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Preface 

The second, revised cdition of this book was slIggested by the impressive ,;ales 
of the first edîtion. Fortunately this enablce! us ta incorporate new important 
resnlts that had just been obtained. 

The ASSOM (Adaptivc-Snbspace SOM) is a new architecture in which 
invariant-fcaturc detectors emerge in an ullsupervised Icarnillg process. Its 
basic principle was already introduced in the first editioll, but the motiva­
tion and t.heoretical discussioll in the second editioll is more thorough and 
mnsequent. New matcrial hru; bcen added t.O Sect. 5.9 and this section has 
benl rewritten totally. Correspondingly, Sect. lA, which deab with adaptive­
sllhspace classifiers in general and constitutes the prerequisite for the ASSOM 
principle. has albo been extended "nd rewritten totally. 

Another llew SOM developrnent lS the \VEBSOM. a two-layer architecture 
illtended for the organization of very large collections of full-text doeumellt,s 
Bueh as those found in the Internet and \Vorld \Vide Web. This architecture 
was pnblished after the tirst editio!1 came out. The idea and results seerned 
to be so important that the new Sect. 7.8 has now been added to the second 
edition. 

Another addition that contains new resllits Î5 Sect. 3.15, which describcs 
thf' acc('leration in the computing of very large SOMs. 

It was also felt that Chap. 7, which deals with SOM applications, had to 
be extcnded. 

To recapitulate, Chaps. l, 3, 5, 7, and 9 contain extensive additions and 
revisions, whereas Chaps. 2, 4, 6, 8, and 10 arc identical with those of the 
first edition, except for a few minor corrections to their text. 

In the editing of this rcvision J reeeived mlKh help from Nir. Marko Malm­
berg. 

Espoo, Finland 
January, 1997 

Teuvo J{ohomm 
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Preface to the First Edition 

The hook we hav" at hancl is the fonrt h Illonograph T wrote for Springcr­
Vprlag. Th~ previons one naIllet! "Self-Organization am! Associatiw' l\lem­
ory" (Springt'f Series in Informatioll Sciences. Volume 8) came out in 1984. 
Sine(' thcm the sdf-orgmlÎzing neuml-Iletwork algorithms callet! SOl\1 ami 
LVQ have hccome very popnlar. as cau be spen l'rom the many works re­
view,," in Chap. 9. Th" n('w results ohtaincd in the past tcn ycars or so have 
warrant<od Il new mOllograph. Over these vears r hav" abo answcrcd lots of 
quc,4ions: tl!"y have influencer! the contents of the present book. 

1 hope il. wOllld be of SOlllC interes! and hdp to the readeŒ if 1 1l0W lirst 
very hriefly dpscrihe the varioll~ pha,-;cs th"t. led 10 Illy prpsellt SO?''f research, 
and rhe l'eaSons llndcrlviu)l; ('Hch m'''' step. 

1 hecanH' illten,,,ted in 110llml lwt,works around 1960. but could Hot in. 
tcrrupt Ill:; )l;raduHtc stlldips in physict'. Aller J was appoillted Profesoor of 
Eledronics in 1965. it still look some .l'cars w organizl' tencltillg al the uuiver­
sit\" ln ](J68 ,691 Wlb otlleavc at the University of Washington, and D. Gabor 
Imd jnst pnblished his convolution-correlation mode! of Hl1toa,;sociativc 111e111-

ory. 1 Iloticed immediat,cly that, tllere WHS something not 'luite right about il.: 
the capacity was v"ry pOOl' and t111' inherent 110ise aud crosstalk were intol­
erable. In 1970 1 therel'on· sugg'5ted the Hlltoassociative corn'!ation matrix 
mell10ry Illode!. ai. the saIne tilllC IL" .LA. Ander.son and K. Nakano. 

Tbe initia.! CXpprÎCIlCPS of the application of correlation matrix melllories 
to practi('(ll pattern recognition (irungps and HpC'cch) were SOlHP\vhat di~cOiU­
ét!(Îlli',. TI1('11. around 1972 7:3, 1 tried to invcrt the problf'!ll: If we have a 
sct of pairs of input-outPllt pattelIls. wha! lllight 1)(' the opl.imal tl'BnsfN 
lllatrix opcrator Îll l'dation to smalles!, r('sidual "l'rors'! The matlwmatical 
solut;oll tllal ('n,mec! was tlw optimal associative lllappÎllg. which involvecl 
the ;\IooH'-Pcurose pseudoiuvers<: of the input observation matrix "" a factor. 
As al! associative lllClllor\,. This lllapping has a capadt.v thrcc tinH's t,hat of 
the lletworks dbcussed h~' .J. Hopfield, The n:wijndio71 aCC1JTacy for natural 
data., howev()r. wa;., essclItially Hot illlpl'Oved. f'Vell wheu we used nOlllinear 
(jlOl.nlOIllial) prcpl'OCCssillg;l OIWÎ()l1~ly ther!.' wa,; still sOlllel.ltÎllg w]'ong with 
0111' thinking: associatÎ\e lllemorv and pflttCrtl recognition ('ould Ilot bc the 
same t !tingl 
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V II 1 Prcfac~ 

Dnrin!!, 19ïG~·77 1 had il Ilew iclea. In the theory of nssociative lllcmory 1 
bad worked. aIllong other problems. with tht' so-called '\Iowlty Filter. which 
is an arlap!in' Ol'tbogonal projectioll operator. 1 \Vas trying to COIlCelVC Cl ll('11-

Hm that would reprcsent a whok da,,", of patterns. ami 1 was pla.viag \Vith 
the idea of a liCllWn, or rather il sIllall set 0: intHacting l1('UrollS dcsnihabî" 
as il '\Iovplty Fi1tn. If' tlm! wOllld work. then an arbitrary linear combina­
Hon of l'he storcd rl'fen'lIce pattcrn~ woulll alltolllatically belong to the, saille 
da" (or umnifold). il tllrned ont. that the so-called lilJ(:ar-sllbspacc formal­
istll kllown in pattern n'cognition theory wai' mathc'lllatically eqnivaIPnt lo 
llly iden. Then 1 wen! Onl' st.ep rurthcr: sillet' accordill;'; tu onr uwn (,xjJè'ri­
lllE'llts tht' basic subspace lllptho<! was still (00 in3ccnmte for c\asoificalioll. 
how about trying sorne sl1perFi"ed "training" of t.h' subspaccs. or their hasis 
vectors? J SOOIl invented the fiTst 8uper/!iscd competitil'e-lw.minq o.lgol'ithm. 
the Leaming 8uhspaep I\Iet hoc! (1,81\1), and it workecl almosl t1m'<, tilllCS 
IllOn:' a(,cul'ately thall thp prpviou~ one::-! T1s handicap wa~ a ~low('r spt'cd, 
but wc (h,velopcd a fast co-proeessor board 10 cOpt' with "m'ural wtwork" 
computations to nmke the L81\[ work in l'cal lime. \Ve htsf'd our first specch, 
recognit.iol1 hardware :-jystClll on ihar idea. and thi.s algorithlll \\-as lU ll~e for 
several ycaro, Half a dozell Ph.D, theo('s WP1T donc on dM! system iu our 
lahomtory. 

Om rpst'arch on the Self-Organizing J\lap (SO:\r) die[ not "egin Hmil in 
early 191\1. alt.hough 1 hat! already jotted down the hasic i<1Cil in!\) llly llole­
book in HJ7G. l just wantee! an algorit.llIlI t hat woul,l dfpctiv('l~' llWp silllilar 
[Hlttems (pattern ve'clors clost, 1.0 each 01,1,,'1 in tI,I' input siglml space) (mto 
cont,iguolls locmions il, tlw ontpnt space. Ch. v.eL J\lalsbllrg hac! obtained 
his piollc('ring rl'sults in 1!J73. but 1 wanted to gC1H'ralize Hlld at t hc SCll1ll' 
tillle ultilllately simplify his Sy:itPlll deseriptioll. vVc madc' nUlllc'mus silIlilar-

(dustéring) diagrallls b~" my siIllplified but at 1 he same time very l'Obus! 
SOM algorithm. including the lllap of pll<mellles. \Vhel! WC' (.emtarivdv tried 
the SO]\I for speech ]'E·cognit ion in 1983, wc at. Erst go! no illlprovellwllt at 
al! over that a]reael\' achieved LS~I. TheIl. in 198.:1. l again tllOught ahout 
snpervisC'd leaming. and the Snpcrviscd SO:\J (kscrihf'c! in SCèCt. G.R solwd 
the probiem. \Ve !rad developcd an ~Ig()rithlll t.hat was llest Hl far. 

Durillg I9R5 87 om J"bonltory had il cooperative projet't elll spc('c:h rccog­
l,ition with Asahi C"('mienl Co .. Lt.d .. the higg'est chelllical company in .Japall. 
Durillg the first phase l int.rodncecl two llew algorithrns (based on lTsearch 
t.lw! 1 hac! started il couple of ycaTH mrlicr): t.ht' Leaming Vector QUflllti"ttioll 
(LVQ). whicIJ :s a supervisee! '"<'l'biOl! of SO!\[ partknlnrly suitabk fin' statb~ 
tica] pattern recognition. and the DYllarnically Expancling COllteXI' (DEC). 
bolh of which will 1)(, dc,cribed ill this book. For llHll1ô' yems t!Jet'eafter till'y 
formed the hasi,. of our spe",:h recognition systems. 

Over tll(' .vears wc wmked on HumeronS othe!' praclical applicatioll" of th" 
SOM, and thcse projects will be round limong th" rdcr .. ncus. 
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Preface IX 

The present mOllograph book contaiIlS a brand-new, so far llnpublished 
result, the Adaptive-S11bspaœ SOM (ASSOM). which combines the old Learn­
ing Subspace 1vlethod and the Self-Organizing Map. lt does also somethillg 
more titan most artificiaincuralllctwork (ANN) algorithms do: it dctccts in­
variant features, and to achievc, e.g" translation al invariance to elementary 
patterns, the "winner take an" function h",l to be modified fundamentally. 
Tlm sophisticated solutions described in Sccts. 5.9 and 5.10 could !lot have 
been invented at ouce: they had to be acquired during cl long coursE' of de­
velopment from many small steps. The ideas of 'Tcpresentative winner" and 
"competitive episode learnin,( had not been conceived carlier; with these 
ideas the generally kllown wavclet and Gabor-filter preprocessing can now be 
mati" 1.0 "merge amomatically. 

This book contains an ext.ensive rnathemat.ieal introduction as weil as 
ft Glo,;mry of G55 relevant tenus or acronyms. Ar-; there exish; a wealtll of 
literaturc. at lcasl 1500 papers written on SOJ\L iL was abo felt necessary 
1.0 inclllde a survey of as lllany works as possible to lead the readers t.o the 
uewest rcsults and save Ihem from painstaking hours in the library. 

1 have to say 'luite frankly, however, that the SO.M and LVQ algorithrns, 
although heing potcntially very effective, are not always applied in the cor­
rect wa}', and therefore the n'sults, espccially henchmarkings rcported cven 
iu respectable journalo and by respectable scientists, are not always correct. l 
felt it tl(.'cessary ta point out· how lIlany details have to be taken into account, 
befon' the problclll is apprnached in the proper way. Let me abo emphaBize 
tlw followillg faels: (1) The S01\.1 has not Ileen meant for statistical pattern 
recognition: it iB a clmteriug, visualizatioll, and abstraction ltlethod. Any­
body wishing tn implelIlent decisinIl and clRssification proeesscs shollld use 
LVQ in sread of S01\l. (2) PreproceBsing should Ilot be overlooked. The ANN 
a.lgorithms are !lO sausage llwchilles where raw material (data) is input at 
one end and rosults ,'ollle out al the other. Every problem needs a carcful 
sclœtioll of fcature variableo, whicb so far is mostly done by hand. \',e are 
just. a! the dawll of alltonmted fcature extraction, USillg ANN moctels s11ch 
as ASSOJ\.l. (:.5) In bendnnarkings and practical problems oue ,hould COI11-

pare the sj)('('d of comput.ation, too. not only ultirnate accuracies. A relative 
diffcwncc in a.ccuracy of a few pel' cent can hm'dly be lloticed in pra.cticc, 
whereas tin}' spced difFprences cluring the ru·tual operation èll'C very visible, 

People who arc: reruling about. the SOM for the first lime Illay feel slightly 
nneas~' about. itn theoret iea! discussion: so sophisticated, and yct only leading 
to partial results. Thercfore, let me quot.e three well-known French mat.he­
ma.tidans. Professors 1\1. Cottrell, J.-C. Fort. and G. Pagès: "D,.'npit.e the 
large use and the differeut illlplementatiolls in rnulti-dinwllsÎtmal settings, 
the Ko!tonell algoritlull ie sllrprisingly resÎst.ant to a complete rnathernatical 
sIndy." Perhaps thp 801\1 a.lgorithm belong,.; to the elaBs of "il! posed" prob­
lems. but so are many important problenb in mathemntics. In pmctiee peopl,' 
have applied many methods long belon; a!ly mathematical theory existed for 
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tlH'lll and ('n'Il if nom' ma:, l'xi,! Hl aIL Think abom \\'1IIkil1l2;: t I!,'ord icall: IV" 

kuow that W(' ('ould Hot walk i:1t. aH ullk~:--l th(':;:c l'xi...,tcd ~l'a\'ity il.ud frictiol!. 
hy virL1H' (Jf wl!ieh wC' ,'1\11 kick lh., glol,,' aud t:l(' oU",l' ('!','al1lJ'('s OH il ijj (he 
opposit{, direction. Peopl() .-twl <lllilllnls. llOw{lV{'1'. havi' a~\VHys \valked \yidH)1It 

kllowillg t his tlH'ory 
This ho ok LI..( snpposed to hl' n'Hdabkl wîtbollt any tutu]", and it lW1.y 

th('1'('fon' S{'l"V{' (1s a L'::llldbouk fur peopl!> \\,-\,ntiHg tu (lppJy tht,:-;p n':-iults iH 

pmeti,'", 1 Imv(' !:'Î\'d 1.0 ""ti,'ipa(' IWIll\' pwhl"Ill' ilnd dJlicnlii"s rlta( n'ad,'I''' 
Illal' ('1l('()Il11(n, alld thvll tu llt'Ip tl!PIll de",!' tlI(' 1 111l'dlt's , 

Cnn thi~ hook he u:--,c'd ib ft llllÎ\vpr:.:,i!y textbook:' YC:--. llUUI~C (\tTortr' ll<!n' 

hef'Il ma';" (u nli, "ll<] so (Ililt i( ('(lnId 1)(' I1svfnl. Il shonld ,"'IT<' vSjH'"ialh' 
\vell ;t:--, collate;"<tl n't'l.dîHg fur IH'l11';-d-IH'Î\\-\)l'k ('onr~(':-;. 

If ollh' " short ;,,1 rod'l('ton ('Olll'SC' Oll 1 h,' SOlll i~ gi\'vII, th" ('acllÎllg 

lllatl'l'l<ll lIligl!t ('Ull~Î;..,t (Jf i h.' fullov.illg S()('ti()HS: 2.G X. :2.12, :$. i, 3.2. :L:L l, 
;\.1. L ;3,;', ;l,!). ;'\,IU, ;U 1. G,I. !i,2 (t.h,,:'ehy skippil1!!, t l!,' dc!i\'MiulI Oi L'l' 

(lUi)), (j,,+ 7,7,1, "Ild j,2, 'rhi,;, "Isu th" !'('('OI'JlII(,,,tl,,hlc "''1n('I)('" fol' th" 
f:r:--t r('adÎ1'c.~ (If thî)-,. IH)ol\. 

Tu 11 kdnrc! who j, plal'"ÎlII2; a wl,ol" '[)('"ial l'ull:'';'' ou (h,. SO:\1. ÎI 

Illîgltt IH' j:lvlltio!tpd t.lHlt iftll() rlHdicll(,(, aln'ildy bas ~OllJ(' priu\' kuowlnlgc' of 
lilH'ar ah:;dH'H, \'d'1'or "'pac(';-:, Hj<-tlrlcc,..,. nI" sy~h)I11S tlH'UI',\'. Ciwpt(T 1 l}j"l\' hl' 
skipp{'(L H1H1 nIU' ('{nt ~t ;~n \vit 11 Clwptc'r 2, pnH:('('dillg t.ill t 1l(' ('Iii l of lI\(, 1 Jook 
(C'hap, l'n, ]-10\\,('\'P1'. if' 1tH' audiencC' dops uot !J;nT il sntikit'lH llwtlH'l1wLlcal 

hdckgnnll t(:. Clwpt cr 1 ~hOH]d hl' n't,d llwCicrJousl:,,", i II unkr 1 U il \'oit l ll'i\'ii:tl 
('rr{)j~ in 111{' nj)pliCH1ioJt or tht, (ilg,{)l'il1tlll~. I\lalrJx (,:tknltt:-. !w('< pl{'1l1y of 

pi! ralls l 

Acknowledgements. TI,is bouk w(l111<1 !tm'(' ),,'\'(') 1)(',':1 (,'))1I1'I<>r,,<I witll<"11 

tlle g{'I1("}'\lU~ hpIp uf )Jl;nl~' pt'uph' m'OlUHÎ Ill('. Firs1 of ;dl , w()!1id liK(' tll 
EH'lItlOll \rl'~. L{'}la Koh'isto who did ft \'('r:\' h:g joh. llj(\~1l2ii('inlll,\' typillg 
ont U1r P:(,(,l'S of tt'xt illld {.}H'll J!lI,d 1lH' ~L-nllill(l 10 prodll(,(' tllv llllltH'roH~ 
n'Yisioll~ and t.ht, Ell(t! l'l:,,'out. TlH' lIir·{' npP('HUllîCC (If thi:--. book is \'(-l'Y ll!1:cL 

h"1 ;\('l1i"\,(,\l!CI\(, 

Dr. .JilrÎ l\";:-tllgtL-., ; .. dltlllld tH' l!H.'llt~Olh'd l'tH' lh':ug n';,;p(Jllsihlt> fur 1 he {'x­

IV"""'(' libl'Hl'y u: liÎ1'1'<\tlll" ]'ckl'('l!('(', 0" SOI\! alld !'VQ, His ctf'o]'h llllldc :1 

po"iilk (d illchd,' th(' Ri'!('I'('lI(,"s ,,'('(,joli i1l tlü, ],uuk, 

1 wonld lîke lo'\) t.]mnk dl(' followlng jH'opk j'u!' t lwir hvlp ill !i1akinf}, ll](\tly 

:--ÎJlIlJlHllOllS. 1);\]'1 (lf whidt 1 li:l Vt' a!;-"l) bC{'l! IHlbli:-·;l]{;d us 1'(':"1I'';11T1I p(l})('r~ (Jl' 

(111'0<"', J\Ir. Salim'" I~i\.sk' silll1llat('d the plI,'sj()lo~;('"l SO:\I model, :\fr. H,"'!'i 
L\]>palai1l"1l iH'lp,'d IlU' ;11 t!1(' Ad"p(in'-Sllhspact' Sen[ (l\SSO\[! )'('""1lrdl. 

\[1'. \ïll(, l''']i\ki ,'olh'kd W()l'k,; "Il ll"l'dwHl(, iltlplnll1'liiat.'(;ll:' uf SOI\L 
<lue! 1 ha\"(\ n;-jcd ~!HlI(' 01 )Ji~ il1I1Sï::Ht 1011s. 11111\'(' ;Ibu 1l~(>(1 t.lH' nlc(' pK(,:tdoc!)lo: 

illlag(' (JI' cloud ('IH~:-:ifi{'(ltiOll that V/HS obtaillcd iU1. i w rl'S(\Hrdl Pl'oj€'ct ]vd h.\' 
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