Ordering of reference vectors in self-organizing maps

with dot product type learning process

AEENFEEGLZt OECSHEBIEY Yy TORIMEICDOWT

REEE L, SEEA2
URKH AT RS2 Y AT LRV R 22
2R AL R FPRFBE Y AT ARV R s R
Mitsuhiro Hoshino! and Hayato Takahashi?

Faculty of Systems Science and Technology,

Akita Prefectural University
2Graduate School of Systems Science and Technolog,

Akita Prefectural University

1. ERREPEE G AT S E O v TEF

A 1F Kohonen BL7 L 3) XA 5] & LTHIS T W5 EHCHMME~ v 70%E T o
RALUTOHILET VT OWTHRS . IWHNEBIR T, Bt~y 7 - 703y X
L, 25 AXY) VT, 2SI AESE OREIZ K 0 JRHIPHRFEIRIZ B W T, Sy —v
EUTHIHE N T WA,

O~y TO2BETaL 22 B\WT, &) —RK9s ) — RIEADEHE LTDE
FUEBOEEBEETIZBIT 2312 F2WIZOVWTHT S, 2L OHIZBWTHWSNT
WD AR G4 % £ O H OB L~ v FI2E 1 2 BEERME—Z I DWW T, AR H
DILIRINIZ B fiE 2 £ DB VW THEmA I nTWwD (15, 2. A#ET
I, MIEMRYEEGE S OHOMBbY Yy TR KV, FEHBERIZET 2 ETFIOVEBROH
BIizoWTEET S,

AE TR O RERMTEHER 2 O AMMb~y TETVIE ) —F, J— RO,
ATy, FETORLADADDERIZE->T, UTOKIZFHEMNITITE 5.

({1, 2, cee aN}7 VC Rn> {xk}i‘;o’ {mk()}zo:O)

() I 2TR_RTD/) —FhomAEGE TS, [ IFERTHEMN T INAEEPSERL D
DEREST 5.

I={1,2,...,N} CN
d(i, j) = |i — jl
L9 5.



(i) &/ —Fi%, ZnZzn1o0fEz2HD. /- FOEEEPSHLEGZV L, T
T, VCR'OEEEED. /— R/ —FNELONInE LTERZINSEK
m:I—>VZETFNVEBEER £z,

aq bl
a=|(:],b=|:]€R
Qn by,

N LUT, R (a,0) &
<a, b> = Z CLZ‘bZ‘
=1

WL TERT .

(iii) X cVE2ANELEL, ANS{n)2, Cc X 2E25.

(iv) PE T O AIRO LI ICERI NS, EXONHHE T IVEBE me & AS5
{2 )2, TR UT, BFUBIERDF {mi()}2, A TO XS ITEHRS NS,

(a) FHHEPH: & my, I LT

I(my, xy) = {Z* el |i"= argmax(mk(i),xk)}, (1)
i€l
M@ ={jel|lj-i<1} (iel). (2)
(b) ZEE: a>0
(c) SEHTRDME:

M) Foxs ey N o E)
| (7) + oz | i €I (myxr) (3)

my (i) (ig U N@EH)DOLF)

i*e[(mk,xk)

mk+1(i) =

2. HARSOMIZBITBIREEY T 2 DIFFM:

FI1IHiTEA L mREEAYEELE2 S ODHCHB L~y 72/ LT, IFTEHZRIN
LigE SR ERESE O H A b~y 7 (EARSOM) 12T, #E Takw ATF
TETNVEBUZOWT, REEEEIZET2EOPORMEDRH 2 Z 2o N T WD, K
12, TIRFEAFBEIZBELTIE, BBEARNTHY, UTOHEEPHSNTVS.

EE 1 1o ANE it~y 7

({1’ 2’ s >N}> V C R’ {Ik}zozo’ {mk()}zozo)

IZBWT, MOFETav A% RET 5.
PRI A Ly (LIRGGES], R-AH/ —F)



(a) ZFHEEMH: & my, 2, ITHLT
I(mk,xk):{'*
Ni(i) =
&35,
(b) FHE: 0<a<l.
(c) HFEOME: £k=01,2,...

(1 — a)mg(i) + azg

mg+1(i) =

i€l

(i €

i* = argmin |my (i) — xk|},

{jel|lj—i<1} (i€l

IR UT, mp BIROKDITERT .

U N(i*) D)

i*EI(mk,xk)

(i ¢

U N(i*) D)

i*e](mk,xk)

ZDeE, EFIVEEm, & AN 2 I12& DB m, OFEFREDE T IVEIB my 1T LT, AR

DB D LD,
(i) FED z IZHLT,

mi(i) < mg(i + 1), i =

ThHdE6E,

M1 (i) < mppa (i + 1), 0=

(i) EED z 1T LT,

me(i) > me(i+ 1), i =

THD7561F,

My (i) > Mgy (i + 1), i =

(iii) EED 2 1T L T,

me(i) <mp(i+1), i =

ThHD76IE,

mk+1(i) < mk+1(i + 1), 1=

(iv) fFED z 1T LT,

mg(i) > mg(i + 1), i =

ThHd%6IE,

M1 (1) > My (i 4+ 1), @ =

1,2,...

1,2,...

1,2,...

1,2,...

1,2,...

1,2,...

1,2,...

S S RSER B LR O 1R AT EH AL~ Y iz wW T, =7 I)VEBDEHO

HIRIZHE W THFMEDREFE I D DY,

FIRRIZE TIVEED —EZ DIRREIZR B &, FDIR

%#&ﬁéM5twj%é,v@ioah%@772%ﬁaﬁ%m7/7®%“7Dﬁ2

B BHLIRIES T A LILR,
gnomfm,m%@gﬁémrm

FIRAE 7 5 2 F T U

B35 7 7 ADFIEMS KO



B 1: my, OHERS : BEXDOLE LOBTIEEHREHTH 5.

3. HEEACEEESGE L OBAIIBIT A ETIVERO BT RZEENZ DOWT
EEEAZEEEMHIC L2 0t~y 7ol 52 5.

HESE 1 F1HoFE T oL X (iv)(1)(2)(3) # AW SR FEHESR 2 H D70 /) —
K, 2 A E OBt~y 7

({1,2,...,70}, V € R? {as )20, {ma()}320)

BERD. &) — RIZHT B8 mo(i) %

nm@)::<§§?>, i=1,2,....70

U, 0;1%[0,2n] EO—kEIA LD ERT S, £z, AJ12ld[-1.05,1.05] x [-1.05,1.05]
FO—RRAMAEDEKRT D, AFHE U TRERZHAWVS. X 11&, 1000 FIOEHIZ XS
my DS TH S, FEPEE ER2ITBIEST D 2 EPBRITE 5. O

REMIUZEEGG %2 S O5EIIBWT, ZEICE2EMOEMRIZE T 5T T VEBDRE
TIEET 5. om0 —Me LT, FilRiiTIcs 2T )VEROMEEZE X %



ROFMERNBPEB SN, LTFTIE, /— NMEDHELGZ R NIZRERT, NBEER 0SS
RETS. ETNVEROBILERD BN REEHZIET 20 DOMEADRESNS.

EE 2 AREZEEEGGE S OHOMBLY Yy 7

({17 27 s 7N}7 Vv {xk}zoz()v {mk(>}zoz())

EEZSL. ZIZT, (V, () eNEHEMEET S, HB1HOFEETIX A (1v)(1)(2)(3)
EHWS. HARBOEFHZDOETNVEBmIZHLT, ANe»o0FEIZLEZmDE
FROETVEEEmM T2, ZOLE, IR ID.

m, x, alZXLT

[m@@)|| = lm(i + D = [m(i +2)]| =1, (4)
(m(i),z) < (m(i+1),z), (5)
(m(i+2),z)y < (m(i+1),z), (6)
(m( (7)

6
m(i) —m(i+1),m({E+2)—m(i+1)) <0 7
THo%oIE
(m/ (i) =m/(i+1),m (i +2) =m/(i+1)) <0 (8)
MR D AL,

A EED >0 (5), (6) 2 d ATz IZRLT, (7)IT&D
(m/(i) —m'(i +1),m(i + 2) — m'(i + 1))
:< m(i) + ax m(i+1)+ar  m(i+2)+ax m(i+ 1)+ oz >

m(i) + x|l [m(i+1) +ax|" m@+2)+az]  [Jm(i+1) + o]
1

= T 3lm) + ax| G + 1) + ozl [m(i + 2) + az]
X {Hm(i) —m(i+ 1) |P(m(i + 1) + az|| — [|m(i + 2) + az|)

+ [lm(i +2) —m(i + D|*(|lm(i + 1) + az|| — [|[m(i) + oxl])
+ (lm(@i + 1) + az|| — [|m(i) + az||) (|lm(i + 1) + az| — ||m(i + 2) + az]|)
x (Im() + aall + |m(i +2) + aa]) }

BESNG. LEni>T, (8) HD . O

275 3k

[1] M. Cottrell, M. Olteanu, F. Rossi and N. Villa-Vialaneix, Theoretical and applied aspects
of the self-organizing maps, Proceedings of the 11th international workshop WSOM 2016,
pp. 3—26.



[2] M. Hoshino and Y. Kimura, Ordered states and probabilistic behavior of self-organizing
maps, proceedings of Asian conferece on nonlinear analysis and optimization 2008, pp.
31-44.

[3] M. Hoshino, On state preserving property and nonexpansivity in self-organizing maps, J.
Nonlinear Convex Anal. Vol. 16 Num. 11 (2015) pp. 2255-2261.

[4] M. Hoshino, Local behavior of node with extreme value of model function in learning pro-
cesses of basic self-organizing maps, Linear and Nonlinear Anal., Vol. 6, Num. 1 (2020) pp.
65-72.

[5] T. Kohonen, Self-Organizing Maps, Third Edition, Springer, 2001.



