; e3eL7l../\236627T70 7 1 ~0Ov 2002 WD 99! S76 * System_Met hod, and
Conput er Program Product For _ Representin mamh @“\“bata I n 04 NOV 200
" Mul ti-Di nensional Space Background of the leld of the Invention
5 The preseobostpgention is directed to data ana“l‘%?‘e??s and, nNOFEr/US99/09963

Coace. "Rol af ed W ?Feﬁme?ﬁgﬁﬁehiﬁaﬁf ﬁi%rgﬁé'g. b PR E T ”“élﬁvq;diﬁ@”ﬁ?skﬁﬁﬁ! ng-
NL 10 -1
aps, of obj dLArGGRR LHetnay el IR AREN B iotal hasen

rel ati onshi ps bet ween the objects. MDS and NLM were introduced by
Tor gerson, Phychonetrika, 17:401 (192); Kruskal, Psychonetrika, 29:115

(1964); and Sanmon, | EEE TrgpskofRmmite thgﬁtﬁ%é}% f; 1969) as a neans to

gener ate | ow di nensi onal representati o of 15 psychol ogi cal data.

Mul tidi nensional scaling and non-Ilinear mapping are reviewed in Schiffman,
Reynol ds and Young, Introduction to Miltidinensional Scaling, Academ c
Press, Newidldrdf thd &8%ntionoung and Hanmer, Multidi nensional Scaling. History,
Theory and Applications, Erlbaum Associates, Inc., Hllsdale, N (1987);
and Cox and Cox, Muiltidinmensional Scaling, Nunber 59 in Monoo aphs in

Statistics and g ﬁ%gédtqué?ﬁsampldkﬂeaxd t%anamﬂ?éeanélﬁ%@ paﬁﬁlﬁlraﬂ?'?ttgnt s of

t hese publications are incorporated herein rence 1n-t

entireti eseprivR¥staioc d‘ﬂlpM)(liﬂﬂ@S:Btaanngmeﬂldl%al bieacgame, and are hereafter

collectively referred to as MDS) represent a collection of nethods for

visualizing proximty relations of objects by distances of points in a

| ow- di nenggqul%\k/ﬁgcl i dean space. 25 Proximty measures are reviewed in

Har t i gan, m  Statist_ Ass 62:1140 (1967), whoch is incorporated herein

by reference inits entirety. In particul ar, given a finite set of

vectori aI or ot her sanples A = Via" | k}. a relationship function
a~ thdhmaml@}alESﬂﬁlmﬁhKM@S}ea@@uré@n‘ﬂlﬁéarm mRpRipEt YNLM)) are NOV

2007, WO sols o B8, o OR300 o Bl Ak Yy B VSO AG g and

j-t Ob] ec

an m di nengé arwdncels Sevadn ﬁhleQ)'B%c(sfrtﬂréé'enbﬁﬂldlﬁnlr.ﬁlﬁs BP@ERnahe gbjlectsdi mensi onal
vectors of real nurrbers%\I the objective is to place x, onto the display

pl ane in such aMiy aHa ltMeWﬁreEUéqu@@% tti Jorgessen, dPhyehomerika, X7:401

appr oxi mat Yp D Si ondln es r Thi s
oroj ecti ort ?93@’ gﬁu%’?ﬁ rﬁéﬁfﬁé’é"zﬁgﬂ grﬁér{?g&@eafﬁﬁ gﬂéﬁﬂ# ary, é4”§ngar ri ed
out in an dlgrAnl Ye9sHSHE 0n R¥arl¥l b MyckeRe aewedlfr%sa‘olﬁaptﬂegfesmwhsmsur es
the difference between the original, rij and projected, dij distance

mat 1dces afsy tmogilcalgiarcfalMahmdlmyoe@h sdlingatdonorsBhear @mngbrmuhmldrmr
et ons e Seer BroBeSedy TRk Ol nen g1 S O LI i0 s gt e
gﬁlmgggt S _GRéQlenfit 'grgs]{ R Yﬂk r 941 ?wun)g ki HﬁxJnegQMJI{zQDr%nHoQQPS&ng
History, Theory and Applzcatzons Erlbaum Assoc1ates Inc., Hillsdale, NJ (1987); and
Cox and Cox, Multidimensional Scaling, Number 59 in Monographs in Statistics and
20 Applied Probability, Chapman-Hall (1994). The contents of these publications are
incorporated herein by reference in their entireties.

MDS and NLM (these are generally the same, and are hereafter collectively
referred to as MDS) represent a collection of methods for visualizing proximity
relations of objects by distances of points in a low-dimensional Euclidean space.

25 Proximity measures are reviewed in Hartigan, J. Am. Statist. Ass., 62:1140 (1967),
which is incorporated herein by reference in its entirety.

In particular, given a finite set of vectorial or other samples A = {a,i= 1. ..,

k}. a relationship function r, = r(a, a), with a, a, € A, which measures the similarity

T
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dij ~~X~ - X~~~ is the Euclidean distance between the inmages Na¥ dl ®j on
“the display plane. Generally, the solution is found in an iterative fashion
by: ( 1 )woapstBhig or retrieving froma database the rel atipeEhbpgoms] 5
(2} initializing the images x,; (3) coaputing the distances of the inages
dij and the value of the error function (e.g. S, Eor Kin EQ 1-3 above);
(4) comput LGiAIRRYHEAUhAHE 2k Bk P St IRACEda USbitthaBeP5AdIgNt. descent
procedure, such as” Krus 'l Reat regressi oh or Cuttmancs fan firage 10
per mut at kQns, @i’} (d}A roepeﬁatnl dighessopsl Bspmd plhnt (il bdiRg tkd sfceidd Al mi-m zed

W thin sone prescribed tol erance. For exanple, the Samon al gorithm

i ni ni zeglmmr@& veetersapf \V‘éﬁlwqﬁfﬁbﬁi@t g ‘?'?i‘émtf/@oltscﬁon%haé% xx onigsthggdispiay: 1 ~

h h
)c(] § hm (]';-OZ)P "{1 sudhf zp%%g)nh ) Cll‘ E\llx\,&?c{egn Hist a%cés (f,tjﬁ ,?{ ea‘! g}%)rggig%a e as c):r(llaseéi( J:,r) €

c7><539(rr)a§p~émme i p @ncﬁﬂ 1 eddidht w&lchci%rmé/@téa!%cdnrbrEQ S are
gi ven by: 99/ 57686 2 Z P 599109963 - 4YPI” dPJ (x -x aE(rT)
- -2 3= 1bg nﬂad\e amromam@ym canyedcwm(arr)xtenam@ fasbwndDV(mmemmg @m@r@x q)2 1

+ (YPd C E xPg() ¥1=2 ppi ng

i s obtai NEf %6’9 ‘&E?ﬁgarflgacfué‘?fa hﬁaq ESW“%‘? Egaec% tﬁ]‘% SFRHRE T Ub)?n‘#t?(ﬁ?lf?teg’t on of
the coor disdaice matfbab i oﬁgﬁaﬁﬂarﬁ;prﬂﬁ&ﬂeh vE®Br &tg.0r is mnimzed within 5 a
prescri bed tol erance. The géneral refinenent paradi gm above is suitable for
rel atively snileveddtsacts etrer huictioas havee bégrmpprapastd, Irheastt @it ivbicht dratofrtbaders it
irrg aCtifﬁ%lé f ox Iar e.d t& 3{1?1 ThIS | i,mtation stens fromthe fact that

t he” conp E’F%?S% b ontuding sk SoSEShput e the gradients (i.e., step (4)
above), scales to the square of the size of the data set.. For 7 relatively
| arge data sets, this quadratic tinme conplexity nakes even a parti al

EQ. 1
Sammon’s error criterion;
k -
E (ru du)z
E=—2 U
&

X7,

< EQ.2

and Lingoes’ alienation coefficient:

>

ot
>4,

. |
15 N = EQ. 3

K=



refinenment intractable. What is needed is a system nethod andpnczq\ismtm@r
program product for representing proximty- data in a nufti-di mensional

" space, that scales favorably with the nunber of objects and that can be
appl i ed t owlaodos7eggl | and | arge data sets. 15 Moreover, what FAcI/ussedestsi S a
system nethod and conputer program prgduct that can be effective with

m ssing data and/ or data contai ning bounded or unbounded uncertainties, -
nose or er Sq Sypar h [ - . 7

peT) Useer 0863 5 e 3 &t s Byl DAY ishihes oM NSRRI, R R B0 R 1 o
program paiggagtpldrer representing precise or inpreci se nmeasurenents of
simlarity/dissimlarity (relationships). between objects preferably as

di st ances bet wéEReisdynths soltignigifaund i preRerbyafaskivady:t hat represent the
objects. The al gorii.hm uses_ se] r 4 1 NGI- s toiteratively
refine an(li)ni t ’inptlb%%af)rrﬁ?%?wﬁ%%to ﬁla?gﬁ?zgébc?rs ‘gg‘re gall)g{lé%%}lﬁégﬁr ation of points
usi g stoghast igtikRias kiR di; st ance errors. The data can be conplete or
i nconplete’(i.e. sone relationshi ps between objects may not be known),
exact or {exacompiting tb&)di;témcesbf theamageodstptheneglupef ghevemor funtiéoms of
al l owed ranges or Limts), tric.,or asymetric (i.e. the relationship
of object A to(oBj %cﬁnoBﬁrﬁyﬁ(ﬁ‘g{EBéo‘feﬁe same as the relationship of Bto A)
and rmay cgnt ai : i t r The.rel.ati i t ween
obi cct e ney b R PR s R e
know edge, or ipntagidtirepnsuchr asre§rublel’d elimeam reedssion ect |Gutonan’mdiankdinhge usi ng
any suitable technique for deriving proximty (relationship) data. 15 The
pr'elsoent i nvent ipﬁﬁnﬁl‘g@?‘é;tf’rr\flel y anal yzes sub-sets of objects in order to

[ epr esent (hNemigh,fnfifdis SLAESLANThe SHAER HiAMiZEPLEREDSSmE Ghakligps i ps
bet ween t objects. “I'n"an exenplary enbodi nent, the present i‘nvention

iteratively anabigyzmsesub sets of objects using conventional

nmuf ti - di mensi onal scaling or non-linear mapping 20 algorithns. . In another
exenpl ary enbodiORERAMDIe (i PYRBINN RALosHM JBinjmizgs EQ-é’agY itgradiaelygipdetingshi ps
or pai r-wi[ﬁeec so'r!ﬁh.lat%% ixtlilggé%i gsimlarities between pairs of objects and the
pr esent i nVent on it erat i eﬁy'anal yzes a pair of objects at a tine.
Preferably, sub-sets are evaluated pair-wi se, as a doubl e-nested | oop. 25
In the follow ng discussion, the terns relationship, simlarity or

di sgg ni | ar ixty(shasgtnioldiget e a rel ationship between a pair of gRjgcts.
The termdisplay nmap is used to denote a collection of inmges on an

n- di mensi onal space that represents the original objects. The term distance
is used to denote a di stance between i nages on a display map that

cor r esponeviede i és ] iegitton A0mEXARNIietheod-th berpinasent therpreninhape BI & is

provi ded herein, including exanples of the present invention inplenented

W th chemﬂ%?allea’f%’ha)tﬁﬁ?)@“éata and rel ationships It 07 NOV 2002 W

991 57686 -6

- 0E(m)
ox, (m)
O*E(m)

aqu(m)2 EQ.5

A pq(m) =

The partial derivatives in EQ. 5 are given by:



PCT/ US99109963 is to be understood, however, that the present invention is
not limted to the exanples presented herein. The present invemy g ﬁﬁ? be
“inplenmented in a variety of applications. For exanple, while t @6
enbodi ment wdesrsrcbed herein utilizes 5 distances between poi esr/ti999/09963
represent simlarity/dissimlarity betyeen objects, the invention is

i ntended and adapted to utilize any display attribute to represent -
simlarity/dissimlarity,betwen objects, including but not linmted to
font, size, color, grey camfg_@taklp , underlining, bold, outlining,
border, etc. ag@w)exa Ledwuggb5|ﬁlVér|ty/d|SS|nllarlty bet ween t wo obj ects
may be repr 3? the terative Sizes 10 of points that represent the
obj ect s. Furtrer features an advant ages of the present invention; as well
as the structure and operati Yof various enbodi nents of the presgnt ¢
invention, are described in detail below with reference to the acconpanyi ng
dr awi ngs. 0 7 NOV 2002 WD 99/57686 PCT/ US991 09963 Bri ef Description of
the Figures The file of this patent contains at |east one draw ng executed
in color. Copies of this patent with color drawings) will be provided by
the Patent and Trademark Office upon request and payment of the necessary
fee. 5 The present inventkon,w lescy hged erence to the
acconpanyi ng draw ngs, wﬁghe&n(r+d%)g—ﬁi 3 fgikfég | ock di agram of a
conputlng envbtE(myent CCQrﬂyhﬂ 0 'an eM@odlnent %ﬁ t invention; FIG 2
is a block dlé@ of conmput er usefuk for inplenenting conponents 10 of
the invention;? 3is a flowhart Q@p'esenting the operation of the
invention in visualizing and interactinsely processing display mapsQ. 7
according to an enbodi ment of the invention; FIG 4 is a flowhart
representing the manner in which a display map is 15 generated according to
an enbodi nent of the invention; FIG 5 conceptually illustrates

rel ati onshi ps between objects, wherein the relationships are known within
certain tolerances; FIG 6 is a block diagramof a systemfor representing
rel ati onshi ps BEieveesppidy ¢ tobraised bl @€peafed svaluptiac esSEN. aycfliotved by
illustrating a method for representi rel ati onshi ps between objects. In
the draw fadifipstign ?%%F@ﬁ@é“%%ﬁﬁ%ﬂgrﬁ%da@émﬂéé}#ﬁ FiEal isgRinfIived iVokin| v

S|n1%ar elﬁﬂ@%%&mdp$ﬁ8mcéhe | eftmost digits) of the reference nunbers

identify ' aw ngs 1n which the associated el enents are first

i ntroduced. OTte @@érﬂo&%nﬂﬂe Dd6i@0 HoVE USAGHANOG3r r€atiley ahlLddata
Description of the .Preferred Enbodi nents Table of Contents |. Overview of
t he Pr esel€ts| piidifsi Qm: important limitation that renders it impractical for large data sets.

" This ngnlut1onss é)msS ?rtomsﬁllc%cct R4 the computatxonal effortlﬁq%lr?q o C%%tleet e

Pai 1 - WseuE%@Lreetdhmsshldo iva;m)%%vw tdadtio WRCRiubR &Y th8Size of the data set.For 1 1
IV . Sparse Pai r- W se F@Iatlonshlp Matrices w thout Uncertainties . . .
) . . ralgtively large data sets, this quadratic time complexity makes even a pa.mal

refinement intractable.

What is needed is a system, method and computer program product for
representing proximity data in a multi-dimensional space, that scales favorably with
the number of objects and that can be applied to both small and large data sets.

15 Moreover, what is needed is a system, method and computer program product that can

be effective with missing data and/or data containing bounded or unbounded

uncertainties, noise or errors.

Summary of the Invention



V. Pair-Wse Relationship Matrices with Bounded Uncertainties . :

. . . . 15 VI. Pair-Wse Relationship Matrices w th Unbounded
" Lincertainties (Corrupt 07 NOV 2007
Dat @) . ... WO 9957686 . . . o v ot e ~.PCT/USH9H0096% | | .
Modifications of the Basic Algorithm,s_. . . . . . . . . . . . . . . . ..
.« « « . . . . . . .18 VIII. Evaluation Properties (Features), -
Rel at i onshi ps j . S i P j es
eving. Cont | nusie et RERERA R metod ool Bhbn SORR 1P
-------- representing .. .precise . or . .imprecise. . measurements . of . .simil2@tyldisfR@llatityonshi ps
or Distance Measures \Were Val ues of 15 Eval uation Properties Are
Cont i nuo(rslasonshipdr kateere gbjektsnpisfesably as distances between points in a multi- =~
Havi ng BUHAFLP QA fRace that represent the objects. Hhe Sttt LT FRARRED
Meassur es pMAeinees\aliteasively fefat dathian (Rmaper & metidMyeordered) configuration of
Binary. ... . 23 20 C. Scaling of
Eval uat i painks oipieet steshastic relationshjp/distance errors, The data can be complete or .

' .24. | X .iIlC?)'%’l.lp%jgi%r]Lg.t I'sgrpne 'Cp;l'ahggs:hlil?svgegwggnnégiﬁgﬁséinl'a}/f'no't be known), exact or
-------- inexact (i;e. some-or-all relationships may be given inPRrs dFMRIAMRNALLOB, Of the

I nvention in a Conputer Program Product . 28 C. (Operation of the Present
| nvent i ohimits), symmetric or asymmetric (i.e..the relationship af object A to object.B Bdy 26t Vi i .

SRR E e the'Same o5 e laionshibg Thto A andiisheaeinr st S JoRR rent

.« « erors. - -+ + + + + + « . . . 34 ~1. Conclusions ’
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invention is a system_ nethod and conputer program product for representing

preci se GRCESHSIISAT s PReHS KROMISAES YT INGHTHPMa9, fiAYdPS efgriangd girectly or

(rel ationshi t j I e I ( usi ng ot her

A O R A SRR

repsesent the DR edsent kRen@bQatekdivBlyusesysel fubateganif Zbtjectprinneidel €s to

iteratively refine an initial (randomor_ partially ordered) configuration

of poi nt SCRISPHY thane tha srylE-diekentipush SpACE Rt Serfrscaterel ianships detvsea than be

conpl eteo%recitsncorrpl ete (i.e. sone rel ationshi ps between objects may not be

known), exact or inexact (i.e. sone or all relationships nay be given in

terms 10 of alinomeekend@§Ser@bodimeht She, préyeiieiventio itedSWORE bAdl§zdsi su®- t he

rel ationship of abject A'to object B may not be the same as the

rel at i onshispolofbjerts aising eondentignat snltaidimenpinehagdlingopr sewdinast nepwngor s.

Thg rel atjonshi ps between objects nay be derived directly from observation,
Qur em@tSOTIHS i ori  know edge, or intuition, or may be deternined :

directly or 157 REGthEC tkdmpRiN EndNingit t AR IERIGE NirdUgeiid dedaillge

proximty (relatioenship) data. The present invention iteratively analyzes

sub- set s rofatiobjlapt er pair-wiisbesimiloritiesidiesmrlaritidsepatvacrapaws i obljarsnsidathal space

that represent .the objects. In an exeng_logr)é. enbaodi rent , ttlée \Byresent

i nvent i orPTFIF H%CHUPR TFANEheAnalYASS & PR QWSS ALIME; Ageiermiie fiP- o574l

muf ti - di nEgs! A0akd BERli80 20k dOABreloBEModgBPPI Ng AL al gori thrs |n anot her

exenpl ary enbodi nent, relationships are defined as pair-w se rel ationships

or 2pai r - wi se simihbedblldwing/ disassion] te ittrissreheionelep, paiiiaipfor aijseaisimnd t he

present invention iteratjvely analyzes a pajr, of ob': ects at a tine.,.

Pr ef er ably USsd ke depate 3rTglagionshinbehesa i Pali ebobiseisa e derlgp draposp. 25

In an alter ' . relat ' ' N- W

ol ati onsheRab ek dRRlion of AbLANFINES, BhEndlBh 18Ol HrBBois e,

obj ect's, afnilhebj@ite SERttein EIIA®@Is Lcdr @Btdeneleya aRainyZ GetvwddntinRlpes ebjaect s at

atime, where Nis preferably greater than 1. Inplenentation of this

al t er nat eliepiBy cnapethet agimespand tappmeliets-t o persons skilled in the rel evant

arps) . Examples of the present invention are provided herein. including examples of

the present invention implemented with chemical compound data and relationships It



0 -7 hJV 2002 vr' O 99/ S7686 PCT/1JS99/09963 -10 The term "obj eth'Nq %’Uﬂ,zrs to
any entity, data, property, attribute, conponent, elenent, ingredient,
item etc., where it would be useful to represent the

simlaritwdiesietsl arity between instances of or' different euEsusdo@ngs
such entity, data, property, attributeg_ conponent, elenent, ingredient,
item etc. Wthout Iimtation but 5 by Way of illustration only, obj ects-

i ncl ude, f?r b Egtlsf‘\d Cplgrwne %{Clt ?@ % m%nqi%% 21 gmlgebilt ﬁg% SI tions

of matter, manu LY ERRAR IR §8V| ces,
financi al r@@érﬁed fHeRAACT athd MedsemMBilesitiof | AaNBE amdiéLBged fd naretialy el at ed
traits and characteristics, software products, human traits and

char act erdapgtlicagqnssci enti fi c properties, traits, and characteristics, etc.
In an enbodi ment, 10 the i nt n rate th an entit dat a

property, attrf%t‘?‘a”%?rpd{}é t I%Pﬁ'gﬁf ei"%@ﬁ\{m&ﬁnén@gsq‘ﬁ’é X"éﬁ’@ uidizeg pt
cheni cal @Q%Q&ngétweens}%omé% %es%ﬁ %?ﬁllaﬂ%'/a-ﬂ%nﬂfag nl%et(N@é’r?%“o%&?s the
iteratively anal yzes sub-sets of objects iIn resent min a

muf ti - di nmmsmmmahs sm&mﬁed haitd raéppted etot utihee ey adisplaghapsbiet weeeprchant

obj ect s. exe ary enbodi rrent res inyention iteratively
anal yzes %HB aél@?glsélfmi}g] HebVeEg; h%‘ff{]?%ﬁﬁ'i nc?fo’P?teét PP 81784 CRhI i ng
or non-|ipear ém@mtaﬂcsalﬁ%&l bbA, tdtkihifFTDBGHIBENE1c, T hEo,0R '

sel ect ed 3Sub- get are analyze Ei‘m{% a group tﬁ%ﬁrﬁg a con&en??%lﬁa%(%?geéréafhm
such as, diutilaniog/dissmiteedy tteiwednose dgsuas nbgdeakprasenfedrbyefenplaeivel sizes

parti cuI ar) the coordinates of the images corresponding to the 20 objects
conlﬂrl si ngf PHAY BfgeRissentrtae PRFFHed usi ng convention mufti - di mensi onal

scal ing, non-liFQAAE: TBRRKA0AMY 2@k et @w;sra@ne ﬁb&%ﬁ hm V\Qﬁl tBeme

pair-w se refinement algorithmdescribed below. In this enbodi nent,

sub- set s sfuohjeentiDpemtiobesetiowt @dbcrdamdmtsmmhesnement angatiby, are described
systenati caI I artia ste |caI ly, As sub-sets of objects are
25 anal yzBud é‘&ibglﬁa" WHE %/feé‘%/@?é% qnéé\ﬂg%ﬁ"mtgﬁe set of objects tends
to self organl ze. In this way Iarge data sets can be accommodated with
conventional mufti-dinensional scaling or non-linear mapping algorithnms. In
anot her exenpl ary enbodi nent, rel ationships are defined as pair-w se
relationships or pair-wise simlarities/dissimlarities between pairs of
objects and the WD 99157686 -11 .\ 0 7 N~V 2002 PCTJUS99109963 present
invention iteratively anal yzes a pair of objects at a tinme. Pairs of

obj ects can be selected randomy, sem -randomy, systematically, partially
systematically, etc. Novel algorithnms and techniques for pair-w se analysis
is provided in the sections below This enbodinent is described for
illustrative purposes only and is not 5 limting. In an alternate

enbodi ment, relationships are defined as N-wi se relationships or N-w se
simlarities/dissimlarities between nmultiple objects, and the present
invention iteratively analyzes nmultiple objects at a tinme, where Nis
preferably greater. than 1. Inplenentation of this alternate enbodi nent wll
be apparent to persons ~ 0 skilled in the relevant art(s). Ill. Conplete
Pair-Wse Relationship Matrices w thout Uncertainties



A preferred approach adopted herein is to use iterative refinenment based on
stochastic or instantaneous errors. The discussion in this sgey,tNlogr?Un?ssurres
that all pair wse relationships are known, and they are all exact. in
traditi onavOMRS7686he 15 nethod starts with an initial confi gBC”a/tuSewosvm
poi nts generated at random or by soneyother procedure (vide infra). This
initial configuration is then continuously refined by repeatedly sel ectinrg
O Lo o A8 ey Nsalibl 9Puld T & nat os on the df spl ay
current iteration, x,(t) and x~(t) are the current coordinates of the i-th
and j-th points on the di splay map, x,(t+1 ) are the new coordi nates of the
iot h poi {1':1 onTI:dlhﬁlectgfstplsayatmgp;onam atil:}asi end dh?\hpa% exeuusal mnedoddri tﬁlnsfeispt ]
et ween e i- an ec atte apprOX|na e on e
?' spl ay éﬁlla:(mtgg \gﬁ%rcaﬁor @?re»?;;@h # Paocyaée ggﬁhag’éﬁf;aﬁd r]f-(i.ﬁﬁl&ri\onal
orm & o mnimze the difference
bet ween the Xl 'E)ua q%e t‘aﬁ}fﬂ rggr% d?stgﬁces{)é‘zween the i-th and j-th points.
Fos exarrpl e (Tl)e p‘ﬁa}éerhangbm{ﬁfh byl BQde&ribed wittOr&¥Biend® 86 thel Zccdmpaligivig Z002
PCT/ US99/ 09963 Xrlt~I1 'fOXQ OXyt Oy-xr(t~+O S/~ ~t)~rJ dr~~t ~~(Xr (| ~- X~(t~)
EQ 9 wEawingsi Whergd: it er ati on number, d, ~ ~~X, (t) - x~(t)~~, and ~ (:[)
bor row ng- 11 o ecT A hes ek B ‘3cﬂ%ﬁﬁﬁé%ngfé%gsﬁ.ag'co?re%?at“ e
fi ;(ﬁd nwmdlﬁénmlgeg“;eglﬁountl I szrrF S gl obﬁL err?r ;’JI’I tf,‘l’l on is mnimzed
wi thin sonme prescribed tol erance. arge number of iterations are
typical l'y reqbiG-edistpblachidéaasanstodricomputer uaefelfercdyplamentingt ¢raepogesisr i bed
28\/6 is femni s ent of neural network backpropagation tr.aining Wrbos,
Beyond Fggdﬁ%gg,g :New Tools for Prediction and Analysis in the Behavi oral
gﬁ i elmr:]est PthFi&;éﬁlsﬁ ﬂbkgw% fal:pmlgm{glsm& ?spﬁgﬁfmg qg:qu %qld}{an(mlﬁﬁéz)m and
mel hart an el l an S ar a stribute rocessi ng
Expl or atandnsnteractivedy I\procwtrrgjcdupleyomamogmotrdmg toveh. ehbodinEnProdsthe
Canbridge, MA (1986)) and Kohonen's self organizing principle (Kohonen,
Bi ol ogi Bferl%‘erngtics, 43N9 (1982)). The learning rate ~, (t) in EQ 9
PLaYS, 2 Koy Tl s MU SORMRRIRIGR, nlder 4 3pfc o FPoiRlp e
hdad. ~,geinsra*tc1badcarqjegtcthneembbém:ﬁt@fethemvngtwmy be accel e1rat ed, but the
di splay map becone unstabl e (i.e. osci]latory). cal | ~, ranges in
Ei he i nt tellrg val ”E%G ? TO%HWI‘?'HV ‘l%l@;gt?@eﬂﬂat&ﬂnsblps nlheﬁx’?a%‘b ° "scé's ;fﬁ%‘?fflﬁnﬂ‘t?a} ly
uring Y may al so be a function of i, |
and/or r ~,HO% canq{')n use tﬁloceap%lﬁgré?nﬁ érent weights to 20 certain
obj ect s and/ OoF1Geb &t b vidsdk pmgrahonf exgnvghdor represeytihe relatigmshisd Heyweerrr ~ -
~~mMm+ t ~max ~mm~ 1 T 1+aff EQ 10 or 0 7 N(1112Q02 ' O 99157686
PCT/ US99aeYe3ands 3

- FIG. 7 is a process flowchart illustrating a method for representing
relationships between objects.

In the drawings, like reference numbers indicate identical or functionally

similar elements. Also, the leftmost digit(s) of the reference numbers identify the

drawings in which the associated elements are first introduced.



/I~y _(~ t ~ma ~ ~mme-a;~ mn + T EQ 11 where ~nax and ~m-~ are the
(unwei ghted) starting and ending | earning rates such that ?~ :aﬁ ;@b-nECO, 1
"], t is the total nunber of refinenment steps (iterations), t0i7s Wl ur rent
iterati onwuddsEegs and a is a constant scaling factor. EQS. TETAWSHI1DI6mYe
the effect of 5 decreasing the correcgion at |arge separations, thus
creating a display map which preserves short-range interactions nore -
faithfully than - NeS: i i j j i reater detail
bel ow. One of théoé;gfl%%na%\%ggpgglgg Jﬂ?%ﬂ%é%%qég}agﬁﬁﬁif&?ﬂiﬁﬁgt makes parti al
refinenments possible. It is Oftgﬂzb?ﬁ/&&rlt?% that the pair-w se
relationships are 10 represented on approximately to reveal the general
structure and topol ogy. of the data.. Unlike traditional MDS, this approach
all ows véry fi%@r}?&ﬁ’t&dhe BreSEMdnY @t PRhenent - process: - Moreover:,: -as: thg

di splay map self organizes, the pair-w se refinenents becone cooperati ve,
whi ch patki al ISpbatdtéeicaties .t he .quadr.ati ¢ -nat ure .of . t he .probl.em. . Thé0
enbeddi ng procedure descri bed above does not guarantee convergence to 1 ~
t hes gl oball. M ridRple(d Par- WikeRBRE6nshiy Mafritks eabeddiiAgertdintges! €ast - squar es
sense). |If so desired, the refinenment process may be repeated a nunber of
times fr di ff er .S i . i i 4 om nunber eds.
General 197 ¢ he Faba i & e P R o e e by cai
significance. Wat is_inportant are . ,@he relatjve di stances between

poi nts, ahd trFél“gg‘ﬂéf'rBPlggP?@&Magm&ﬁﬂ“ M@@@U@Fefi“l‘#&“%}dma-(pr esence,
density and separation of clusters, etc.). The nethod descri bed above is

i deal |y 3diteddinWibotRelatnship Mairicesnwiit Unbosudddi Adnceftamtieat (@Grris
particularly ushyl. when. the. pai.r-wi.se.rel.ationships.da.not. ohey.the

di stance postulates and, in particular, the triangle inequality. Al though
an)( exactyy pr oiBgi ﬂ?xﬁssotQHE BaROSgsMiEmnen the pair-wise relationgkip
matrix is positive definite, 25 neaningful nmaps can stil| be obtained even
when thi iterion.is, not .satisfied. . mentioned.above, the overall
quality o ﬁ{'h Yfrl‘b?itﬁ’é‘tspir%eri“gs §f‘fé‘?‘?‘?‘?’r$ee§aﬁ5’§‘n§k§p§ ﬂxﬁ‘f gf,s‘ g}/lggsuéfisr or- ?hncti on
such as those 4hownEv#ugtign HrogertighHaypg £0BHnueus o iRipercteRedl (Madeesabove can
al so be applied when t-he- pai-r-wi-se-rel-ati-onship -matrix--s-inconple2®, i.e.
when sone of the pair-w Belatiehdipsonahi Pstance MSu&3d| SWHSfe - Valuds7 d4f ~) V
TOQ2 PCT/ US991 09963 unkngwhluatérenPooerieof ArdreCpaiifiudMss eor ebigére@NSReqls ar e
uncertain or corrupt, or\Reiderof the above. These cases are di scussgd
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with the exception that the algorithmiterates over pairs of points for

whi ch the rel ationships are known. In this case, the al gorithnniyc#ﬁﬂtjnﬁzi es
configurations in space that satisfy theé known pair-wi se rel ationships; the
unknown paydovksRer el ati onshi ps 10 adapt during the course ofcrekbnesent
and eventual | y assune val ues t hat Ieag9_to a satisfactory enbeddi ng of the
known rel ati onshi ps. Dependi ng on the nhunber of m ssing data, there may be
nore than one satisfactory enbeddi ngs (mappi ngs) of the original

rel ati onrs}hi p rréf"?’ivff.w ?}rfgfﬁbirgseggg’ v,e"gf'f ferent configurations (nmaps) may be
derived fromdifferent starting configurations 1 S or random nunber seeds.
In sone applications such as searching the conformational space of

mol ecul es, t hi $hé petsemtenperoiondes systsingmiefiodaantd dvan¢mpegone pradire for
alternative techniques, Al variants of the original .al. o.rithml_,(l ee

Sect | ons TBRTSSRN N PHISGeclf | AMPRFISS ¢ BERREMENS o] 1oy BEHOI S ERaR p
Matri ces (el erd:alat | T i th iRed
above can(?%%g%l%@?l zgc’gf‘%%g‘ %?&9%?&6%??5_ %&g@&?gog%tls ghgﬁ{sg %ﬁfgfgﬁ! ounded
unceért ai rdtirésites oretechitiques$ o noiltiidiveernsional spase thas lreprieoershhpsbres. dilley known
to wthin certain fi x?d t ol erances (for exan,pll e, the rel ationships are
known to eIt Kses seli-aregrizng BBRCIpes foHEREVEl: Kipredr inHal @Rger 2nd

| ower bo : ' St Pl ar ' ; clibhed above
can be 2 auly bikeh b R ERETaus BE ibR e ANk A e e R R o
are corr erhedatarhy bskempldie of dcbapimndiensprpoidlitionshp st wedeobjbes pigscri bed
bounds. For exanple, assune that the relationship between two objects, i
and j, i snqgikeeknawnk exaes opfnexact(ppesomerd allowiationswes gorydrsgiyenis tgmps NO J
20 PCT/ 9963 bound, .r ndl. e n..r 'Y Y hi i.; of
oquéct S iégs"‘ég@é‘_g%c{ggaaggsu&i ﬁ%mtsﬂg%s@%’_tf?récewo yfnﬁgﬁrﬁéh%gi&%ﬁ%lmﬁﬁﬁ%f)g B%S{e of
the corregponstjp@ BRGS0 tHesafieSq! tBY rélBforshift 6NMBUiELd,) aalthaereh@th as di |
If dij is larger than rnmax, the coordinates of the inmages are updated using
emax as tiyslaraatifeqr oohastivcaTqrlq. 12) @ Xi ~t +~~ f ~t >X~~t ~Wj ~t ~~~max~ 5 EQ

12 Conversely, if d ~is.smaller than rm" he coordinates of the inmages
are updat ed usiﬂ?ﬁ rlegnsz‘épﬁnﬁ%wfg} Sgllggﬁlilxgtya%ecéer(\@é.&}i%“)t& ~?r3tgorb§9rv Hion,

f~t ~xnt ~~peatirentBR £Riodt kddwiblige, lok ulRhWRE i SUBRRIMARE dipwRly Bounds
(i.e. if rm~<_d,~<_rmx)~ no correction is 10 nade. In other words,
t hd Sal gorindinectly tisingtasy switahdt thhitifyes fop paivibgprodirhity (redattanshippdawi st ance
bet ween the i es i s greater than.the ug er bound, %ﬂ&fhe | ower .bound if
the current di RS SHR ¢ BT HerfEg R LIPY 2 fRP-S¢H o SISoWeroTBgui. I f

t he di st ot i 118 1 Rl ; | ower bounds, no
correcti gﬁﬁﬁgégﬁr{aeggmhﬁngu%@gﬁﬁﬁhtrﬁ%&%#tggﬁtg?ﬁrg%gggﬁﬁlmtéﬁg' case where sone
of the pair-w de anedxatmiptorg ling®odanentgthe gmedoyt mventmirt eesatvelyf aradl yapaestb-

di screte val ues, .or by a set of ranges of val uyes,  or sonme conbi nation
thereof . #07 ARPIGsH ﬁ%‘gé§°8’f’ertt’l’?§ald¥“§l§h%‘§138ﬂ°'aalejI BRIDGUOT URTRFSF TRRRISt e

val ues as,j,apgggs 0f zero width (e.g. the discrete value of 2 can be
represented as t?’ie range [2,2]). Various possibilities for a single

hypot heti cal pdhramitise éeenalagnsibpdiment, trhlatidfkhipy hentdedinsd at3c pawiwistie
correspondi ng i mages on the display map are illustrated in FIG

relationships or pair-wise similaritiés/dissimilarities between pairs of objects and the
present invention iteratively analyzes a pair of objects at a time. Preferably, sub-sets
are evaluated pair-wise, as a double-nested loop.

25 In an alternate embodiment, relationships are defined as N-wise relationships
or N-wise similarities/dissimilarities between multiple objects, and the present
invention iteratively analyzes multiple objects at a time, where N is preferably greater
than 1. Implementation of this alternate embodiment will be apparent to persons

skilled in the relevant art(s).



5, where shaded areas > 10, 512 and 514 denote allowed ranges for a given
pair-w se relationship. Distances d 1-d5 illustrate 5 different)7 NGV 2002
possibilities for the current distance between the correspondi ng i nrages on
t he di spl &yo pmfnes@Arrows 516, 518, 520 and 522 indicate the deerpusumsed t he
correction that should be applied on_the images on the 25 map. Arrows 518
and 522 point to the left, indicating that the coordi nates of the 0 7 N
~'d 2002 WO 9 7686 16 RCT/(US99/ 09963.. as i at I, es on_the display
map shodl d beglfjhgdtgfrgd °sbe°5 hg!té{ghtg %ﬁa%’gg}a’c%a?r% @l"%gret} ’na%%e‘%tﬁ*e?‘?’gﬁ?‘%%\?vs 516
and 520 pRim¥ntt dnfie@ieni,ghfem,i Rebi. catlierg it habuldebec amgedilnas eseppésehhethe

associ ated i mages shoul d be updated so that the imges becone nore distant.
As in theineidardlyslissinidaniy ketwegigiastapgesof er diffaraintongs of 4Ry suelt entitg eladat ed
pair of 5 inmges.on.the display | it hi A h rescribed
ranges, RO RO t|trr11%1 t'ée’ ?Joprg%%gen?’ae&ge%&& 132%#%&,3&&%%6Gbgqtﬂ?xﬁ IET‘ 1q§\) t.“ﬁlf not ,
t hes corr et Wap of laRpkiied &8y Nabjche MmeRides forr ar@apleo Whemidal adonifrndar get
distance (i.e., cases d2-d5in FIG 5). For exanp?e, if the relationship
bet ween @refessss, paachings, clopnesiions ef Matteheartiglegee! mamfactpe, 5iledrieel] 6, 7J
and the current di.stance of th 8 i ' 1S 2.9 L£d5 in Fl 5),
the corr devicen TRRBLRA Sellcot MurRR Sl MRl MRORR R Mehell wh8 ) 5

| f, howevBianciah&elatddUkfa@nt ast ThancRribtics?. sbitwlake pro@ids natesnansgitdpaat ed
using 2 as the target distance (rij) in Eq. 8. This determnistic criterion
nmay be r épruekaishes, scigntifeh REAPCEICS s optheharaciristisheete-nIrin embediamansr get

di st ance 4 s.sel ected ej r y i il at epends
on§§he df#?@%%ﬁggnggF%E%ESﬁ%gggggr hggéiﬁ%gﬁggE§%§Q%%§QPg¥gkﬂ%§k%§?gTange
boundar i gfgretifent, hengxanheestehemidetompands(d5 in FIG 5)., a probabilistic
choi ce between 2 and 3 as a target distance could be nmade, with
probabilities of, for exanple, 0.1 and 0.9, respectively (that is, 2 could
be sel ectgd as¢th istance with probability 0.1, and 3 with
probabi |l ity 0.§§&§ié$h%§%ﬁgd for deriving such 20 probabilities can be
used. Alternatively, either 2 or 3 could be chosen as the target distance
at random For exanpl e, bounded uncertainties in the pair-w se

rel ati onshi ps He§Dicagit dwvantion digEtaslyiaBalyressybretmert abiegts vy erdey repesisget

associ at wi.th a physical e ne, can,: Ln. ral i f,f. from
one pair fat\gvle@emrae 'éltli'%‘lﬂls? |S’|5> nflos%ég%%_ teljrg?rei\&gghe[ ‘%%i“é’é‘%}“ggﬁg‘p‘*fe&hé efe()lpgéetSNucl ear
Oveshauseh & tr&hslatyNedbsdindht Mkt toresdhtRRehidIR et GAUNMpBR LD GefSeSONaNCe
spectronmetry. An alternative algorithmfor dealing with uncertainties is to

reduce t Hdjesignisinge cofventionalormaltitdimensional p gralingof orobjaseliseanh ow@ping

| ati th ht t I t ai J t hi th i tud f
e cor r Eraliss ot rieRai el EheBisst ook lkded SHETR abffalRe g 1° ©
exanpl e, ér@}ll_ﬁ%ﬂfgeﬁl_ct)ﬁ%rﬁﬁjnﬁr Wigditing| fich RS BuPsotvhfiftdafee thdRUBRLrib& be

uncertain. e magni tude of the correction may depend on the degree of

CVO 99/ 57888¢; fof e@afpN04An210Rc QT Mg @ordingeoeithanmegtacmrsspasdiogitatizd wi t h
t he, .correspondi ng- pai.r-w se relationship ., (far exanple, the ni t ude of the
corlecti RS Bl SbRy PR FS Sredl BDRESTBRR n ROy SLSSEICaRRG it
the corregpgpdi ok \M S el at Lenshihg) <ui o&Xdust e ngdl:0k, ;
magni t ude of fhgﬁgﬁﬁ%égw?iﬁﬁﬁﬁﬁﬁﬁﬁ?y?ﬁ%ﬂ'Eﬁ%&%ﬁrﬁ?ﬁﬁﬁﬁﬁ Egeﬁgtgégﬁﬁg%

aut omat i celfingmentaigbdithnadeporibedbelof)see Section V below). VI. Pair-Wse

Rel ationship Matrjces w th Unbounded gn%ertaintiestéégrrupt Dat a) The ideas
described in tHe thisetBbpdigreabctitoss ChPOIESapH iP&dSTFERA SERACTSIY, tY5EY-
pair-w se I, O, 1.0 h I N conrupty, ] I.S. when
sonme of t%%g%fgﬁy a%}égvh# 21891?21 g{lﬂg%%tﬁy%é}ngt?%h?hggf r eAcSt Riabngﬁq%ggr&@%ts%ﬁt% Tall y
no 2%l ati ansiidd 4nd thbie daghniak avaldvissd, the sthofSolsiaqe tenderieeEr@phtize. In

rel ati onships can be detected during the course of the algorithm and
removed fHéningivhirser ere Ssksoeraisky agrommpdsiedeithvsprentional miltedimensiangl t o
identify &Q%ncq;ru t. entries aggo%%ﬂgve themfromthe relationship matri x.
Thi s process FSS P g”?ﬁwgag%ggse're a%ionship matri x, which can be refined
using the In another exemplary embodiment, relationships are defined as pair-wise

relationships or pair-wise similarities/dissimilarities between pairs of objects and the



15 algorithmin Section 1.2 above. VII. Mdifications~of the BasicAl gorithm
In many cases, the algorithm descri bed above may be accel erat eﬂﬂ% pzr<3
ordering the data using a suitable statistical nethod. For exabpl ,V M ¢ he
proximtigg, §9/&eslerived fromdata that is available in vectgidi@sRloobisnary
form the initial 20 configuration of fhe points on the display map may be
conput ed using Principal Conponent ARk ysis. In a preferred enbodi nent, the

initial confi tg,urat ion may be constructed fromthe first 3 principal
conponenPEesERt INENYUILILGIAE Ve apilyzqsia Rair hePiacts af 8 (i ea P pigh PEEYIGHE GBlaccount
for nost ,qf ' [ ) ) I.Ce [ 200U an have
pr of ound bgf?eg%?%d/?%\dd?ﬂgﬁsSgggggggl?g?istétr%@ﬁ?(?aq%d%g%a}IWﬁ#Iﬁgﬂ (1)1% %égl nitial
confi gur aldven aigorisieae and tsélgiidies danpaipovitd amalpfistiherbvidediimghd semidrns spent
est abli shing the general structure_and_ topol ogy of the disPIay map, which

i s typi cRelgw.chihiscemppdiatenbyis |dgpibed offF ritHgEAtRSt Burposes onlyt Aed d¢ et hand,
the.input. configuration is 0 7 f~JV 2002 'O 99157686 -18 PCTNS99/ 09963
par?i al | &1%’?18& ed, the error criterion can be reduced relatively rapidly to
an accept abl e freMehiterhdte ehtbodahéht] RldMoAHYs SleUsdiRE8 s WWvi¥d FidtforRhigdshe
sanpling process |lowdensity areas may be refined |l ess effectively than

hi gh- densirt W-wiseasimilanitizg/déssanipdriticey Beteatrodiwisiple abhéas,t emdiethe yprieagntbe

partially conpensated,b modi fi.cation to the orjginal_ algorithmwhich

i ncr easeéni'ef{g}%?d UM éﬂ’%ﬁ?fﬁir?‘iﬂ%l\}]%iolrtmc&é%&etﬁg?’tvhéfE@éﬁ er%r%tH% eEbYdi nent ,
the cent ghapfi. MagHlefentdi@nddiS BiaYidiRRe |cnbodanéitl Wil beafithatQR a8 Nekidnsshel | s
centered at that point are constructed. A series of regular refinenent

i t éPati orskilladenttherelevant aw@).out, each tinme selecting points fromwthin or
bét ween these shells. 0 This process is repeated for a prescribed nunber of
cycles. This phase is then followed by a phase of regular refinenment using
gl obal sanpl i NGonmpnde PRR- WERURSSidnShipOURAIRS wifiONe Uddckaintiag basic

al gorithm does not distinguish short-range di stances from | ong-range

di stances. EQ 10 and I1 describe a nethod to ensure that short-range 15

di stances are preserved nore,fajthfully than |ong-range.distances.through
the use of “viel BETTE PR ELr fgP A0 erind SoRpT SNy arg SR B Gorehe 18 ¢ o

ensur e t hatcHQIiNbSimlanfnes® SERE Bl Reuddisn 5P Q2iBRMEsRXdsQRS ANepairt han
points at |ong separation. For exanple, an alternating sequence of gl obal

and | ocal wisef ietmtiopsitipe pod dsowsj and dhreyt aret b ewans. 26 detreditional MIdv.ethecan be
empl.oyed. In this enbodi nent, a phase of. global refinenent is initially
cansi ed. duEthodREr WIHE & InERb PRI ARG AOR A5 GTase 1L TRt OF BRGATnt o a
regul ar ggi,g ﬂ%@ﬁd&@kﬂ?@ {’%{2‘?’[ ?ﬁifs%hitihlnco%%?:aﬁgh'is ﬂilentcgﬁtiﬂﬁb\g%}af&ntea%}

subj ected to a phase o refinement (1. only points Tromwthin the

sane cel | repes@edlyrsprctng and poits ingd) ranBomf endatrlogifyinpetheirmberdindtessania ng
steps in each cell should be proportional 25 to the nunber of points

cont ai ned SRy FRAP Fe&Pdingriy §Qp§10cess is highly parallelizable. This |ocal
refinenment phase is then foll owed by another gl obal refinenent phase, and
the process is repeated for a prescribed nunber of cycles, or until the

the ari o Rethiad rmayThe: oS4t by "anot her sui tabl 6 method for | GGAY fyi bg
proxi mal points, such as a k-d 30 tree. for exanple.
20 where t is the current iteration, x,(t) and x(t) are the current coordinates of the i-th and
j-th points on the display map, x,(t+1) are the new coordinates of the i-th point on the
display map, and r, is the pair-wise relationship between the i-th and j-th objects that
we attempt to approximate on the display map (vide supra).
) in EQ. 8 above can assume any functional form. Ideally, this function
25 should try to minimize the difference between the actual and target distance between

the i-th and j-th points. For example, f{.) may be given by EQ. 9:



07 MO V 2002 w0 99/ 57686 PCT/US99/09963 -19 The net hods descri bed herein
may be used for increnental refinenment. That is, starting froman organized
di splay map of a set of point, a new set of points may be added 0w ¥Golf]
modi fi cat i@ @fs7kdse original map. Strictly speaking, this is pgtatdesiobsadl |y
acceptable if the new set of points is.significantly snmaller than the
original set. In an 5 exenplary enbodiifent, the new set of points may be-
"diffused' into the existing nmap, using a m)difiﬁation of the basic

al gorithm descri bed above. In_particular (’EQd,f(t d 9 can be used to update
only the %r(é'dﬁisﬁgﬁgdf:fgfs’s’&(‘i)rf'uélad‘i'{tbﬁﬁ;ﬁl(’ae aa(r[gl i p?b“?)r‘db@@ﬁre ensures t hat
the selected pairs contain at |east one point*fromthe i ncom ng $%)..9 That
is, two points are selected at random so that at | east one of these points
bel ongs to the 10 incom ng set. Alternatively, each new point nmay be

di ffused i ndependently using the approach descri bed above. VIII. Eval uation

Properties (Featuyres), .Rel atjonships and 'st%&&e Heasceres I n an exenpl ary
enbodi menthened iatiCoHERITS N HBP e €n™ ﬂbﬁéctxgt)lw g pneiiaide pyameter,
simlaritlesiof S35 fliakll | £S pet: n%h?até)pj E& w3 rcﬂhsﬁ&?}%l apd 15
may be derived fromproperties or teatures’ associated wt e objects. Any
simlaritiyniBaieyye This pocosed repestanfirraifiked hembes pf ayclegpor g foneperti es
or features that are being used to evaluate similarity or dissimlarity are
sondt i mes2lpbaledriprcsitpiden is/minimezed) wighin somE PaeSCHRCD FUpEnes- & largrprmbranypl e,
if the objects.are m.Gcal Sl |.ard et ween 20 objects can be
based on ésfﬁ?elf?:ttl%fsaairggfpﬁ% aﬁ%ﬁfﬁ@@@%&%ﬁ%ghg@l 4r%% ia%aléfl ga,cgl‘physi cal simlarity,

bi ol ogi cal si nThar ideyhodnibseibedOmBoR: Ner rdnyiARcEit Sif Mhb@hi taetwBAS WagkWhi ch
can be derived fromthe structure or identity of the conpounds.-A

Eval uat i cproPegiint fraining Wegbo riteav o fegrsssion s Mest doRealor\Btedesio8i and arity

nmeasur es nay, be deriv fro list of al uat.i on properti.es 25 . associ at ed
Wi o sl Sl dee Sehesioral Srvpra PROCHE - e e BN e S Hounde.
evahuat i o DY PPRN! heS ReRfkiRGt BRY 1C@klarh &k C &araMd! BFsbbAbO By 6assing:

properties associated with a set of chem cal conpounds. Under this
f or mal i snExp/heatisls értthe sbicroseuctute af Codtitior? 2. WOIPD/P59686anbiidge, MA

PCT/ US99/ represent ed vectors i.n .nuffj-variate property space, and
Uhei r st rhDRPIt Gy MR OB by BHEC G BN ED P SF S 6 ieatire, | n
an exenplggzgngg_rrent, the property space is defined using one or nore
features or descri'ptors. For the chem cal conpound exanple, the property
space can 5 beTiefl¢arethgusierdt)an& @O plarser keglrelelih ansiréat comesrgenced §821is pt or s.
Such nol ecul ar features may include topol ogical indices, physicochem cal
properti €90 %F@Ettﬁ%%‘?ﬂdi”@t? PRfatesRF é%ﬁe’i“&d, COPYFIEFBCGIGS IS Habl thaphigbt er s,

etc. Thesg,f£at HﬁSégfi%@ thé‘%t%‘?’leaﬁ)ﬂﬂg%%i Ol{éoatccélismtéd‘?%ui fhe ONES HABmYp! ume

and surface areas, ol e nonents, -water partition coe clents,
mol ar r ef beoheidstade (ieatsliatrf)oTystdldn A rhimdedlin éreihgiresl, [0] Dindahaobe

fixed, or it may decrease monotonically during the refinement process. Moreover, A

may also be a function of i, j and/or r,, and can be used to apply different weights to

12

20 certain objects and/or relationships. For example, A may be computed by:

. A=A
/‘{(r):(lmm_*_[ maxT mm)1 l
Ty EQ. 10

or



potentials, nolecular connectivity indices, 2D and 3D auto-correl ation
vectors, 3D structural and/or pharmacophoric paraneters, elect rﬁﬂi"ﬁ] fz'h[gl ds.
etc. It should be understood, however, that the present inventi é’ t

limted tq,hhs,gebodi nent. For exanple, nolecular features pay,ish&hdigse the
observed biol'ogical activities of a set of conpounds agai nst an array of

bi ol ogi cal targets such 15 as enzymes“1 i receptors (also known as affinity
fingerprints). In fact, any vectorial representation of chem cal data can
be used in the/arese,m +oyentp,on. 1t should also be understood that the

present iAemt n#%‘h%'?._l‘rﬁﬁt’ed to application with chemical conpound
obj ects. Instead, the present invention can be inplenented with yildat a
set or objects, including objects that are associated with 20 eval uation
properties that have,continuous or discrete real ,values. 1. Relationships
br bt st anbefirsuiis v dred o S PR AT b e g e BB oLs
or Discrete Realidunbefsshé totdl StAhGOf FERfdME@t steps $REBLiGAYOr {sttRBcAfrent

S

t echni que Used to déeterm ne a 25 rel ationship between objects, based on

sel ect ed icratioanimwbeproper isiagwnstThicscpag factor.afQBi it amt &l hewstheeffehbef i s

used in a iven situation depends. at. least in part, on.the set of val ues
that t he GAFATATINE B PAIBIEON Se et epaRbonE dus, cleAlne. 4 (R T AL i on
Properti &5 caled alter-FA3L iMUMRALS ASre/@lifsly hiehrid-SHbL BRLE WILIShARC &

measur e ?"Z’fet heer\/ﬁﬁko{/\s% 1mstri C, shf)ewn iIn EQ. 14:n% wo 99/ 5768%?% _i

C~r J- d( xrdixdyssed in grekter ekt belok 0 ~ ~~ v~ 202 PCT1US99/ 09963 EQ 14 where
k is used to index the elenents of the property vector ~). For

, and r~ [ 1,.
r = 1.0, EQ 1#71¢s0t HEe cell Bivtesss Madhat IR0t 1§ dhatrdy makesppggtiaEq 14
is the ordi uchl n ri E = 1St ‘rir@ﬁgl'._ m t he
absol ute %oor%g?éﬂgt %l)isq@?‘stlgﬁ%eg&nalsgi?cgee etrﬂ?teg% oﬂa al:sb'?%eebaéom ngBéCSPJ
metlioi ¢, thpréseurd oy rapproximateheto wvedlahngiene! stusipnasd tdplognyf vad ue of
rE[ 1, ~), it can be shown that the M nkowski metric is g true netric,

i.e. it ofgsUphke dpaditignel MPSsthus arrseachidlows yepafing eentse! ofthrerefinemsgt e
| L . ; ; N 10 Svel y.
the oval ubiacks YBIHRE, O HORRBl PR NG BB Ml OpES AR Ve

form wheb&ddhé Soopefative S@hich panthllgatlevihias tHer ReaRLie naturabs eegaoblem. pot ent i al
presence or absence, of features or characteristics. For exanple, if the
obj ects are chdhiecabeddmsaunersiurg fescribgdeaiioye daps pet gesderIcensierggnce to

pedi 1 dier g IRLE BRE o s PPN B b RuRt B SRSl EQ, 28
features gafirdd)G¢hd!éinement process may be repeated a number of times from different
starting configurations and/or random number seeds. Generally, the absolute
coordinates in the display map carry no physical significance. What is important are
the relative distances between points, and the general structure and topology of the
20 data (presence, density and separation of clusters, etc.).

The method described above is ideally suited for both metric and non-metric
scaling. The latter is particularly useful when the pair-wise relationships do not obey
the distance postulates and, in particular, the triangle inequality. Although an ‘exact’
projection is only possible when the pair-wise relationship matrix is positive definite,

25 meaningful maps can still be obtained even when this criterion is not satisfied. As
mentioned above, the overall quality of the projection is determined by a sum-of-

squares error function such as those shown in EQ. 1-3.
The general algorithm described above can also be applied when the pair-wise

relationship matrix is incomplete, i.e. when some of the pair-wise relationships are



but are not limted to, the presence, absence or m ni nrum nunber of
occurrences of a particular elenent (e.g. the presence of at least 1, 2 or
3 nitrogen atons), unusual or inportant electronic configurati X tom
types (e. @uo Sipsmaky - bonded nitrogen or aromatic carbon), conmqaﬁgzﬁgﬂzgzal
groups such as al cohol s. am nes etc,_ﬁgftain 20 primtive and conposite
rings, a pair or triplet of pharmacophoric groups at a particul ar -
separation_in 3-d'nension%J space,. an? fdisgunetions'.of unusual ée tures
that are WAPEWBnBUGH SABE AIPaBRERVISMISARPTALATC BT taifeer SRTTPRInRT hot

| mpor € anto AR GRETLER ACLUE: slYRLER DI dPEaByunusual features are _
assigned a common bit that 1s set If any one of the patterns is present in
the target nolecule. 25 Alternatively, evaluation properties of conpounds
may be encoded in the formof binary fingerprints, which do not depend on a
pr edef i ndd"f r a¥pfsse Lair-WiseRalaionsing Motrises sthoys U coriginties 002

PCT/ US99/ 09963 dictionary to performthe bit assignnent. Instead, every
pattern in the nolecule up to a predefined limt is systematically

enuner at ed, anthegenees AgoritiPideséribed dbasditatdaled BOEPHIED Whad tHeUpdis wign' a
smal | nunber of bits at pseudo-random positions in the bitmp. Al though it

i s &onceirgkationship anatrivois dhedrepleist 1. erovberusaBe whyht ReB-wisadelajionfivps agane

fingerprint, the.probability of this ha ning i,s extrenely small for all
but the. ST T4t iar o BRI P (ufoserbed PPy i Prrtedeont ai n
suf fi ci enfithnherdxeéhh aRaUhet DeorIRMERshRE oVef irblrcﬁsf)éi(ﬂts‘)%rn%idm@rm ngf ul
simlarity conparisons. 1. Distance Measures Were Val ues of Evaluation
Proper t i eslatioushipe arebirmawty [A this eisey thefalgasithmi ideriiiqs eedmwramnsan sbecaused

ith bi d i pt i.e.,.wh | uat i tie .bi
bl nary. 11 HEerBRrACDS ROHb HHGsvisf PRI HeeuoRes. BFE Fre TR Rd
Hamgi ng déc&#:@'aﬁﬁhg The course FRrEfindmen AP evhntRally WG VARRS WhASIehd§o UMTDEr

of bits that are different between x and y, the Taninmoto or Jaccard

coef fi ci esatisfattory Abeadid}y of tHeRtnowr)relakQoshis. ~hi ch is a nmeasure of the
nunber of substructures shared by t Jmlecules relative to the ones they
coul d have in i:’sﬁ?ﬁﬁsr}g 4 Ut Bumb e of GEPRRL Ay hsE pyay-byymarg) fhapoone. 4~ EQ

| 7 0 7.5LEL : - - i.Qns
[ ot ed abiue RRDE TR RS PED e RO R R C AP ISR
t hat are different cohfigiradehsjmapsPr(ay,beyderived fioen diffepentatartingebn8gwations of x
and y (bits that are. "on' in either x or y), XOR is the “exclusive or' of x
and3y (bi PLragam aymebergseeds. dnspg@pplicasiony sughas ssatchprg Hie confarmationgh

nunber of Qi €.:0R ] . [ g LAy sets
measur ed ?nc%?)g }sl%?éémg%htshtlg%ta 5&;@ grﬁ)gfcﬁgg Sg’gﬁﬁagtr Jrrlg{]{ral:’g%ﬁ}ér ?41%& Eﬁ% %P\Z%n

di st ance tshiqued. A1l herifas ef te ddightat Yigdeiitn (R818cbBoiLbEsW) icin bbasédim E=
N OR(x, Ngé ggn)text

V. Pair-Wise Relationship Matrices with Bounded Uncertainties

20 The general algorithm described above can also be applied when the pair-wise
relationships contain bounded uncertainties, i.e. when some of the pair-wise
relationships are only known to within certain fixed tolerances (for example, the
relationships are known to lie within a range or set of ranges with prescribed upper
and lower bounds). In this case, a similar algorithm to the one described above can be

25 used, with the exception that the distances on the display map are corrected only when
the corresponding points lie outside the prescribed bounds. For example. assume that

the relationship between two objects. i and j, is given in terms of an upper and lower



10 EQ 18 where NOT(y) denotes the binary conplenent-of y. The expression
~XOR(x, NOT(y))~ represents the nunber of bits that are identical in x and
y (either 1's or 0's). The Euclidean distance is a good neasul & No¥ 2002

simlaritywabeseshe binary sets are relatively rich, and is pouby/assed in
situations in which simlarity is nmeaggyred in a 15 relative sense. In the
conpound exanpl e, the distance between objects can be determ ned using a-

binary or nultivariate representati.on., However, ,th resent ,invention is
not. 11 m LA oirenta B dar HERT D FOp e T, Of BB SFelse SBEREHCt wo
conmpoundgsfiBY opehedRHREMEAL thdMstdnOTRR dot@spdirlish aResesadn thBQispperipes
using a suitable 3-dinensional alignnment nethod, or 1t may be inferred by a
sim | ari tycomgeteddufd dedtataod,difnd 18 lrger phansty, Bedcqurdoetts o€ thekonagsganpl e,
one such si rri(gilr(i’t%z nodel ey betﬁa neur.al 2§twork trained to predict a

sim | ari BF QoA R Fmeg S B 1818E ‘stt%{’ﬁi:§/€%nl 'ded pair of conpounds. Such a
neural network nmay be trained using a training set of structure pairs and a
known 25 simlarity coefficient for each such pair, as determ ned by user

i nput, f Le i ofy Eval uation Properties Referring back to
EQ 5 14, %'a@ﬁ?gz (f(tgxﬁye’\%la(iag’tnﬂn properties) may be scal ed di Egnently to
reflect their relative inportance in assessing the relationship between 0
7 1~ )~ 2002 WD 99/57686 -24 PCT/ US99/ 09963 conpounds. For exanple, a
property A can be assigned a weight of 2, and a property B can be assi gned
a wei ght of 10CodRrepgeey,tiy dPiswallet thusr jathe cobrndteneSthatmages@macipdaredt he

rel ationship cal culation than Property A Accordingly, EQ 14 can be

repl aced YingEQR. agdhe tapget distance (Bq.(d34~" d(xf,x~) ~ ~ ~wk A x 5 k EQ 19 where
WK is the weight of the k-th property. An exanple of such a weighting
factor is a normalization coefficient. However, other weighting schenes nmay
al so be used. ,The s¢aling,(weights) need not be uniformthroughout the
entire mab;& +e1r) Thﬁrés@ﬁvﬁ\?@’% need not be isonorphic. Herealsyqr, naps
derived fromuni formweights 10 shall be referred to as gl obally wei ghted
(i sonorphic), whereas maps derived from non-uniform weights shall be
referred to as locally weighted (non-isonorphic). On | ocally-weighted maps,
the rel atjirQnsfak BerweRh 1Al 855%88 oWt toliedsdii Spifay,, mep, L ef | eab cBrbkasd ismeasure
of simlarity. That 1s, at determines simlarity in oné donain of the

di 4pl ay mapdé.dnmoberneadsstheialgoritline atemptswh triatebhthe weteboumex thd nitremti t y on
anot her 15 domajn of the display map, For exanple, |ocally-weight. maps
Ty e USBESROE POPRLRIGITRCE I ARG ety BT BN SOBE IO A bire

case- based, | SRN NG AIQELT BB intpeatd BhPgh! £ LARE Yoldd UFafe | @GahdY

wei ghted training to average, Interpolate between, extrapolate from or

ot her wi sebatorbn the ihragenliegwdhinahe yst andlamer hgumidst hodsrréatiomds nefderred to as
nodel i ng

This algorithm can be extended in the case where some of the pair-wise
relationships are given by a finite set of allowed discrete values, or by a set of ranges
of values, or. some combination thereof. For the purposes of the discussion below, we
consider discrete values as ranges of zero width (e.g. the discrete value of 2 can be
represented as the range [2,2]).

Various possibilities for a single hypothetical pair-wise relationship and the

20 current distance of the corresponding images on the display map are illustrated in FIG.
5, where shaded areas 510, 512 and 514 denote allowed ranges for a given pair-wise
relationship. Distances d1-d5 illustrate 5 different possibilities for the current distance
between the corresponding images on the display map. Arrows 516, 518, 520 and 522
indicate the direction of the correction that should be applied on the images on the

25 map. Arrows 518 and 522 point to the left, indicating that the coordinates of the



20 ‘'or prediction methods) construct a single nodel to fit all the training
data. Local nodels, on the other hand, attenpt to fit the trai @hnq\ data in
a local region around the location of the query. Exanples of | ALY aldel s

i ncl ude newarcess7e®d ghbors, weighted average, and |ocal ly wei ghtedg 9/09963
regression. Locally-weighted | earni ng_i@_ reviewed in Vapnik, in Advanceés in
Neural Information Processing Systens, 4:831, Mrgan 25 Kaufnman, San Mateo,
CA (1982); Bottqu and Vapnik,. ur al ation, 4(6):888 (199" _'); and
Vapni k an%issg%‘f‘{egu‘fnaﬁ&ﬁroﬁl th&?ﬁ%&ﬁ%%ﬁ%;’? gpslafed gynthat sha Impgeshearhe ar e

i ncor por atigeeries&hdr. i L I L-es.. ~J~:;..2002 WO
00/ 57686 BCT/ LSBO) 093%%6”%?%@@%? %@pﬁ@&‘r (o Rkt Shiifaing ol fhe batgifdtas,

rel at i onséff themasociated inzages shadd be updated yo Symietimiages becdmeans @l @ithanshi p
matrix where r,~* r~,. APoten ial use of this approach is in situations
where a rel ati éﬁs‘ﬁitbe CRseeol a SHielg Tap8ehifihe Guentahistancs abt ispledted qwat bY, for

exanrpl e, i | RCA i mgdel L, i.nt:r based | ocal di,stance 5
fung{) i on.ln[llﬂan:’d%'ts k??lsmgn%%%ﬁnegﬁ&tpfqgach ![n} glﬁ P%gtg%@géé'cﬁléeﬁéasl}%is’alf%&o%dfr}?t%

di st ance tdpiue takns plude (e, vakulsindiIG, 15, 1fobt, 85O 0O ANPRTAPBLE(Sing the
Preferably, to construct a display map which reflects these | ocal "distance
rel ati onsHigpsSt A% hounday eap Eianiarett distapen fite, icesesvaldat md FiGi 6@, Fusi ng

t he | ocal .. di ' e_respect.iv oints. The resultin

i st ances” BN Iae WA GRER Lk lE " GRBT R BT oRRERe i Epayerippiing:

al gor i t hni3Ejsandi 667 aabiaie cutréntdigaRei dHithbaspetiveGRbhodl SRS EES {nuﬁlﬁ.i ns vary
in_some continuous or sem -continuous fashion throughout the feature’ space;

t hi’Q apprBacieriestionitaset plaee abing 3 asatie ttargat dre@néan@fuin pq.dj. &6 thoorver, the

| mpl ement af | the Invention.A GCenerally 15 The jinvention can be

i mpl errentég} "'ﬁﬁdg&%ﬁ‘f’eﬁ %‘FC Vé?atﬁsqrﬁﬁpgat?fgw% a8 fheyfagest disanse dhdlican be
i npl enentig. gisi ng hardware, software, firmwvare or any conbination thereof.
Referring to FIG 6, an exenplary block diagramillustrates nodul es and.
data flow t hat Thisnddterniinistiadeiderian mag yhet epiabdd by rattochastie renssbitiBs iy esent
i nvention, eThe JBCE gﬁifa%éﬁm of Fl C'i). 6.is intended to aid in the 20
under st andihl' BRCPHC Fredetstensris feleeind ethe rprdaimbyton Witk gtnrebabilityribat

l'i mist ed t@deh8s @% I etk i ck_di agram of
S e R e S R B S e

rel ati onstiynddeies 163the exasmpid deedibed taboobj(dk s FITY 9§Sa GrobtafildstRNehoice
associ at&? relatio S tha{t]éécan be accommodat ed by rel ati onal dat abase

nshi p .

612 are WTHEER Bﬁﬁﬁdié,a ta1get fistaprecund be madpt Wish prodbabiities ofj fapexarepleed wi t h
any type @ o I: r t:L O i n def j;ned. Rel.ationship data
630 can befl p%g%/i@o?égé%p\refgerlrf %%e@ga? 1%??63?@883%6:?%{1 yaso#hesgqﬂgeée‘i‘.“%er V@Qgrrpl e,
rel ati onspriopalii@a Chn ané Pr ovittd adotapilas e@.ermgl meHb8ef§3deriv@batianshi p
63%@ can be g@)w ded from ot her sources 640 and rel ati onship data 630n 0
7 XOB 1009babiliges sambe used idtsmatiyolys eithe X an3iseulsehechosed dsythanargpt i onal.
rel ati ons@gﬁngg&%ﬁa&ﬁ nodul e 634, based upon eval uation properties 636.
Optional relationship generator nodule 634 can include hardware, software,

firmwvare or anyorcaxampid, i bouridear eaderfaditieXRC Whd NEhiOREse0 re AR S hTIQE 4 hirs
such as, for exanple, one or nore of equations 14-19. 5 Relationship data

630 is prigPrert stochagisoodi Rettematisd gimors 16, noise asssexiersdl avith enipbhgsivent ,

rel ati onshi S ovi ded to,c di.nated nodule 616 as .a rel ationship
i x bRt e Oy PGS SO R S stiseaS Ry i Mo toRe. A

r el2at i onsiypfratiak@npROart e Nitgedreb ddrh ARShippredat ARIE ) QE%uﬁ:ﬁ&%@ngﬁkgl modul e
616 assigns initial coordinates to data points or objects at are rel ated
by rel at i SRelsapMagneticdBonaine spedttdnadincoor di nat es can be assigned at random
or through any,other technique, Far exanple, the data can be pre-ordered or
partially or deﬁ@d?ﬁﬁ‘ﬂ@u‘éeo@:l&rﬁg‘?e Orcgﬁagmgs&“é? aneplaatiasap. trhedeles thay map
can be a hhf@iaidess @ BHAYSH S BrsBHoh; i iR 8 @R dingnsi onal
di spl ay map. Rel ati onshi p/ (l:oor di %gﬁse s%tﬂgés?irglogéiga%wg%gl szsci Ste to"b

rel ati onshigsslag20nathes dheprep\helenkgnitude adahelicoatetiorevas deRrmpadl & 622. | n
an sgxenplary .embodi t ne rel ationship/coordinate sub-set 618 i s

provi ded g Faif il PelfsPoimith dairedusod fort pair-piseerelationships ethisie laect or
modul e 638068k B&eRRY LOns8l; ' hip/coordinate sub-sets 618
to be proviodéd toecoof&g?lgﬁgtre reg#lgf%ng%%&}rg&%n%ﬁ. @68?88&%@??&? 8?

nodul e 636 can sel ect rel ationshi p/coordi nate sub-sets 618 at random or

t hrough any ot her suitable nethod, including one or nore of the nethods
descri bed above. Coordinate revision nodule 622 revises positions of the
objects on the display map (i.e, revises coordinates 618) based on precise
or inprecise neasurenents of 25 simlarity/dissimlarity (relationships
620). More specifically, coordinate revision module 622 nmeasures distances

o, - o o " v S - .



nodi fy other display attributes. 30 Coordi nate revisian nodul e 622 can

i ncl ude hardware. software, firmnvare or any conbi nation thereﬁf 7@@;
executing one or nore conventional rmnulti-di nensional W O 99 g 620[-]227 07
NJ"d t002,,RJd dde99/ 09963 scaling or non-linear mapping al gordc i o@dRoes
descri bed above. In addition, or alte’ atively, coordinate revision nodule
622 can include hardware, software, ‘mnvar e or any conbi nation thereof foor
executing one.or nore novel algorithng for, pair-w se apalysis such as, for
exanpl e, UoFFETAHRY #55Qs135¢d BathlDf GASCRORHRY AR MEE rfifiﬂ@ssg)rﬁf%rt PEHPIEHBE eof .
When coor.di revisi o p r L= Se y

descri be([]’ 5%@&%? ﬁk%éan&gggﬁ% ?ﬁg}zlzbgaﬁ]\{e%gf;? gﬁ{m%% éﬁgﬁ%eéﬁ%ﬁ%g}t%ence of
t he di st aswoeidiet waehn tigoebdedpahesgi prir-elsat ietiiohsippr o dienatietestdha8tcs 618
and the associated rel ati onships) 620. Coordi nate revisjon nodul e 622 can
be desi gme@nityde epihesermrs ps vakaaawrs thenniie eEPsecandifsdeterpined agfomatically
simlarity/dissimlarit rel at)i i ps 620). For exanple, coordinate

re\r;g: Si ongﬁolg%fl%og ‘cgsr?gg(eeagénogrbg%d to handl e conplete pair-wi se matrices
that do not have uncertainties) sparse pair-wi se matrices that do not have
uncertainties, pair-wise matrices that include bounded uncertainties, and
pai r wi se Hiat r i ais-WhatRdlatonshép dwodesdwith uHebewreded: Uasextuingies (Corrupst
data), or any /15 conbination thereof. Coordinate revision nodule 622 can

al so be progr to diffuse additional objects or data points into a set
of objects, as described above. Coordinate revision nodul e 622 generates
revi sed coordi nates 624, which are returned to coordi nate nodul e 616. This
process is repBatiddad dascadet initbeatecedinbg Sedtions farcboaphlrealt elserosoBneaofithe

associ ated rel ati onshi ps 620 ref erab repeat.ed ,on theb‘gfo sane

and i |
ol at | ondRITEEEGFAPRBIEPS B theVe 43 SONIR OTLBL I aRe A dt M8 CRIE §50.

U%@)I .a aﬁsﬁﬁquﬁtihﬁé PRSP IR Bl @EseRfih i hb FelafiofiBlip td ThetftrgxeMpl ary
enbodi nment , ere visuall zation of the relationshi ps between objects is
desi r ed, vebarsdimgtiesa®? 6problentad c predatiodetdps camabe dptetctedalurinigsthalcbratiafn
nodul e 628 for display. As the iterative process_of the inventiogn

on .
cont i nueshe pl&priden, EEWVES Ao e bsspiet RIOHSEE dBUOhET YgtdseHi objective
visual i 236 (0 dRdhf. OF8un B P ATERbAL 3R Bbnl (e LRYEALTB Ry ATfRIPUL er
Program Produc e presepnt invention can be I nplenented uSing one or nore
conput er srofekeresulng ik Ga Bbése Zeladtngdxe npdtax,y whinipeherbe? 0Xinagdc usidgsthene. or
nore processors, such as processor 204. Processor 204 is connected to a
coffruni c A gRthBLR %epnlieehgvggl 57686 -28 0 % NOV 200Z PCT/ US99/ 09963
Various software enbodi ments are described in terns of this exanple
conputer system After reading this description, it will becone apparent to
a person BKi | | gtbdificdtivens o ievBidic Aldosyhmow to inpl enent the invention using
ot her conputer systens and/ or conputer architectures. 5 Conputer 202 al so
includes a main nenory 208, preferably random access nenory (RAM, and can

al so include ope or nore secondary storage devices 21 0. Seco [y _Storage
devi ces 210 ca in}naélly_uﬁaeg,es’ft %%%x?%{“e?e% gﬁeéir gbod’ieswa&r}ﬁlgc?i a%ﬁg‘?%lpr%l— .

removabl eor8bahagiee Bhith Rird14 suit/ aefichNBetoll] POPYxMhSK, ATthy @roxdmiiB@net i c
tape drive, an optical disk drive, etc. Renovable storage drive 214 reads

from and/ae deriveds fiiom alatertbhatabd evaltableatye vaetoriaD v6 binagy Werdnt, kheowntinlnner .
Renpvabl e storage unjt, 216. represents.a flop i sk, magnetic tape, optical
i 9P, ot SO S POl BdPurHTtEn™es 1YY PEntsBred stbeagantPrle 214.
Renovabl ecst@aga MRAYsiglf hnghkides &l&gm%&,emeumlec&ﬁ@u?aﬁmnﬁ%% havi ng
stored therein conputér software and/or data. In alternative enbodi nents,
t he conmputaersti202d caomi thel fide 3opimempad i aoivipanente afi shd Sedtore mlatrow(ing therfut er
progranms or other jinstructions to be Iog ded jnto, conmputer 202. Such.nmeans

can i ncl UBEDTVEFaRies whieh accouBhERy RSt o8 sy wgenemint theotptandn Rragtiseeinice

218. Ex : | : ' '
nter face( L. Sa FRey PG AR P uPLORAT GOl TREaRR IR H %

chi2d (suchidsl aonfhRRReMn a5 BROM dpdfieas quirddredfsoek ehiniagdimé her speanovabl e
storage units 220 and 2~ interfaces 218 which allow software and data to be

transf er r edaphigwng Hie geanrmy sbreusadderology of hoolisplaycBrepuivaichoig 2ypivaidy
conput er %h%a&%lﬂrﬁ ael?fg'rgé:yl-ze%(%gn r&%m:@ﬁ A IS h'da?x e{h%al{(%gutgc%%plguraﬁ n is

Conmmuni cati ons C artTows s war e an a e ansfterred
bet ween



conput er 202 and external devices. Exanples of conmunications interface 222
25 include, but are not linmted to a nodem a network interface (such as an
Et hernet card). a conmunications port, a PCMClI A slot and car d 7 &i0¥ 2007
Software and data transferred via comuni cations interface 222 are in the
form of siMYRAPE76B¢ypically data on a carrier) which can be ePebP3HP¥s3

el ectromagnetic, optical or other sigihéls capable of being received by -
comuni cations interface 222. 30 In this docunent, the term "conputer

progr am paathiBtsrdeizdugedric? cgitdtivnadah e rafueed relatiedy aasidshoam despblel e
storage units 216, 220, a hard drive 212 that can be ~'~"099/57&86 -29 0
0 ~~~v zd®Z!PCT/ US99/ 09963 renpved fromthe conmputer 202, and signals
carrying software received .by.the jcations interface 222 .These
corputer prograiePaa s Eeny e akTeE WorhE BE B e U bRRE B At o1
202. ConpytAr nakoss aEinédl 188 eatdtRAIC HIRUhRh- &Ry OdreADdinC hn a&@n§i1@Red in
main 5 menory and/or secondary storage devices 210. Conputer prograns can
al s be redsmidimdntyithiscondanty caty baaitialyrdompengated bQue mabfipaitoar topthegr ans,
when execut ed,, enable the.conputer, 202 to performthe. features of the

b esent s b e GRS f AP BPRE AT ety piees 1D

progr ans,; hap, KXSEHL 8tk c&RAPLEMhACPNOARPER m3P4s IRNBEES 0L LhRABRI Ur es

of the present i1nvention. Accordingly, such conputer prograns represent
cont r ol | eshsllpterttéred co i tpint20@ construated eAtredesrehte guberrrefihéraentnveratiorsn i s

i npl enented using software, the software can be.stored in a conputer
progr am pedit C%Hﬁgloﬁécféah i“ﬁ*?eosei%ﬁ%&tp@mt% ?nhé"il%g“ FE R)Wetﬁg%%%&g‘é- drive
21445 har i 2, i 40 { f 222 T (o] | ogi c
(3ot var oo iBeaiis, MRS, Fp T HRsCRbCRambY, OF AEf AR Mae o 0 9204
t o perf orfiglibhed fync phasesofokghlaerdfinemshi ngaglobels earhpléh, ddehe prddesaiwt her
enbodi nent, the automated portion of the invention is inplenented primrily
or enti re‘]epef?tﬁd-hardware usi ng, for exanple, hardware conponents such as

application spegifig,i -at o ' (Aﬂ [ [ t he
har dwar e st at e%r%r}ﬁ%ﬁﬁ%’éﬂé%ggélg af%’“gﬂéﬁﬁgéﬁ thé gﬁ%:spi%gg rgggé'?,ﬁfggg%%%g nwill
be appar dohgtrangeedisemses. KOsk laned 1i desthiee hahemadtioadds(f) that Rhy@iraggot her
enbodi nent, the invention is inplenmented using a conbination of both

had@war e Gifidneesfaro@reservEdemernisithBlly2ban loag-reegadistangrs dypvel diputeer! such
as a conputer .%%stem runni ng an operating system supporting a graphical
user interffila(g‘é1 ind a wi ndowi ng 25 environnent. A suitable conputer system

is a Silicon GAﬁpJHe‘éﬁativEgﬁnd(: ermeRlakBtapbiaBh $E10V &l suréthaSBbints at close
wor kst ati on/ server, DEC wor kst ati on/'server, an | BM workstati on/ server, an

| BM conpasepbtatioR@re samplep|reoivbexiensively, thar paints astiomg separatainl &or oxgupler
system suchl as _one usi nr% one 0 nor(ﬁm)rﬁ)c%ssor s f rlogl t he h ntel .Pentium
famly. sHtf EABRG SN Fo of PNt UM I ﬁﬂegblc_éc 5’ef1§?1'3ﬁgt°s§’§t s
i nooude, OA-riBOI MK/ eNOhn bé @}n:pﬁg'eﬁ.o In {HN nb&Bmeat, 3l brsise BE gidoal rdeedrent X,
M crosoft W ndows 95/NT, Appfe Mac OS, or any other operating system For
exanpl e, m atiakyecpli@dyout, after which, the resulting display map is partitioned into a
regular grid. The points (objects) in each cell of the grid are then subjected to a phase
of local refinement (i.e. only points from within the same cell are compared and
refined). Preferably, the number of sampling steps in each cell should be proportional
25 to the number of points contained in that cell. This process is highly parallelizable.
This local refinement phase is then followed by another global refinement phase, and
the process is repeated for a prescribed number of cycles, or until the embedding error
1s minimized within a prescribed tolerance. Alternatively. the grid method may be

replaced by another suitable method for identifying proximal points, such as a k-d

30 tree. for example.



WD 99157686 -30 0 7 NJV 2002 PCT/ US99/ 09963 enbodi nent the program nmay be
i npl enented and run on an Silicon G aphics Cctane workstation p?r@vr}g t he
| RI X 6.4 operating system and using the Mtif graphical user t'ertdle
based on \Lg%gérgéndow System C. Operation of the Present |pyeRkbObboss
Referring to 7, operation of thﬁ present invention is illustrated in a
process flowhart 700. Operation of Re present invention is illustrated-

for a general_case where a relationship matrix.614 is conpl ete _pair-w se
el ationshi p Tt RSO dratTEbeGiearit At beloconel dHTRRRA FEl MABRERT Bfions

above and PLacesnt LOWRIAIZJ A}iayds Sid dek BHpbiRL G 81RY ABIntdfa§loe | | be
abl e toqgfosgir?ygp%ocegs O\Aghgsﬁgtay. 7%)0 toelo gclcdn%rmdate o?he?r Si ?uaeti ons
such as,adted vexmnpheidifidatioa of thebmddgingnahy. Striedy speakink, itlsis ds sqadstsally- Wi se or
pair-wise relationship matrix_ w thout _uncertainties; where a relationship

matrix 6ic4eptably ihthg rew gt qf gointsissaeriBeantly smaticp that Hieongingl ssbdpded

ungertainties. - el at | | I 14 4 » RAL L= WM. S&: I i onship
o xRS C e LR iR b s lab € isielt BR) Bie" i 0
process (pfg A ngRINEdgbn GASR: MRR Lydtithialdaidrides Abpverah panicald, EQ. 8 a6@9p! et e
pair-w se relationship matrix wthout uncertajnties begins at step 702,

wher e cosindvhnied tavthdee @B theepmi pantat inoxkiiion. the sprpBng pracedure

rel ati onshi tabase 6172. In step 704 ordi dul e 616 assjgns

i1 o obR RAEE 3PsORh rabl BYER L Kt GREROUF BT RGBT

rel ati onghiv P&hid afe 61dete el 0AGMRY 1Rk ai Rhdticak ofedsdipaaite beloabs Aetrdone
randomy. Alternatively, initial coordinates can be preordered or partially
prlé- or deinedmingsait egterasively, cedhandvopeint pay be dififered dndesndentlyeusdng thesel ect ed
fromrel ati on%hiep %%ri X 614 for revision. Sub-set 618 can be sel ected

r andom yAPREBHLIESHISHI4POVS5 systematical Iy, partially systematical ly, etc.,
by sub-set selector 63 8. In step 708, the selected sub-set 618 and an
associ ated relationship 620 are provided to coordi nate revision nodul e 622.
Coor di naVellr eHvsluaniondtiapertie? PF aatnniesie 8 elnvionshipatrd Distance Measures

rel ati onshi p/ coordi nate sub-set 618, based upon the associ ated

rel ati onshi ps 620. 0 7 NOV 2002 CVO 99/57686 PCT/ US99/09963 -31 /n step
710, a determynatiopn, | e t ; : 2 Se r
coordinate r g?/?s%%nex%r?plgﬁgteeher Erg gi irglrﬁlﬁ%lp/ csog&gfvggr{; eggjg%- sté?gygl%e isto
be revi segrepnedessiimgaridtudinsmilarisésepetwoén fher olgetisain enligiiayanmipheard

rel ati onshi p/ coordi nate sub-set 618. O herw se, pyrocessing stops at step
718 5 | may begistivet SoreRORRItss 9 EAES: W%tediwhdﬁ%amégtse YaH@UBFEi ded in
step 714_t t | .visuali [ ; 628 [ k:spl can be
perfor rreﬁlegf&gr?%/’?tg ?#égddﬁor‘?dﬁaégﬁégégglg@gyéﬁ of zlgltee%ép%%?f%ef .nﬁ%)%alé%é?%er

opt i onal bexenpearty «ahath sefilarity et dissonifhitp astatembfes heghmephé@ilepri or to
step 702. In this optional_ exenplary enbodi ment, eval uation properties 636
are recefdid ievalyplepn progerties"st ep 718, rel ationshi p generator 634 Generat es

relationship ta 630,fr t he _eval yatji,on.nro I |0 .st 7

rel ati onship 33;6{ 27630 1?’5%glrhgv?@gét?t%gr%ﬁgglf‘%(ﬁ)ncg)ﬁrlgépduglg% ’agbr%l.zarﬁgzb&%?%%es.si ng
prazeedsobRcst @B beOZase M8 @t @kAingine iy ehdmical 6301l astyppRydice dihDag@or di nat e
nodule in the formof relationship matrix 614. 15 X. Exanple of the

| nvent i oRicthgicplr sisaharity,nerdiel spme dthepyparef sifeHeRy measurg avhieh ycapf be
appl i cations d wth a variety of es of ta. In an exenplary
enbodi meﬁff“?‘ﬂ@"'@ﬁ'ﬁb&éﬁ%"‘?ﬁ?\f’éﬁ{‘%%l %t;tﬁgﬁ%mp?ﬁﬂ &mented as a system nethod,

and/ or conmputer program product for visualizing . and interactively

anal yzing data relating to chem cal conpounds, where di stances between

obj ects in a mufti-BraregioRedpesivaddvingCenemyois ari Dicidare Bgalakidlies
dissimlarities of the correspondi ng conpounds (relative to sel ected
properties or features of the conpounds) conputed by sone prescribed

met hod. The r Ao dj y 0 SYft : LES;devi ce
(such as a grg% |lfgg%tgé€%ﬁg§1§?%?gsoezgég<egn§?rg)? gshth%r ne?glrtggtgllrl\a/@{a?ggﬁgl yzed
t 02f evealasselizatd omdhi &5 obebjsern Fohexataila, if tiecbjerts mietdhahecArompoaydgf tasks
related to these conpounds. A user can .select a plurality of conpounds to
map. and X2kt ardnsFLcE\Fan BaPPHYCAli GRETAGH AR o E@F%waérnr@rgﬁr%@t%%aqeﬁe

sel ect ed . gonpo S i.spl a e i.n cQf: ce W th the
sel ect ed \glgggaotjéﬁgso fa%‘(fgélgéel géérln ct edg @E@Eggﬁgsgﬁifﬁgsg&‘f stgiga@gjgr:%g as btg poi nt
for each of the sel ected conmpounds, wherein a distance w0 99157686 -32 0
7 NUV 2U02 PCT/ US99109963



between any two points is representative of simlarity/dissimlarity

bet ween the correspondi ng conpounds. A portion of the display map is then
di spl ayed. Users are enabled to interactively analyze conpoun@d ¥®pi#sent ed
in the digpla ngg. Alternatively, all pints can each correspond to

nul tiple 6hﬁéﬂﬁ or objects. 5 FIG 1 is a block diagram dfCHUEHHHAEI n
environment | 02 according to an exengllary enbodi nent of the present -
invention. A chem cal data visualization and interactive anal ysis nodul e

| 04 i nclregaseatedan @2ags ahimdtirmeidteeprbPertpngac)enar thelr Smauty hafybeiser
interface conponents |108. The map generating nodul e 106 determ nes

si mi | ar i qorerutbé byisere gaemetwnl disipeingasufel ati ve to one or nore sel ected

properties or,feature herei n sonetines called.e uat i on properties or
Peatures) of bha eehiRanaenbuu A aRas 5 it ISt BB R <
functi onfeRdiré£bs §&¢HPGraTbraRALNehidsl chxbppouRd APl ahe pRifRAYNPacABE
reagents fromone or nore databases 120. The chem cal data visualization

and i nt reacdefived astigy sie onpdercemblpqulas featenes ir cdasespinis. h Sugk makscular nor e
dat abases 120 via a co ni cation di um 118.. The .conmuni catjon nmedi um 118
s prof RABRSS B TyBECorPaiEcd anier CIYFERCHRRY. PeRERIeRs c gt e bus, a
conput er A8t WL Kete Rl GolukidCaddSifabdbabmfess, TRAUNRS e FOBu AL SR) dYSude, Bief erably
2D or 3D display map on a suitabl e graphics device. The user interface

nodul es &@&oehabied thumalecoperauorsntgudtcd atess; dippiaebyneatsabytarolawdtepr ocess
the information i the diﬁ&]aﬁ map .so. as tg reveal r@%ationshigs het ween

t he dat aPaEHAN L) ‘r?i“fc“itsafré) e P?th‘{))“‘éf’ﬁ heats pisformptien dotah engygieg oip Eé‘BB’hdi ng
Compoungéoteﬁas,uﬁ\%ﬁechm & &ivﬁe{gd&{hﬁés,lﬁﬁ R Get eau%b'i‘éééelfa{?%xg LEaR<L S

conmpoun as collections (representing, for exanple, a conbinatoria

| i brary) stridviirat amd/bopha2imapeptodic matragnedters cdenponivdfiiclds.leect | ons are preferably
stored in one_or nore databases 120. | nput Devices) 114 receive. input (such
as data, commah#houldjbeppderstoplchowevyepthpfuthe Presser BivenpEoniinetohmied tQuch

analysi ST EREReG S SR AoldfIE KRR, R A BRI

sui t abl ebiopiitaldRviviRs @A BEofis@dphunds Agaipsiesedtay SVEIDIdEhl t&deR sagha
kegboard, poi nting device Enouse, roller ball, track ball, |ight pen,

et ), teuenzymesODyEpess (alggkgown ap affinity fopepPuF)-UsoBrhsns3vestaredn,
voi ce recognit% so be stored and then retrieved,

as appr of)eﬂ 3%68,51%%6)%\%@%&’%%@%%%%7 ﬁsiaegé.r.?hﬁﬁrﬁfff Bé’\?fl%%%‘) 116 out put

information tq; RHFAR ABETHY Qh&erstBBY WAl thekpRWEh: TWEARE €5 ot Ruhitdebce can
be used in the present invention, such as a nonitor, 5 a printer, a floppy

di sk dri geploration heith shemingk compowsl objectex tinsteads phe phesspninvestiorecan dec.

Chem cal . dat a visual izatipon and interactive analysis nodule 104 ca

It er act TPIRHE BTy ¢ AP SRS Hod0s B S It Ph 8 BRAGRISSRY! B

el um 148a1u500PRReRE R s B Wavd SortinBos i iidrae réflvhreament 102 of FIG 1

(such as the chem cal data visualization and interactive anal ysis nodul e

104) can be inplemented ' " using one or nore conputers, such as an exanple

computer 202 shown }.n FlI?ela?ibnships or Distance Measures Where Values of
Evaluation Properties Are Continuous or Discrete Real

Numbers

A "distance measure" is some algorithm or technique used to determine a
25 relationship between objects, based on selected evaluation properties. The particular
distance measure that is used in any given situation depends. at least in part, on the set
of values that the evaluation properties can take.
For example, where the evaluation properties can take real numbers as values,

then a suitable distance measure is the Minkowski metric, shown in EQ. 14:



A.- Qperation of the Exenplary Enbodi ment The operation of the present
invention as inplenented for visualizing and interactively processing

" chem cal conpounds in a display map shall now be descri bed mﬁgﬁ;gﬁfﬂmfnce
to a flowhart 302 shown in FIG 3. Unless otherw se specified, )

i nteracti oNOWA%8¢sers described bel ow i s achi eved by oper at PER/USPOPIE3 user
interface nodules 108 (FIG 1). In st&p-304, the user selects one or nore
conpounds to map in a new display nmap. The user may sel ect conpounds to map
by retrieving a list of compounds froma file, by manually typing in a |ist
of conpounds, gahgi an-= %:*§La a graphical user 20 interface (GJ ). The

i nvention envi i ons”ot her '’ s for enabling the user to specifgﬁgggpounds
to display in a display map. In step 306, the user selects a nethod to be
used for evaluating the nolecular simlarity or dissimlarity between the
conpounds selected in step 304. In an enbodi nent, the
simlarity/dissimlarity between the conpounds selected in step 304 25 is
det er mi nedhdre ik is hegl ®08)ebtisederoentaoithe profelsdeswr, afd wfhl wlafoon= 1.0,

roperti .describ bo al uati on_proper.t can .be any_propertie
DD 83 AL ek o BB BABY 702500 F0° 80 SR BaRey Ly
In step Aclid%'&@%i&.OP?P?Qp@{tE(?.SM RS GhaxHEmAL £ ¢ tabédh%tc%%gc%iggte

structural properties, functional properties, chem ca wO 99 6 --34_

0 75N 0 \4i2e0&sPGldd 3G88E09963s phopdomireace’ pnesicalheprapérmeteis, dpi theogi cal
properties, etc., of the conpounds ?elfcted in step 304, In an enbodi nent
of the prekEretinysineh FarRay yalueof aalleya 1 5en ﬁsg%ﬁéh%ﬁté%l\ﬁﬁbomklscal ed
di fferent t0:.r ei:r, r i \ve. i j essing

pr oxi m Cypiiegis € ipEingl i e EbBiykitRe | dRaleE AERLE: ASETRP DAL e

Accor di ngkiyngi@lisequilityst ep 306, the user selects a scale factor for each of
the selected evaluation properties. Note that such selection of scale
factors is optional. The user need not select a scale factor for each

sel ected eval u%ti onEQ‘rZBp?l%%#rgégrtl%agag%%g%lggl\s;s gﬁltssel ect a scale factor

for a given eval uation ﬁroper en al Gat on property is given a
default scale factor, such as unity. Alternatively in step 306, the user
can elect to retrieve simlarity/dissimlarit}r values pertaining to the
coffounds sel eAltetnatinely; dpe S@dMation repesies ¢ethe ohisstsaeprabelpsgsanted iThRese

oo hel D PP i heh o 4PBGARHAP SRRHRL By BEHRR S Mo HERE ™ o
simlaritykeigsiofhbahid YoVRheSs dtehAdciensticse! | - known techni que or

procedure. In step 308, the map generating nodule 106 generates a new
di spl ay map. ThHos enawmpldi Splthy otpgsts aeel oltesical pohpourfdse tbacibjasts the be

comounds, ke sl 0 SheR, 204, Moo LR WIS RN spLay e Lhe ot ance
thescor r egReMH HecARIPRYNES or PR RIMAE targB MBlcEtle. Such features can include, '
but are not limited to, the presence, absence or minimum number of occurrences of a
particular element (e.g. the presence of at least 1, 2 or 3 nitrogen atoms), unusual or
important electronic configurations and atom types (e.g. doublv-bonded nitrogen or
aromatic carbon), common functional groups such as alcohols. amines efc, certain
20 primitive and composite rings, a pair or triplet of pharmacophoric groups at a
particular separation in 3-dimensional space, and ‘disjunctions” of unusual features
that are rare enough not to worth an individual bit, yet extremely important when they
do occur. Typically, these unusual features are assigned a common bit that is set if
any one of the patterns is present in the target molecule.
25 Alternatively, evaluation properties of compounds may be encoded in the form

of binary fingerprints, which do not depend on a predefined fragment or feature



20 the map generating nodul e 106 generates the new display map shall now be
further described wwth reference to a flowhart 402 in FIG 4 In St 404,
coordi nates on the new display map of points correspondi ng t d 't NeV Aﬁﬁpounds
sel ected iy 546738804 are initialized. In step 406, two of thecEPRPHENES |,

] selected in step 304 are sel ected fg% 25 processing In step 408,
simlarity/dissimlarity r,~ between npounds i, j is determ ned based on
t he neth.d.selectedgb t he user in steg 306. In ste é t?%;fd on t he

si mi | ar i DyAANEY;RiPeEpiyhe bil agsignamanl{8 eﬁ‘dﬂe%etréﬁa%@ indfe MG 812 poi nt s
cor r espofdispgnt P 1&91m9u%@%erﬁanaau9renhnl%ra%dsmneysém 3683l 9PLALRGHne | NSt EP
412, trailning/learning ranmeters are updated V 2002 w0 Q%I 57686
PC r/ USO8LO8E68 th@Stukms Sirém drhdl] namtlecdSbitnali psowddeaadorh ositions riattke or  not
termnate. If a decision is ma to not ggrnlnate t this point, then

control PiEmapPnéltbaugh ¥gs semcervy erept odequlesyRry devreracHydhep 416,

the disp, , Y

co%pl et e%ay%e@?gl {psm?g%lg%?é%’ﬂ?[ ﬁ/eo lgg%ﬁ%%l% ’%m?eq%%@{a@rfé’ s%:uastg%d
above. Rehgiledingasgal Bxpepichtds suggedtd thhtephedd 2 finp@pings VdoRveh édﬂﬁcihxﬁpl ays

t he new di spl ay map on an output device 116 (such_as a conputer aphi cs
noni t or )infprmaitep sopt the ms»chuliam grychEes niodUlcEnit] oBeanBEik @ﬁé%&ﬂbrs to
|nteract|velé analyze and process the conpounds represented in the

di spl aye rrap The present invention enables users to nodify-

exi sting corrpound vi sual i zation di splay maps (as used herein, the term
"conpound vi sualization display map" refers to a rendered di splay map). For
exarrpl e, users can Add a@d!imli@nédeawm)dﬁkﬂis Kejuehef aprluakeroFsopentigsunds
from the map, highlight ngounds on 15 the map, etc. In such cases,

pelrutl nent functional ste f"¥¥o-chart 302 are repeated. For exarrpl e,
steps 304 (selecting conpounds to map), 310 (generating the display nmap).
and 312 (displaying the map) are repeated when the user opts to add new
conpounds to a%wnitsetionﬁgehaﬁpns}ﬁimwmgas cencloy diedgwitio tamarg ndesdtiprenst (ief, t he

i nvention, the is increnmentally refined nd di spl ayed in steps 310 and
312 mhen“ﬁ’@%&ﬁ&ﬁ@“%ﬁ’ﬁm‘? %rsabaﬁgréﬂrsh*?% ﬁmsmﬁ% %@ﬁ??tz #9UEANi spl ay
map (thl ﬁséd‘&ﬁ&?@&@n&ﬁ%‘lﬁ@d@ﬁ{n@i gesgtd-bed above). The chenical conpound
exanpl e provided above Is usefu of Vi sual i zi ng and interactively

processi ng any chemcal entities including but not limted to (but can be
used for) small nol ecul es, polyners, peptides, proteins, etc. It may al so
be used tg{gB’CﬂR(s;Qj)lay different simlarity relationshi ps between these
conpounds.” Xl . foncl usi ons The present invention has been descr%&?ﬂaabove
with the aid of functional building blocks illustrating the per nce of
specified functions and rel ati onshi ps thereof. The boundaries of these
Fupet i onaly; Byiddings me%ﬁﬁbé?%\f%upaﬁpa@rd@fféreﬁrueweenMéﬁh?%éﬁ%ﬁnm%%ro [t
~~J T002 PCTNS99109963 defined herein for the conveni ente of :
descri pt larrardboeffioghe boundari es can be defined so long as the specified
functions and rel ati onshi ps thereof are appropriately perfornmed. Any such
alternate boundaries are thus within the scope and spirit of the clai ned

i nvention and woul d be apparent to persons skilled in the relevant art(s).
5 These fqn&ﬁé}iéﬂ)_bui | di ng bl ocks may be inplenented by discrete

VORGe,y) EQ. 16

which is a measure of the number of substructures shared by two molecules relative to

the ones they could have in common, and the Dice coefficient:

1 2UNDG)

20 l+h EQ. 17



conponents, application specific integrated circuits, processors executing
appropriate software and the |i ke or any conbi nation thereof. d) ;i, |1
wi thin the scope of one skilled in the relevant arts) to devel -E)Nt] é
appropri akeoobisedsst ry and /or software to inplenent these fupet/iuembooss

bui I di ng bl ocks. 10 Based on the above;descriptions and exanples, a person
skilled in the relevant art(sl wll be able to inplenent the present -

i tion i i d i ety of Licat i Il of .whigh fall within th
scope. of the TReEERRGHFed bAR ANt AT medhier R hEPpp Bkt Fient 1 on
have beeg (@@@Qlﬁtbﬁé"&DQﬁ“t?othisEts)?mQRgg Wes tRAgfist epdnthatvelheys kaue been

presented by way of exanple only, 15 and not limtation. Thus, the breadth
and scopébiof thiaharepioas antitharwertt ¥)oX Ofhisuhel ‘axolustye dri of x edd tyy(batayhasfare he
above-descr.i bed. exenpl afy enbodi nents. but shoul d be definped onl~~.in
accor danc®" V\]/i”teﬁthf"né%hﬁ {%\Aﬁl%oﬂﬁ)gﬁﬁ a@fr‘fﬂ‘“ﬁt}‘?éiofg%ﬁmaﬂﬁ CRfsin X, FNNBy 2002
Wh i's i 1Sie s | Z:eq,; r generating mappi ng

co?? di na'(tﬁlleé:ll,e edr%h%%glr?? gg%?@%@?%@ﬁ%}a&?fs are related by associ at ed
pai r-w se rel aAnahahpgs:lav mbtrieds tieeBualidear diatantd ehjcht lve theetdleodf dargpy i Si ng
the sxeps of: (1) placing a set of objects on a display map; (2) selecting
a sub- sefcsf Cale BEIS 1} HS{PFRe set of obj ects, wherein the sub-set of obj
ects includes at |east one associated relationship between the objects in
the sub-set; (3) revising at |east one di stance between the objects on the
di spl ay map bas ast one associ ated relationship and the at

| east one di aﬁWt he at |east one distance falls oppsige a set
of all owabl e ranges of relationship values; (4) repeating steps (2) and (3)
fofpadditional sub-sets of objects fromthe set of objects; and-(5)

gener ati ng mappi ng coordi nates for the set of objects. 2. The nethod
accor di ngvicoe CNQTY )L, denbekethiz singfy (3mpleaiept i fes. tThe skprsabn XDRELI ng a
pair of objects having an associated pair-w se rel ationship. The nethod

accor di ngV@bCO) appresentsyheraimper REbissataraddeatipdliip xvangley (wthar | Grsti’ ps
bet : ] f _obj t furth
oot neen, %, Rho RS Bhes 3 pokachuBheo AR, i, TR BB IANRE

obj ects freltivblyChicamndSs Oedstlyade@ai Kitvitides ieAldhosiglilaity & hogMed and
al |l owi ng di stances between objects on the display map for which associ ated

pal? - wi seclagvas¢rsashi ps are not known to adapt during perfornmance of steps
(2) through (4)..4. The thod according to claim,l1 wherein,step. (3)
Compr 1 ses 't ne Bt B sPEo i ST nEe disish detufa Weed e nedethaty

| ear ni ng ysglLa iy RINORVAEER EhREnt0R! AbWeder, MR REENtShedhtioR) isGRIPT | Ses
the step of:  revising the at | east one distance based on a fixed | earning

rate. 6. lifhgedristthisckmabebmdinhg to claim 1, wherein step (3) conprises the

step of revispng et east, 209 JleL AN oBaREth R nd Y2 AR SaLER " 1O

J comparing the shapes of the molecules using a suitable 3-dimensional alignment
method, or it may be inferred by a similarity model defined according to a prescribed
procedure. For example, one such similarity model may be a neural network trained to
predict a similarity coefficient given a suitably encoded pair of compounds. Such a
neural network may be trained using a training set of structure pairs and a known

25 similarity coefficient for each such pair, as determined by user input, for example.
C. Scaling of Evaluation Properties

Referring back to EQ. 14, features (i.e., evaluation properties) may be scaled

differently to reflect their relative importance in assessing the relationship between



7,- The nmethod according to claim1, wherein step (3) conprises the step of:
revising the at | east one distance based on a |learning rate thgt l\!ﬁ' @02

- function of the associated pair w se relationship between the gzl "o

obj ects. Wo Jedpet hod according to claim 1, wherein step (Pcoosawdgisas the
step of: revising the at |east one QEaLance based on a learning rate that
is a function of at |east one object “of the pair of objects. 9. The nethod
according to claiml, wherein step,(3),conprises the step of: revising the
T eas oS s ke s AT GG R REET  HREH TS, FDEEFOREDE ¢ he
sel ect edy Rah he ksi@REd We%gml&]g 0ThEopRHBAVACERE Bh i e 1iedeRi b iniet ei n

step (3) conprises the step of: revising the at |east one distance using
a convent heatlatiohdhip chlerdaséoihah Psag@ityndy t echni que. 11. The net hod
according to claim1 erein step (3),.Cc rises the step of: revising the
at | east one gF@Fg%@b“ -ﬂﬁ‘ﬁ“%ﬁﬁ&@%F%&ﬁﬁanb%-linear mappi ng t echni que.
12. The nmethod according to claiml1, wherein step (3) conprises the steps
of : conmputing an error function value using a conventional technique; and
revising the at |east one distance using a gradient descent procedure. 13.
The net hod peg@r ) gz;&hgﬂgy ¥, wherein that the objects do not represent
cheni cal obfect§” 14% A" erized nethod for generating map@i@glg
coordi nates, wherein one or nore pairs of objects are related by associ at ed
pair-w se relationships with bounded uncertainties, the nethod conprising
the steps of (1) placing a set of objects on a display map; (2) selecting a
sub-set of obj ects fromthe set of obj ects, wherein the sub-set of
obj ect s whedendeis the weighs bf trdk-tismopérgt. eth eainaple ofishilpabyetiglwerg fhbherobj ect s
in the sub-set. -3 8 0 7 JQJV 2002, 3 ne%lsing?at | east one di stance
bet ween 4 RYTRH{Z8UPR oiffiginRt: AR, FHRY PHERIPSHIFDEMES M2y Absshe ¥i%6- associ at ed
rel ationship ajd swﬁlga(kvek%@tne@a%.o@bétuﬂﬁgﬁ—m Ry yhieRe Eﬂt‘%re%%;&,‘%?eftthgne

per lim |l (4)

di stance falls above an u t of allowableée rel ationship val ues;
r epeat i ngssitegm{Pheanot 03 )isdnwsrphiddHereaftad, nsaph-deeved dlonobpidahswkigh t he set
of objects; and (S) _generating mapping,coordinates for the set of objects.

DRI SR g R SRS S A v AT P W e e

Fei at onih aririh Uil oAl B BB e Rl (BB, Q0 at e
pai r - Wi sicaiy atdightsd infps peeweRifiofsiepo (orrdisteng@a) ba thé dMplBchspatfettnknown,
the nethod further conprising the steps of: performng steps (2) through
(4) onl ylorak msasure of singlarievst Ehat &y Wikst dateamings sifeila @dingyierdomain of the
display map is not necessarily the same with what determines similarity on another
15 domain of the display map.
For example, locally-weighted maps may be used to reflect similarities derived
from a locally-weighted case-based learning algorithm. Locally-weighted learning
uses locally weighted training to average, interpolate between, extrapolate from, or
otherwise combine training data. Most learning methods (also referred to as modeling
20 or prediction methods) construct a single model to fit all the training data. Local
models, on the other hand, attempt to fit the training data in a local region around the
location of the query. Examples of local models include nearest neighbors, weighted
average, and locally weighted regression. Locally-weighted learning is reviewed in
Vapnik, in Advances in Neural Information Processing Systems, 4:831, Morgan-
25 Kautman, San Mateo, CA (1982); Bottou and Vapnik, Neural Computation, 4(6):888
(1992); and Vapnik and Bottou, Neural Computation, 5(6):893 (1993), all of which

are incorporated herein by reference in their entireties.



wi se relationship is known; and allow ng di stances between objects on the
di splay map for which associated pair-w se rel ationships are n[m) 5(,12@{2 to
adapt during performance of steps (2) through (4). 17. The net (9! a rdi ng
to claim ein step (3) conprises the step of: revisi east
one di sta}j?f:beg%\éggge(’d on a learning rate. 18. The net hod accor Hai%r?lglﬁggg%%?gﬁi m
14, wherein step (3) conprises the S‘t?ép of: revising the at |east one -
di stance based on a fixed learning rate. 19. The net hod according to claim
14, wherei n sDisplay3mappepr iabsesba penstruetgd drom aergiationghiphmatix thehst nene

di stance _based on a.variable lLearning rate. 20. The nethod according to
clai m 14?}“96??@,%?1{1“’ tep3) reﬁ?)%}sfl@e@g}”ﬁ‘gwgfrgpr'lo? rlr‘ef}i RtAl Héq’eaotfdt?hésast one
di st ance, HasRd 9Mn Aith8R6AY Wlefedd Relhltilshi s(i.e.,fruaﬁ&mg;p PhndtRB) a8 a0GHAL ed pair
wi se relationship between the pair of objects. 21. The nethod according to
cl ai m 14pcatherfer exanplp, {18) localyrwsighted heodst epingfa poietrbssedgotdledisttndecast one
di §t ance_. based on .a | earni ngl ra%e that is.a function of at |east one object
of °t he pAPFUGH IBpjigcmbodimayit, eashdraining casg dgassogiatedpuithadigancs dHpsiifimg t o
clai m 14, Weneids §F 81 dorresSAEMd LBR. Pltfabll: 1o EMsihBG kidfadimdpast one
di stance based cl)lnsa F’gar ni Sg ratgeﬁa?%gt IS 6(13 fﬁn tion Sﬁh?%e lsg]lagct &d pair
of obj ecwhich2@fledthehervetlboa distancedictegiohshipd, ahendisdancetteteeen ste polndy is

conprises the step of: revising the at | east one di stance usii%gﬁa
convent | BffatERITYICEd TS Bsniecak distansg faetinms oefe theorespesieveneibd Becor di ng

to clai . LelLn. step i ses e, st of : . evisi . | east
one di s[? ae%lg%m s@ﬁghgesc%%vgﬁ%%%%g{%go?@l Pgﬁga%ssggpg%i lﬁllg ﬂgeegﬁ%l%g].i J@g?gt The
metthod aglgefidinndedcpibell abbvd.Af thd poigt-baskiapcd] JisteEpfiins@snsd hgrySiheenof

conputing an error function val ue using a conventional technique; and
revi si ngcQrHEAS b semi-eprtinioys fagvony diraveheuy thed faamuregipseenthipppricady e.  26.

The net hgo 13%‘5{%&1&1@?1@5&&2E%er%xgh%fulggc%%gth@\.that t he objects do not represent

chem cal “obj &c onputeri z od for generating mappi ng

coordi nates, wherein one or nore pairs of objects are related by associ ated
pair-w se relationships wth bounded uncertainties, the nethod conprising

t he stepbXof: Ipplenpinswrimmofatheduvattionbj ects on a display map; (2) selecting
a sub-set of objects fromthe set of objects, wherein the sub-set of
objects includes at | east one associated rel ati onship between the obj ects
in the sub-sety (3)gdRWip Ng at |east one distance between the objects on
the display map based on"the at | east one associated relationship and the
at | east one distance, only when the at | east one distance falls below a

lower Iimt of_allowable re]ationship values; (4).repeating steps ) and
(37 or ' madi ¢ TR STpnser b mBETEeRe b s Covel e erohna

algorithms and can be implemented using hardware, software, firmware or any
combination thereof. Referring to FIG. 6, an exemplary block diagram illustrates
modules and_data flow that can be included in a system 610 that implements the
present invention. The block diagram of FIG. 6 is intended to aid in the

20 understanding of the present invention. The present invention is not limited to the
exemplary embodiment illustrated in the block diagram of FIG. 6.

System 610 includes a relational database 612 that stores relationship data 630
associated with objects. Types of data and associated relationships that can be
accommodated by relational database 612 are without bounds, as the present invention

25 can be implemented with any type of data for which relationships can be defined.

Relationship data 630 can be provided from one or more of a variety of

sources. For example, relationship 630a can be provided by an external source 632,

relationship 630b can be provided from other sources 640 and relationship data 630n



(5) generating mapping coordinates for the set of objects. 28. The nethod
according to claim 27, wherein step (2) conprises the step of: selecting a
pair of objects having an associated pair-w se relationship. gAfgy 7 dﬂm~ ~ U
U 2002 29. The nethod according to claim 27, wherein the associate

pai r - wi se"2PHIB8hshi ps bet ween one or nore pairs of object A BSHMRABn,
the method further conprising the steys of: performng steps (2) through-
(4) only for pairs of objects for which an associated pair wise

rel ati onghi Pe i genki@s by aml oplibeaM rRxtidhsiigneasratet WRANlO0BR£Ch SO ubdhe
di splay map for which associated pair-w se rel ationshi Ps are not known to
adapt dunihtioarirepertias 6361 @ptefp@ (dytiqnshipugineratgr. meguleThdt pant sébdgccor di ng

to cl ai vvherlnse ris sing theat-least
one dt st efasf B KRl of T SoRB R OP RLT B sl QBB o 5 FoC1 at m
27, Merﬁb@nwueﬁ)as%mmﬂ@ ctrte%r%t&@opt Ja%h§l4l-g9t he at |east one _
di stance Based on a fixed | earning rate. qz he nethod according to claim

275 wher ei n sRejatip83hipodasn i 6K ig han\sd@ip tofa rcevrdsnatg mlodulzt 61 @asin ame
di stance based on a vari able .l ear . rate dlng to

Th
Lo o ity Bl PR s 0 Gite o pd e Mgl R 6 TR Plast. one
i St anoe s B A T1R! MGALE prABkokS: HACHLAAL LIp 4330618t ed palr

wi se relationship between’ the pair ects. . The net according to
claim 27r;e1animslmprdasat@3m {r8;n thorqtatlcsmlslptdambasteeﬁﬂof reV| si ng the at | east one

di st ance base% a Iear£%eng rate that is functlcg1 of, at ast ﬁne obj ect
of the pair 08’5}‘%%‘?@0 Hnessignt HBbR! LeRhiRR Ot tacP%ﬁ“PﬁOZ?’ RSB n st ep
(3) compyLSesdd r%ﬁa‘ti%n% Brcﬁt’d Slonarrenfitdf ¢ 40‘?&%& opgy Al E%ﬂ%%ﬁ PARAGON 2

| earning rate that 1s a nction of the se ecte pair o | ects. 6. The

et hod a@cirslighgartyootbemicohRigue WRer @dampsd, elpe ¢a33 cmb’alpreseﬁietdd&)rb‘;iaﬁml@'f
revising the at | east one distance using a conventional nufti-di nmensional
scal i ng @uersh gihe coppdingiss comprise diseley dang Tths dispamnimap capberdingaseiep ( 3)

compr | Segsbie SR, Sho TRUALIS AheA | 8RN, ANA Flaleges s ng o

conventlon 1 ne mapprn &vP2002 38. The

net hod accor diRegatiodskiboBt date Vthersetsnésg @Rd (o RBI tetforkhigs S428Pareof
conputing an error function val ue usi n%éa conventional technique; and

r dvi si ngPronedegl to| @ peprdipate dpwsighdeodidé fg2a Igr%tdﬁé@mpl@@s cahpdiprenteensr e, 39.
Th th .. Wh th t4i bj.e t
chom cal ooB SE0E oo Byt 8 s SN Pl g PR i T "

coordi natige, wherein one or nore pairs of obj ects are related by associ at ed
pair-w se relationships with unbounded uncertainties, the nmethod conprising
the steps of: 4 1)sqdv| St ngelacteret mdlldﬁbj eSbs omn a W smrayldnﬁp;tO( 2)elect

Irg?g:: L% z%bonshlp aOSC;[rdl(I)]Qtee gu -sets 612? t%!) ebet Srofwdred% coor I}la%sl$e%€)sll<%{[ (rargod%?l r-wise

20 622. Sub-set selector module 636 can select relationship/coordinate sub-sets 618 at
random or through any other suitable method, including one or more of the methods
described above.

Coordinate revision module 622 revises positions of the objects on the display
map (i.e, revises coordinates 618) based on precise or imprecise measurements of

25 similarity/dissimilarity (relationships 620). More specifically, coordinate revision
module 622 measures distances between objects on the display map and compares
them to associated relationships 620. Coordinate revision module 622 then revises
coordinates 618 based on the comparisons. Such distances can be used directly, or to
modify other display attributes.

30 Coordinate revision module 622 can include hardware, software, firmware or

any combination thereof for executing one or more conventional multi-dimensional



cont ai ns an unbounded uncertainty; (3) renoving the associated pair-w se
rel ati onships with the unbounded uncertainties identified in step (2); (4)

* selecting a sub-set of objects fromthe set of objects, wherei 2 ﬁhf\ﬁ ﬁ;zub-set
of objects includes at |east one associated rel ationship betw@ n '“th@

obj ects i WQRAYSHED-set; (5) revising at | east one distance BEEA/PHS

obj ects on the display map based on i)yve at | east one associ at ed -
rel ati onship and the at | east one distance; (6) repeating steps (4) and (S
for addidhRRal orsuBnIgks apphiy aCositihomst decEibéd aboOb] Bftagditoh) & | owi ng
di stances between the objects gfor whi ch the associ ated pair-w se

rel at i orsdterpatively e chwdimatee movieidnt moddlgp©2Yuedmgngludd ohardare, ofofistasps (4)

t hrough (6); and (8) nerati i ng coordinates for the set of objects.
41. The fﬁ%‘%“ﬁiﬁ’&?%{ 6r@?’ﬁ’@nﬁt8nctﬁgfeg?%zexg%uglrnéioﬁles({r_éﬁor€4?°‘6e_iﬁf%pf’§lggs %C?‘fe step
of . sel e;sziif-ugsea%m _{i]s QficHOR, BEERrAY] Stk GNMBES OF EQIRBnPA! thrdMghe13, or

rel ati onship. 42. e method according to claim40, wherein the associ ated
paisr - wi serragloas ittemedfi ps bet ween one or nore pairs of objects are unknown,

t he nethod furgther conprising.the steps - perform ng steps (4) through
(6 only for MM GPBHECLITGT TALR G AEThERa: BaT i dpbats @ OV
relati Onéélhﬂﬁléé émv‘ﬂ;caﬁ@gpl]yéﬁe %Aeha.ﬁl(l: ig rate A 40 kst LW eRge éFg@Qﬁﬁm‘P&t ween

objects on 't i splay ma r associated pair-w se relationships are
not knowsetthveeadeqirdshdtes N pelafiodshiyicmrdibatet apssdtd)6 t8hraadgthe ( BysocBed The

met hod according to claim40, wherein step (@ conprises the step of:

revi si ngret#nshin(B420. orfer PRIy I DA BABls 273 &2 RF §SiEasdto £RIEs¢he et hod

accordin j i - B) - COPNE.I t f viSi ng the
a1 east Piseded dol e S REE SRR AR AGRy (A gheReglolEIES)
accor di ngxdnple| absndfie vhesien neduid 602 )cad EppiogesninBe stiepdef campletd ng t he
at | east one distance based on a variable learning rate. 46. The net hod

accor di nBaifoviss iafiees thajemst hav iseltamties ApATFesRA - maiisps Biat do npevi si ng
the at |east one distance bas earni hat is. a f ion of

t he asso El?‘aet 85(:%?11’1’;16\?\1 g%lr'r"g?ea?‘ %g(géséﬁiadﬁétb@f @gg%c’% ﬁ%eedpg?%hgfn%ggj 8 §%11r-47_ The

net hod ageQr dhatticdO thdt ANt AR, uMbtRinged) 1Bicefaintdds CRAPIdos@pt tAf)Sbeparsf
revising the at |east one distance based on a learning rate that is a

f ukict i oncahbitatiopabereohe Colgpdinate gevisign pedile SR2misnealss be 48ogrimanagetchod

di ng. l.ai.m 40, .wherein step . i t he st f: ising th
o Poast ishBeqiBiralondehr atl BB 2 SO PROURER A S aRbis on of 1o
sel ected pair @for@BhR%kSisidhImodile 0B LRAG RS s HdNG ot @nsteabPa AdhicHaes ei n

step (5) conprises the step of: revising the at |east one distance using a
convent i ogtameditb chordima sicdnt 61éc alhingrocesshniepaated 5@, adifgonabstivsttnetor di ng

to claim40, . .wherein ste 5 onprises t st of . revising the at |east
one d st SHEAITRFNG! B 20 At HHRONOPE el SHapor e SRR OB IR The
mejod acGRE deRBiohShifl8biidle sWHLELEI018 SinBPaskdiate@ TRt RhifN626 1 GRY of -
conputing an error function value using a conventional technique; and
revi si ngptdseribtd todaratceonrasodiesttereeitarsiingned gr adi ent descent procedure. -43
In an exemplary embodiment, where visualization of the relationships between
objects is desired, coordinates 626 can be provided to an optional visualization

module 628 for display. As the iterative process of the invention continues, revised

25 coordinates 626 are provided to optional visualization module 628.
B. Implementation of the Invention in a Computer Program Product
The present invention can be implemented using one or more computers.

Referring to FIG. 2, an exemplary computer 202 includes one or more processors,

such as processor 204. Processor 204 is connected to a communication bus 206.



0~ ~~~ r 200z 52. The method according to claim40, wherein that the
obj ects do not represent chem cal obj ects. -44
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| wr | gb] XS] c<a] ca] ca] ca] caV] ca] ca] caVpga] caV] ca] caV] ca] caV] ca] caV] ca] caV] ea]
caV] ca] caV] ca] caV] ca] ca] caV] caV] ca]ca]ca]ca i
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\Sﬂ\/]c’(ig% gz?\ﬂcg?lgg/%ﬂg aia%%fgg\v(]] goa?ﬂl\/@%ﬁ%g%? &eai\r{l/gr?tion using other computer systems

and/or computer architectures.

S Computer 202 also includes a main memory 208, preferably random access
memory (RAM), and can also include one or more secondary storage devices 210.
Secondary storage devices 210 can include, for example, a hard disk drive 212 and/or
a removable storage drive 214, representing a floppy disk drive. a magnetic tape drive,
an optical disk drive, etc. Removable storage drive 214 reads from and/or writes to a

| removable storage unit 216 in a well known manner. Removable storage unit 216
represents a floppy disk, magnetic tape, optical disk, etc., which is readlby and written
to by removable storage drive 214. Removable storage unit 216 includes a computer
usable storage medium having stored therein computer software and/or data.

In alternative embodiments, the computer 202 can include other similar means

15 for allowing computer programs or other instructions to be loaded into computer 202.
Such means can include, for example, a removable storage unit 220 and an interface
218. Examples of such can include a program cartridge and cartridge interface (such
as that found in video game devices), a removable memory chip (such as an EPROM,
or PROM) and associated socket, and other removable storage units 220 and

20 interfaces 218 which allow software and data to be transferred from the removable
storage unit 220 to computer 202.

The computer 202 can also include a communications interface 222.
Communications interface 222 allows software and data to be transferred between
computer 202 and external devices. Examples of communications interface 222

25 include, but are not limited to a modem, a network interface (such as an Ethernet
card). a communications port, a PCMCIA slot and card, etc. Software and data
transferred via communications interface 222 are in the form of signals (typically data
on a carrier) which can be electronic, electromagnetic, optical or other signals capable
of being received by communications interface 222.

30 In this document, the term "computer program product" is used to generally

refer 1o media such as removable storage units 216, 220, a hard drive 212 that can be
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()5- Skt dEr? Referring to FIG. 7, operation of the present invention is illustrated in a
process flowchart 700. Operation of the present invention is illustrated for a general
case where a relationship matrix 614 is a complete pair-wise relationship matrix
without uncertainties. Based upon the descriptions above and process flowchart 700,
one skilled in the relevant art(s) will be able to modify process flowchart 700 to

10 accommodate other situations such as, for example: where a relationship matrix 614 is
a sparse n-wise or pair-wise relationship matrix without uncertainties; where a
relationship matrix 614 is a n-wise or pair-wise relationship matrix with bounded
uncertainties; where a relationship matrix 614 is a pair-wise relationship matrix with
unbounded uncertainties (i.e., corrupt data); etc.

15 The process for a general case where a relationship matrix 614 is a complete
pair-wise relationship matrix without uncertainties begins at step 702, where
coordinate module 616 receives relationship matrix 614 from relationship database
612.

In step 704, coordinate module 616 assigns initial coordinates to objects

20 associated with relationships in relationship matrix 614. Assignment of initial
coordinates can be done randomly. Alternatively, initial coordinates can be pre-
ordered or partially pre-ordered.

In step 706, a relationship/coordinate sub-set 618 is selected from relationship
matrix 614 for revision. Sub-set 618 can be selected randomly, semi-randomly,

25 systematically, partially systematically, etc., by sub-set selector 638.

In step 708, the selected sub-set 618 and an associated relationship 620 are
provided to coordinate revision module 622. Coordinate revision module 622 revises
coordinates in relationship/coordinate sub-set 618, based upon the associated

relationships 620.
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X. Example of the Invention

The present invention can be implemented in a variety of applications and with

a variety of types of data. In an exemplary embodiment, the present invention can be

implemented as a system, method, and/or computer program product for visualizing

. and interactively analyzing data relating to chemical compounds, where distances

between objects in a multi-dimensional space represent similarities and/or

dissimilarities of the corresponding compounds (relative to selected properties or

features of the compounds) computed by some prescribed method. The resulting maps

can be displayed on a suitable graphics device (such as a graphics terminal, for

25 example), and interactively analyzed to reveal relationships between the data, and to
initiate an array of tas‘ks related to these compounds.

A user can select a plurality of compounds to map. and a method for

evaluating similarity/dissimilarity between the selected compounds. A display map

can be generated in accordance with the selected compounds and the selected method.

30 The display map has a point for each of the selected compounds, wherein a distance



105 105 9! 109%6& ()-Y

7109%6& () - COVECEEF] FaBbCLOH! | 10% & ()-110% & ()-310% & () - S10%4 & ()51 10%
& ()-!v-10%z& () - S[ FFFG GG HaBbClOH! uv-200

110% & () v 393686 ()-F10% & ()-10% & ()-! 109 () - nm&! 10% & () PCT/US99/09963
HoHHI 31 NI TI dEDCLOH! %¢+f 10% & () - 0+10%,8 () - Z‘ S10% & ()-9% 10% & ()-$! 10% &
()-9Y"$10% & ()- Tl Ji JJIGKIEbCLOH! * 7940% & (

S5L10% & () - FA10% & () - 21 10% & 19%

KRR GO S VED S e EOME A ye. of f@@afcy/%ﬁa% 5 Defeny e

10t Lglo%dgﬁ:e(s%om @r?&@._@- Mlbg%%ﬁﬁo/ @eial Ima 1§Q§3@-@i‘¥ﬁ)la§‘e& ) Users are

I x93%409%?& ()- !'n93%d0%5& ()- !80!10%& ()-P! 10%&' ( OQQOR RRR}*?4@0
10510%& e(n}ibm1®@/&n(f)radtl\’©t¥ POHRZE )COTm@U!l@@/&'CPI)eS%@QOIW&'W() -dib9IBYd 69R" () -
RRR! RBRa

10! 109%&’ %P%%%lkp‘(’ S SoPCRER RSP ORGP RBYR! 30%}8&’@6‘%’ ppiecty
108%5} SS TJ TT@%"@-Q a block diagram of a computm environment 102 accordin
107 109&' ()-10%& () - F' 109%& ()-9$109%& ()-'10%& ()- @ 10%& () - TT7UUl%2V| VAdEH@. 0
10 10%& e(x)eml;ﬂﬁa@ e boBimeRI{(the ptb@ék&u(\)enﬁm?/&O‘V&' ()-L! 10%&' () - | WX] XXYZYdEH@L0
10/ s!109& () - ]}9%& (\):S, 100/ L*1 %&' $$10%&' LY" O/d. Y& Sé- zYY
Z[ Zzz4[ 5[ 6] dEA dheTgcallagd s %lon a4 3o ?V%Bﬁ%% (I}Odzﬂlflé pgludes a

Totove (50 Foo Py Mok 14 @ééz%%%aﬁae/g 5 g comporents 108

105\\\, ] Fheé Mpgehdrafif9 nisbf4] 10 detekBfis(mil ARUR' tehwrl Q194 6)1- BRG] -
109%& () - ML P dE7/ 1 108S!10% () - 9" SA0%E () - | 10%& ()-
sI'"Poog’ (IRlaHIGoR O)e 1g9arorg -spiected (RIOBeEItpy Pr 1i6rBAT Qugein) sometimes called

evaluation properties or features) of the compounds. The map generating module 106
performs this function by retrieving and analyzing data on chemical compounds and
reagents from one or more databases 120.
The chemical data visualization and interactive analysis module 104
15 communicates with the one or more databases 120 via a communication medium 118.
The communication medium 118 is preferably any type of data communication
means, such as a data bus, a computer network, etc.
The user interface modules 108 displays a preferably 2D or 3D display map on
a suitable graphics device. The user interface modules 108 enable human operators to
20 interactively analyze and process the information in the display map so as to reveal
relationships between the data, and to initiate an array of tasks related to the
corresponding compounds.

The user interface modules 108 enable users to organize compounds as

collections (representing, for example, a combinatorial library). Information
25 pertaining to compound collections are preferably stored in one or more databases
120.

Input Device(s) 114 receive input (such as data, commands, queries, etc.) from
human operators and forward such input to, for example, the chemical data
visualization and interactive analysis module 104 via the communication medium

30 118. Any well known, suitable input device can be used in the present invention, such:

as a Keyboard, pointing device (mouse, roller ball, track ball, light pen, etc.), touch
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A. Operation of the Exemplary Embodiment

The operation of the present invention as implemented for visualizing and
interactively processing chemical compounds in a display map shall now be described
with reference to a flowchart 302 shown in FIG. 3. Unless otherwise specified,

15 interaction with users described below 1s achieved by operation of the user interface
modules 108 (FIG. 1).

In step 304, the user selects one or more compounds to map in a new display
map. The user may select compounds to map by retrieving a list of compounds from
a file. by manually typing in a list of compounds, and/or by using a graphical user

20 interface (GUI). The invention envisions other means for enabling the user to specify
compounds to display in a display map.

In step 306, the user selects a method to be used for evaluating the molecular
similarity or dissimilarity between the compounds selected in step 304. In an
embodiment, the similarity/dissimilarity between the compounds selected in step 304

25 is determined (in step 308) based on a prescribed set of evaluation properties. As
described above, evaluation properties can be any properties related to the structure,
function, or identity of the compounds selected in step 304. Evaluation properties

include, but are not limited to, structural properties, functional properties, chemical
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scale factor for a given evaluation property, then that evaluation property is given a
1N default scale factor, such as unity.
Alternatively in step 306, the user can elect to retrieve similarity/dissimilarity
values pertaining to the compounds selected in step 304 from a source, such as a
database. These similarity/dissimilarity values in the database were previously
generated. In another embodiment, the user in step 306 can elect to determine
15 similarity/dissimilarity values using any well-known technique or procedure.
In step 308, the map generating module 106 generates a new display map.
This new display map includes a point for each of the compounds selected in step 304.
Also, in this new display map, the distance between any two points is representative
of the similarity/dissimilarity of the corresponding compounds. The manner in which
20 the map generating module 106 generates the new display map shall now be further
described with reference to a flowchart 402 in FIG. 4.
In step 404, coordinates on the new display map of points corresponding to the
compounds selected in step 304 are initialized.
In step 406, two of the compounds i, j selected in step 304 are selected for
25 processing.
In step 408, similarity/dissimilarity r, between compounds i, j is determined
based on the method selected by the user in step 306.
In step 410, based on the similarity/dissimilarity r, determined in step 408,
coordinates of points corresponding to compounds i, j on the display map are

30 obtained.

In step 412, training/learning parameters are updated.



| & 394.0% : & ()-9S10% & ()-!&$10% " & ()-! $109MVE' () -f#10% & ()- @0% & ()-]j

"1 A?2nbCl

1 & (10% & ()-' 394.0% & ()-3% $10% & ()-! +"10%e& ()-L310% & ()7 Mo\ 10 : & ()
"1 A @CIWO 995788794 0% & () - PCT/US99/09963

FO6Z%0%& ()-52&10% & ()-50! 10% & ()<6YB. 10% & ()-!| @f10%& ()- S*| OgHCL !

10:s s!10%4& ()- L! 10%4& ()-!\ 1$10% V& ()- !l$10%& ()- $mLO%& ()- 10:

10: 0; EHCL 4—& Y438,

le%—lg'Q(j) ' ssl AH% L’fi-@ %&)14%[\@1? SSIs t)d }%_rlénn(]e)ue ora%terréina}te 16f %/Odemsxon
1098 ( )is $iddbQsmst (e)inate’I.ﬁ%ﬂ&p@m tROPEIRII0) reShrhI6-ie b Y06 Yk BEMgSe( SteplV! dEHCL

I 10: 8t 10%4&' () - 410944& () - F1#10%4&' () -

*s1 10044 16)1s PsHeus®: () - L' " 10%4& ()-! xyz{bCL !

16 @10 (1 4008 AN BN (A0 i
MBS () - 1Q8MBA1600).L 1090VR: () - L! 1098V’ () - ! 1090v& ()-)~cDbCl ! 10:

%40%VE' ()-& 109V ()-& 109V& ()-! 109%v& () - 03$10%v& ()- 3$10%&' ()-~; 6dEDLCL !
10: Details regardmg the steps of flowchart 402 are discussed above.

Gi 110 RGO M Sosm T3 Kol EaTARY 1 C IR e LRMATMRY () .

YLO0%VE' (thap bhaxNetput device 116 (such as a computer graphics monitor).

In step 314, the user interface modules 108 enable operators to interactively
10 analyze and process the compounds represented in the displayed display map.

The present invention enables users to modify existing compound
visualization display maps (as used herein, the term "compound visualization display
map" refers to a rendered display map). For example, users can add additional
compounds to the map, remove compounds from the map, highlight compounds on

15 the map, etc. In such cases, pertinent functional steps of flowchart 302 are repeated.
For example, steps 304 (selecting compounds to map), 310 (generating the display
map). and 312 (displaying the map) are repeated when the user opts to add new
compounds to an existing map. However, according to an embodiment of the
invention, the map is incrementally refined and displayed in steps 310 and 312 when

20 adding compounds to an existing compound visualization display map (this
incremental r_eﬁnement is described above).

The chemical compound example provided above is useful for visualizing and
interactively processing any chemical entities including but not limited to (but can be
used for) small molecules, polymers, peptides, proteins, etc. It may also be used to

25 display different similarity relationships between these compounds.

XI. Conclusions

The present invention has been described above with the aid of functional
building blocks illustrating the performance of specified functions and relationships

thereof. The boundaries of these functional building blocks have been arbitrarily
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Il of which fall within the scope of the invention.
While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example only,
15 and not limitation. Thus, the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments, but should be defined

only in accordance with the following claims and their equivalents.
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2. The method according to claim 1, wherein step (2) comprises the step of:

selecting a pair of objects having an associated pair-wise relationship.

3. The method according to claim 1, wherein the associated pair-wise relationships between
one or more pairs of objects are unknown, the method further comprising the steps of:

performing steps (2) through (4) only for pairs of objects for which an associated pair-
wise relationship is known; and

allowing distances between objects on the display map for which associated pair-wise

relationships are not known to adapt during performance of steps (2) through (4).

4, The method according to claim 1, wherein step (3) comprises the step of:

revising the at least one distance based on a learning rate.

5. The method according to claim 1, wherein step (3) comprises the step of:

revising the at least one distance based on a fixed learning rate.

6. The method according to claim 1, wherein step (3) comprises the step of:
revising the at least one distance based on a variable learning rate.
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revising the at least one distance based on a learning rate that is a function of the associated pair-

wise relationship between the pair of objects.

8. The method according to claim 1, wherein step (3) comprises the step of:
revising the at least one distance based on a learning rate that is a function of at least one object of

the pair of objects.

9. The method according to claim 1, wherein step (3) comprises the step of:
revising the at least one distance based on a learning rate that is a function of the selected pair of

objects.

10. The method according to claim 1, wherein step (3) comprises the step of:

revising the at least one distance using a conventional multi-dimensional scaling technique.

11. The method according to claim 1, wherein step (3) comprises the step of:

revising the at least one distance using a conventional non-linear mapping technique.

12. The method according to claim 1, wherein step (3) comprises the steps of:
computing an error function value using a conventional technique; and

revising the at least one distance using a gradient descent procedure.

13. The method according to claim 1, wherein that the objects do not represent chemical
objects.
14. A computerized method for generating mapping coordinates, wherein one or more pairs

of objects are related by associated pair-wise relationships with bounded uncertainties, the
method comprising the steps of:

(1) placing a set of objects on a display map;

(2) selecting a sub-set of objects from the set of objects, wherein the sub-set of objects
includes at least one associated relationship between the objects in the sub-set;

- AN
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least onc assomated relationship and the at least one dlstance, only when the at least one distance
falls above an upper limit of allowable relationship values;

(4) repeating steps (2) and (3) for additional sub-sets of objects from the set of objects;
and

(5) generating mapping coordinates for the set of objects.

15. The method according to claim 14, wherein step (2) comprises the step of:

selecting a pair of objects having an associated pair-wise relationship.

16. The method according to claim 14, wherein the associated pair-wise relationships
between one or more pairs of objects are unknown, the method further comprising the steps of:
performing steps (2) through (4) only for pairs of objects for which an associated pair-
wise relationship is known; and
allowing distances between objects on the display map for which associated pair-wise

relationships are not known to adapt during performance of steps (2) through (4).

17. The method according to claim 14, wherein step (3) comprises the step of:

revising the at least one distance based on a learning rate.

18. The method according to claim 14, wherein step (3) comprises the step of:

revising the at least one distance based on a fixed learning rate.

19. The method according to claim 14, wherein step (3) comprises the step of:

revising the at least one distance based on a variable learning rate.

20. The method according to claim 14, wherein step (3) comprises the step of:
revising the at least one distance based on a learning rate that is a function of the associated pair-

wise relationship between the pair of objects.

21. The method according to claim 14, wherein step (3) comprises the step of:
revising the at least one distance based on a learning rate that is a function of at least one object of
the pair of objects.
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22, The method according to claim 14, wherein step (3) comprises the step of:
revising the at least one distance based on a learning rate that is a function of the selected pair of

objects.

23, The method according to claim 14, wherein step (3) comprises the step of:

revising the at least one distance using a conventional multi-dimensional scaling technique.

24. The method according to claim 14, wherein step (3) comprises the step of:

revising the at least one distance using a conventional non-linear mapping technique.

25. The method according to claim 14, wherein step (3) comprises the steps of:
computing an error function value using a conventional technique; and

revising the at least one distance using a gradient descent procedure.

26. The method according to claim 14, wherein that the objects do not represent chemical
objects.
27. A computerized method for generating mapping coordinates, wherein one or more pairs

of objects are related by associated pair-wise relationships with bounded uncertainties, the
method comprising the steps of:

(1) placing a set of objects on a display map;

(2) selecting a sub-set of objects from the set of objects, wherein the sub-set of objects
includes at least one associated relationship between the objects in the sub-set;

(3) revising at least one distance between the objects on the display map based on the at
least one associated relationship and the at least one distance, only when the at least one distance
falls below a lower limit of allowable relationship values;

(4) repeating steps (2) and (3) for additional sub-sets of objects from the set of objects;

and

(5) generating mapping coordinates for the set of objects.

28. The method according to claim 27, wherein step (2) comprises the step of:
selecting a pair of objects having an associated pair-wise relationship.
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wise relationship is known; and
allowing distances between objects on the display map for which associated pair-wise

relationships are not known to adapt during performance of steps (2) through (4).

30. The method according to claim 27, wherein step (3) comprises the step of:

revising the at least one distance based on a learning rate.

31. The method according to claim 27, wherein step (3) comprises the step of:

revising the at least one distance based on a fixed learning rate.

32, The method according to claim 27, wherein step (3) comprises the step of:

revising the at least one distance based on a variable learning rate.

33. The method according to claim 27, wherein step (3) comprises the step of:
revising the at least one distance based on a learning rate that is a function of the associated pair-

wise relationship between the pair of objects.

34, The method according to claim 27, wherein step (3) comprises the step of:
revising the at least one distance based on a learning rate that is a function of at least one object of

the pair of objects.

35. The method according to claim 27, wherein step (3) comprises the step of:
revising the at least one distance based on a learning rate that is a function of the selected pair of

objects.

36. The method according to claim 27, wherein step (3) comprises the step of:

revising the at least one distance using a conventional multi-dimensional scaling technique.

37. The method according to claim 27, wherein step (3) comprises the step of:
revising the at least one distance using a conventional non-linear mapping technique.
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computing an error function value using a conventional technique; and

revising the at least one distance using a gradient descent procedure.

39. The method according to claim 27, wherein that the objects do not represent chemical
objects.
40, A computerized method for generating mapping coordinates, wherein one or more pairs

of objects are related by associated pair-wise relationships with unbounded uncertainties, the
method comprising the steps of?

(1) placing a set of objects on a display map;

(2) identifying at least one pair of objects for which an associated pair-wise relationship
contains an unbounded uncertainty;

(3) removing the associated pair-wise relationships with the unbounded uncertainties
identified in step (2); l

(4) selecting a sub-set of objects from the set of objects, wherein the sub-set of objects
includes at least one associated relationship between the objects in the sub-set;

(5) revising at least one distance between the objects on the display map based on the at
least one associated relationship and the at least one distance;

(6) repeating steps (4) and (5) for additional sub-sets of objects from the set of objects;

(7) allowing distances between the objects for which the associated pair-wise
relationships have been removed to adapt during performance of steps (4) through (6); and

(8) generating mapping coordinates for the set of objects.

41. The method according to claim 40, wherein step (4) comprises the step of:

selecting a pair of objects having an associated pair-wise relationship.

42, The method according to claim 40, wherein the associated pair-wise relationships
between one or more pairs of objects are unknown, the method further comprising the steps of:
performing steps (4) through (6) only for pairs of objects for which an associated pair-

wise relationship is known; and
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43, The method according to claim 40, wherein step (5) comprises the step of:

revising the at least one distance based on a learning rate.

44, The method according to claim 40, wherein step (5) comprises the step of:

revising the at least one distance based on a fixed learning rate.

45, The method according to claim 40, wherein step (5) comprises the step of:

revising the at least one distance based on a variable learning rate.

46. The method according to claim 40, wherein step (5) comprises the step of: -
revising the at least one distance based on a learning rate that is a function of the associated pair-

wise relationship between the pair of objects.

47, The method according to claim 40, wherein step (5) comprises the step of:
revising the at least one distance based on a learning rate that is a function of at least one object of

the pair of objects.

48. The method according to claim 40, wherein step (5) comprises the step of:
revising the at least one distance based on a learning rate that is a function of the selected pair of

objects.

49, The method according to claim 40, wherein step (5) comprises the step of:

revising the at least one distance using a conventional multi-dimensional scaling technique.

50. The method according to claim 40, wherein step (5) comprises the step of:

revising the at least one distance using a conventional non-linear mapping technique.

51. The method according to claim 40, wherein step (5) comprises the steps of: computing
an error function value using a conventional technique; and
revising the at least one distance using a gradient descent procedure.

-43-



U& ()-KLj LKLI LmL{LLLuV7!10% U&' ()-"f 10% U& ()-1%m0% U& ()- 10=U=U 10=U=U
10=U=U 0510%U=U& ()--2 10% U& ()-SLLI Lm {LLLUV7!10% U& ()- f 10%

U& ()-19%m0% U& ()- 10=U=U 10=U=U 10=U=U 0510%U=U&" () - - S37nmL0%h7U&iY 200

Nor mal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
" Defaul t Pasagr aphe GaREdAcEbrhiy &P PAIOKN & haB @B @s do not represent chemical -
$@ 3: gBI I I NPRTVXZ\ ~" bdf hj | nprtvxz| ~i nk&2>3I!RC eqF~*dp5. 1)2*=CLe

2mg% i s ! $&AMIYSH- a2357K9; >ASCC] F

HTl GKK} ORRT| VZY6[ 5\ "P" bce} gCkm - p9t ev7xy| G F: DHt &G " 0QM ~6A9": ] @] | SOz7q .
IN1"$& (\*(, - @ 1P3H568: <=?nAaCf EG | KLL I"H#B9R ()*+,-./0123456789: ;
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kIl mopqgr st uvwxyz{|} ~6Ti nmes
New RomanAri al Courier New'h Root EntryWrdDocunent 7

" #$UR' ()*+,-./0123456789: ;

<=>? @ABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

-44-



