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Ordering of reference vectors in self-organizing maps 

with dot product type learning process 
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1. J.~Jliffi~~ff'¥~~~'9 Q § 2*ll•{t7-:; 7'f:T'';v 

;zl,:ffl'f=lrli Kohonen ~7 Jv ::f 1J ;(b [5] t L,-C~□ G :tL-C Ii' Q § 2*ll•{t7 o/ 70)~ff 7P 
-t At L, L O)~.lO'i'f: -j'-'';],,f::--:) \,' -CtlE>. J;tffla~t1,~--c Ii, § 2*ll-{t 7 o/ 7 . 7 Jv ::f 1) _:;( 

bti, '77A~ 1) './-7': 21'X:51:"i:iJtl{t~O)~•rii::J:: IJJAiB!ffit~~j~/::t:,1,,-c, 5H.fro/-Jv 
t L,-clUffl~n-c1,,Q. 

§2*U1Ht7-:;70)~-w/7°P-tAf::t:,1,,-c, :g.,J-FiJ•G.J-Fflil"'-0)'¥~t L,-CO)'f: 
T'';i,lffl~O)~ffj@m~i:: r:, tt Q ✓~,Qi"' r::--:)1,,-cmfu-f Q. 'ff,< O)J;tffl r:: r:,1,,-c J:§1,, G n -c 
Ii' Q r!::t~il-~ ~ff'¥~~ :t--:) § 2*ll•{t 7 o/ 7 r:: t:, rt Q ~~~•[iil 1::--:) Ii' -C Ii, ~;zl,:~iJ• 
--:)t~~~r=~~t~~~~:t"J~itr::r:,1,,-c~wun!t~~n-c1i,Q C[1J ~. ~i&). *ffl'f=lr--c 
ti, ,~*ffi~~ff'¥~~ :t--:) § a*ll•{t7 o/ 7°~},&1,,, ~ff~mi:: r:, tt Q 'f:T'';viffl~O)fl 
~f::--:)\,'"C~#9 Q. 

;zt>:ffi'f=lr--cr& -5 B*ffi~~ff'¥~~ :t"J § 2*UlHt7-:; 7°'f:T'';vti.J - F, ,; - f O)f[i[, 
1 './ 7°-:; 1--, ~ff 7·0-t AO) 4 --:)O)~*r:: J:: "? -c, .DJ ~O)mt=~~Mtt--c ~ Q. 

( {1, 2, ... , N}, V C ffi.n, {xdk=o, {mk(·)H0=o) 

(i) I ~ '9 /'( -C 0) ,J - F iJ• G frJG Q ~it t '9 Q. I li~~_&--Cfi!elffM tt ~ :tLt.:~*iJ' G frJG Q :t 
0) tfll(7E'.9Q. 

I= {1, 2, ... , N} c N 

d(i,j) = Ii - JI 
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(ii) ~/ - r' ti, ~n~'n 1 --:)O)f@:~ :t "J. / - r'O)fll~f*iP Grot0~il-~ v t G, ::. 
::. t'li, V c JRn 0)1~1':l-~fl!d. / - r' t / - r'f[l t O)J,f~ t V-C7E~~ tt0 00~ 
m: I---+ V ~=E'T'Jv00~t!P¥✓~~- it::, 

n 

(a, b) = L aibi 
i=l 

t: J:. --::i -C7E~9 0. 

(iii) X CV ~AjJ~i)-t L,, AJJJLl {xk},;0=0 C X ~~X.0. 

(iv) ~~ 7°o ~ 7-. lit'jzO) J:. -5 f:7E~ ~ n0. lJ.;z G ntdJJM=E 'f';vOO~ m 0 t AJJJLl 
{xk}k=O 1:x,tL,-c, =E'T'Jv00~0)JLJ {mk(-)}k=O liPJTO)J:. -5 f:7E~~:tl,0. 

(a) ~~fBIID: ~mk, xk f:JitL,-C 

I(mk, xk) = { i* EI I i* = ar~~ax(mk(i), xk) }, (1) 

N1(i) = {j E / I IJ-il '.S 1} (i EI). (2) 

(b) ~~$: a> 0. 

(c) J!ffif10)f@:: 

(3) 

2. ~JI,: SOM /: JS tt 0 ~~ '.7 7 7' 0) {)?;;(¥•t! 

m 1 ffij-C-$A L, t;:~jUfUfil~~~~{t '6-:) § 2*!l.~,Hl::7 o/ 7°f:xt L, -C, PJ T-C-7E~ ~ t1 
0 8i\lsil-~~~~~{t '6--:) § 2*UlW:"'<' o/ 7° (~JI>: SOM) t:JS1,,-c ti, ~~7°0~7' T 
-C-=E'f';v00~/:--:)1,,-c, ~1Jf:W:1'¥•t!t:009 0~--:)iJ>O)!r,'H!iJt~ 0::. t iJ>JD G ti,-c1,, 0. ~ 
r:, 1tjzjf;J-.jJ~f:OOL,-Cli, :ai:t~Jl>:B-9-C-~ fJ, PJTO)•t!f(iJt~Gn-c1,,0. 

>E'.!! 1 1 t'jzjc}..jJ~§ 2*!l.~{~7 o/ 7° 

({1,2, ... ,N}, V C lR, {xdk=o, {mk(·)}k=o) 

f:jS1,,-c, t'jz0)~~7°p~7,.{tf)3(7E90. 

~~7°o~7' LA (11jz7f;ff2JU, JR-fll/- F) 
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(a) "FfHlirilffi: '?!rmk> xk t::Jfl.,-C 

I(mk,xk) = {i* E JI i* = aro/~inlmk(i)-xkl}, 

N1 ( i) = {J E J I IJ - i I :::; 1} ( i E J) 

t9Q. 

(b) "f:f'f $: 0 < a < 1. 

(c) J!ffifiO)f@:: '?!r k = 0, l, 2, ... t::Jt L, T, mk+l 7cr{'J{O) J: '? t::'.ii:~9 Q. 

{
(l-a)mk(i)+axk (iE U N 1(i*)O)t~) 

( ") i*El(mk,Xk) 
mk+l Z = 

mk(i) (it/. U N1 (i*) 0) t ~) 
i*EJ(mk,xk) 

:::::. 0) t ~, :=c-r'JvOOM& mk t J-.tJ x t:: J: Q mk 0) J!~fiO) :=c-r'JvOOM& mk+i t::Jt L, T, P)-r 
0) •ti~ iJ! )lx; I) tl-:J . 

(i) f=f~O) X t::Jt L, L' 

(ii) {=f~O) X t::xt L, L' 

(iii) {=f~O) X t::xt L, L' 

8~-i'i-~"f:fl'g'.~i,r ti -:J 1 '/){-R.J-.tJ § 2*.ll.~{~7 o/ 7°t:: t:,1,,-c Ii, :=c-r'Jv00M&O)J!ffi0) 
irrHit:: t:,1,, -c Jl!~•tiiJ{f:W:# cc! nQ iJ\ im~t:: :=c-r'JvOOM&iJ1-J.t.:t O):fi:~t:: tot Q t, .:t O):fi: 
~iJq:W:#'c:!nQ t 1,, 5f@ji'i-, :::::. 0) J: '? f,t:fj:Ji.~O)~ 7 7' 7cr § 2*.ll.~{~7 o/ 7°0)"f:fj7°0-1!7' 
t::Btt QM l.it::::fi:~~ 5 7' tll'f.-5~. M~fft~~ 5 7''\"--fnt::~f Q ~ 5 7'0)#:f:E•tiB J: tf'ti 
~1::-:::i1, ,-c ti, [2J ~"c' i31k. cc! n-c ", Q. 
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3. £jHJU~\!~~'.¥~~ t -:J~i:i-t:: as rt Q =c:-r'Jv~M&O)fi:vpfrl¥Jt~~j}]t:: "".)1,,-c 

B~JJJJ'!.~~'.¥~t:: J: o !:i§ 2il\Jl.tti{~7-:; 7°0),WIJ~l§.;z o. 

~{~~t~ 1 ffi 1 W0)~~7°P--t 7-. (iv)(1)(2)(3) ~ J:§1,,f;:,~*ffllJ'!.~~'.¥~~ t-:J 70 ,I -

r', 2 'tX5r.AtJ § 2;\\Jl.;fti{~7 'Y 7° 

({1, 2, ... , 70}, V C ~.2, {xk}~0, {mk(·)}f=o) 

~~;zo. ~,1- n::x-t'9QfJJMfil1mo(i) ~ 

. (cos0i) . m 0(i)=. ,i=l,2, ... ,70 sm0i 
t t.,, ei Ii [o, 21r] 1: 0) -~71'1ri" J: l'.J ~.sx'9 Q. it;:, AtJ x Ii [-1.os, 1.osJ x [-1.os, 1.osJ 
J:0)-~?J';tp J: l'.J ~.SX'9 Q. IAJffl t L,-c ,~*ffl ~ ffl 1,, o. ~ 1 Ii, 1000 @J 0) J!l¥Jrt:: J: Q 

mk O)m~--C:'ai) Q. ~~iJ!~tf t f~J:t i::J;HrJ{~9 Q.:. t iJ!twrnw--e ~ o. □ 

,~*fflJJ'!.~~'.¥~~ t--:::>:lfr~i:: as 1, ,-c, ~~ 1:: J: o J!l¥JrO)fr.Jfi1:: as it Q =c:-r'Jv~M&O)~ 
j}Jt::tU~ '9 o. .:. 0)~~0)-~~ t G-c, ~5JrJt~:t1(r5ffl:: as Ito =c:-r'Jv~M&O)tl:~ ~1§.;z o 
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?j{O)~,l,l,1diff G nt;:. .DJ--r·e Ii, J - J-:' f@'.O)ffii't ~ JB;n IAJ t: ~.&7Eii-'"f, IAJfff~Fsi 0)~€t~ 
1Jx'.iE9 -5. =c:-r'JvOO~O)lf~H~~p_x;O)fi'!}pJr~t,t~j!Jt: 009 -5 v- t --::>O):tJa,~iJ;zt G n-5. 

'.AE !J 2 IAJ ffi l];!l ~ ~ ~~ ~ t --::> § 2 i%Jlffi{ ~ y> o/ 7° 

( {1, 2, ... , N}, V, { xdk=o, { mk(·) }k=o) 

~ ~ ;z -5. ::::. ::::. ·e, (V, ( ·, ·)) ~ IAJffi~Fsi t {)x7E9 -5. ffi 1 frJO)~~ 7°o --1! .7-. (iv)(l) (2) (3) 
~ ffl 1,, -5. it> -5 @]~O) ~ffif10) =c:-r'JvOO~ m t:xt G --c, }_,jJ x iJ> GO)~~ t: J:: -5 m 0) ~ 
ffif10)=c:-r'Jv00~~m' t90. ::::.O)t~ • .DXfiJ{AAIJ:s'z:--::>. 

m, x, a t:xt l,--C 

llm(i)II = llm(i + 1)11 = llm(i + 2)11 = 1, 

(m(i), x) < (m(i + 1), x), 

(m(i + 2), x) < (m(i + 1), x), 

(m(i) - m(i + 1), m(i + 2) - m(i + 1)) :S 0 

(m'(i) - m'(i + 1), m'(i + 2) - m'(i + 1)) :S 0 

!iEB,§ {:f:J&'.O) a> 0 t (5), (6) ~W,ilft;:9}_,jJ x t:xtG--c, (7) t:J:: IJ 

(m'(i) - m'(i + 1), m'(i + 2) - m'(i + 1)) 

/ m(i)+ax m(i+l)+ax m(i+2)+ax m(i+l)+ax) 
= \ llm(i) + axil - llm(i + 1) +axil' llm(i + 2) + axil - llm(i + 1) + axil 

< 
1 

2llm(i) + axll llm(i + 1) + axll llm(i + 2) + axil 

x { llm(i) - m(i + l)ll 2 (llm(i + 1) + axil - llm(i + 2) + axil) 

+ llm(i + 2) - m(i + l)ll 2 (llm(i + 1) + axil - llm(i) + axil) 

+ (llm(i + 1) + axil - llm(i) + axil) (llm(i + 1) + axil - llm(i + 2) + axil) 

x (llm(i) +axil+ llm(i + 2) +axil)} 

(4) 

(5) 

(6) 

(7) 

(8) 

□ 
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