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and NLM were introduced by Torgerson, Phychonetrika, 17:401

(1952); Kruskal, Psychonetrika, 29:115 (1964); and Sanmon, | EEE Trans.
Comput , Field ofthd fnveationf 1969) as a neans to generate | ow di nensi onal
representations of 15 psychol ogi cal data. Multidinensional scaling and
non-|inear mapping are revi ewed i n Schi ff man, Reynol ds and Young,

I ntragluction to Wl Wl hew Yor k
(1981); Young and é?ﬁ?‘%ﬁ?%ﬁﬁl rrenS| oéﬁagﬁo dsaéaéanalyms Mqﬁ&ecpaﬁi‘?%;y Theory
and Appl i catﬂepfmentﬁohtmﬁpmxi‘mimdatairemulti-ﬂmensxbhdlIspai:a] e, NJ (1987); and

Cox and Cox, Multidinmensional Scaling, Nunber 59 in Monographs in

Statistics and 20 Appl i ed Probability, Chapman-Hall (1994). The
contents of ?ﬁéﬁ/ﬂ’bl I cations are I ncor porated herein by
err entireties.

reference in

Multidimensional scaling (MDS) and non-linear mapping (NLM) are
10 techniques for generating display maps, including non-linear maps, of objects wherein
the distances between the objects represent relationships between the objects.

MDS and NLM were introduced by Torgerson, Phychometrika, 17:401
(1952); Kruskal, Psychometrika, 29:115 (1964); and Sammon, IEEE Trans. Comput.,
C-18:401 (1969) as a means to generate low-dimensional representations of

15 psychological data. Multidimensional scaling and non-linear mapping are reviewed in
Schiffman, Reynolds and Young, Introduction to Multidimensional Scaling,
Academic Press, New York (1981); Young and Hamer, Multidimensional Scaling:
History, Theory and Applications, Erlbaum Associates, 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,, 3; € A, which measures the similarity
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Sammon's error criterion: [err] and Lingoes' alienation
coefficient: [err] 15
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where d[err] = [err]x[err] - x[err] is the Euclidean distance between the

I mages x| er %ex@rﬂg Xfiers ;(j"qgl did Buctidean disBh&PbaWredl #Smages x; and x; on the

display plane.
Generally, the solution is found in an iterative fashion by:

(1)  computing or retrieving from a database the relationships r;;

5 (2)  initializing the images x;;

(3)  computing the distances of the images d; and the value of the error function
(e.g. S, E or K in EQ. 1-3 above);

(4) computing a new configuration of the images x; using a gradient descent
procedure, such as Kruskal’s linear regression or Guttman’s rank-image

10 permutation; and

(5)  repeating steps 3 and 4 until the error is minimized within some prescribed
tolerance.
For example, the Sammon algorithm minimizes EQ. 2 by iteratively updating

the coordinates x; using Eq 4:

15 X, (m+h)=x, q(m) ~7LAp q(m)

EQ. 4
where m is the iteration number, X, is the q-th coordinate of the p-th image x,, A is

the learning rate, and

oE(m)
axp £
FE(m)
aqu(m)z EQ.5

The partial derivatives in EQ. 5 are given by:



Generally, the solution is found in an iterative fashion by: - (1)
conputing or retrieving froma database the relationships r[err].: 5 (2)
B | b

ini-tializi YO Bbages x[err]; (3) conputing the &f

i mges d[err] and the value of the errd+ function (e.g. S, E
or Kin EQ 1-3 above); (4) conputing a new configuration of the
I mges x[err] using a g d'r,;;#d” descent procedure, such as
Kruskal 's Ii% . regresgi Gut¥ean' s rank:i mage 10

perrrutation;_%)_ = ~p I 2] ing steps 3 and 4 until the error is
m ni m zed wiﬁ)gj,(m)sorre prescrgped - ~ . tolerance. For
exanpl e, the Sammon al gorithdn’w nimzes EQ 2 by iteratively up%igg
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The mapping is obtained by repeated evaluation of EQ. 2, followed by
modification of the coordinates using EQ: 4 and 5, until the error is minimized within
5 a prescribed tolerance.
The general refinement paradigm above is suitable for relatively small data
sets but has one important limitation that renders it impractical for large data sets.
This limitation stems from the fact that the computational effort required to compute
the gradients (i.e., step (4) above), scales to the square of the size of the data set. For
10 relatively large data sets, this quadratic time complexity makes even a partial
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
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5 principles to iteratively refine an initial (random or partially ordered) configuration of

points using stochastic relationship/distance errors. The data can be complete or
incomplete (i.e. some relationships between objects may not be known), exact or
inexact (1.e. some or all relationships may be given in terms of allowed ranges or
limits), symmetric or asymmetric (i.e. the relationship of object A to object B may not

10 be the same as the relationship of B to A) and may contain systematic or stochastic
EITors.

The relationships between objects may be derived directly from observation,
measurement, a priori knowledge, or intuition, or may be determined directly or
indirectly using any suitable technique for deriving proximity (relationship) data,

15 The present invention iteratively analyzes sub-sets of objects in order to
represent them in a multi-dimensional space that represents relationships between the
objects.

In an exemplary embodiment, the present invention iteratively analyzes sub-
sets of objects using conventional multi-dimensional scaling or non-linear mapping

20 algorithms.

In ancther exemplary embodiment, relationships are defined as pair-wise
relationships or pair-wise similarities/dissimilarities between pairs of objects and the
present invention iteratively analyzes a pair of objects at a time. Preferably, sub-sets
are evalﬁated pair-wise, as a double-nested loop.

25 In the following discussion, the terms relationship, similarity or dissimilarity
is used to denote a relationship between a pair of objects. The term display map is
used to denote a collection of images on an n-dimensional space that represents the
original objects. The term distance is used to denote a distance between images on a
display map that correspond to the objects.

30 Examples of the present invention are provided herein, including examples of

the present invention implemented with chemical compound data and relationships. It
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is to be understiGd ST blogk dingram.of 4 commting guviFAOmsRt AecordiRg 10/ t ed t o
t he exanpl embodiment of thé BSeRddEl herein. The present invention can be

i npl enented in a variety of appl i cations. For

exanpl e, while FHe Zjsechlbik disgiamdefrrecummptgasefobibriapleientihg tormpenents
di st apces bg{hween oints to represent simlarity/dissimlarity between
obj ect's, tREMECMVENUON; nyentjion is intended and adapted to utilize any

di splay attri bupgst9ish: : [a! i Esslall ard.tyvi.bet ween
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scal e, it aknd dnteractealy i procegsing oldikplaguidapsiadgrdingrdesn egitodidear xaepl e, the
simlarity/dissimlarity between two objects nay be represented by the

rel ative sfy&etom of points that represent the objects.

FIG. 4 is a flowchart representing the manner in which a display map is
15 generated according to an embodiment of the invention;

FIG. 5 conceptually illustrates relationships between objects, wherein the
relationships are known within certain tolerances;

FIG. 6 is a block diagram of a system for representing relationships between
objects; and

. 20 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.



Further features and advantages of the present invention, as well- as the
structure and operation of various enbodi nents of the present_invention,
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O fice upon request and paynent of -the necessary fee. 5 The
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i nventi on; W . : I ddsihd s rel ati onghi ps
bet ween obY‘ect sl?mmel?eelﬁﬁa?@esﬁp ﬁa&%&?g\t‘ gt%{u}é%eghwﬁs a?@gfﬁbm W t’HPlﬁshcertai n
t ol erances; R .FIG 6 is a block diagram.of a, systemfor
represent i Wy r Raik-Wisg IRelationghipeMatrices  with ﬁBﬁ’%ﬁg‘?w&Wnﬂ“ﬁs (Corrupt | g
7 is a process P#achart- -} ustrati-ng- & -net hod-f or- -r epr-esent-i-ng- - - 17
rel ati onshi ps between obj ects.

10 VII. Modifications of the Basic Algorithm .............................. 18

VIII. Evaluation Properties (Features), Relationships and Distance Measures ... 19
A. Evaluation Properties Having Continuous or Discrete Real Values

...................................................... 20
1. Relationships or Distance Measures Where Values of
15 Evaluation Properties Are Continuous or Discrete Real
Numbers .....ooiiiii i i i i e e 21
B. Evaluation Properties Having Binary Values .................. 22
L. Distance Measures Where Values of Evaluation Properties Are
BInary ..ot e e e 23
20 C. Scaling of Evaluation Properties ............................ 24
IX. ImplementationoftheInvention ............... ... ... ... ..., 26
A. Generally ...... ..ottt i i i e e 26
B. Implementation of the Invention in a Computer Program Product .. 28
C. Operation of the Present Invention .......................... 31
25 X ExampleoftheInvention ..............coiiiii i iiniinnn.., 32
A, Operation of the Exemplary Embodiment .................... 34
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1. Rel ati onshj ps or Distance, Measures, \Were K Values  of .
not be known), exact or inexact (i.e. some or all relationships may be given in terms

10 of allowed ranges or limits), symmetric or asymmetric (i.e. the relationship of object
A to object B may not be the same as the relationship of B to A) and may contain
systematic or stochastic errors.

The relationships between objects may be derived directly from observation,
measurement, a priori knowledge, or intuition, or may be determined directly or

15 indirectly using any suitable technique for deriving proximity (relationship) data.

The present invention iteratively analyzes sub-sets of objects in order to
represent them in a multi-dimensional space that represent the objects.

In an exemplary embodiment, the present invention iteratively analyzes sub-
sets of objects using conventional multi-dimensional scaling or non-linear mapping

20 algorithms.

In another exemplary embodiment, relationships are defined as pair-wise
relationships or pair-wise similarities/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 altemnate 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).
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principles to iteratively refine an initial (random or partially
order ed) ciogtedignt itemoetcoExeept chemicalicampeunsishast i ¢ rel ati onshi p/ di st ance
errors. The data can be conplete or inconplete (i.e. sone

rel ati onshi ps bet ween objects may
IL Sub-Set Selection

The present invention iteratively analyzes sub-sets of objects in order represent
them in a multi-dimensional space that represent the relationships between the objects.
15 In an exemplary embodiment, the present invention iteratively analyzes sub-sets of
objects using conventional multi-dimensional scaling or non-linear mapping
algorithms. In this embodiment, the objects in a selected sub-set are analyzed as a
group using a conventional algorithm, such as, but not limited to, those described
above, for example. In particular, the coordinates of the images corresponding to the
20 objects comprising that sub-set are refined using convention multi-dimensional
scaling, non-linear mapping or any other suitable algorithm, or the pair-wise
refinement algorithm described below.
In this embodiment, sub-sets of objects can be selected randomly, semi-
randomly, systematically, partially systematically, etc. As sub-sets of objects are
25 analyzed and their distances are revised, the set of objects tends to self-organize. In
this way, large data sets can be accommodated with conventional multi-dimensional
scaling or non-linear mapping algorithms.
In another exemplary embodiment, relationships are defined as pair-wise

relationships or pair-wise similarities/dissimilarities between pairs of objects and the
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| ; . AT L . )
sote of " oby eiedr o oIHE AR tmen s ReSRRRY  OF XABRRT bRl S RN o

mappi ng 20 limiﬁ_n%’ﬂ gorithns. I n anot her exenpl ary
enbodi nent, relationships are defined as pair-w se rel ati onshi ps or

pai r-w se sim | ailnth alématesmboldmment,i relatimeshipsaire gefined asfN-olisecrelationshipst he
present inventjon itergtively analyzes a pair of objects at tine.

B ef or bl v o8yt imridesialesRaTiar befulitomuinly A5 i JubiEsoRelst e

| oop. 25 ; ion iterati ,ﬂ@é 629} MR, ' | efined
as N-w se rel?\g? fl%rhgﬁria%géiy%ﬂal?iets?%r 18\(/)VI se g??nﬁq{g’r?thiéjgy gf@é@%@ﬁa itflgs

bet ween nul tthan & dhjpbementatincofl this glteersaten bmbodiment wiilh\bendpperent tepetsonse! y

anal yzes multjple objects at a tinme, where Nis preferably greater

t han 113 Irrplskﬁu\?ﬁﬂ% Féﬁewtﬁ‘ﬂﬁ)s al ternate enbodi ment will be apparent to
per sons skilled in the relevant art(s). WO 99/ 57686
PCT/ US99/ 09963 -10-

The term " oldfect 'Congiete LaireWisa Relutivnship Midtices withwpe Unyertainties but e,
conponent, el enment, ingredient, item etc., where it would be
useful to represent the simlarity/dissimlarity between instances

component , el ereny Deraca kR dGid hitein R e tergive RPRRAL fasclid | D1 D
way of il | ustochastionr distayitanedysesioss. The Hisclessiohdn thix seeribe assatesrihankll pairpounds,
wise relationships are known, and they are all exact. As in traditional MDS, the
15 method starts with an initial configuration of points generated at random or by some
other procedure (vide infra). This initial configuration is then continuously refined by
repeatedly selecting two points i, j, at random, and modifying their coordinates on the

display map according to EQ. 8:
x,(t+1)= fit,x,(0.x (D).1;) EQ. 8

20 where t is the current iteration, x,(f) 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:



processes, machi nes, conpositions of matter, articles of manufacture,

el ectrical devi ces, nechani cal devices, financial data, financial
i nst rument sWOPRZHE; o trends, financial rel ated traPEHUSINDI963
characteristics, software products, hdl@n traits and

characteristics, scientific properties, traits, and characteristics, etc.
I n an enbodi nent, 10 the invention op ;_a_tg_s(t))/i th any entity, data,
property, x}(’tﬂ-l‘l))ﬂtﬁ(t,xq@)mﬂm)mt);g(@mm,(t)u_gﬂggegi_@?}, item etc.,
except chem cal conpounds. 1. c§(tb- Sét'” Sel éct’i on

The present invention iteratively anal yzes sub-sets of objects iBR0o? der

r epr esent themin a nmulti-dinmensional space that represent the
rel ati onshi ps between the objects. 15 In an exenpl ary enbodi nent, the
present invention iteratively anal yzes sub-sets of obj ects using

convent i onwherswli the Gieration namder, a,calukiog -Q(Of).Odied (D8 an HBRBE parameter
algorithns. In this enbodi nent, f_he obj eCts in a sel ected sulg-set ar e

anal yzed asfesred to hereaflesups ¢ nideaaming nvatelt i boredwing gfoint henrat unétwask  but
not limte t hose .descri bed ahove, for exanple. In particular,
the coor di%ﬁ%@glogy “thEs ipﬁ%fﬁﬁsslscrﬁ??aé?pa‘icﬁ ﬁﬁe‘fﬂ"‘f‘ﬁ"é ‘Z‘%"Yrél)esf op Bpidlcsame
conprs si nGglbbelerrd Brifedlon 3§ ﬁﬁﬁiﬁfiiéﬂ%tﬁiﬁ'sﬂﬁe&v?&%ﬁ d Ofkriék! %1gjgg§ﬂ§%gpal
scal i ng, non-linear mapping or any other sditable algorithm “or e

pai r - w se of iterations pxsitiypicatiytequirefioiat hievelstatistichlcctratyn . I'n

t hi s enbodi ment.., sub-sets,of .ohjects can be sel ected randomy, sem -
randonly, systeHit i%gﬁ?é/,deﬁﬁ'i‘lﬁ%]al OVesyiS ¢ Erpiseent | 9f nspral petwetk-basks of

obj ect s argropipation traMilak YRTbRN Bl SRl ReGeslignc | P e set of
obj ect s telﬁdgét o sel f-gééani ze. Ie%% Reg’le%{t?’ﬁi ?‘\KE{;&L{ Zé/#gggeg!éﬁtlgns%q can be
accommodat4xkivsis in denBeatvicvnbSciondet.i PHID MFesisp Batvard Universi6 atdnitdidge,
non-J i near anot her exenpl ary

enbod] nentM]Xrigll%Ig?ﬂ (ﬁ%lg%f‘trilgéggg%M%ﬁl%’ Fds.y P Wf“lllgl Distributed Pro¢essingnshi ps
or pai - W B IcaRbhsPdn thk Kb s helle FCIgnSifonD oIS MRS, VUanaSS ia2Nd the
(1986)) and Kohonen’s self-organizing principle (Kohonen, Biological Cybernetics,
43:59 (1982)).
The learning rate A(t) in EQ. 9 plays a key role in ensuring convergence. If A is
15 too small, the coordinate updates are small, and convergence is slow. If, on the other
hand, A is too large, the rate of learning may be accelerated, but the display map may
become unstable (i.e. oscillatory). Typically, A ranges in the interval [0, 1] and may be
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

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

A= (g + 12" Py 1
T 1+ ar,

EQ. 10

or
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Novel al gorithns and techniques for pair-wse analysis is provided in the
sections bel ow. This enbodi nent is described for illustrative

pur poses onl a.rl?l__ [ —Suiny i miting. In an alternate
enbodi nment , g@l a Bﬁ_sthi pg ar edefi ned as N-wi se rel ationships EO. 1 or
N-wise simlarities/dissimlarities between nultiple objects, ang't%e

pr esent i nvention iteratively analyzes nmultiple objects at a tine,
where N is phelesl,adnd XL eaé e (unweighted) fafing and %ﬁ&ﬁg@éﬁhﬁhﬁMuch Rhaft
alternate enbodinent will be apparent to persons 10  skilled in the

rel evant ar ds)Amin€l0, 1], tis thel‘fmafnumbquﬂreﬁ@nmt stepy @lerationsyt t tsribeicprramit ri ces

ith U i nt , . f h..ad h i
O o ST bl kv copgentsenind Blof I T ARD1 RRSERRRYGR, Por el
errorss TheagirsigSthetotBetidh &t R 5@%&'@& RS Ef‘é@ﬁngawdiﬁg%yi‘ map which W se

rel ati onshi ps are known, and they ar exact. As1nt t1onal MDS, the

15 met hprksavesr thortwangde iaterdctions mbrecfaithfufjy tlzni long-cingp onex Wejghtingaised at
random or by, sone, . of.her procedure (vide infra). This initial
confi gur at i Biscyssed ingreates detal pl9%-y ref i ned by repeatedly sel ecting

two points i, j, om.: vﬂ&ﬁ yi : ' d?']gla- t.he.

di splay map accor %n(g;gfapg Eanf"%g eL 61”%115;%[%3%0????%1 :Hlerlér?(?s ;Qx‘?ual

EQ 8 20refinemediter poskibles It he oftwtr eufficidnerthati die, pair-ovise eltiarbips[ fer] (t)
are the current coordinates of the i-th an ' poi nts on _the

di spl &) maprepxgserted cply13prapmelly etovedore %ﬁ@ﬁréssmmjf% ter?‘i 1qnelagy oft then t he
di spl &y 12D o @il Hliok W8, BN At 684120 B OF R ki " 2
process. Moreover, as the display map self-organizes, the pair-wise refinements
become cooperative, which partially alleviates the quadratic nature of the problem.
The embedding procedure described above does not guarantee convergence to
15 the global minimum (i.e. the most faithful embedding in a least-squares sense). If so
desired, the refinement 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



we attenpt to approximate on the display map (vide supra). ,

[err](.) | above can assune _any functional form ldeally, this
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exanpl e, A.) may be given by EQ 9: : WD 99/ 57686

PCT/ US99/ a8g®¥n, when some.of the pair-wise relationships are uncertain or corrupt,-ck%oth
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to hereafter as the 'learning rate', borrow ng from neural network
term nol of).. TSparsePairdbise Relatiopsitp Matrioes without Uhdertifies Of cycl es, or

until sonme 5 gl obal error criterionis mnimzed within sone
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traifing feldiohstp ndaiio ¢ ifdomphas iiRD whbl Worhe WfSthé %ﬁrﬁbﬁ@r&hﬂi&ﬂh@g%
Anal ysis in the Behavioral Sciences. PhD Thesis, "Harvard University,
Canbr i dgeunkngwn. In fhis casgya similarhlgruitkshtarthe anel disctibed lahovk cdhdbe psedar al | el

D stri but P Walol pl orations i.n.the M.crostructure of

Cogni ti on&ﬂb/otbe%%g‘%ﬁog bt the ﬂéﬁﬁ%‘“} gag?esmer pairs Of Pagse “&Hﬂh @honen' s

sel f - or gagelatioAshipy 4r8 kKinBwE. Inl thShebPWhe oS . 43: 59

(1982) ).g ° _ﬂnw Theﬁﬁggirag?rt]}é%lg%e [e@%?%ﬁﬁ%&ﬁgn%ina?gc % key

_rol e in etheusatisty therknovgepaiewisef rejationghipss thes unknowro paiswisd reldtivasiipor di nat e
po

updgt es ar .1, ,and convergence is slow. Jf, on the other “hand,
[ert] is ?%BFH%’ the, ‘Ff’é“sr‘ea?fgregf‘elpﬁ%fﬂﬁdn%}’eﬁﬁ’?h%é‘SSA’EteeV@PQ% that legditorane

di spl ay ngugisaB embeddigbcﬁ‘tRéTFn SleBlbofistips. €. 0scillatory). Typically,
[err] ranges ian[ he intnerval 0, 1 angs rklsy be

Depending on the number of missing-data, there may be more than one

satisfactory embeddings (mappings) of the original relationship matrix. In this case,
different configurations (maps) may be derived from different starting configurations

15 oor random number seeds. In some applications such as searching the conformational
space of molecules, this feature provides a significant advantage over some alternative =
techniques. All variants of the original algorithm (see Sections below) can be used in

this context.
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 thé 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



fixed, or it may decrease nonotonically during the refinenent process.

Mor eover, [err] may al so be a function of i, j and/or r[err], and
can be used wOSspi%§ different weights to 20 certain obj BETAISNIPSY
rel ationshi ps. For exanple, [err] may bg-conputed by: [err]
[err] or WD 99/ 57686
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rates such tduase of the refinenents fh djstdnee of the cotresponding imagesen thef displhy mepent
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b t. .
constant scHi Wﬁﬁ’“%eécm Eengeglas fio Igaﬂlsﬂ&rgﬁ‘é@én fe the gaopdingips 1mages
decr easi ng egLlon / i pRAs, thus creating a display map
wnich o bistpBRLd Gy b, B BRALASERA G PAS 1R LR Nl Tyt han
| ong-range ones. Weighting is di scussed in greater detail bel ow
One of the main advantages of this approach is that it nakes parti al
refinements ypssiihe A4 % Apx ) en gufficient that the pair-wse
rel ati®nshi p§?§fe910f(’ ‘%pge)éé?ﬁ%d only approxinmately to reve®Q.flRe
general structure and topol ogy of the

Conversely, if d;; is smaller than r,,,, the coordinates of the images are updated

using I, as the target distance (Eq. 13):

Xi t+ 1) = f(t7 xi(z):xj(t)lrmin)

EQ. 13

If d;; lies between the upper and lower bounds (i.e. if r,y;, < dj < 1,0, nO correction is
10 made. In other words, the algorithm attempts to match the upper bound if the current
distance between the images is greater than the upper bound, or the lower bound if the
current distance between the images is lower than the lower bound. If the distance
between the images lies within the upper and lower bounds, no correction is made.
This algorithm can be extended in the case where some of the pair-wise
15 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
represeﬂted 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
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unknown, when spje fd%feﬁxﬁeﬁhg R3¢ terilie fhal %e%‘g@ﬁ@é&%@faséci{)}%é@& o degltnﬁe’x%t&émr rupt,

or both 0 OoVve. ese’ cas are epara bel ow.
| V. Spar e inawkich\tiectafget disiafctsisispledled eitb@Saiddnily Wr LS piobhbilityethat

15 depends on the difference between the current distance and the two nearest range
boundaries. In the example described above (d5 in FIG. 5), a probabilistic choice
between 2 and 3 as a target distance could be made, with probabilities of, for example,
0.1 and 0.9, respectively (that is, 2 could be selected as the target distance with
probability 0.1, and 3 with probability 0.9). Any method for deriving such

20 probabilities can be used. Alternatively, either 2 or 3 could be chosen as the target
distance at random.

For example, bounded uncertainties in the pair-wise relationships may
represent stochastic or systematic errors or noise -associated with a physical
measurément, and can, in general, differ from one pair-wise relationship to another. A

25 typical example are the Nuclear Overhauser Effects (NOE’s) in multi-dimensional
Nuclear Magnetic Resonance spectrometry.

An alternative algorithm for dealing with uncertainties is to reduce the
magnitude of the correction for pairs of objects whose relationship is thought to be
uncertain. In this scheme, the magnitude of the correction, as determined by the

30 learning rate in Eq. 9, for example, is reduced for pair-wise relationships which are

thought to be uncertain. The magnitude of the correction may depend on the degree of



The general al gorithm described above can al so be applied when the

pair-wise 5 relationship matrix is inconplete, i.e. when sone of the
pai r-wi se-relV@PYHSM ps are unknown. In this case, a BOCTU$:/09963
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Pair-Wse Relationship Matrices with Bounded Uncertainties 20

The general al gorithm descri bed above can al so be applied when the

pair-w se rel ati,onshi ps contain bounded uncertainties, i.e. when
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the prescri ROy POHARS and ﬁ?o@%%ub&ﬁﬁ#ﬂ%%ﬁc@?sﬁng. In gther WB@% té% | gjtreét%\o\%f hi p

between two objects, I and j, s give erns -of an upp
is to identify the corrupt entries and remove them from the relationship matrix. This

-

process results in a sparse relationship matrix, which can be refined using the

15 algorithm in Section 1.2 above.

VIL. Modifications of the Basic Algorithm

In many cases, the algorithm described above may be accelerated by pre-
ordering the data using a suitable statistical method. For example, if the proximities
are derived from data that is available in vectorial or binary form, the initial

20 configuration of the points on the display map may be computed using Principal
Component Analysis. In a preferred embodiment, the initial configuration may be
constructed from the first 3 principal components of the feature matrix (i.e. the 3
latent variables which account for most of the variance in the data). In practice, this
technique can have profound effects in the speed of refinement. Indeed, if a random

25 initial configuration is used, a significant portion of the training time is spent
establishing the general structure and topology of the display map, which is typically

characterized by large rearrangements. If, on the other hand, the input configuration is
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bound, r[erVPI¥AW8% [err], respectively. Wien this pair of o P 063
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bet ween the i mages lies within the upper and | ower bounds, no correction is
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of 2 can biellowed by a phape of mpulad refsmentvat nsing gldbal &mpling, and the process is

Various possibiJities for a single hypothetical pair-w se relationship and
the 20 IePEA?%nt di stance of the correspondi ng i mages on the display map

are i1l ustrat edgfdlySthe basic algorithm does not distinguish short-range distances from

long-range distances. EQ. 10 and 11 describe a method to ensure that short-range

15 distances are preserved more faithfully than long-range distances through the use of
weighting.

An alternative (and complementary) approach is to ensure that points at close
separation are sampled more extensively than points at long separation. For example,
an alternating sequence of global and local refinement cycles, similar to the one

20 described above, can be employed. In this embodiment, a phase of global refinement
is initially carried out, 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
is 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.
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pai r-w se rel ati onship. Distances dl1-d5 illustrate 5 different
possi-biliti eWQ 57686 current distance bet ween t he camOTARIYOEE3Q
i mages on the display nap. “Ar'r ows 516, _fl8, 520 and 522 i ndi cate

the direction of the correction that should be applied on the inages on the
25 TAp. AT OWhe Rcthadl Hesttibed Bbrin B oy %le %g&ﬁf& indrBb&a! effleh B! ThAC

coordi nates of the

PCT/ US99/ 09 %6 Starting from an orgamzed dlsplay map of a set of point, a new set of points fxy be

associ ated i es on thg#%@ map, shoul d be updated so_that the inages
cone ﬁhswslg@ebmanﬁsm@ pRsaking; this ﬁétqniswly
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case 0§ a sexmhplanyandedindnt, ttlitﬁn@tlﬁdt efpoitlispha e diffusad’seloqhé @ﬂstﬁ@ thapf S
i mages on the display map lies within any of the prescribed ranges, no

coor di nat e using a modficatien of the basigrlgerithim; egcnbedab@vedln particul@, EQ) 8 ahd 9not

the correct] ' | i the . ran oundary as the
target di stg%gléé ?sie_ﬁgg,upg%gggfygige HPW@‘&“‘%?’ fon, fie pP’E&QFﬁ?F € f the
rel ationshi pndafdsWeR th@sdlct@pdddicon@fn AUREbSe hbigS [Tnat] -
[3,5] and [6,7] and the cuerﬁ!r%nt drllstnance of the rgg%eégﬁ/%ﬁﬁﬁigeés% 2.9
(d5 in FlI G isgiwo paints are selrstedat rapdomsn thaahebaqj loae ef theseypifits dslohpetd the get

di sta e (r

e co%ﬂ?’%{g sgg gﬂgmﬁ%‘ffi’f (?ﬁcq’tféﬁ%ﬁmﬁt may Pﬁé’ff‘ﬁ?‘b@@glsﬁrngglgh’ggé;?\g?ri )S in

Eg. 8. approach describddhovdet ernmni stic criterion may be replaced by a
stochastic or probabilistic one in which the target distance is
sel ected either randomy or with a probability that 15 depends on the
di fference pﬁwe&n the cyrrent di stance_and the two nearest range

boundari es. éﬂﬁ‘p# TePerges %@ﬁe%bﬁdettf'e@tnsmwlllyfaaye Mgasyrenabi | i stic
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 ec]inedna&xhhﬁaltyaregﬁi)dﬁh@t,afiélﬁtmﬁships between mje&@bmhytueo 1,
and 3 with probabi I ity met hod for deriving such

pr obabi | i t  ¥Bregeifed as ﬂgélenzwdlwrnaﬂupe|13¢twmtheuobjsctsrorsa dmplad sp ahdsen as
the tgyget may be denv%ﬁ ﬁo?rpﬁr%pg}ltles orr}ge?(ures associated with the objects. Any similarity

measure can be used to construct the display map. The properties or features that are
being used to evaluate similarity or dissimilarity are sometimes herein collectively
called "evaluation properties."
For example, if the objects are chemical compounds, similarity between
20 objects can be based on structural similarity, chemical similarity, physical similarity,
biological similarity, and/or some other type of similarity measure which can be

derived from the structure or identity of the compounds.
A. Evaluation Properties Having Continuous or Discrete Real Values

Similarity measures may be derived from a list of evaluation properties
25 associated with a set of objects. For example, if the objects are chemical compounds,
evaluation properties can be physical, chemical and/or biological properties associated

with a set of chemical compounds. Under this formalism, the objects can be



For exanpl e, bounded uncertainties in the pair-w se relationshi ps may
represent stochastic or systematic errors or noise associated with a
physi cal  WO99/5768¢asur enent, and can, in general, differ fP&HEI09963

pair-wi se relationship to another. A-286- typi cal exanple are the Nucl ear
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dealing with uncertainties is to reduce the . magni t ude of the
cor r ect i ogompated by semgigeomplaicallistprreansasmg: i onship i s thought to be

by the 30 IF a8 PRFRGArRPRR the PronsPy shahJF Qe stk pfprig " "o
pai r - Wi se féfhraé bf BedRtiptordMFof Pedéifmical compousid Skkiiple, ithe Pﬁ)ﬁéﬁ?%&&i ém The "o

magni tude of the correction nmay depend on the degree o _
09/ 53686 be defined using one or more molecular features or descriptors. Such molecular

PCT/ US99/ Q9963 . . . as . . . -17-
uncertain &?‘%% JuaYa fnslpds; fopologisal fidices,, Bhpicogheymical Rﬁ"?@tﬁeél elestmsiaticn (for

exanpl e, t i rect t I
mp fﬂ'ﬁi parameters, vORBRI dnH I6rfle fabfin &GOS &E. Tﬂ&e:ww ! ﬁct }éﬁfclgir%,r bé%tpon di ng

proportional to the uncertainty assocli at e
pai r - W se arehattlingitegito aholetilat vedume and surface aredd, dipole moments, octgnoliwater of t he
errors i s unknown, _.then the errors,  can be (}%term' ned automatically 5

[s)

by the al @gRitopFociiicisatssaolar sefragtipiticsfjeats of formation, totg] energips, jipnixqtion
Re![ 61;)' Onsrﬂo&n’é@l&f hioferuldk %Eﬁ%ggi&g%ﬁgcegnﬁggﬁ %’bl{ o-65H1k vecéors 3D

Dat a SCT i e precedl hg Sections can

be appl i edtruttaral awdrer pifarii®phoric parametess, tlevtradc fieldgtetonshi ps are thought to
contain corrupt data, that is when sone of the 10, pair-wse

rel ationshi ps At shqulibbe padarstas howsevere Sk the presept inyeptiomis aidimited 1o t he
ot oot ed i SyORRIES e et HAteculpl 30 ok, rudl' BT S0
subsequentbiglogieslsftiviies bia eéthilTconipotids dgamsOil) 884y ¥Ebiological targets such
15 as enzymes or receptors (also known as affinity fingerprints). In fact, any vectorial
representation of chemical data can be used in the present invention.
It should aiso be understood that the present invention is not limited to
application with chemical compound objects. Instead, the présent invention can be
implemented with any data set or objects, including objects that are associated with

20 evaluation properties that have continuous or discrete real values.

1 Relationships 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 paﬁ, 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:



Is to identify the corrupt entries and renove themfromthe rel ationship
matrix. This process results in a sparse relationship matri x,

whi ch can be WOMP/AI86 usi ng the 15 al gorithmin Section 1.PCEUSS9H9963
VI1. Mdifications of the Basic Al gorithm I n many cases,
t he al gorithm descri bed above nmay be accel erated by pre- ordering
the data using a suitable statistjical nethod. For exanple, if the

proximties d =dO2k 5 ' Ve frromdata that is available in vectorial or
binary form the’i nﬁflfal # "3 Jconfiguration of the points on the display

map may be conputed using Principal . Conmponent Anal ysi s.

preferred enbodinent, the initial configuration may be constructed
fromthe first 3 principal conmponents of the feature matrix (i.e. the 3

| at ent vari abl es which account for nost of the variance in the data). In

practice, tRitirek is used td REBOTHE SRR M@pﬁp&{wwa%r,%tﬁ@p% <) Edrhe speed of
refinement. |Indeed, if_a random 25 initial configuration is used, a

si gni fi cant Kdrt4 isrthefcitytlockragi Mantpttan mestiic Bwartt 2.0, EQ. 14 issthahirdinhiyng t he
general strycture and .topol ogy of, i di spl ay .map, ich is typically
characteriz cg af‘af?%gc*rg%frfa"nﬁe th@ 15) ?%%‘"PHE‘ Bg\ﬂ@rgb?ﬁﬁ'& cp Kput
confi gyrat i Qistres, also referred to asVBe9% * metri ‘sup” metri

BCT/ LS50/ boses .a <.) refe o as"Be9YondiRbRe metric, the ‘sup metric, . the
partial |y ordéemetrict distapea. For amyi value afrefhne)bit car e cheivi tHaattiewdinkowsldi dl y to

an acceptable . . | evel ., ] If the data_is highly
clustered, PRFIS IS BAYGIDEHHE LanthobRY fleqligiance) prptuiates prd, in particulargtheas nay

be refined ltﬁ%%]qug[ﬁ%ﬁ'vely t han hi gh-density areas. In an exenplary 5
enbodi nent, thi's tendency may be partially conpensated by a nodification to

t he original algorithmwhich increases the sanpling probability in

| ow-density area? In . -one enbodinent, the center of mass of the
di splay map is i&enti ErelyatiomBroperties Having Binary Values

10 Alternatively, the evaluation properties of the objects can be represented in a
binary form, where bits are used to indicate the presence or absence, or potential
presence or absence, of features or characteristics.

For example, if the objects are chemical compounds, the objects can be
encoded using substructure keys where each bit denotes the presence or absence of a

15 specific structural feature or pattern in the target molecule. 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
importam electronic configurations and atom types (e.g. doubly-bonded nitrogen or
aromatic carbon), common functional groups such as alcohols, amines ete, 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



shells centered at that point are constructed. A series of regul ar
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cell. This process ifs hi Qhkdnbanfddsties : b Sy I nement
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PCT/ US99/ (d@&3 evaluation properties are binary or binary fingerprints). The most frequekitly

The net hods_descri bed herein he ysed for increnental refinenent. That
is, startify P16 CBP’{;'%@ZE%?%’F&‘ aﬂftaﬂﬁ"p of a set of point, a new set of

poi nts nmay be added wi thout nodification of the original nap.
Strictly speaking, this is statistically
H=IXOR(x,y)| '
N
EQ. 15
15 which measures the number of bits that are different between x and y, the Tanimoto or

Jaccard coefficient:

T= UND(x,y )
ORGx.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:

Do 24ND(xy)
20 M"M

EQ. 17



acceptable if the new set of points is significantly smaller than the

original set. In an 5 exenpl ary enbodi nent, the new set of points nmay
be ' diffusedWaO %368he exi sting nap, usi ng a nodi f i eaTNES99/a8963 he
basic al gorithm described above. In parjgicular, EQ 8 and 9 can be

used to update only the incom ng points. In addition, the sanpling
procedure In thE BqALIESs i ablobe, €D ' 'tﬁngg one
point fromthe incom ng sest. Th%t ’ &&?gstﬂéftnmiegse%g%ﬁ ar séétgggé?ed at
random so t hbitsathatl ara Son’dndotf set).OR(ROY s shdanion 98 ‘inclusike or’16F x and pcom ng

set. Alterngtively, eagh new poing .be diffused |ndependently using the
appr oach de@’c‘:‘?iﬂﬁf’éareaBBvE’. either or y), )P&%I“I e Eﬁf‘&f%qfoﬂfp?‘%&(blﬁse%ﬁ are
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r epr esent edthadergthof the binasSe@ingdabired 81 bits (@Soi@dngeen the objects on a
di splay map and 15 mai/ be derived fromproperties or features
ag

associ at ed wi t h Apethenyopelas metyig/issherEnelideny distance whichninethe ceseadibitmey used t o
construct t | spl he properties or features that are
bei ng used {Lgs’g%nﬁeé%{ag@%@m‘ty or dissimlarity are sonetines herein

col l ectively cal l ed "eval uati on properties."” For
exanple, if the objects are chem cal conpounds, simlarity between 20

obj ects can be E@fﬁmral simlarity, chemcal simlarity,

physical simlarity, iological simlarity, and/or songQother type
of simlarity neasure which can be derived fromthe structure or

i dentigy of the conpounds. A Eval uati on Properties

Havi ng Conti nuous or Discrete Real Val ues Simlarity

measur es neyhese NOd(x)ederdatesnthe bimsty cbmplemenatdfon. [he pexpréssion 2FKOR(x,
associ at ed W set of objects. For exanmple, if the objects are chemi cal
conpounds, %&‘@)ﬁ r‘?’pé?/sﬁf‘tﬁéﬁﬁ Jb‘ﬁnclfff(?ﬁg‘ﬁ ﬁhétsarEé nBEaI%i@Pééﬂ(?lﬂ?ﬁérﬁ & s)and/ or
bi ol ogi cal HOPREIdeES dRERRE i€hSsbod measpre E\ftsf?nif”ari%e'iwh% tﬁ@%ﬁﬂa&alsetg%@ounds'
Under this formalism the objects can be -
relatively rich, and is mostly used in situations in which similarity is measured in a
15 relative sense.
In the compound example, the distance between objects can be determined
using a binary or multivariate representation. However, the present invention is not
limited to this embodiment.
For example, the similarity between two compounds may be determined by
20 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.., evaluation properties) may be scaled

differently to reflect their relative importance in assessing the relationship between
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repr esent ed¥9%9B8 ors in multi-variate property space, and RGTAY§9/09963
simlarity may be conput ed by24ene geonetrical distance neasure.

In an exenpl ary enbodi nent, the property space is defined using one or nore

features (compemdsibbmfjm?mpﬁ)la propertyhd can be atssilgmvdullrme:igl>1tacrf]:531f ancti flpeopertyper t y
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I ndi ces, Bmﬁéfeﬂiﬁﬁ@ &ggct rostatic field

par aneters, une an sur ace pa etc. These features can include,
but ~ ar Amotdinglyi EQd 4tcan ben¢pdaed by B@I19e and surface areas, dipole
monents, octanol -wat er partition coefficients, nolar

refractivities, heats of formation, total energies, ionization 10

potenti al s nol ecul ar connect i vity indices, 2D and 3D auto-correlation

vect ors, -d 2—: ur.ajyand/ or pharmacophoric parameters, electronic
fields, etc (x’x)(s tj e lshould be understood, however, that the
presént i nvent ionis ot linitéd to this enbodi ment. F&Q.dRanpl e,
nol ecul ar features may include the observed bi ol ogi cal activities
of a set of conpounds against an array of biological targets such 15 as
enzymes or receptors (also known as affinity fingerprints). In fact any

t | '
vectorial where w, is the HefheBf AkkoR ﬁ{)g&@ﬁgq& i 6F ol agge %ltﬁ.g%

present invention. al'so be un at the
present i nuenhalizatios cm:tﬁcllentrnl{cmb\/en other weightmgysbhemdsnmy aléd e ushém cal

conpound obj ect, stead, .the present venti on can_ be i npl ement ed
with any data s’@@sstr‘ ngfvesights) neﬁftnat%amgcn}re QughAyk the eatiremaiig B¢ with 20
evaIuat|o Sedl t

Rel AFTAGECHL B2ed ”&‘fi’f ARHErRC HOWEN, Bho A fopd BfforkPlubghis

EvallOat | orshéll bpaefeired té\as gl.?xhally maiglﬁe(b(xsﬁinemh&f),ewﬂe:ehs maps derived from
Nunber s an

t echni que Ng8aHifogn d@?‘@?tﬁnsh@ ke zgierre (ta‘? gfe i?qab}ﬁ s"I’Flflglhts‘gEE ai‘fgg'rﬁi'&l‘t?sornbas ed on
sel ected Ei&?ah%élgﬁ'teﬁ’ 'S ﬁlb%latta_llfkﬁipga(ro{‘ id&tﬂn%s) on the display map reflect a
local measure of similarity. That is, what determines similarity in one domain 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 Kaufman, 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.



di stance neasure that is used in any given situation depends, at least in

part, on the set of values that the evaluation properties can

t ake.- WO 99/57686 For exanpl e, where the eval.uation propeRCi/fus99oe9s3t ake
real nunbers as val ues, then a_ggii tabl e distance neasure is the

M nkowski netric, shown in EQ 14: WD 99/ 57686

PCT/ US99/ 09963  Display maps can also be construgted from a relationshl\'}) matrix t’h%g‘;ljs ndte ']
where k is used to'index the elenments of the property Vector, an
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metric. For r = 2.0,. EQ 14 isg the qrdinary, ) Euclidean netric. For
r = [err], E@mﬁci’ lfséntsg%aq?&ﬁi BngquRé‘s@Bs(bFuF@at&%h‘Hifﬁa‘it@n) igdefined

di st ances, r z{n?;ﬁt' i BEH MM usifE b oSt - SUYP: ric, or
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can be5showfuriction. In ks ébédimeit, each training cayetis Tﬁodiﬁecﬁwﬁth%&ﬁﬁﬁide'i?nqﬂonei It
obeys the di sfance postul ates and, in particular, the ] riangle

i neéual ity. an the vatues of the corresponding payainetensi Pusferabiyp do construsta displagimanr y

Val ues 10,4 [ ivel the.eval uation properties of the

obj ects can' be hrrgg?céssghr?@ego%?fr}%é\{m& %lauonﬁwsni?ey%ﬁtawﬁ SAEFL T PNty IS ysed
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absence, of features or characteristics. ‘ ) ‘ .
resulting distances are averaged, and are used as input in the display mapping

10 algorithm described above. If the point-based local distance functions vary in some
continuous or semi-continuous fashion throughout the feature space, this approach

could potentially lead to a meaningful projection.
IX.  Implementation of the Invention
A Generally

15 The invention can be implemented in a variety of ways, using a variety of
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
exemplafy 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
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1. Di st ance Relsiongip/bendmaiéabutesetoi61Bvaldiassooiatddr aatidnskps 120 are

Are

l§i har %rovided to a coordinate revision module 622. In an exemplary embodiment, one
relationship/coordinate sub-set 618 is provided to coordinate revision module 622 at a
time.
A sub-set selector module 636 can be provided to select
relationship/coordinate sub-sets 618 to be provided to coordinate revision module
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 (telationships 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
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pair-wise analysis such as, for example, one or more of equations 8 through 13, or
variations thereof.

When coordinate revision module 622 performs pair-wise analyses as
described above, it can apply the learning rate A to ensure convergence of the distance
between coordinates in relationship/coordinate sub-sets 618 and the associated
relationship(s) 620. Coordinate revision module 622 can be designed to represent
precise or imprecise measurements of similarity/dissimilarity (relationships 620). For
example, coordinate revision module 622 can be programmed to handle complete
pair-wise matrices that do not have uncertainties, sparse pair-wise matrices that do not
have uncertainties, pair-wise matrices that include bounded uncertainties, and pair-
wise matrices that inclhude unbounded uncertainties (i.e., corrupt data), or any
combination thereof. Coordinate revision module 622 can also be programmed to
diffuse additional objects or data points into a set of objects, as described above.

Coordinate revision module 622 generates revised coordinates 624, which are
returned to coordinate module 616. This process is repeated for additional sub-sets of
coordinates 618 and associated relationships 620, and is preferably repeated on the
same relationship/coordinate sub-sets 618 and associated relationships 620, until a
prescribed tolerance or some other criteria is met.

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

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.
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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 2 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 "coniputer program product” is used to generally

refer to media such as removable storage units 216, 220, a hard drive 212 that can be
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software can be stored in a computer program product and loaded into computer 202
using removable storage drive 214, hard drive 212, and/or communications interface
222. The control logic (software), when executed by the processor 204, causes the
processor 204 to perform the functions of the invention as described herein.

In another embodiment, the automated portion of the invention is implemented
primarily or entirely in hardware using, for example, hardware components such as
application specific integrated circuits (ASICs). Implementation of the hardware state
machine so as to perform the functions described herein will be apparent to persons
skilled in the relevant art(s).

In yet another embodiment, the invention is implemented using a combination
of both hardware and software.

The computer 202 can be any suitable computer, such as a computer system
running an operating system supporting a graphical user interface and a windowing
environment. A suitable computer system is a Silicon Graphics, Inc. (SGI)
workstation/server, a Sun workstation/server, a DEC workstation/server, an IBM
workstation/server, an IBM compatible PC, an Apple Macintosh, or any other suitable
computer system, such as one using one or more processors from the Intel Pentium
family, such as Pentium Pro or Pentium II. Suitable operating systems include, but
are not limited to, IRTX, OS/Solaris, Digital Unix, AIX, Microsoft Windows 95/NT,

Apple Mac OS, or any other operating system. For example, in an exemplary

For
|es derlved
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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., cofrupt 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
coordinafces can be done randomly. Altematively, 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

20 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 tasks 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
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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
collectioﬁs (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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processor ZdracteBERS6&EIng CHerhiRalCedniRGhEMN aQlishl£HHHR SHall HomObe dugeribeds .

with reference to a flowchart 302 shown in FIG. 3. Unless otherwise specified,

15 interaction with users described below is 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 ina 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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Vari ous sofYQR&Y&¥68hbodi nents are described in terns of thisPOTAR3MRI63
conput er system After readindfthis description, it will becone
apparent to a person skilled in the relevant art(s) how to

i npl enment properties)\physicalpropérties, bidiegical quepetrties, stestofnlle compounds seledted
conputer architectures. 5 Conput er 202 al so includes a main
menory 208 S%3Mer abl y random access menory (RAM), and can al so

I ncl ude one or ice . S y
st orage devi celg%%ng(g&n&?%fyu(gg?’P%S%gﬁgg%\r(rlgﬁ’e@ea%é%gtf y ialgﬁu%lr E@g&g% and/ or
a renovabigy seosedied diffsrenthido feBpEtedrit rdl@ive thpseancei imk aghessiiy the magneti c

tape drive, .~~~ an optical disk drive, etc. Renovable storage drive 214
reads fr oproxivait (i.ey similarityo op dissimilarity)chatyess eve compeendsni Accordingly, a wel |

mmgnet i o Batin SRR, e AeR S8Es i fotor for gach §£7E SRRGHEA HalpulER ' S,
by renovaplopertit®r Mot fHat YiechZskibctibie OP YK factr® isgstional. t TR Gsdrickd@Rs 2

conput er usabl e storage nedi um having stored therein conputer
sof t war e seleét aiscalefastor for each selected evaluatioalprenertyt iIf/the antralvesinotisslect hie

ter 20 i.ncl ude ot her .si i 5 for allow t
o1 001 et SRS R T EGR VAR PROBERy NGt e Ypluaion raperos even s 5o

meafp cangdrigt MdR fabtef, sBtPdSUnfy. @ renovabl e storage unit 220 and an
I nterface 218." Exanpl eS of such can include a programcartridge and

cartridge i nt eAlemeti¢edy dnstep 306, the asertchneleCbtonmtriave simiidarity/dissindbwitg es) , a
removabl e nory chip (such as an EPROV, . r PROM and associ at ed
socket, aYue PRl almorgmnagéelﬁﬁtﬁf‘gnm 30ty o @ sourey ichoges 218
whi ch al | t agpd.: : £ r & f dopdBal

st or age u%&%om?%&go%ﬁ@wg%ﬁ%& GakBL A e &ﬁw c%?p%?? g‘ggés%éan al so

I ncl ude agaeraedli datdnotiter i epitexiimear, Hie2user in step 306 noamnelecit foodeaermiher f ace

222_al lows software and data ta be trapsferred between conput er 202
and$xt or HERIZEEStesmilasy wabics usiog ey el up tesbaiqus OEProsedire 22 25

i ncl ude, but a ' I Lt t, L nt . as an
Et her net G B9 308, i bihefurBIRGIIE 105 o¥hkrtck i 61 PGP D, 20 20
Sof t war e Thid néatdisplay map includens peint fd enclrofthercampmnaids selsctediinstdpedd. 222 ar e

in the formof signals (typically data : on a carrjer) which can be
el ect r oni Alsoeinsthis Rave displdycman Sk distaneg bejween ary tiympeintsdp sgnresentative  of

bei i yved: i.cadi i f .l ot hi
docuent . ot e SN BBy 8F R colrblnoRifie Safhpotils, The mapperip e ™ ©
refge to tedhap gemetating miciiily diY gerptatdsatie newi QispldF map’ @Al v BE Curthiel ve 212

that can Reescribed 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.
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renoved fromwO8%§WBlput er 202, and signals carrying software RCBS996996BY
t he communi cations ‘interface 223 These conputer program products
are neans for provi ding software to the conputer 202.

Conput er progr anf, 4 414, GaetRAnGOMANE 5 toCRRhibatk s or 6t Eimfhk. Tra/dEisiol T N
5 menory and/ or secondary storage devices 210. Conputer prograns can
al so be 1s maderte oot tenuineteat thinpuint] then cante] rettuas feostep 2082 . Othwike, sepput er
progr ans, execut ed, enable the conputer 202 to performthe

features owfﬂgpﬁffm i nvention as di scussed herein. In
particul ar, the t
processor 204 toﬁggrp#g?d;rht%g&?%g%a ;@Wﬁ?& gesréan P’E\%enaﬁ%lﬁy map is

Accor db ngl ycompiete).10 corrputer prograns represent controllers of the
conmput er 202. an enbodi nent where the invention is
i npl enent ed usi nPetaids ragarding th?@eps of ﬂowch@@ﬂﬂ%meeim@awe@eb@por edina

(r:ggg\ljgglre sgoraggatﬁ%’u&’t % log%)g 9‘5 I?ilﬁ o e/lgg’csBmmec%ﬁ“f @ﬁﬁﬁy

interface maponan33t§ut&_éi'ﬁseqqm(ﬁ@haé@%xﬁp&t&%ﬁﬁﬁéﬁﬂwm gn executed by the
processor 204, causes the 15 processor to performthe functions of

the invention aslndserdlbdhe nsardntarface modules 108 enabld opwatoﬂsl‘tenmerabnvhlyrent
the ayt omat ed,portion of helnve tion is te primarily or
entirely in 'ﬁ‘g& c?groagﬁs > CQmpeuR ﬁ%‘Féem &%ﬁa‘&%’q lﬂ?(trga%uch as
appl i cation spectfd CpM&@QfxﬁEﬁtﬂmc'énﬁblbé S udef! {65) m th’ﬁpl Sﬂﬁﬂ% %dt he

|

.hardware state machine so as to performt e funct cr| bed
herei n wi | | visealizpiar display maptefasmsezi Itfein, the sétirl fodehponnd Misudlizhwotadisplay t (S) -
I n yet anot her, erpoodl ment ‘f"g vent lon is inplenented using a conbination

of both har BRY &fetsfosd rengds ay map). For exampie, serseagr addogdditionabe any

sui tabl e COEHh‘xﬁa%hdsﬁy b pﬁnﬁzagg S e ating
system supporting a ;@ap userhlﬁ&f“grfsﬂéce aengxag, hl%% %’3‘“’?’%“‘8@

envi r bhnent the Anaps eict dhlsecc caspy, pertinent SikdtionhlSstéps I flowRhartB 0P BicGepeatdds - (SG )
wor kst ati on/server, a Sun workstation/server, a DEC workstation/server, an

| BM Rorraple: stepy 304 (sslecting commauagsimman), o3 Ho(generatipp the displant osh,
or any ot hepsUiah@Bh8 (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 refinement 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 forj small molecules, polymers, peptides, proteins, etc. It may also be used to

25 display different similarity relationships between these compounds.

XL 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



conput er system such as one using one or nore processors fromthe Intel

Pentium famly, such as PentiumPro or Pentiumll. Suitable
operating RIUHES nci ude, but 30 are not limted to, | RFRUSREIE ori s,
Digital Unix, AX, Mcrosoft W ndows-385/ NT, Appl e Mac CS, or any
ot her operating system For exanple, in an exenplary WO

99/ 57686 defined herein for the convenience of the description. Alternate boundaries can be
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enbodi merflefingd s longrastherapeciied; fopetionsand delatienships thereefrarsiappropHai@lyaphi cs

Cct ane | Qb '19%%- Sifh ' . PpeAnd using
the Moti fpeaf;oggﬁquéﬁtggéﬂrﬁ B I'n géra?ljg?gngase Qﬂ;ﬁgﬁ%'g’}gdwﬁﬁgw ystem

C. Op evlditvied invehtibiandwosld bk abparentitd ersonsskilled in the relevaliekt@s)( i ng to FI G
7, operation of the present invention is illustrated in a . process
fl odchart 700.Teger finctionab buildingr blacks mayerhei dmplemented,sby adisareteor a
gener al case.Where a.rekationship.matrix 614 is a conpl et

ol - s SOPORETE ORI iR pogic ieardB GePEE blohesl RS PRATE pon ¢ he
descri pt i RRwvardidEths ke r 4§ Tombirtoh WdreofO0t is well withiPiiR stbipd bEend N the
relevant art(s) will be able to nodify process flowchart 700 to 10
acconmmodaskilledt inghe séleveat ari(s3 te develeps thef apprapriateptircuityh end /or softveard tmshi p
matrix 614 is a.s se.n-Wse or pair-wise relationship matrix

wi t hout dﬁl?é‘?’?%ﬂ‘m?% ; °§\ﬂga?é“§§mgm°°ﬁs‘ relationship matrix 614 is a n-wise
or jpai r-wi se rgial bR IRdABdvERELkptivhd shdROHMIRY, a person skilliGR thefelvaif: Wher e
arelationship matrix 614 is a pair-wse relationship matrix wth

unbounde cart{s)cweill txi able Implentent theqresept inderttin;in etwade tdriety of applicationsThe
process f eneral case where relationship matrix 614 is a conplete
pai r - wi seﬁi‘éqa‘ﬁ‘%f‘ W‘Hﬁ‘!"r?%ﬁzﬂ‘ﬁﬁ&ﬁ"eﬂﬂ%rtai nties begins at step 702,

wher e Wﬂﬂ%q}aﬂ%se efHBQB'i'nge{x%l Bf HRE o¥eR MPbRldnORSY BediPlLdcbdl4 TTrom

rel ati onshi p ‘dat abase
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.



In step 704, coordinate modul e 616 assi gns initial coordinates to objects

20 "associated with relationships in relationship matrix 614. Assignnent
of initial wo99s768600rdi nates can be done randomy. AlternaPCV8IS9%/09963 t i al
coordi nates can be pre- orderegyor partially pre-ordered.

In step 706, a relationship/coordinate sub-set 618 is selected from

rel ati onshi . px 614 for revision. Sub-se’;lm-: ME H: ct ed
random vy, s%“—’rlﬁrggﬁ‘i% systematically, part¥i& I@IH '"' *: 11y,
etc., by sub-set selector 638. In step 708, the sél etted
sub-set 618 and an associ ated rel ationship 620 are provided to

coordi nate revi si.on oeetlendod? refresenting adationships betweeam dbjeets G2 Aistanees e s
coordi nates in relationship/coordi nate sub-set, 618 gased .upon the

associ ated - r dToxe 0B apgther e display map, the method copypriging shes sigps

PCT/ US99/ 09963 . - 31-

In step 710, a determmnation is nmade whether to sel ect another sub-set for

coordisnat e revi S(ilpn. pldcirpaé bbjectt 6h el dispady magoor di nate sub-set 618 is to
be revi sed, processing returns to step 706 for sel ection of another

rel ati onshi p/ cod®di naelectinghassub-set of the objegts, israimithe selgeted subiselgokt ops at
step 712. 5 . . I'n an optional ,exenpl ar odi ment ,. coordi nat es
626 are provided i n bissts inchides *fﬁm%fﬁdo Fﬁr{lgﬂs}lﬁls\/?’g&ﬁef’zgﬁ?@ﬁ Wodtfi e 628
for display. Step 714e.reRdbg-per formed at any tinme during one or
nore of steps 706-1712. I n anot her optional exenplary

enbodi ment, rel g8) ongkwiging sheadiS@ice(s) bybveen dhe dbjects on the gisploy map asep 702.

In thjs optional exenplary. enbqdi nent, evaluation prqperties 636 10 are
recei med in step 716.°n|tﬁe%eéaélﬁngwfﬁﬁ%?e&tﬂl%ﬂ@ﬁ%m&eﬁs gf"é‘f"e 4 generates
relationship it ] I, t p 720,
rel ati onship dat(g) 630 i S%?%P%QZQ%HQ?) Ry‘f%kigﬁpié:?g%x?ggtgﬁ#gb attsa (glslzﬁeglz.

Processi ng proceeds tset ¢ftobjects02, where rel ati onship data 630 is provided to
coordinate nodule in the formof relationship matrix 614.

2. The method according to claim 1, wherein step (2) comprises the step
of:
15 (a) selecting a pair of objects having an associated pair-wise relationship.
3. The method according to claim 2, wherein the relationships between

one or more pairs of objects are unknown, the method further
comprising the steps of:
(4)  performing steps (2) through (4) only for pairs of objects for which an
20 associated relationship is known; and
(5) allowing distances between objects on the display map for which
relationships are not known to adapt during performance of steps (2)
through (4).

4, The method according to claim 2, wherein one or more pairs of objects
25 are related by bounded uncertainties, the method further comprising the
step of:



2 o e e ot ARG, e e

invention can be inple ted in*a %artet

a variety OYOPYPI86 of data. In an exenpl ary enmbodi ment, the FGTELS2HPI963

i nvention can be i npl emrent ed-38s a system net hod, and/ or conputer
program product for visualizing 20 and interactively analyzing data
relating to ch@ catvisingnbeldistancebrethe displayamap between a paihsflobjeees thiag ect s in
a rmulti-dinensional space_ represent simlarjti es and/ or

dissimlarities of qrﬁéeletsﬁibwﬁsha%‘éuwm Gubpyaded en%aﬂ%wc@de@taed

properties or . m; H[ OHRV
prescri bed net hod. e resu 0 |lr.1aglEest %refam&qﬁ%?negb F@gﬁl%ee%@%ﬁcea
sui tabl e graphics claus msﬁsufeh-peéiﬁed@hW| cs termnal, for 25 exanpl e),

and interactively analyzed to reveal relationships bet ween t he dat a, and to
initiate an array of tasks reI at ed to these conpounds.

I I nd , d Jhod. f
cvaluating si 1 ar | I ARe afenfid ) HRR 2R eRE b et Febr e A

di splay map ar@?élat@&hﬂs&ﬁfd@& aﬁicertauaieg QhélRRARd Hirither cBfipfising thed
conmpounds and the sel ected nethod. 30 The display nap has a point for
each of the sel ect ealielmfrrpounds wherei n a di stance WO
99/ 57686

PCT/ US99/ 0996 45) revising the distance on the display map between a pair of ob_]ec}thhat
between any two poigff feihted bfByA8EsRip With Qfooﬁﬁdéh'\ﬁ%é tg sﬁédd‘ﬂ:d &

bet ween the correspondi ng conpounds. A portion di sp ay map
i s ¥hen di spl ayed. ugper firdtr ef allowable relatiduskig vaiwes] ohlyr whén ﬂml Jistaned yze

conmpounds represent in the display na Alternatively, all pints
can each correspono‘eaﬂ%abﬁYP epqpémgﬁ‘iﬁﬂtﬁﬁg@“hr objects. 5 FIG 1
Is a block diagram of a conputing environnent 102 according to an
exenpl ary enbodi nent of the present invention. A chemi cal
data vi sual i za.i on Hcdmethbé acwokding toatlainy 3, whereisilone ot tdbré paiksisfusbjects
map generating nodul e ngd one.or nore, auxiligry user interface
Coﬂpgnent S 10% rejlated gy gounded uncertagnnes e me o¥1 further comprising the

step of:

15 (5)  revising the distance on the display map between a pair of objects that
are related by a relationship with a bounded uncertainty specified as a
lower limit set of allowable relationship values, only when the distance

falls outside the specified ranges.

7. The method according to claim 2, wherein one or more pairs of objects
20 are related by unbounded uncertainties, the method further comprising
| the steps of:
(5)  identifying a pair of objects for which the corresponding relationship
contains an unbounded uncertainty;
(6)  removing the relationship that contains the unbounded uncertainty;
25 (7)  allowing the distance between the objects for which the corresponding
relationship has been removed to adapt during performance of steps (2)

through (4).



The map generating nodule 106 determines simlarities between chen cal
conpounds 10 relative to one or nore selected properties or features
(herei n soneMORIST68S!| | ed eval uation properties or feXCRAUSINOYE3 t he
conpounds. The map generating nodul e 186 ‘perfornms this function by
retrieving and anal yzing data on chem cal conpounds and reagents
fromone or norg dat ghasssholiiRcording to claim 2, where-m@teg ey e dniirisdeliR step

vi sual i zation and i nt eractl ve anal ysi s modul e com‘rum cat es WI t h

t he one or nore databfises 120 via a conmuni cation nediu

comuni cat i on ium 118 is preferably an e of data con‘ﬂl HIL ILII
means, such as égdat a%%galadﬁﬂm@r ?@?‘i@ﬁ g rate. “mml l II
interface nodul es 108 di splays a preferably 2D or 3D di spl ay nap on

a suitabl e graphics device. The user interface nodul es 108 enabl e human

operators to 209, Thé edetlidd acedrdingrtalciais 2 whepsin step £3 X donpriséothestépon i n

the display map so as to reveal rel ati onshi ps between the data, and
to inPtiate an arrayoﬁf t asks rel at ed to the correspondi ng
conpounds. nte 8 enable users to

or gani ze corrpour@s a§emsmg';i:'e%mk:I n%n%? %ar)fe‘l’s % for exanple, a
conbinatorial library). Infor matl on 25 pertaining to conpound
collections are preferably stored in one or nore databases 120.

| nput Devi ce(s) 1814 The ecilwd avpordingsto clrims2, deltesgin stemi@nehmprigeethestep et c. )
from human op?rat ors and forward such input to, for exanple, the

chem cal data 'visualization and interactive analysis nodule 104 via

t he communi cati %’3@1.3 d,stang,g@)bag&yoﬂ\@“dgjpa%mﬁ@&@bl e i nput device
can be used in the presen I nvention, such a keyboard, pointing
device (nouse, roller ball, track baII, l'i ght pen, etc ), touch

WO 99/ 57686

PcT/ U899/ 09963 11.  The method according to claim 2, wherein step (3) comprises thg-gtep

screen, voice recognigfion, etc. User input can also be stored and then
retri eved as appr opriate, fromdata/conmand files.
(a8  revising the distance(s) based on a dynamic learning rate.

12.  The method according to claim 2, wherein step (3) comprises the step
of:
15 (a)  revising the distance(s) based on a learning rate that is a function of the
relationship between the selected pair of objects.

13.  The method according to claim 2, wherein step (3) comprises the step
of:
(@) revising the distance(s) based on a learning rate that is a function of

20 one or more of the selected objects.

14.  The method according to claim 2, wherein step (3) comprises the step
of:
(a) revising the distance(s) based on a learning rate that is a function of the

25 selected pair.
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Qut put Device(s) 116 out put gmmq@uu““ﬂmmn operators. Any well -
known, suitabl e output devic sl Myl he present invention, such as
a nonitor, WO9YS7688 rinter, a*floppy disk drive or other stRSA(PMBBce, a
t ext -t o- speech synt hesi zer, etc. -40~ Chem cal data visualization
and interactive analysis nodule 104 can interact wi th one or nore
conputi ng nodullgs 1ZRe wethddwecordingtoict=din I)whersin step {I)Bcomprises the steps
Conmponents shown in the computing environnment 102 of FIG 1 (such as the
cheni cal data visuaPfzation and interactive anal ysis nodul e 104) can be

i npl enent ed loFac);L 2@%@‘%&“"% ﬁsiﬁ%%%&&ionﬁ%ﬁ%?@ﬁ%g&hﬁgcomm ér

202 shown in F eration o enprary
Enbodi nment technique. The operation of the present invention as

i mpl erented for visualizing and interactively processing chem cal
conpounds in a display map shall now be descri bed with reference to
a flpowchart 302_sho in FI.G 3...Unl ess of herw.se, specified, 15

i nt egacti on w 3ﬁ usﬁgnﬁ&ocdﬁcﬁ%rg%ﬁoﬂﬁns =3’§}?{%{}8‘8pg§7 W&F?é’ﬁ%?st he user
interface ngglul es 108 (FIG 1). In step 304, the
user selects one or nore conpounds to map in a new display map. The

user may sel ecfa)conpeyisings the distants(s) axsingewi nonventional pén-tivegroscalingf r om

a file, by manually typing in a |list of compounds, and/or by using a

gr aphi cal user 20 tedq%ﬂP rface (GQU). The invention envisions other means
for enabling the user to specify conpounds to display in a display
map. In step 306, the user selects a nethod to be used for
eval uati ng t he1fol edhé arethod accordirgy twi di@m 1, ywhereinisepi(B) ¢camprisgs thetstepsn t he
conmpounds selected ipn step 304. In an enbodi ment, the
sinﬂparity/dissinilaﬁity bet ween the conpounds selected in step 304 25

s determ ned (i SteRpdARaiBRE hulod L SGRE A naGIGAN EUBIYR!

t
properti es. eval udtion properties’ can be any
properties rel @ed rovisihgtheldistficefsPusing a gradient désetntgiocedurel dentity of the
conpounds selected in step 304. Eval uation properties i ncl ude, but
are not limted to, structural properties, functional properties, chem cal

18.  The method according to claim 1, provided that said objects are not

chemical objects.

15 19. A method for representing relationships between objects as distances
from one another on a display map, the method comprising the steps
of:

(1)  placing the objects on the display map;
(2)  selecting a sub-set of the objects, wherein the selected sub-set of

20 | objects includes associated relationships between objects in the
selected sub-set;

3) selecting a pair of objects from the selected sub-set, the pair of objects
having an associated pair-wise relationship;
(3)  revising the distance(s) Between the pair of objects on the display map

25 based on the relationships between the pair of objects and the
distance(s);



WO 99/ 57686

PCT/ US99/ 09963 - 34-
properties, pPMOSPEWBS properties, biological properties, etc.,PCHUS999963
conmpounds sel ect ed in step 304.41- I n an enbodi nent of
the present invention, the selected eval uation properties may be
scal ed di £ er entay ek Sheph'18) hnd PP RIGIBAL pRRC Bf oBjeBRESAI MY the 5
proximty (i.e., simlarity of dissimlarity) between two conpounds.
Accordi ngly, sglestedisnb-setefoBjeds. t he user selects a scale factor for
each of the selected eval uation ) properties. Note that such

sel ection of scale factors is optional. The user need not sel ect a

le factor f ' , .d t
scal e tactor Orz(EaChnﬁ%&ﬁ&@&bfch;ﬁ%{ag%Fcla@:ﬁ lgrﬁf’ﬁ‘)&téﬁmrﬁrfsx pgﬁi}@/ﬁ& 0es ho

select a scal e factor gi ven eVval uation pr "hen t hat
eval uati on propefS)y isslegtingasazoddsub-set ofdtgedts; asdal e factor, such as unity.
Alternatively in step 306, the user can elect to retrieve

siml af i ty/di ssi{® | artferdfive repeating §igps,e3) apd {(#hfasinalys 06 obisetsdn tiosasard
selected in step 304 s%{&ﬁh@vﬁ-g&%?gb' ﬁych as a dat abase. These
simlarity/dissimlarity values i RIFRE dat abase were previ ously

generated. In another enbodinent, the user in step 306 can elect to
determ ne 15 simlarity/dissimlarity val ues using any well-known

t echni que or prodeduréd system for representing relationships betweeheobjerts jeaesendf ng

nodul e 106 generates a.new displ ay. map. This new di spl.ay map

i ncludes a point for og’éec? %gl%e%%%8{]?1%otlge&og@t&%yﬂngg,gam%gg_ng: .

Also, inthis n%odtcﬁﬁ&t@fhoamemhétpﬁcés‘tﬁéa&e&sbﬁwfsg&ym;tWO points is
representative of the simlarity/dissimlarity “of the correspondi ng

conpolthds. The reeswheet selectoniticht selects sub-gekmeofiubjectpefoe renisiorgofthel diseant &)
generates the {)ua/vv di'fs?gfh ay map shall now be further described with
reference tO“5°F1V&tHe t 402 in FIG 4. In step 404,

coordi nates on th@oRENtE eI RI@YmORRe Bkt 1%9&?.&'( t;ie g&f%@é(m%g& c;b?ecttskiﬁ rl;hest ep

conpounds selected in step 304 are 1nitialize

406, two ofsetehted culbrpaibastsl on a differdnee bettvebn tint distaddeds) and thet@tdspehdinyy 25

pr ocessi ng. . . In step 408, simlarity/dissimlarity rerr]
bet ween corfFBHARMER: | is determned based on the nethod sel ect ed
by the user in step 306. In step 410, based on the
simlarity/dissimlarity r[err] determned in step 408, coor di nat es

of pdiSnts correg@ondiThg sysem acqoedingleo dlaini 21Qfurthee cethpidigy: map are 30
obt ai ned. In step 412, training/learning paraneters are
updat ed. a sub-set selector that selects pairs of objects for revision of the distance

therebetween.

23.  The system according to claim 21, further comprising:

a sub-gset selector that selects more than two objects for revision of the
20 distances therebetween; and

a coordinate revision module that revises the distances between objects in

selected sub-sets using conventional techniques.
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In-step 41MVO2Y§W8Fsion is made as to terminate or not ter mAf3ESIPP963

deci si on is nmade to not termiate at this point, then control
returns to step 406. Ot herw se, step . 416 i s perforned.

In step 416, the display map is output (i.e., generation of the display map
is 5 conpl ete), Details regarding the steps of

flowchart 402 &fe dilbe s¥stemagaopding to claim 23, fugthar CPMPRSINgain to FIG 3, in
step 312 the i L ] : n an
out put devi cen?%gx%%rééﬁ%g%hﬁ%%?{ g‘?‘él %\é:gbﬁoﬂjﬁ?%f%l}c)nm valuelf&?r&Q I n
step 314, céhientiGrl tectirtqicnand rdiatu kevised Ofie edistahees opsitigitz0 ipgadient | désegndct i vel y
10 anal yze and process the conpounds represented in the displayed

di spl ay nhwcedure. The present invention enables users to nodify
exi sting conpound vi sual i zati on di splay maps (as used herein, the
term "conpound vi sual i zati on di spl ay map" refers to a rendered

di spfay map). B9r eTagBystem dSREding & \claictl2 R duhithdreBprising: conpounds to
the map, renove conpounds fromthe map, highlight conpounds on 15 t he
map, etc. In sacmogwés;e\p%m musiule thehcompwies an temos farictih olabisawsing3@2 ar e

r epeat ed. . For..exanpl e,, steps, 304 (sel ecting conpounds to map), 310
(gener at i ﬁ%“‘feﬂtéo‘lﬁlgﬁﬁlfé@‘m%“mm s°ﬁﬁ’g%‘,e§%’nﬁ‘§%12 (di spl ayi ng the map) are

repeated when the user opts to add new conpounds to an existing
map. However, according to an enbodi nent of the i nvention, the map
i s increnmental 2¢. r efThaeystemdcadirdipg &yeleim 23, Soehsy ciPrising: 312 when 20

addi ng conpounds to_.an exi.sting C ound visualization display map (this

i ncremental r efiSq@rdiRate revisien é’qub‘gednﬁ"ébﬁ%?‘.‘tes an'eftor function Va USSR Ai cal
compgund. eXRliEndt O iflet BAMEGedimigreT Ul for visualizing and

interactively processing any chem c 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 to 25 display different simlarity
rel ati onshi ps between these conpounds. '

A
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What |s Cl womss768s: 1.

rel ati onshi ps between objects as di stances

anot her on a display map, the nethod cqgﬁy
acing the ob ts on the display map;

of: 5 (1) Ml
sub- of the objects wherein the sel ected sub-set of
ciated rel ationshi ps between objects in the

h reV|5|ng t he Uﬂﬂbéﬂﬁken the

map based\I 204 on the rel ati onships
' nc (4) repeati ng
-se S of objects fromthe

The net hod according to claiml,

-37-
A net hod for repreCHUSI9/00963
' from one

ising the steps

obj ects on
between th
steps (2)

set of obj

wherein step (2) conpr of : 15

(a) sel e avi ng an associ ated pair-w se

rel ati onshijp The qﬁk?od according to claim 2,
wherein th one or nore pairs of

obj ects ar he @gﬂb f urffie~ conprising the
steps of: ( erf n1ng steps (2) through (4) only for
pai rs of obj Iu&iLJHLJEL-:] associ ated rel ationship
I s known; (5) al | owi ng di stances between objects on the
di splay map for #hich rel ati onshi ps are not known to
adapt durinjg performance of steps (2)
SECONDARY STORAGE DEVICES 210
7
BUS HARD DRVE | 212 |
216
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REMOVABLE 220
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218
COMMUNICATION 222
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t hrough (4). . 4. The net hod according to claim2, wherein

one or nore pairs of objects 25 are related by bounded
uncertaintie thod further conprising the step
of Wo hRTesE™) 0ol Bete PCT/US99/09963

PCT/ US99/ 09963 - 38-

(5) revising the distance on the dispﬂlAJ map between a pair of objects

t hat are related by a relationship with a bounded
uncertainty specified as a set of allowabl e ranges
of relationship values, only when the distance falls
out si de the spgﬁgfled ranges. 5 5. The met hod accordi ng
to claim2, wh [

one or nore pairs of objects are
rel ated by bounded ungert ai 2 CO S|ng t he
step of: (5 e n’e{;B di spl ay map
between a pair of objects t agE[EC? ﬂd&%c‘rﬁ Téi ﬂm e related by a

rel ati onship with a bounded certai specified hs an 10

upper limt of allowable relatlonshlp al ues, only when the distance

falls above the specified upper limt. 6. The net hod
according to claim2, wherein one or re pairs of objects

are related by bounded uncertainties, the method further jconp sng t he
step of: 15 (SBLECT- METHOBg TONEVALUATEN SIMILARRY € [di spl map
between a pair of objects that QR DISSIMILARITY arg refFated by a
relationship with a inded uyncertalnty specified as a

08
GENERATE MAP NS

1 310

DISPLAY MAP  [—/

|

ENABLE MANIPULATION AND ANALYSIS OF COMPOUNDS \
REPRESENTED IN NON-LINEAR MAP | L
(INCLUDING ENABLING INTERACTION BETWEEN OBJECTS N

- THE NON-LINEAR MAP AND RECENVERS)

FIG.3
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lower limt set of allowable relationship values, only when the distance
falls outside the specified ranges. 7. The met hod
accordi ng wo ®saéss 2, wherein one or nore pairs of objects EOrnS99/09963

are rel ated by unbounded uncertainties, the nethod further conprising

the steps of: (5) ideqybfying a pair of objects for which
the corresponding rel ationship contai ns an unbounded
uncertainty; (6) renoving the relationship that contains

t he unbouagz uncertainty; 25 (7) al l owi ng the distance between
t he objects foy .which the correspondi ng rel ationship
has been renov&d to adapt during perfornmance of stepﬂZﬁi)

t hrough (4). WO 99/ 57686

PCT/ US99/ 09963 - 39-

8. The nethad according to claim?2 wherein step (RB) conprises the step
of : h q rate.
9. The ne HNHW&@ W@Mﬁg pk] @%@@ﬁﬁmw(ﬁoﬁ‘mm step
5 (3) revising the distance(d)
based on a fixed Iearnlng rate. + 10. The met hod accordi ng
to claim2, wherein step (3) conprisestthe step of :

(a) revising the distance(s based on_an adiftlve |, eaf ni ng 4@§e

- LECT TWO COMPOUNDS i , j

408 '
\ B!

RETRIEVE OR COMPUTE SIMILARITY/DISSIMILARITY djj BETWEEN COMPOUNDS

|

REFINE COORDINATES OF POINTS CORRESPONDING | 410
TO COMPOUNDS i, j, ON THE NON-LINEAR MAP

414 l"opnow\t.
NO | UPDATE TRAINING
TERMINATE? PARAMETERS
Ye§s 2
412

OUTPUT NON—LINEAR AP | _H16

FI1G.4
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10

11. The nethod according to claim2, wherein step (3)

conpri'ses the step of : (a) revi si ng
the di stancg&@ %?Bﬁed on a dynamc learning rate. PCT/US99/09963:

The nethod 2LOF g to claim2, wherein step (3) conprises the step

of : 15 (a) revising the distance(s) based on a learning rate
that is a function of the /% rel ati onshi p between the
sel ected pair of objects. 13. The net hod according to
claim2, wherein step (3) conprises the step to of :

(a) revising the distance(s) based on a learning rate that is a function
of 20 ’ one or nore of the selected objects.

14. The nethod according to claim2, wherein step (3) conprises the step
of : (a) revising the distance(s) based on a learning rate
that is a function of the 25 W sel ected pair.

WD 99/ 57686
PCT/ US99/ 09963
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(a) revising the distance(s) using a conventional nulti-dinmensieonal

scal i ng t echni que. 5 16. The et hod
accordi ng wo®/s3é861 1, wherein step (3) conprises the steps pcruse9/09963

of : (a) revising the distance(s) using a conventi onal
non-|inear scaling ‘ technjque. 17.
The met hod according to cllaimj1, wherein 6&? conprises the steps 10
of : (a) co§) ting an eyfror nction val ue using a
conventional techniq & o &b revi sing the distance(s)
usi ng a gradient des recedure.. e 18. The net hod
according to clain ' t‘h-a-t—-s-ai—dg)@e

chemi cal obj e&s. =45 19. Fe|hod for represepting

rel ati onshi ps *et we@ng) ects ag distanc&s g from one
anot her on a di apw@Ep the msthod,c’o risimng eps

of : pl aci nq t ® obj <" on| tthe dfsplay mpp;

of thd otfBects, where 2t hej sel ect efl sub-set of
ol ects includes associ atp@rel pti onshi ps bet ween
8- el ; (3
I=s¢x ] _the pajr of objects
@ (B) revising
Epl &y map 25
E apd th

(2) selecting a
20

objects in the
sel ecting a pgyr of Or
having an assg@gi atfedgpailr - wi se rjel pti onshi g
t he di stance(si between Jt he pair] of object s—on
based on the reNsdi ofgshilps betwgen|the pair

di st ance(s); S ' :
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(4) - repeatypoosiegds (3) and (4) for additional pairs of obj Svojabdon t he
sel ect ed sub-set of objects. 20. The nethod accordi ng
to claim19, further conprising the step of: (5)

sel ecting a second sub-set of objects; an / 5 (6) Iterative

repeating steps_(3) and (4Lfor pai rs of obj ects |n t he second

sel ected sub-sef of obje - 70\ system for
representin I &ECEHEFR&ATIW%@AWOEQE&NECTS s&/ of

obj ects as | ay map, conpri sing:

a coordi natle nodul e that placeq the objects on a display map; 10

a sub-set delector that selectg sub-sets of objects for revision of the

di st ance(s) ther ebet wden; and 704 coordinate
revi si on ngdul g t % mg:!lﬁe W@ n@gm jects in the
sel ect ed syb-set based 691(? ii@ stance(s) and the
correspondifng rerattonsntp. 22. The system
according tjo claim 21, further jconprising: a_sub- set

sel ector that selects pairs of 'Obj ects for revision of the digtance
t her ebet wedn. —he—sygt e

further corpri si ncBELECT A Rmnousmp/cmm[mset e rm’re
than two ofjELTs for reypssONFER REVSIORO di st&% Wl ¢ MODU?.Ed

s~ 1 3

REVISE COORDINATES OF
IMAGES OF OBJECTS IN 708
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a coorQihate,revision nmodul e that revises the distances bet

sel ected sub-sets using conventional techniques.
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(54) Title: SYSTEM, METHOD, AND COMPUTER PROGRAM PRODUCT FOR REPRESENTING PROXIMITY DATA IN A
MULTI-DIMENSIONAL SPACE '

(57) Abstract

A system, method and computer program product for representing precise or imprecise measurements of similarity/dissimilarity
(relationships) between objects as distances between points in a multi~dimensional space that represents the objects. Self—organizing
principles are used to iteratively refine an initial (random or partially ordered) configuration of points using stochastic relationship/distance
errors, 'The data can be complete or incomplete (i.e. some relationships between objects may not be known), exact or inexact (i.e. some or all
of the relationships may be given in terms of allowed ranges or limits), symmetric or asymmetric (i.e. the relationship of object A to object
B may not be the same as the relationship of B to A) and may contain systematic or stochastic errors, The relationships between objects
may be derived directly from observation, measurement, a priori knowledge, or intuition, or may be determined indirectly using any suitable
technique for deriving proximity (relationship) data. The present invention iteratively analyzes sub-sets of objects in order to represent them
in a multi-dimensional space that represent the objects. In an exemplary embodiment, the present invention iteratively analyzes sub—sets of
objects using conventional multi-dimensional scaling or non-linear mapping algorithms. In another exemplary embodiment, reiationships
are defined as pair-wise relationships or pair-wise similarities/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.




