;e3e z tvn6&TzgzgWD O1/ 990-43 PCT/ US01/ 19376 Heuristic Method of
Classification This application clains benefit under 35 U S.C. sec.

119(e)(1)WQ,fm;9E&3pri ority of application Serial No. 60/21%®&0Pdso1/ivd7ed June
19, 2000, which 1s hereby incorporated by reference inits entirety. 5 1.

Field of the Invention The B{eﬁégggﬁ\ggpgg?gﬁvﬁgﬁgnggncer ns a nethod of

anal yzing and classifying 1 can be represented as

character rin uch as .docunent s re Strin t abl es.of nuneri cal
data, such 8% ﬁiﬁ@é@&ﬁ%%&'ﬁﬁwﬂ{aﬁﬁs grq'éeie,a ?@@?Q\Pﬁ?%ﬁf"wﬁﬂssi on of
different genes in cells of a tissue detected by hybridization of TRNA to a
gene chip, #PlicaionaesighiNe. @Vﬂﬁﬁ%@ﬁlﬁ‘iﬂ“ﬁ? 52-20AQ Which ishigrehydnergperatedd by
mass spectroscopy. More specifically, the invention concerns a general

met hod wherhggfeaensieds &k titoatyi on al gorithmis generated and verified froma
| earning data set consisting of pre-classified exanples of the class of

obj ect s st hat aField ¢f the Invensionf i ed. The precl assified exanpl es havi ng been
classified by reading in the case of docunents, historical experience in
the case of markple fall3f tRlinRAIBR LOHeARla 84RO DR ki BassRPiRLOf

bi ol ogi cal data. The classification algorithmcan t'hen be used t% classify
previously yr j £i I i er . er med
data mni ng&{'}ée:é nlﬁ%&lggg b%’ﬁeg’%r%gﬁ%d (E:lgan%garﬁ%fggg)ﬂﬁg 1kgeﬁgh g%?%&% n néla%d‘elé%sﬁl?rques,
such as multjvarjate li r regression.and non |inear feed-forward neural
ot wor ks e AR RbTT AL RRASHG P ORPES, ek AEe: Bge HEVETORE t hey ar e
static and cannot recognize novel events in_a data stream The end result

i s that novPresgienod diforay saras pelly of adissyedptectuddy hxpaidizatian ebmbdAs a
solution to this shortcom ng through an adaptive nechani smthat can
recognilfie nowvedenechipt ar the amoduts af diffeeatrproteins NG Binpdoddedtéd bBaakyr ound of
the I nvention PCT/USOL/ 19376 The invention uses genetic algorithnms and self
or gani zi ng g@apéscypy. PRfotedpacifivalg fihd inPéhtidh @onddmstgenef Arithadl whaetst 4 hns
were described initially by Professor John H Holland. (J.H Holland,

Adapt ation élﬁbsﬁﬁfaﬂliﬁhlggfﬁmﬁs?eﬁérﬁfeﬁ|an§¥§ﬁ orMaTeﬁﬁﬁ?%aé s@?«%x_sisﬁﬂ?o?l SO
-U.S. patent No. 4,697,242 and No. 4,881,178). A use of a genetic alfgorithm

for Patter nyCeSRQRch Olluls, OARELI0Ediiktd e RELON aMinch, TG00 Lo Koza.

£ A .
see col um 87 or I'zI'ng pattern recogni een scri bed by

*Kohonen. (T., Kgphanen, Self .Organizin rid sociative nor 8 Series in
| nf or mat i on°1§§}é}ﬁce§§m2§5 éﬁY‘PﬁgB‘?‘n “@%sﬁﬁ:’zfg,byf n8 %ﬁ%ﬁaegﬁ ,Oya?m%%“r“ﬁ%or gani zi ng
Maps, Springer Verl ag, ) . e

15  historical experience in the case of market data, or pathological examination in the

case of biological data. The classification algorithm can then be used to classify
previously unclassified examples. Such algorithms are generically termed data
mining techniques. The more commonly applied data mining techniques, such as
multivariate linear regression and non linear feed-forward neural networks have an
20  intrinsic shortcoming, in that, once developed, they are static and cannot recognize
novel events in a data stream. The end result is that novel events often get
misclassified. The invention concerns a solution to this shortcoming through an

adaptive mechanism that can recognize novel events in a data stream.
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Hei del berg 1997 ). The use of self organizing maps in adaptive pattern
recogni tion was described by Dr. Richard Li ppnan of the Massachusetts

I nstitut eygfpdempnol ogy. I11. Sunmmary of the Invention Thecieidzen
consists of two related heuristic algorithnms, a classifying 15 algorithm

and a | ear r!ﬁ.”glﬁdcﬁgfddﬂarﬂftlﬁ@i&&n%ﬁ used to inplenent classifying nethods
and | earning nethods. The paraneters of the classifying algoritlun are

determ ned by t i.cati f . . i I [ .a training or
Ihear n: ng gaté sre]ft.l Taﬁ&élj_ﬂfo_r%adg‘ gél]ilegltetﬁ‘tég %ﬁé?ﬁ{si%a%%g?%%%@%%gu_?%ﬁfgbchii fj em
as alrea een.cl assi.fied. ugk e follow ng. ne s.descr.i be

wi t hout re%lrg?‘ég‘?étéonc Sefi apegﬁ%%gg’r‘ , Si“(er?/\ﬁi‘?slc%gg laﬁ}ai%&ﬂg?%wrﬁ hose

skilled in the art that the invention is intended for inplenentation as
conput er sdfltMadand. AWyl Flolandy4dentages & Yewpliawe A tficiabSysteae; MIE Press

cal cul ations according to the nmethod are not unduly extensive. Wiile

conput erss  hEdO2nspemdscall ISe patpntdde 569742 anid Nat. ¢,88d41178). bk ussefh femetit he

i nvention, such processing capabilities are not necessary for the practical
use of the Jlgafithin@r phiedh rdddBhiéibn i deséribedrih LS. paldhe NS5 386,686 foyK s,
algorithmrequires only a mniml amount of conputation. 2 WD 011990. 13
PCT/ L1S01/ %%@?:9131“]?87?' assi fying nethod of the invention classifies (bjects
according to a data streamthat is associated with the Cbject. Each Object
in the inventiongi,s characterized by.a data strear i is a large
nunber, At east SSRGS TS ar @ i R Bed P obehato moTe Hat o
points. A dgta str is generatjed in a y that, allo for the individual
dat um i n dafebeiepeaiE Oranting eriehtodain Mergp, $rees OFHISE SUICESt to be
correlated one with the other. Exanples of (bjects include texts, points in
time i nO heSpangeeYerlag. 198&d ehanan, T.he&eltongenizingddens, Bprigee Vatlagmr ket s or the
behavi or of a conplex processing facility, and biol ogical sanples for

medi cal di aeidsibsrg 1998 )aShe asadbstlfttapaizing arpsincddapliveesatibth opgnitien are t he
di stribution of trigrans in the text, the daily changes in price of

publicly tragedessiibédwSy DF. Raela® digpnas, of IEMiaSREIRAER BSHIRtd GRIchEsio®f. 2
.nunber of pressure, tenperature and flow readings in the processing

facility s a il i and a mass spectrum of sone subset of the
pr ot ei ns fglfijigd ?'ﬁﬁlt%%ysogr&r%%ie'{,%gﬁo?he intensity mRNA hybridization to an

-array of differe fest..pol ynucl eot i des. S Th .generi cal. t he
i nvention can beﬁﬂ% ’é’(ye%cp %’(Y/‘@]]Sgioﬁ ?‘?’% rei%%‘? %%1515{18 g‘?ﬂ“ Qg’ﬁﬁ' 9 c&?bﬁ% into one

of several categories, e.g., which typically s, t or three categoyies,
and t helbj dpdthen andAleaiatis a0t 21 4 BBlRmen ey R nae.ﬂ@f%is
typically thousands of data points. The term"Cbjects" is capitalized
herei n to & leaming methodyj Ehetparanagiery of feclassifying algagthnnateadeterminedbat i t
refers collectively to tangi ble objects, 20 e.g., specific sanples, and
i nt angi bl e thbjapplication ofjthe learhing adgorithim tex trainirgat learhink|data set. The

training data set is a data set in which each item has already been classified. Although

the following method is described without reference to digital computers, it will be

20  understood by those skilled in the art that the invention is intended for implementation

as computer software. Any general purpose computer can be used; the calculations

according to the method are not unduly extensive. While computers having parallel

processing facility could be used for the invention, such processing capabilities are

not necessary for the practical use of the learning algorithm of the invention. The

25  classifying algorithm requires only a minimal amount of computation.



abstract objects, e.g., the nonent in time prior to an untoward event in a
conpl ex processing facility or the novenent in the price of a foreign

currency. whifpbdssst step of the classifying nmethod is to Gglyggedhi&s7gn
bj ect vector, 1.e., an ordered set of a small nunber of data points or

scal ers (betwee 2100 [ t vpi G het waen. S and,.30) that is
derived fromt hgT ﬁaaggéf?’ﬁlmqg%‘ggﬁt?gfﬁéghﬁﬁ %X%S E Sﬁjec\'}ﬁcﬁﬁ%{? a Ea%a
PCT1US01/ 1937G hj. .ect to be classified he transformatjon of the data
steaminto 5&‘?‘?‘1@% § agnegiptsd with &%%"d’t'" g@)“;.l:‘t(s]%i&?ti%ﬂ?e'm‘m@oﬁd%t si npl e
abstraction process is to select a nunber of points of the data stream
However, i nchardctarized by eidateatirsamawhichns plasgaysnkespat beastahonb i ¢fbdntopoiatsy
function of the data stream |In the enbodi nents presented bel ow 5

abstract i onaridcapdeflO000dr mors dhte pbintsd Afdate sreainl is gendpaied of a spediat i C
intensities fromthe data stream In one enbodi nent, the second step of the

cl assi f \§ NgalRishiRfltHeSndiQidual dith i dath strdbintsho fdiaffeest! suﬁ'x%)%"s of ke saﬂﬁé,ty;%&e
vector rests. Data clusters are nathematical constructs that are the

mul tidi ”E”S$ﬂ9@EctE£8‘BE\ééﬁ91BEF§ O(AF WINRO¥@ES appi ng 10 "hyperspheres” of fixed
ve e

size in the tor space. ocation and associ ated classification or

"status" of each_data,cl er_i.s determned by.the learnin lgori.tlm from
the training dat &raupicsnfDeibesifefifs B, g Wil Snufontdplr®diching o
nunber of dinmensions of the vector space is set as a matter of routine
exper i ment atie dHeghon ofdingpeiabmarkels ar dhe hehayigeolpernplenprogessingdacibitys andg
algoritlm. If the vector lies within a 15 known data cluster, the Qbject

i s given t heioliginedsdnmples foomedirabdingnasis. vibehswohmteddlatsttesams|ofithebe nost

si npl e enbodi nents the nunber of dinensions of the vector space is equal to
t he nunlfer Objediataze theidistibutivatofitiigramb écthe dextthe Qailyadimbhgascinippioe pf ocess.

Al ternatively, however, each scaler of the Object vector can be cal cul ated

using nul ti phigicHAkRlcAAtdtks oPEorhmbditied, heSih§t@mbmheoub rdaBRg&BE 8 Alm¥GCIfor rests
out side of any 20 known cluster, a classification can be nmade of atypia, or

atypical s I g@&,;, hadh.oel b Ok each data
-cluster asaﬁé%]yp%rtés}npﬁég?@{%é{d I cheﬁgglg?g}ﬁﬂgg?%e%sg@gfﬁgﬁb{ %%hiagg%gilf ormed by
cal cul ating t.he mat ch paraneter = E MmN, ~., “W,~).~E (=W ~),
there 1. iy BET abd Rk BaomE e Ghihioh aelriiy L heShRFS or ¢ e
“centroid of the preforned classifying vector. The match 25 paranmeter p is
al so t er medths IfeRsiy MENA hybyidizationkgyn apay dysdifferenttest pplypueleatidess j ed v~ O
0119903 PCTI U S01 J 1937G according to the classification of the preforned
vector 1o whi ch Thus, gemasically theiibegntioy can be used whenever it is desired to classify

Objects into one of several categories, e.g., which typically is two or three categories,
and the Objects are associated with extensive amounts of data, e.g., typically
thousands of data points. The term “Objects™ is capitalized herein to indicate that
Objects has a special meaning herein in that it refers collectively to tangible objects,
20 e.g, specific samples, and intangible objects, e.g., writings or texts, and totally
abstract objects, e.g., the moment in time prior to an untoward event in a complex
processing facility or the movement in the price of a foreign currency.
The first step of the classifying method is to calculate an Object vector, i.e., an
ordered set of a small number of data points or scalers (between 4 and 100, more

25  typically between 5 and 30) that is derived from the data stream associated with the



this nmetric. The match paraneter is 1 when the Cbject vector and the
preformed vector are identical and less than 1 in all other cases. The

| earni ng flgBAldbb3m deternmines both the details of abstractgop,ghasess and
the identity of the data clusters by utilizing a conbination of khown

mat hemat i cah,.L.echnj gyes..and .e-set parangters. A user.pre-sets the
nunber of 31:)% é@;ﬁﬁg’ﬁjﬁg?lf’?ﬂ'ej‘“béﬁ?%&%@% °§ﬁ8%ﬂ%ﬁl’}@%?ﬂ9‘? CHYFAOr P ust er s
or, alternat iq\g{l‘y, t he, m'”nh_Hum acceptabl e Il evel of the "fuzzy AND' natch
par anet er pieriagd (Abaladiione; hhe Most MR abgisackiop Prasessyis to agleqt 8 numbepefh a
hypersphere using a Euclidean nmetric and prefornmed 10 classified vectors

. using a "fuoiyts Akt dasa streem. Tygivewsr.|ip prineipledhe abstraptimrepropesakiicbe t he dat a
clusters lie is a normalized vector space so that the variation of

i nt ensi ti esparformad ondnydngiion of theclatusdt@am. IStheenibodanadds pRecrfédieelon t he

. data cluster using a Euclidean netric can be expressed as m ni mum percent
simlarigy #¥RACidn1S pYEsinRidSy REkctifg oM sl MiMBerdf 4pdBfic intehsitids Ao

enbodi ment the learning algoritlun can be inplenented by conbining two
different t blicly avail abl e generic software, which have been
devel oped b%lggtaﬁcegrtrg&ghd are well known in the field: (1) a genetic

al gorithm (J. H | | an Adapt ation i,n Natuyral and Artifrcial Systenms MT
Press 1992) that np?n&egéd%oélgn%\tﬁstgf sgenfl sigp @ emsg%gg%o 1§ 19 PG an
optinmal |ogjcal, chronpsone that controls the 20 abstraction of the data
steam and ()Whigh Q%Fégi)qs% iEany, thy ypeirFeshy e clusisrsase sthematisalsy st em (see,
T. Kohonen, Self Organizing and Associative Menory, S Series in 1 The term
| ogi cal chrewsgutethat alggheimutidimensiertal equivilerits gbmet-oerlappingi ng al gori t hns
because the | ogical operations of the algorithm are anal ogous to

r epr odukdt i ofhypssplearts’af, fixed cizetn thetvecnr spade. nMThalocation dddeissodigied of cour se,
no bi ol ogi cal enbodi nent of a | ogical chronbsonme in DNA or otherw se. The

genetic | eagisiikafibler “#dHi® eabi@ath BNSHRE IsURtciinfeR ByShy 1ERERHI8SABRA
devi ces, and sshoSI d not be cor?faused W th sScherres ef?rry bi gl ogl ca?‘?@@%sed

informatio d 7 formatio ci-ences,
-Spri nger ngrr %gﬁ‘?ﬁ‘?&% %t)%%ége%é %RgléeoF g% ?g%#‘id% t:ﬁgcq‘l{%é%sﬂ&dgg? %“H‘S%GE Qéerl ag,
Hei del berg 1997 2) a%‘gif:l aetél e from G oup ?%‘IFG of tware, Greenbelt, MD, which
i dent i fies HMEBFIORF OHRE XSIP WPAeG 1§ sELASAAHET QhiPuLing experiaeyigion bydher at ed by
"a |l ogi cal chronosone. Specifically the adaptive pattern recognition
software 5 PREXIRE BIEQr to e oneration ofthe Jeamingslgasithmy dithe vactppliesgitiinas dat a
clusters, i. e., clusters that contain vectors of the | earning set having
only oné cl kit dataclustar, thgp@bjeTius given shegdassification gmso¢intedvaticthat] abagiteral
chronosone nust be assigned a "fitness." The fitness of each | ogical
chronosone Inghelatost stimplderblyoditients theimimbef of/didensiond of thbedtopdpatdig data set
that rest in honbgeneous clusters of the optimal set of 10 data clusters

for that chiRRPRAREnuhBeSof daPepdifatHik RGeRLGA T MO adiBE phdbegnt i on conbi nes
a genetic algorithmto identify an optimal |ogical chr omgsorre and an

adapti ve pa . Il | Qo . t i_nal t of data
clusters ané&%?%{éﬁf’?&%ggeg% C%Flg.{ %’%ﬁ‘é E%éﬁggv%ﬁl&t%%%ﬁ ﬁ%%éfra?égfusgl npl e
vectors resti i n_honpge us cluster In,its broadest enbodi nent, the
o n. o) NS PORRGT I B PR ot PLIeE vt g puRlRRbERon of
genetic algﬁ{ithm a pattern recognition algorithmand the use

20 “known cluster, a classification can be made of atypia, or atypical sample.

In an alternative embodiment, the definition of each data cluster as a
hypersphere is discarded and the second step is performed by calculating the match
parameter p = % (min (I, |, [W;]) /£ ((W;]), where I; are the scalers of the Object vector
and W; are the scalers of the centroid of the preformed classifying vector. The match

25  parameter p is also termed a normalized “fuzzy” AND. The Object is then classified



of a fitness function that neasures the honogeneity of the output of the
pattern recognition algorithmto control the genetic algorithm To avoid
conf usi onyd ¢i0eh@ul d be noted that the nunber of data cl ust@rgsdifosych
greater than the nurrber of categories. The classifying algorithms of the 20

exanpl es be t umne. into

t hose of i th"g&é‘Z g %@géa}ob %ﬁh ﬁ%r es‘fggc%ret? ’wlﬁc i }]SI lgg Sg%% ds into
beni gn or nant Thes | assi f orithmns, tilize

mul tpl 6 ot BRGS: She A RO Povaey e%%wm*ﬁﬁﬁﬁp@ fect is a
point in tinme, the classifying al gforlthm may utilize nore than two

cat egori es. Vacinr askiseptieal anghlass thaw liinal etheppases used as a 25 predictor of

forei gn exchange rates, a tripartite schene corresponding to rising,
falling WO OL/ ?FE@R:aﬁﬁﬂ'g 21801ithiD&TE NS boilxehe detailk obhtstractidriprbeess and
appropriate. Again, such a tripartite classifying algorithmwould be

expect ed; t Othbii&&ufsﬁ@ﬁ/thﬂ’ﬂﬁﬁ diiass by ifkzif@h dobinetied 6f knbVim Rethamhi@ehl
Description of the Invention In order to practice the invention the routine

practiti Oneirecﬂi!ﬂ@]@}| s%}ﬂ% E)r i ﬁﬁfa?rﬁ‘férg yAQﬂm?@ég-QEtk HY R TP YRt BP

| earni ng al gori heuristic sone rout| ne
experinmentation is re e Ie n|n the routine
practiti onefheC(S%Qf %palcg W&lﬁﬁfgh@@élcélﬁgewg’t g?’\% ]‘{;ﬂ timze two
parameters, the nunber of dinensions and the data cluster size. Al though
there i s no2%sRigblgdevelpf then Ewagn pmatq%m‘%m%m s Hepddwsreip theftomai nensi ons
in the vector, the Iearnl ng al gorlthm itself inherently limts the number
of di mensi ofrats dugedtrefenplodating hypesspherefusingen Buakidean weiriti andpséformed s t 0o

| ow or the size of the cluster is too large, the learning algorithmfails

t 0 genel®t eclassifiddogictoat usihg arffizayaND’hattricor rect |y cl assify all sanpl es
with an acceptable level of honpbgeneity. Conversely, the number of

di mensi ons can beypieslly Ae8Retolk kA0 irf Whish I dutd SUsElsaRGE a nbhfallz8R V&6
al gorithm generates many |ogical chronmosomes that have the maxi mum possible

fitness earbyel g lfiPle e@fﬁf@goﬂh%ﬁﬁaé%mh AP0 Ohstah O SersesRl ¥

-abortive sel'ection hen the sIze ata cl ust I's too
smal |, the punber usters w ound.to approach the nunber of

sanpl es i n HE% r:g(&?ﬁ&?é 8@1‘?@ usihe %H‘H&“&Gﬁfﬂﬁm‘i oeﬁff’feﬁ%edpqs%n?%ner will
‘find that a |arge nunber of |ogical 20 chronpsomes will yield a set of

conpl etel y H@ﬁﬁgém@]@ymagéhm@p&r%mmgWtﬂa’@ﬁl% $lEStEDr egoi ng provide
general guidance for the selection of the nunber of dinensions and the data
cl ust erlsi ze for Imond embidimenighe legoring #Hgorithm esndglimplemantadyscopddningat t he
true test of the value of a classifying algorithmis its ability to

correctly ctwsdiffeyend sgpes of pelslivty availtblapendrivdsefieacts mthidhf havh dededevekipedam i n
the training 25 data set. Therefore, the routine practitioner wll

under st and b{athess dd@rdré GR1IKnowhen the field: (1) a genetic algorithm (J.H. Holland,

Adaptation in Natural and Artificial Systems, MIT Press 1992) that processes a set of
logical chromosomes' to identify an optimal logical chromosome that controls the
20  abstraction of the data steam and (2) an adaptive self-organizing pattern recognition

system (see, T. Kohonen, Self Organizing and Associative Memory, 8 Series in

! The term logical chromosome is used in connection with genetic learning
algorithms because the logical operations of the algorithm are analogous to
reproduction, selection, recombination and mutation. There is, of course, no
biological embodiment of a logical chromosome in DNA or otherwise. The genetic
learning algorithms of the invention are purely computational devices, and should not
be confused with schemes for biologically-based information processing.



WO 01/ 9903 PCT/ USOL/ 19376 | earning data set nust be reserved to verify
that the classification algorithmis functioning wth an error rate, that

i's acceptgplfobsys the intended purpose. The particul ar conRan@RigeHt the
invention are described in greater detail below. A The Data Stream and

Types of Ob{,g&mﬁ?;n@czeh@e&ss,%ﬁ@; Wﬂa%fw‘ébj 1E&cheRANEl S’é?féo;%%ﬁ&f@tﬁil of the

associ at ed ta stream depehd upon the nature of the pr em’t o "be

addr essed. AN cToy o] re. . ol l-owi

cxanpi oo, COMHERS orep REAdRLR8% Rafel e RbRTuREy Shels vl e nod for

the conputeyrjzed.cl assiticatiopn docunents. For exanple, one may want to

extract t thfé ‘gB&hﬁEﬂtﬂéescﬁ sef Hf@%%lPStFlng’i??%{‘F%Paﬁ%’ FhUVELIORS 8@‘@9#@1 Biaa

number of documents too large to review individually. For these

ci r cunst anclegicat ¢heomasame.i Sneqifiealiydbe adaptiverpaitesn recegnitipysefiwaten t o i dentify

a subset of the database nost likely to contain the docunents of interest.

Each docunembxinsizesth©bjuabér, oftvieetorkathat redtiie hombganeeacdutalcastomni e, cdusgérst s  of

t he hi stogramrepresenting the frequency of each of the 17576 15 {263 )

three |e'[t%aﬁ@dﬁ@diﬂ%ét@x@sof{tﬁeﬂb&hﬁiﬁﬁs)stE%M?oﬁ@ﬂaﬁ’s@ﬁd&ﬁ@ﬂ&y fter removal of
a hi

spaces and punctuation. Alternatively, stogram of the 9261 trigrans of

consonants_can beoReRge R aldifirh BEHIBEA S RERAR mfl Y AUEIRaTy OM ¢ he

docunent. The tralning t consi st a sanp ppropriate

docunents that have, been classified,as "of interest” an "not of interest,”
accor di ng tic}%flﬁsg ' nzng%lglﬁﬁss ?ﬁeg%{leo‘g;qal %oﬁ%ﬁ%{ﬁ% fsa‘fe?%lr‘fke oy :tg? f““}léer | f

evident that financial markets respond to external even{s and are

i nt err el at e¥FoiQys Enthg tginiae dat sef thajaest & homogensonsghustars pt e opiimal set of ei gn
exchange rates are influenced by the attracti veness of investnent

oppor t uHl t | daa chisises/ler that plyoniopasne.i Thusathg lestnivgtalgorithih of thedpemtient o an

i ndi vidual event can be difficult to predict. In one enbodi nent, the

i nvention peanbidesa geneflb aBjogictin tdidentifiaun toptimablbgjzabehirombsymedndpm ces in one
mar ket based on the novenment in s WO O1/ 9903 PCT/ USQOL/ 19376 prices in

anot her . EagdhpBoé PhttdrA rdcoBRitioh aBOrifh RCsenefa@d arfii] et T Wata)clistir®iYPh s, the
.data stream for hour consists of the histogram of the change in price of

ta stres const st hi st ogr chan
Count ri os, B TnaS LG i ol e e B Tt S R

xehange,oksgl WSRO BRP-FEb I lintln Teb MR e b R0 cace

15  of the combination of a genetic algorithm, a pattern recognition algorithm and the use

of a fitness function that measures the homogeneity of the output of the pattern
recognition algorithm to control the genetic algorithm.
To avoid confusion, it should be noted that the number of data clusters is

much greater than the number of categories. The classifying algorithms of the

20 examples below sorted Objects into two categories, e.g., documents into those of
interest and those not of interest, or the clinical samples into benign or malignant.
These classifying algorithms, however, utilize multiple data clusters to perform the
classification. When the Object is a point in time, the classifying algorithm may
utilize more than two categories. For example, when the invention is used as a

25  predictor of foreign exchange rates, a tripartite scheme corresponding to rising, falling



has been classified as preceding a rise or fall in the dollar:pound rate.
Processing Facilities: In a conplex processing facility, such as an oil

refi nery,wgi(,?m;m(lyl d or petrochem cal plant, the pressure, PCGTIRBI/2d396 €, flow
and status of nultiple valves and other controls (collectively the "status

val ues") ar Vior 0.and, recorded. .There,is.a need to
detect | meaﬁgﬁlﬁggéjﬁ?%%% g%/%ﬁet %’%505? ?eé ‘%%aé aJH?%&A‘}@“éR%HSS@’é%mS a
catastrophic¢c fajlure.  The present invention proyides a conputerized
al gorithm taggq,f}t s‘?’?‘ﬁ}dgﬁléﬁ&ﬁfﬁdﬁ? AYF PAREMOLe t@pqﬁg?e iatahg:l&ﬁg i sk or nor nal
risk time point. The data streamconsists of the status values for each
point in tilYe. Peiled Deseriptiemotthednverdion sts of the historical record of
the status values classified as 15 either preceding an untoward event or as
precedi ng nor mallnepdaras practicdvihd imehtith thgrosire: praddigioneveaundtidovelopga be used in
the analysis of a tissue sanple fox nedical diagnosis, e.g." for analysis
of serum OrclassiFging a]gbi€hrH &Y RnipldyRRMhe dhriiag alpyrifRr A8 Weihting hetygiccal
anal ysis of the tissue sanple that results in 2,000 or nore neasurenents
that can b talnid : l: ¢ : -nar : :

%?17;18&', s'ofrgef?guﬁﬂé g 11?1 éﬁ%ﬂén ir%géiulﬁﬁ. T%@ﬂﬂﬁ?}nﬁine (léal?ﬁjﬁg a%rgrenhm,

significant gures TI me spectra of” protein

particul arly_ suitabl e..f.0x e actice. of . 1 invention. re. specifically,
ot 1 asi by Bied Bealiftenif S Bulte b PP el S "ant
surface enhanced | aser desorpt.ion ioni ion tinme of flight (SELDI -TOF)
spect r oscoAraRgersg R apgy P&O%"G@?lﬁ@zﬂ“é%ﬁ%aﬂfé‘tsfér g¢¢-eam can al so include

measurenments that are not inherently 25 organized by a single ordered

par anet er such adltheighdhérais neibghlute eninhgventaipper limit Wotl@mees oPCT/ USO

1/ 19376 arbitrary order. Thus, DNA microarray data that sinultaneously
measur d9 t hiimexgioesmithevéotareths ledfrning @Qporidim ieelfinheready lmits e nasistraf a dat a
stream when the tissue sanple is a biopsy speci nen, recogni zing that the

order of thdmeAdbnNd Math HEMESehtatid) EIf il MmStel 688 chsidhPisttbR o orBeci f i c
di seases where the present invention is particularly val uabl e occur when

early di agngyl g the cfugaegfsgtggiag%@me ]E&ﬁﬂ%iag@ri%n(ﬂlﬁg \ %{dhérat@%ﬁﬂ'(i@‘?%f?f the

-absence of synptons an Sease m e expecte 0 pro fferences

that are detectable in_ the rym hecause of the neta i ctivity of the
pat ol ogi catrgngstes it edEaR MRS AR SRE0 B vilie FRREURL ARG, )t o y
“focus of the use of the invention. The éif‘)nv\o,r ki ng exanple illustrates the
di agnosi s OORRESEEIEY. | CoRvEFElh Hesnumberpf dimensions earybstoe feeey; Updes dhis of
ovari an cancers have been performed. It should be noted that a single data
st r eam ¥5r ongircupsianeeithe leaping dgerithm genatajesanpnydegisalichiqmasomieathabb@as usi ng
t he met hod of the invention. The additional cost of such nultiple analysis
woul d be t rtheinsxihemaossbleHenests eqdy sytbe lehiming proeess land,Sicchrdmghys ileraise
conput ati onal only.

only abortive selection. Similarly, when the size of the data clusters is too small, the

number of clusters will be found to approach the number of samples in the training
data set and, again, the routine practitioner will find that a large number of logical
20  chromosomes will yield a set of completely homogeneous data clusters.

Although the foregoing provide general guidance for the selection of the
number of dimensions and the data cluster size for a classifying algorithm, it should
be understood that the true test of the value of a classifying algorithm is its ability to
correctly classify data streams that are independent of the data stream in the training

25  data set. Therefore, the routine practitioner will understand that a portion of the

r



B. The Abstraction Process and Loi gcal Chronosone The first step in the
classifying process of the invention is the transformation or abstraction
of the day@ ¢glbggg@m into a characteristic vector. The data prgyydd¢19376
conveniently normalized prior to abstraction by assigning the overall peak

a arbitrary .V e n . ints..given fractianal val ues.

The nost silﬁ%’%%ngg%gﬁ §eg[8}uljs%l§]’e %F&gg%f’é%t&a&lgf ﬁ‘lggﬁ\egﬁ%g- g'?tgonoaflgqr émslgl ection of a
smal | nunber of data, points. Those skill e@ i.n %he wi |l recognjize that nore
conpl ex  f un¥PFYRMNEVItRAR EFRF Bate; Shad isaceeripbic o 16 HUTNdEd PEPOsucHi%s aver ages
over intervals or nore conplex suns or differences between data points that
are at prederberarromponents atthefinvantion aee deserhedin grestey getatl delowes point. Such
functions of the intensity values of the data streamcould al so be used and
, 17 10 WA UL/ 9BRBD BE Rtldsaand I3p6s aff @bjexteect ed t o function equivalently to
the sinple abstract illustrated in the working exanples. The skilled w |

al so appy eci at e Thadladsoftatibe oLBBREISHRA R dPBratioh ofl HeQEVcRRe RS Hfdam
abstraction by taking the instantaneous slope at arbitrary points could

bst ract i on by tant ant . o
avai 1 abl o vapealbEnERERRON P H R L A e U BB |

scope of thﬁzlui m@&%)i{ﬁl%.fﬁ&qeateur% @f the invention is the use of a genetic
al gorithmto ?Jné%e s Phe &gtgmbg Ats which are used to calcul ate the

characteristic vector. In keeping with the nonenclature of the art, the
list of the specﬁﬂﬂ&%ﬁﬂn@s"n@& dg@%@%@é&%@%@?@fﬁ@%&mﬁgpwﬂ ®
chronosone. The | ogi cal chronbsones contain as many "genes" as there are

di mensi ons ¢mpuierizsta¢lassifnatien decupentsorfior Angmple: orsfmashwantgp expadt fee nunber
of data points can be a |ogical chronosone, provided only that no gene of a
chr onoskine dsucheptsiof attetst ffdra aatathebase torsinting efie suinber ofalosinpentt t@alage to t he
i nvention. Those skilled in the art appreciate that a genetic algorithm can

be used whep rdbieiwiRdi¢RIRGIlY.| POSthédeildBinstafcdRAht ifitéhfién pokidek @N t0 a probl em
must be able to be expressed by a set or string of fixed size of discrete

el ements, V%ﬁéht@ﬁﬁ%o?nﬁﬁ Ho Hﬁnﬂ?%ﬂb&t‘yf B AREE D st lfk%gr foRenid B9s can

-be reconbi ne o yle urther so Ions. One nust also able to
calculate a,nunerjcal. value,of the relatixe nenit, of each.solution, its
Frtnese. - Ui TRRl ol inbRed Tubh doBEndel P L B8icfE bt aoPl wB38TaT il o i t hem 20
-are unrel ated to the probl em whose sol ution is _sought. Accordingly, for the
present inv‘i‘?ﬁlmf’l‘"ﬁ cqpsivty ofdhe histogram mpaRseRting the Hredypcy Ofrﬁ”}P%tf’é ﬂ@n&%éed. The
al gorithnms in PGAPack |ibraries, available from Argonne National Laboratory
i s sui tEbl e26Ththresletien comtinativhs (thigranis) fieund in theadneumant dftenremovabgf cal

chronosone is discussed below. The first illustrative exanple concerns a
corpus of l§facekmdprntinatiohi Ahematively, a histogram of the 9261 trigrams of

consonants can be prepared after the further removal of vowels from the document.
The training data set consists of a sample of the appropriate documents that have been
classified as “of interest” or “not of interest,” according to the needs of the user.

20 Financial Markets: It is self-evident that financial markets respond to

external events and are interrelated to each other in a consistent fashion; for example,
foreign exchange rates are influenced by the attractiveness of investment
opportunities. However, the direction and extent of the response to an individual
event can be difficult to predict. In one embodiment, the invention provides an

25  algorithm computerized prediction of prices in one market based on the movement in

N



25 randomy divided into a training set of 46 docunents and a testing set
of 54 11 WO 01/9903 PCT/ US01/ 19376 docunents. The docunents consisted of
State of 1'494Qn addresses, selections fromthe book TheAis@hodgr and
articles fromthe Financial Tinmes. The distribution of trigranms for each

docunent was.cal.cul at ed yect or.. spac f. 25.dimensions.and a data cluster
size in eacl?s;ncc?? r’f‘é#‘gﬁ%ﬂ' gfaébp%g{ Htﬁg%tzﬁe&?]gﬁg r8¥ar{}§lﬁ ﬁggﬂ}( Wq?rﬁ%k’a}h mensi on
5 was sel ected. The_genetic algorjthns were_ initialized with about 1,500
randonl y ch %ﬁtr?%if%jaou&?ﬁnaw&s#ﬁé%. stegranh af %Fgﬁqngﬁwrﬁ?eo@%@@a traded ror e
fit logical chrompsones are duplicated and the less fit are term nated.
There is retshtitiefdinithhmeior sioek mapainingdberalevanticowniriesi g, thatNeh Yetcand by

t he random repl acenent of an el enent of a chronosone. It is not an

essenti al fPbatdomestark exhiangayeheicdhe ¢xvhangelretelfthe puund ahd dodelaecdfed
collection of |ogical chronosome be random Certain prescreening of the

total sef OfntladtaThe LAty dRa bdl@BhdidtY of e BBt HRhPreBO IR hish Priod dlﬁn%éb&h&li ghest
variability may be useful, although such techni ques nay al so i niroduce an

unwant ed i njjd il h%ﬁ%&iﬁ@d?&ﬁégﬁgﬁhﬁ%ﬁsé&jﬂaﬁ ﬁgthie'&ohgc?podt?i‘lhg ré’cg.pr eciate that the

initial set of chronosones, tation rate an r boundary conditions
for the genetic 15 al gorit are not critical .to.it.s function., C. The
Pattern Recongi tm&%@%ﬂ?ﬁf%ﬁlgxgﬁoocf%m%%‘élﬁ&’is% A0 G THRES scor e
of each of th ogi cal chr.o ones that are generated by the genetic

al gorithm i &l ?'laiddmp&freehemwg%i%éﬁ? BECRRYE: dpmpgiarute: flawand stadisotadftiplees an
optimal set of data clusters be generated for each | ogical chronosone that
is tested. PUvexand atharspairels feadleglivaly thet ‘nlatug orluae3 areconbigntlepooitorsdace in
whi ch the Object vectors of the training data set rest. The nethod of

gener atithg alirreopidedmlThaets oheedad deretiatpending antootardeviehisbalort ¢het he
invention and will be considered bel ow. However, whatever nethod is used to

generat e t hgniddhal &leHEbRbMERR cathfifophRilaildreC %%?)f@&ﬁqgv&fﬁpﬁ Reovidislaowi ng
rul es: each data cluster should be |l ocated at the centroid of the data

points 12 confflubecdiRehulthel/ RlAiAPAER pbiifin tin€ o¥ditllt B hidhCdal ot €7, no

-two data clusters my ap an I mensi on eac uster in the

normal i zed vector space,i s fixed prior to,the generation.of .the.map. The
o re of thehgiaime gl ape Aarn sfigim Soashis dfnt NP FAGEF fos Shepointil b cce.
Setting the_size too. |l arge resul in a failure find any chronpsones that
can g T etrainEng data se% cons?sts 0 tie hlnstoric record of the status \¥alues c?assiﬁe as

15  either preceding an untoward event or as preceding normal operation.

Medical Diagnosis: The invention can be used in the analysis of a tissue

sample for medical diagnosis, e.g.,, for analysis of serum or plasma. The data stream
can be any reproducible physical analysis of the tissue sample that results in 2,000 or
more measurements that can be quantified to at least 1 part per thousand (three

20  significant figures). Time of flight mass spectra of proteins are particularly suitable
for the practice of the invention. More specifically, matrix assisted laser desorption
ionization time of flight (MALDI-TOF) and surface enhanced laser desorption
ionization time of flight (SELDI-TOF) spectroscopy. See generally WO 00/49410.

The data stream can also include measurements that are not inherently

25 organized by a single ordered parameter such as molecular weight, but have an

’7



5 successfully classify the entire training set, conversely setting the
size to lowresults in a set of optimal data clusters in which the nunber
of cl ustefv APppsQ[aches the nunber of data points in the trifdg 8. Mre
inmportantly, a too small setting of the size of the data cluster results in
"overfitting,: which i [ . . od used to define the size
of the dat a%}g} %I(Faelr'sﬁélgspg)ﬂfgﬁgf) %\gif#\}aéﬁﬁf%ﬁﬂt%o?ﬂg ISR %si ze can be
defined by the maximum o e equi val ent of the Euclidean djstance (root
sum of the SHIEHLE YL Qé?ew%wyn?wem gt asrredepatEeam WheLie TAstea o
cluster size that corresponds to a requirenment of 90%simlarity is

sui t abl e f oyampheisiahieptyi spacipisarecognizing that thewadar of thydndivisuabigengs SRhOI - TOF
mass spectroscopy data. Sonewhat | arge data clusters have been found useful
for the cl adsa ftrenat iseubichryt exts. 15 Mathematically, 90%simlarity is
defined by requiring that the distance between any two nenbers of a cluster

is less 3han 0. 1sgdifid@isemed Whiste theSpragtacinRentivRan pirtieulddy Dhisabld odcior nal i zed
vect or space. For this calculation, the vector space is normalized so that

the range oévha@satﬂygﬁ kisQé i @a}aggogwe;éwg&&ﬁxﬁfnﬁgpﬁ bkéa%ggigf;&ag@geacé% s

between 0.0 and 1. us nor possI I stance between

20 ' h [ h N N h
nuner ofcionaners aed wefsabERl bE RRtEicade bitSlse EBlbribe e fetSabR o, 1

root (N). The specific normalization. of the ctor space.is ngt a critical
foature of THEC FEVRECAREOT f@r%aabﬁgf ARG Al e potbelogicn sy Theeuiif
calculation. Alternative normalization can be acconplished by scaling each

di mensi on ndiagnasisdfanaligngecies are ¢ pringry Heus Yhtheuge piive mvagti@CTThIS01/ 19376
t hat each di nensi on has an equal variance. Non-Euclidean netrics, such as
vect or Hr odwotkimedxangse dhstrixes theelihgndtio sprokiati¢ eatcinombsdmdlat trials for fhier t her
recogni ze that the data stream may be converted into logarithmc formif

the di stri bgiaggiisHf ovatitiesantbrdshave bt pésbansd.reamis 5 | og nornmal and not
normal Iy distributed. Once the optinal set of data clusters fox a | ogical

chromsone has beeRoGaeRlatalifadd LASSTACRNE d SichlBhyfdarsoTe can be

cal cul ated. For resent invention, t nes e chronobsone

roughly corresponds to.the.nunber of vectar f,. the trainin ta set that
st i of ueped B et B st hE MR e iffericR TBRaaRRHnt i e
"characteristic vectors from sanpl es having a single classjfication. Mre
preci sely, $e560f suchaawtiplespalypig “@é}f%‘m té‘t"%?g bB‘iP“%Fs‘g‘F gisphipecHicdaspche| uster a
honogeneity score, which varies fromO0.0 for honpgeneous clusters to 0.5
for cl ubl er diaghosis are nompntaionsdonkyunber s of nal i gnant and beni gn sanpl e
vectors. The fitness score of the chronosone is the average fitness score
of the dat aBcl usTh¢ Abstraction Process and Logical Chromosome

The first step in the classifying process of the invention is the transformation
or abstraction of the data stream into a characteristic vector. The data may be
conveniently normalized prior to abstraction by assigning the overall peak a arbitrary

20  value of 1.0 and all other points given fractional values. The most simple abstraction
of a data stream consists of the selection of a small number of data points. Those
skilled in the will recognize that more complex functions of multiple points could be
constructed such as averages over intervals or more complex sums or differences
between data points that are at predetermined distance from a selected prototype data

25 point. Such functions of the intensity values of the data stream could also be used and

D
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15 Thus, a fitness score of 0.0 is the nost fit. There is a bias towards
| ogi cal chronpbsones that generate nore data clusters, in that when two

| ogi cal oRpYpPsAses that have equal nunbers of errors in ag§hg0iNg7§ he
data, the chronbsone that generates the greater nunber of clusters wll

have a | owe I f.l t.ne score. 20
Publicly avgzg? ?yégcgeggg?l@{v@rgg gﬁ%&*&@ﬁﬁ@??ﬁg“l’fljés]%‘t’ﬁgg‘f‘tﬁgﬁsg‘gfeﬁ ﬁ&&lbea‘ﬁﬁ i map is
has been given several nanmes, one is a "Lead Custer Map" and can be

i npl ement ed®8YPdEneric software that is available as Mddel 1 from Goup One
Software (G eenbelt, MD). An alternative enbodi ment of the invention
utilizes a non- Ethgsh iealyq aopresiatsthatrogting experimentsion ¢ar flelermaine t he dat a
clusters. A netric refers to a nmethod of 1-1 W O 011 990-t3 PCT/ US01/ 1937G
measuri ng dvistther@bstractian bg d¢dkong the acsantafieeusdiomr aiathitraryrpeints codldnlsbhe

i nvention can be based on a normalized "fuzzy AND' as defined above. Soft
ware that ifipkeiEntse plsal afiehtiéh. PaEdoedingly feB Pdutingly Aaflable Viviatased on the
"fuzzy AND' netric is available from Boston University under the nane Fuzzy

ARTMAP. 5 Dy, @ﬁ&&&@e&%&ﬁn@@%&(@%& He‘iﬁiﬂi&ﬁxe%f:%}%%%é ;n@?ﬁimf?di ments Those

skilled in the art understan at the assignnent o e entire training
data set into ho neo data cl rs.| ot ..l.ndt.sel i dence that the
cl assifying al go‘g&?%‘ﬂﬁ%ic’g%%eflflg(%}t]io\rllggélgé%%krg ?%ngeméfl lggﬂﬁg%ioe%%{%{m%e &Svel of
accuracy. Thus, .the value of the classifying algoritlu enerated by a
earn ny al G bR ropeed kgl Bectagedufielr T EopmeavShibeet *dat a
other than the traini ngiwdata set. \Wien a_| earni ng al gorithm generates a

cl assi fyi ngramenslaturp of thezet, thedisé abthaispsrifisiintydo beecleqted isiterned atlagiselt but
only poorly assigns the test data set, the training data is said to be

over fi ti0ed dhyoresummd. rithedbgioal dhinomodOnes Cotthinrag nianydigtisesiaethetehwe nunber of
dinmensions is too large and/or the size of the data clusters is too small.

15 Docunent difdeHsibRY bfitHe chREMEMINC veboX t Ang kdtSF &iei appropsiaRinuinbepbL&dtat 0 @ W de
range of professions. These include the legal, nedical and intelligence

communi t | ©Spoifid a8, RASEH ARSI VA Y Blat AE LAy JANEHBINER

-i nadequat e e rigo e” current production

textual materi.al,. .Furthern Bool.ean r.ches not capture concept ual
o mat | orduragetac it BEEERE G s8R 18P SERIRNG P Bk BB To Sonehow
"extract conceptual inforpation in a panner that is anenable to nuneric
anal ysis. One sﬂﬁli‘f’sﬁé{“ﬁ'ﬁg?q Qletaﬁépemaﬁgtﬁatfa%Fna%ﬁl&eﬂmganab%ﬁw Pon of
trigrans and their frequency of occurrence recorded. Atrigramis a
col | ectliSon o conglitions aws méfardapartiewar soligipnds a problergnpust B ghlegaoe There are
therefore 263 trigrans. Wiite space and punctuation are not i ncluded.
expressed by a set or string of fixed size of discrete elements, which elements can be

numbers or characters, and the strings can be recombined to yield further solutions.
One must also be able to calculate a numerical value of the relative merit of each
solution, its fitness. Under these circumstances the details of the genetic algorithm

20  are unrelated to the problem whose solution is sought. Accordingly, for the present
invention, generic genetic algorithm software may be employed. The algorithms in
PGAPack libraries, available from Argonne National Laboratory is suitable. The
calculation of the fitness of any particular logical chromosome is discussed below.

The first illustrative example concerns a corpus of 100 documents, which were

25 randomly divided into a training set of 46 documents and a testing set of 54

I
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25 A docunent can then be represented as segnented into a specific set of
trigranms j is WO 01/990-t3 PCT/ USOL/ 19376 starting fromthe begi nning of

the text @broqgga gg fromthat document. The resulting set ?.;CJ‘/MO%M from
t hat docunent their frequencies are characteristic. cunents in a

set have si ([Hchﬁfen{sr 9E AT SRS e&ﬂlsterde&tseﬁe bfthe Utioh §ddrb%‘s’é‘é xelmﬁﬁ ot

concern the sametop|c This is particularl ytrue yspe

of 11 0r sy gt YA RSS AR, AGHINEOT U AHERNATple, ThDLS W@%%gfd. g to

trigrans ar escr conce i ng al g

the invention can.ans t hat quest | us of lis nguage
document s f PG %Pﬁ\eﬂ cu%ﬁ?éj A@t"e T RRGFe é"gg)fl %618 2on of
presidential State of the Union addr esses was conpi | ed. The corpus was
randonl y sedpbbeluatar size ¥ qach dinengionof 0t3é§tm‘?ﬁgth%éﬁﬂgﬁ of yalyesjip tha dimensien wer e
assigned a value of either 0 or 1, where O indicated undesirable and 1

i ndi cat éd deas sckivkesl. THeezehetar ai'gmr@hmlsgmrei nfittedized svithtabdutt h3@ughderhly t ri gr am
set and identified a set of trigrans that separated the two cl asses of

docunents. cHdged Bgidal cHibmoBsiads. Wasthe algdhtheh isediSth¥vnidie fibRgHALi Si on
boundary set at 0.35 the maxinal distance allowed in the space. The

classifyi n%@bﬁegdrﬁ#%ymﬁén&ea aﬂglt% 1€s% fitfard %?m&éteﬁo gle réc%F{bY&tﬁ)ﬁ' grans.

On testing the results | hetaleotalne Auct ual assitication

0 | d f 02 s b Cont

VLT, At eqwg%%éli@%?ﬂégﬁeﬁu%@ oy e PudBRoBateri At G
di tq th dh | | | t how t hat

21 Gor | hm COPPERAT SPERROPERCA! A0 A %MH%%E{%&?& Wre of

i nterest and correctly screened out or rejected 22 of the 26 docunents that
wer e not0 of intigllyseleted (cokestipg of logisabghronysompee tmdpmy d7Rimmgsaregning, of
Biol ~ical States: The above-described | earning al gorithmwas enpl oyed to
devel op a cofabstdtalsat ofodutd sireapisde ideniify thaseadata prints aGhp e Hifkestrass spectra
(M5) of 55 patient serum sanples, 30 having biopsy diagnosed prostatic

cancer and RirRSiRY hayHRMsBRERtheeh UESAChhiGUE BaPhBa irffodubesh dnWarmal M and
25 5 normal s havi ng PSA | evel s bel ow 1 ng/ M. The MS data was abstracted by

sel ection OfifaPREGFbh@" THB K IIIEH URSart appreciate that the initial set of
chromosomes, the mutation rate and other boundary conditions for the genetic
15  algorithm are not critical to its function.

C. The Pattern Recognition Process and Fitness Score Generation

The fitness score of each of the logical chromosomes that are generated by the
genetic algorithm is calculated. The calculation of the fitness score requires an
optimal set of data clusters be generated for each logical chromosome that is tested.

20  Data clusters are simply the volumes in the vector space in which the Object vectors
of the training data set rest. The method of generating the optimal set of data clusters
is not critical to the invention and will be considered below. However, whatever
method is used to generate the data cluster map, the map is constrained by the

following rules: each data cluster should be located at the centroid of the data points

| o~
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A cluster map that assigned each vector in the training data set to a
honogeneous data cluster was generated. The cluster map contained 34

cl usters,wy(ng?@j:,gn and 17 malignant. Table 1 shows the | qggati¢r19f¢each of
data cluster of the 10 map and the nunber of sanples of the training set

assigned to ster | assifyln f1>ln tested.using 231
sanpl es thaEhgﬁg%]gﬁé%ctﬁjgg%%w‘g Be?ﬁ I?Qntg‘}ot‘rda %P%é‘gglgdtyag‘?&l@ &%ﬁ?e?gf@ls&n anpl es
frompatients wth various cl.inical and pathal ogi cal di agngses re used.
The clini ca?acavr‘?@%elﬁmed@r@ahzeﬁ&e@r PRace IS TrRd RUiRs tyfhg senerAien e MePwer e as
follows: 1) 24 patients with PSA >4 ng/m_and biopsy 15 proven cancer, 22
map to di seased &8¢ sizep{ithedpt clusterapsat by fles wendwring the jramingpraedss. al | map to
heal thy clusters; 3) 39 with benign prostatic hypertrophy (BPH) or
prostatiti sSettidg B8Aize o haygertesulis impfatlare dindeay ebrotatsames that ems, none to
heal thy data clusters and 32 to no data cluster; 4) 139 wth BPH or

prostatis i ssiwdessRBAr ctdssH theehfird@difiing sé comerdely sbtipabesizead Rwalkidisghs, 2
to healthy data clusters and 95 to no data cluster; 5) 20 19 with BPH or

prostatiti s, afdrBednl dfla Eﬁﬁt@}sdn WHiEPhE ﬂlﬂgm%teggtﬁ%r@cﬂéé feSufipef to

heal thy and 10 to no data cluster. A sixth was devel oped by

taking pre t-D t at. rom ients havi bi opsy
proven car c?ﬂ%ﬁggémf lb%ie @@%%%g%/nm @A@?@f{?g@*eﬁgé&l@ﬁﬁS?tgp%gpg‘eﬁ}zg-o ur gi cal
sanpl es was _assigned to di seased data .set.. Howeyer, none of the sanple
taken 6 weel® wuﬁﬂrrﬁ%‘ﬁ ,mg?veﬁg‘ft‘inﬁg "gﬂa%\ﬁélhscﬂl??édgﬁ“i-evel s had fallen to
below 1 ng/m were not assignable to any data set. |17 17 V~' O O1/990-~3
PCT/ USOL/ 19376 WAbemeidused define theesiza efdhe flate ighistep isetpsirhef the inventiqn. shoul d
be recalled that the rate of occult carcinonma in patients having PSA of
4-10 ngl0M @dhelclustar sjre baroprsdefoied by dse maximuabafithe 8@%ivaldiud the Peclileaxdi ng t hat
bet ween 18% and 47% of the patients with el evated PSA, but no tissue
di agnosi s OfisABE Dot dun SOMS bqtatddh bivwieBn hidpiwCMEMBEs oY e datLdigés Ahe
presence of carcinoma. |~ 18 WO O1/9903 IN THE CLAIMS | claim
PCT/ USOL/ 19348 cluster s@e@%?&q%s% & t@%%ciﬁﬂeﬂ&n%’f Sk, §in‘ﬁ§a!ri%ﬁis%uﬁ9ﬁé ®dr thPace

a e steps of

-having nmultiple preclassifie ata clusters conprising t

at

invention when the data stream is generated by SELDI-TOF mass spectroscopy data.
Somewhat large data clusters have been found useful for the classification of texts.
15 Mathematically, 90% similarity is defined by requiring that the distance between any
two members of a cluster is less than 0.1 of the maximum distance between two
points in a normalized vector space. For this calculation, the vector space is
normalized so that the range of each scalar of the vectors within the training data set is
between 0.0 and 1.0. Thus normalized, the maximal possible distance between any
20  two vectors in the vector space is then root N, where N is the number of dimensions.
The Euclidean diameter of each cluster is then 0.1 x root(N).
The specific normalization of the vector space is not a critical feature of the
method. The foregoing method was selected for ease of calculation. Alternative

normalization can be accomplished by scaling each dimension not to the range but so

| 3
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a. inputting a data streamthat describes the Object; b. abstracting the
data streamto cal cul ate an Qbject vector that characterizes the data

stream Cywo fR9643f Yi ng the data cluster, if any, wthin wy@hydoifedi ect
vector rests; d. assigning to the Object the status of the identified data

cluster or, . if no cluster, is identif.ied, .assitani,ng to the ject the status
of atypi cal t.hagéa SEmERN RS Sp edyal;vayiquee QPZI?'%%QB%W’%W%‘?BC Y& ¥or red by
a process conprising selecting between 5 and 25 data points fromthe data
stream 3. HAuctaReiHes eanheusedn 1, wherein identifying is perforned by a
process conpri si ngocorrput ing the Euclidean distance between the centroid of
a data cluster ahboserskuliegjietie ajlowillsiurther, requgnizedhatidhe data streammmay baher ei n
identifying is performed by a process conprising conputing the nornalized
vect or prodesiveniéd intelogajithadic fant if theadistribetoresfosaiues gvithirethe datarseeaindé a dat a
cluster. S. The nmethod of claim1, wherein each data cluster is

preclass fi RSmABMIdHDt A6y distdButed WO 01/ 990-t3 two status conditions.
PCT/ USOL/ 19376 6. The nethod of claim 1, wherein each data cluster is

preclassifed as bﬁﬁée ﬂ% g@gﬁxggetbf‘&ﬁﬁ cRisRlsdr ‘P@g(ifél ic%ﬁms«éasigsﬁbﬁt hod of

claim1l1, wherein't reans consi st o ween 1, 0, 000 data
points. 8. The od.of claiml erein the lLength of. the data sireans
Ponei st of EPCrge s 6 el lop et HEoRgbnd Go R aleg e, FeF it -

cl assifying, al gorithm by using set of preclassified b ects, each Obj
ect being alweton ghe Hiness ssorgaf ﬁies@r%?aommeﬁg Y corEespPRgdsy to dgyymaber of
characterized as having nmultiple data cluster s of predeterm ned extent in
a vect or spuestonsof theftiataidg datatsetrthajfrestiimelustersitbat acohgmogenaoust he. dusiprs of a.
providing the set of the data streans associated with the preclassified

Obj ect s10 b. timet@tiihnige dnrdcteristialedat fvm sangileshavirly agingloohssifitmionspeci fy
the |l ocation of a predeterm ne nunber of points of the data stream c.

cal cul ati ngnafe PRicisBB tHAGRAGE sédE iCARMIARTBLAssRhirat6 o8& cifdtedat a streans
usi ng each chronosone; d. determning a fithess off each chronosone by

finding t heh&&é@éa{'aeﬁg%}ré‘ WilEn ¥ 'ésg’%onge%%r H&m@égg{)ﬁg Ol?l.llgtﬁg %&' 0.8%or

-non-over | apprn clusters o edeterm ne ent 't maxi m ze the
nunber of Cb{&]fe;ct ectO{s thaL reét if df:lta I udﬁéers t hat contain only
i denti cal | yCUPFREINH GoftaELFAuaE RS 8T LaNgHRnt B19P R SRR Yectard: er of
"such vectors the larger the fitness of the | ogical a~
fitness score of the chromosome is the average fitness score of the data clusters.

15  Thus, a fitness score of 0.0 is the most fit. There is a bias towards logical
chromosomes that generate more data clusters, in that when two logical chromosomes
that have equal numbers of errors in assigning the data, the chromosome that
generates the greater number of clusters will have a lower average homogeneity score
and thus a better fitness score.

20 Publicly available software for generating using the self-organizing map is has
been given several names, one is a “Lead Cluster Map” and can be implemented by
generic software that is available as Model 1 from Group One Software (Greenbelt,
MD).

An alternative embodiment of the invention utilizes a non-Euclidean metric to

25  establish the boundaries of the data clusters. A metric refers to a method of

1
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20 WO O1/9903 chronpsone; PCT/ USOL/ 19376 e. optim zing the set of |ogical
chronpbsones by an iterative process conprising reiteration of steps (c)

a.nd (d),\whg4bdigti ng | ogical chronosones with |ow fitnespceri@iheagi ng
| ogi cal c\ﬁr onosones of high fitness, reconbination and random nodi fication

of the chr QUOARARS iilancd B PUIAGBAS, t’ﬁ%ta.'ltgglﬁﬁ% %tri%rf%g]g%%muogg' gsing @

| ogi cal chronnso I e onn en

non-overl a data clusters, , ttrl i ve status of each
cluster of *ﬁ %?Pﬂ’éﬂlqjye{iu ’F’r\?@m eqe 1P§df‘ Ccl 3 Syare et fIppleentsS g (nj ect
vectors that rest within the data cluster; and g. constructing a

cl assi fyi ngrdaper patier teRegnitomalgprithasbased mmedmzm}@i mejrigis gy aidable
conprising cal cul ati ng an unknown Object vector using the sel ected | ogical
chr onosone famd Bastsdifiyénsigy tunder thelareamenEGlay dRTMAPOr di ng to the attributive
status of the data cluster of the optimally honbogenous set of non

over| appi ngbdat aDédcﬁﬁﬁ@iﬁndVeﬁMRaﬁbnbﬁSDW@EMoﬂhﬂéﬁtﬁ vector rests. 10. The
met hod of claim9 erein the fixed nunber of dinensions is between 5 and

25. 11. The net hPl‘i’osgfskl(Plle@‘ir{‘%h%1m%%é1%taﬂdttﬁh$t}&%§lgﬁm9ﬁt AT RE 'eﬁt'ﬁ%'txfahﬁi?% Qbj ect s

is between 20 and 200. 12. The nethod of claim wherein the |n|t set
of 1 ogical

PCT/ US01/ 19 e@%f}‘iﬁﬁm%ﬁg gﬂ%@” Ci{‘lSF i 1‘33159@%% FX‘JGF‘H"G\{%%"QP‘? é%ssé 108

| ogi cal chr SOMes nsi ts of . between 1 nd . 2,000 | og chr Qqnosones.
0 e o flEar B i cHRHNSTY Gareringnt A SeksR BBle St oL acNTaety ThaR 4t Alog <

equal . 15. The method of claim9, wherein the extent of each data cluster

i s det er mi neftheglassifving algerithmgenerated bye lemmingralgordhmanust baitestedDy itsher ei n
the extent of each data cluster in a dinension is a pre-detennined fraction
of the Iangabilify to kert Gisgtenftdatacnthayitisan the thamini dedan sito Wheh 4. ledthimgrabgdrahimof
claim9, wherein the netric that determ nes the extent of each data cluster

is a functi gepitestn dlaksEyinpMIzoMEim Hhad sficveRifgly avksichs thetReding dahastasuk eri stic

only poorly assigns the test data set, the training data is said to be overfitted by
learning algorithm. Overfitting results when the number of dimensions is too large
and/or the size of the data clusters is too small.

15 Document Clustering: Document (text) clustering is of interest to a wide range

of professions. These include the legal, medical and intelligence communities.
Boolean based search and retrieval methods have proven inadequate when faced with
the rigors of the current production volume of textual material. Furthermore, Boolean
searches do not capture conceptual information.

20 A suggested approach to the problem has been to somehow extract conceptual
information in a manner that is amenable to numeric analysis. One such method is
the coding of a document as a collection of trigrams and their frequency of occutrence
recorded. A trigram is a collection of any three characters, such as AFV, KLF, OID,
etc. There are therefore 26 trigrams. White space and punctuation are not included.

25 A document can then be represented as segmented into a specific set of trigrams
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of the data cluster. 18. The method of claim9, wherein the | ocation of
each data cluster of the optimally hompbgenous set is the centroid of the

(oj ect VREHQ89095 preclassified Objects that rest in the dagass|pster. 19.
The net hod o? claim9, wherein the location of each data cluster of the

optimally I f vectors

precl assifi QP f}g&tﬁhé § %l%\{‘&“g Q?th%‘%% Sa' %m(t% “{ggh&%ﬂ?n?fﬁ @hﬂ% of
claim?9, vvherenthe nof dat cluster of the.opt 1y
omgenous Lt gt At P P the et gty perttoi B thasi 11 ed b
ects that rest in the data cluster. 21. A software product far a general
pur pose di gloerments ipusehave sigvlen Hiaram seiy andSequeaeicaribistikgly thaidhey oduct can
be used to performthe nethod of claim1 or of claim9. 22 WO 01/ 990. 13
PCT/ USOL/ 198#rnthe same tppic; iThis is parRigulady swé tifvel e speeidfbustibset whitrigrape afeor ns  or
causes to be perforxned on a general. purpose digital conputer the nethod

of clai B, 1 exhmédediaitl Youmdd. PhOGRBtioh ispWhidase: dfitAiiaals a6Odaetifive dllapgr ammed
so as to performs or cause to be performed the nethod of claiml1l or claim

9. a3 23 conce A learning algorithm accordmg to the invention can answer that uestlo
A As_ AL RS RS ARG R Hee RSO RS EAS OAST TAS™ TR FIAYS AL ARy As_ A
.AL. As_. Aas_-

{qu gb] V\X/] (S:a] CQ%ZF‘%Hf & 00 ]]E%%\]Sh'}m]gc]af “¢h nJ[S]f e]Flﬁ"]n ?]lgal]] Sa]TPE] calcalc
a] ca] ca] ca ca ca'

j ]] i[° ] n} }o{ u%&‘f‘ﬁ% 211@]%%1&1]‘6%}%& ?ﬁ]“lea‘]%‘aﬁt@ﬁ]oéal]ec(a‘]‘t?aﬁé‘a}]eﬁs&f ¥&f ca] ca] ca] ca]
ca] ca]ca]ca]ca caV] ca] ca] ca] ca] ca] ca] ca! E<6. +Oxuz?7ztni d_ZU] ca] ca] ca] ca
] caU] cal] c apoowiled] e coamgscugscad ldapgrawcch]n@ammmg@a}lw}map@@] dsll ca] ca] ca]
ca] ca] ca] ca] ca] caI TH~-5% ~ Inlst{!1!3

# ##SUSH| wdvbarh¥ijts a&]ew]sstg]neahwaljueafem]er@]cﬂal vhtied) ndidhied haddsirableahdd] ca] ca]
ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca] ca]ca]ca] ca! $$/ WOKe&E&' """ ()))*) *2***3++

LT, - M - ihdicki%8 BbdiraBld caleqadrﬁﬁq]gwgdmﬂlﬁ@&&aleaamgﬁﬁieqa ] gahadV] ca] caV] c

2 cali cal caVf ] ca Ca] ca] cav] Ca] ca] ca] ca] ca] ca] ca] cal ./ U'// BO00?11112V2223f
334Q444D55 aheg) oal G2l

-a] cz?]4 cal ca]qggﬂ:tﬁ-Ie ot i gﬁ] cai %g i ca]ﬁzéa] caﬁlcai;s d]‘iﬁ%bftﬂkf@] ]iﬁlg‘gﬁl&%gigca] ca] c
l; <k<<

-d==>Y>>>|\/|?n.39%&'@Q/a? flimensions ity the, decis ‘]rc%(]undfré' aﬁetc%lt]o 39 s maxial ca) caj cal ¢
: N N ! BBB[ CCCCP
DbDF EEECHF FESSSalIAbel o B gRReR Sﬁ%siqsei]lﬁé]@ai E8y64 peR) Bidna] oa] oa] oal o
a] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] cal] !ﬂL t% ajcalcalcalpliliil,JJJi@&
KK@. L L Mg MvIsoisi ke NI 760ps G @rgesingihg bgsiits i lecatiteingda] ca] ca] ca ca] calc
a] c™a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] calcalca]caljcajcajcaliQQ
QRLARALRRRYBs SS&Tr TTU UUUVVWTWAAKXXX=YCYNY] YYY| wr ngb] X] ] ] ca] ca] cal] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] cal YYYZUZZZLI [T @\\ =] ]] " lActual Classification 0 1 Totals
ANINNANA - C acaabzupj e [V]]ca]ca]ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] calical c

A 3 C C art dNe
o1 111 Coo0) IXRRREKINE B0} 1 { Cal ab] ) 1 cal cal cal ca) cal cal cal) cal cal cal ca]
ca] ca] ca] catcalealcalcalcatcalparecalcalcalcat ba]ba 2]-'01] cajcal =y kkk
& sl | mgmm\{n} nn

or owooppp! p+p-pppogi-graaar-rarga-Wileat-cal-efat-catcatl-cal-cal-ga %}Qﬂ\q“ al ca
U] ca] ca] ca]FE%ﬁ1 a] ca] ca] ca] ca] cB ca] ca] ca] ca] ca] ca] é] ]c éfcal IrrrTsssRt
tttt&uxuuullyy v xhxx

Table: A Confusion Matrix. Actual values are read vertically and the results of an

fala)

O

[ I ep)

2]
J
C

algorithm according to the invention are read horizontally.
The results show that algorithm correctly identified 24 of the 26 documents
20  that were of interest and correctly screened out or rejected 22 of the 26 documents

that were not of interest.

e

16
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XY:/ 10010% & ()-y 10% & ()- 10% & ()- "s1l0% & ()-S 10% & ()-s10% & () -
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10" 109%VE () - 109V& ()- 109V ()- 109%VE ()-S109%vE ()- F109%VE ()-6. dEnbC
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10°

o

The classifying algorithm was tested using 231 samples that were excluded
from the training data set. Six sets of samples from patients with various clinical and
pathological diagnoses were used. The clinical and pathological description and the
algorithm results were as follows: 1) 24 patients with PSA >4 ng/ml and biopsy

15 proven cancer, 22 map to diseased data clusters, 2 map to no cluster; 2) 6 normal, all
map to healthy clusters; 3) 39 with benign prostatic hypertrophy (BPH) or prostatitis
and PSA <4 ng/ml, 7 map to diseased data clusters, none to healthy data clusters and
32 to no data cluster; 4) 139 with BPH or prostatitis and PSA >4 and <10 ng/ml, 42
map to diseased data clusters, 2 to healthy data clusters and 95 to no data cluster; 5)

20 19 with BPH or prostatitis and PSA > 10 ng/ml, 9 map to diseased data clusters none
to healthy and 10 to no data cluster. A sixth set of data was developed by taking pre-
and post-prostatectomy samples from patients having biopsy proven carcinoma and
PSA > 10 ng/ml. As expected each of the 7 pre-surgical samples was assigned to a
diseased data set. However, none of the sample taken 6 weeks post surgery, at a time

25  when the PSA levels had fallen to below 1 ng/ml were not assignable to any data set.
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10MBf 334Q444dE: / 10M "10% & ()- z10% & ()-10% & ()-° 10% & ()-Fg 10% & () -

10% &' () - 4D5556666dE: / 10M

040% & ()-#"10% & ()-s! 10% & () - FIR QU ADABMSY% & () - 10% & () - 6: 777- 8v88dE:

/ 10M y210% & () -
0 10% & ()-F. @0% & ()-,10% & ()-*310% & ()-' 10% & () -8' 99999999xnbC

10MLO% & ()- 10t 10t 10t:10% & ()-9f 10% & ()-610% & ()-410% & () - 99G : :

" dEnbC 10”&% % & ()-10% & ()-10% & ()-10% & ()- @O0% & ()- "10% & ()-];
- <k<< =d 1OMLO% & ()-"10% & ()-310% & ()- s10% & ()-s-10% & ()-F
C10% & () - =d==>Y>>>d C ... . . . .
10M 21(()2% & ()- #&E%Ogrg%flaﬁﬂ@i‘%%b@%“ﬁ%!31‘6’%0&'5?509 BEyos gryliiple
109% & () - >M??7? EnbC 10MA10% & ()-. 2510% & ()-s0- 10% & ()-F.,
10% & () -, , 10%@@%@8&%%@@ dusiprs gempransAsEies ofoMs 109 () - 107 10°
10" =s10% & ()-9:10% & ()-"9"10% & ()-6" 10% & () - AAAXBBB[ CdEnbC 10M
" 109V () - 910%%6k’ () -ihputGag/&dety stra:0818t ddscyihdsOha/RIbject;
3" s10%V&' () - [ CCCPDDDFEdENMDC 10MLO%AVE: () - 10%VE' () - 10%VE' () -y@ 109v& () -
*10%VE' () - F10%V&' () - FEEEOFFF5GIENDC 10M f 10%W& () -
% 109K’ () - #nl®AVE' (abstrdcli@tlie da)a strehfOVRalchtatcl APWE et vebfettRitichiirhelerits
10MA109%VE&. () -

the data stream;
c. identifying the data cluster, if any, within which the Object vector rests;

d. assigning to the Object the status of the identified data cluster or, if no

cluster is identified, assigning to the Object the status of atypical.

2. The method of claim 1, wherein abstracting is performed by a process comprising
selecting between 5 and 25 data points from the data stream.

3. The method of claim 1, wherein identifying is performed by a process comprising
computing the Euclidean distance between the centroid of a data cluster and the
Object vector.

4. The method of claim 1, wherein identifying is performed by a process comprising
computing the normalized vector product of the Object vector and representing
the centroid of a data cluster.

5. The method of claim 1, wherein each data cluster is preclassified as having one of
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9. A method of constructing a classifying algorithm by using a set of preclassified

Objects, each Object being associated with a data stream, where the algorithm is
characterized as having multiple data clusters of predetermined extent in a vector
space of a fixed number of dimensions, comprising the steps of:

a. providing the set of the data streams associated with the preclassified Objects;

b. selecting an initial set of logical chromosomes that specify the location of a

predetermine number of points of the data stream;

c. calculating an Object vector for each member of the set of data streams using

each chromosome;

d. determining a fitness of each chromosome by finding the locations in the
vector space of a multiplicity of non-overlapping data clusters of
predetermined extent that maximize the number of Object vectors that rest in
data clusters that contain only identically classified Object vectors, wherein

the larger the number of such vectors the larger the fitness of the logical
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is the classification of the Object vectors that rest within the data cluster; and

g. constructing a classifying algorithm that classifies an unknown Object by a
process comprising calculating an unknown Object vector using the selected
logical chromosome and classifying the unknown Object according to the
attributive status of the data cluster of the optimally homogenous set of non-

overlapping data clusters in which the unknown Object vector rests.

10. The method of claim 9, wherein the fixed number of dimensions is between 5 and
25.

11.  The method of claim 9, wherein the number of preclassified Objects is between
20 and 200.

12.  The method of claim 9, wherein the initial set of logical chromosomes is

randomly selected.
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19.  The method of claim 9, wherein the location of each data cluster of the optimally
homogenous set is the centroid of the Object vectors of preclassified Objects that
rest in the data cluster.

20. The method of claim 9, wherein the location of each data cluster of the optimally
homogenous set is the centroid of the Object vectors of preclassified Objects that
rest in the data cluster.

21. A software product for a general purpose digital computer, accompanied by

instructions that the product can be used to perform the method of claim 1 or of

claim 9.
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