBMICBI L., —FPHETIUE, MHFHEL 2V E VD BTHE o
AHEEEICH L, ZOERMATY hOE— [18] BRAET7— U 2B Ao TELLAT VS
- [35]0 AMERETIR, SO (3], [4], [13], [33] TOIY OV LARLEHET POF-

ETPY(@;{¢ulier) 2BHEL, AR LY MO -SSR BEmBICE L, B3 b ERE o

0-log:0=0 LAYH L. 2K (A17), (A18) CHEET AL, EXR lddict T T,

ETPY (¢; | 5/lk|keL)
=—3 u(@,;¢)? log. u(®; gi)? : (E1)
EEBENDNY QDL VU —%EZ B LHTESL,

CDLE, ROEBEEBIN Y 720, 256K (B2), (B3) WEHINEERELFIHEGLTW
BT LICEERLTEII, '

[EHE1] (FBHHOBEICH T 3 phase REEEMD T > b O —RRTHE)

2D DFEEEREZR {didver, {oder 2D &,

VnEN, Jk(1), k(2) k(1) £k(2)) €L

(o, dx)) FOA (00, b)) 0 (E2)
VmEN, 34(1),322) (£(1)+¢(2))€EL,
(or), ¢m) FOA(0002), dm) F0 : (E3)
HiTH-snBE LS, TDE X,
Ve (#+0)e 9, ,
ETPY (®; {¢ilker) +ETPY (@; {ofier) >0 (E4)



B L0,
(FIFBR)
ETPY (@;{ o1fker) =0 , (ES)
ThbETHIE,
!Uk}kELﬁi‘%%iEﬁl—E?)E%f“jﬁ D, F0THANS, 3 (Al6) &
F#% p(@s00) DEREEZ TP S L9 12,
JkEL,p(@;00) =1 A :
[veeL—{kl, p(@;00) =0] (E6)
DR Y o, T, '
dn€L, (@, 0.)=1A

[VieL—Inl, (@, ,) =0] ' (E7)
EEXEIRN, SEEEHERXR {‘O'k}kELb:ct 5QDEREREPS, Ny —V @ DEH
g=3 (@, 01) *0=(@, 04) * 02 (E8)

BWIALL, £oT, BLERERR (gl 0L 2 ¢ OBEBXERS 5. R (66) DES K (n) 2 EV,
p=3 ((¢,00) 0n, g " g
= (@, an) * 2 (o0, 90 * ¢

=(®, 00) " 5 (on ¢ * g (E9)
BBRIALT B, 2% 0, R (B2) LY, K)F¢ 2 b2, -

(@, ¢ =

(@, 0a)*(0n, ) F0 - kEK(n) DA

0. - kEK(n)DHE (E10)

23T,
X (B2) 6. (9,00 F0% B keL D% 20U EFEEL, LoT. 25X (A16), (A18)
WCHEETA L,
ETPY (@; {¢ilrer) >0 (E11)
THHI bRy, X (B4) WAL L7z,
K (B5) ofyic,
ETPY (@; { ¢ulrer) =0 (E12)
ZRELTH, FERIC, X B PRI TH I EITREN., TFHEIRT LI LSbhs, O
ERDOEHELX, /X5 — ¥ @ Dphase & #THE o THMIHHTE, —F OB OB X 2R
FTHY T WIFB Z il 5 huE, 7 OB O & SRR R T 5 L v | 2008
BB EXOBOAHEREZIEH LWL EBbRs,
M. fEROBHRER TSR TVwEI LY tr¥—oE [31] 2-T. & (E1) ® ETPY
(@ lgdier) DFMiZ 52 5 2 EDTE B, MEOHME L, TG,

(BAARA—, SCHRE: - 1B - By A7 258, “UHAFE - BWEL - B no21”
B, mOCEE BEXRRICEIANRY—CEFVONEE, BBEEAH 199%41H6H (k)
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