WO 03/ 015628 PCT/ GB02/ 03805 Di agnostic Apparatus This invention relates to
an apparatus and nethod for assisting in diagnosing cause and effect in
many di f fwoean1s2s cunst ances t hroughout various different pdiraaBoplossess. | n
recent tines, various disciplines, including the manufacturing industry and
at least sone branches of the nedical field, have cone under increasing
pressure to increase yield, productivity and profits (or reduce costs or
over heads). As such, there is an increasing need to reduce costs and reach

the required result as qui ckipyagk®sti@AppRtfus for exanple, in the
manuf acturing industry, the required result may be the nmanufacture of a

batch of products which are all of optimumquality, and in a branch of the
medical field, the required result m ght be the correct diagnosis of a
conplaint or disease in a patient (i.e. in both cases, to get it "right

first tThe"ihventidntrbRitedas enaipphts maduhahdd forngsistifg$l diagnosmputast ur ed
products are usually tested for quality, and sub-standard units are

rej ect ednd affpshingmany diffsrens gircugsstangps brqughpl weiows differang dmaipinesor faults are
generally noted and it is highly desirable to establish the reason for the
occurrence of the faults so that any problens can be rectified and the
chancesln @tentaimdsa carivuisrijsciplines tisaioding ther mduchautihg irelattre anc anedse

m ni mi sed. Such di 0Si§. | sual |y perforped by experts iin the field,
who hav%’“é%ﬁﬁpaéfd_ 03%%&3%#@%13: DAYR FOFGATET HGTBYEE PIHENS R HFe cause and
ef f ect &i%id?ﬁ:'é&ﬂ%iﬁ'rvnﬁf andPr&fits Qb RAuENEHUE BE 8FerhbdiR). OLE Widhe Mee B af €] €Ct ed

product” uni arly, a patient wll usually Vvisit a general

pract i tinoreasinginehd ¢mecduce nosteasl/reptlo fhe, refinioed resulé s ghjsklyors pssibhe, ch t he
doct or st try and di agnosge the prablem .based.on current dical
now edBs SHIPIRT 4n ofserTABREE e Rao el e Frrbered; bl g P diise and
ef fect mehahb@RSHl PBatdl 6 pRAHAE HhiddYar ¥R F btinlmAquddityt iafd irds bfdngh d and
applied in the diagnosis of problens when they occur in that field.

Howev er of thhingedieah digld, dheargaosidsrepriomeghibe the cerrerk disghesimehy camplaint her ef or e,
expert Toloes i B E At RO EBER ) L IARERE Y Ciperti sei's al S0 1 ost
to the enpl oyer. WD 03/015628 PCT/ GB02/ 03805 ’

In the case of the manufacturing industry, manufactured products are usually tested

for quality, and sub-standard units are rejected. When a unit or set of units is rejected,

the fault or faults are generally noted and it is highly desirable to establish the reason

for the occurrence of the faults so that any problems can be rectified and the chances

of manufacturing sub-standard products thereafter can be minimised. Such diagnosis

is usually performed by experts in the field, who have acquired a fundamental

understanding over the years of cause and effect relationships, which often influences

the occurrence of rejected product units. Similarly, a patient will usually visit a

general practitioner with one or more symptoms, from a description of which the

doctor must try and diagnose the problem, based on current medical knowledge and

his experience in the field. Thus, in general, cause and effect relationships are learned

by experts in a particular field and applied in the diagnosis of problems when they

occur in that field.

However, this manual diagnosis procedure is time consuming and, therefore, increases
costs and reduces productivity and yield. Further, when an expert leaves a particular

place of employment, his expertise is also lost to the employer.



2 Attenpts have been nmade in the past to relate belief values, representing
the strength of an effect, to a belief value which quantifies the extent
of occurrwp®d/oofe2zéan associ ated cause, using either multi PaTiGRR/088§r essi on
anal ysis nmethods or neural network related nethods. If the belief val ues
in p' manifestations associated with a cause "¢' are represented by "p'
variables .~j.... ~p (as shown in F2gure 1), then using the nmultivariate

| i near regression analysis nmethod [1] or single |ayered feed forward

neural AELNRE hatebhetnbdd in thd'Paseed kddite balisfvaluws] ePrefetdingithé siferiptle extent of
occurrence of cause 'c', is given by the follow ng equation: Belief in

cause ofwh effpgt, te avbefefi velge3vhich quantifigs-fhesextentrofygecysreney ofpdr e wji, | =
0t : dt .either. re i.QF i:Ci ' i
Lo o B8R SR LG B AL RS S oy g =5

coef f i GieBidi&. reRited MRINGHE. I tigehticavhiyiedri NY mankdesechsasciatad efandent
vari ables, are nostly determ ned wusing |east square mnimsation

t echni ques: ‘cThiexepresantdd wyv'pd vinjabdesnflafi, 58 L &. .bEl (asfshownlinBigine hhe cause
cal cul ated by equat.i.on 9(élij with a previously kn or samne
e

) 0 val ue f t he
i nput s.thepwsing theyayliyaniaie Hngap FReEFaLoRENRLSS et ﬁ\ﬁﬁ]%%‘ﬂéi?é@’@g‘?d fjf:"‘FFEI udi ng
radi al | | dygl Rh Jmhigdsmerpassd in the
famly fgﬁz%rﬁtr}epﬁﬁgﬁfggfﬁ IL%#%degilj’ ﬂ%u tle@g?lf&g,?ghr eg({ﬁgssi on ar?al ysis [1],
gener aldcsarrageatficamse(‘d’), is givérhisy thelfdltowing equadipn: Bel i ef i n cause=
wWo+wlz1+w2z2+w3z3+. . . +WN\Zi +. . . +wnen, (2) where z; (i =1 to n) represents a
function of ~j, (j =1 to p) Different nethods and apparatuses nay use

different. functions (z,) .fangi.agq fr si npl.e | ingar .pol ynom als, to hi gher
order, AL GRS ~pB %/“H%Jéh %ﬂ‘gf Iq'o‘ﬁélin'}f‘nm’J’(r:{R r +'e‘x€§)ménti al fun& ions. WO
03/ 015628 PCT/ GB02/ 03805 3 Although, these nethods have been enpl oyed to
associ ate belief values in causes to belief values in effects, the nethods

have t VWhéf@ijJ.[ |10 Ap | RO Bsferred to as either regression coefficients (in a regression

analysis context) or weights (in a neural network context). These coefficients, or
weights, generally being considered as independent variables, are mostly determined
using least square minimisation techniques. This is achieved by comparing the belief
value in the cause calculated by equation (1) with a previously known value for the
same inputs.

Multi-layered feed forward neural network techniques, including radial basis
functions [2], and also a range of methods proposed in the family of intrinsically
linear, multivariate regression analysis [1], generalise equation (1) in the following

way:

Belief in cause = w, + Wz, + Wz, + W32Z; +...+ Wz, +...+ W, 2, ()
where z, (i =1t0m) represents a function of £;, (j=1t0 p)

Different methods and apparatuses may use different functions (z;) ranging from
simple linear polynomials to higher order, non-linear polynomials, logarithmic or

exponential functions.



1. Physical interpretation can not be assigned to either weights w or
functions z; , as given in equation (2), which makes it very difficult to
gai n any whysjiocsmbks i nsight into the cause and effect rel aPCorGHnRp3so2. The
nunber and the type of function used to define z; are not unique and are
determined by a trial and error nethod. These limtations constrain the
applicability of existing methods t8 relate belief values, which quantify
the occurrence of a cause, with belief values representing strength of

ef f ect spHdEh MBI RMe: BE deplbfRidoaiseridtangRervilludshiatcagéstcones t he
limtations/problens outlined above and seeks to provide a generic tool to
rel at e rdief gdlues izl affestsi the septitnds hayedwermpeer BmitgHonse in many di fferent
fields, and industries, for diagnosing problens occurring therein. Thus,
in accordance with the first aspect of the present invention, there is

provi ded papBasIahissorEQtiofleledTbbhfgeRdkd kighdrhrashioty, of auickience,, af a cause
of one or nbre effects, the apparatus conprising neans for receiving

and/ or acgessi inequadem(2)gwilzhanalkek dt verg diffoufirte\datusiyyphydeat irfsightl
rel ati onshi ps, between, one or pore causes and one or nore effect nmeans, for
defi ni ng & ths cavse and effct rdHOns By esent ati ve of said rel ationships, said

functi of(helidd: 'R L (P AR Y08 neh) ChiedRl WifuguaRd | od

mappi n t nMore causes .an nor e each of

sai d pol ynem-alsd tRel g Aok #egfddw th each of a plurality of respective
reference pg%%ts,bgﬁileast sone of which have a wei ght val ue assigned

thereto, at |east one of said weight values being an independent variable

("pri wej.ght”) and at. | east one.of said. wei ght al u el dependent
on one esﬁoﬂllglﬂ?)tligr?af?}lsg?]in yaHRﬁF%Hﬁté’ 0’? %%?ﬁ'ﬁ%g??}h%%% (E]qn? aﬁlg ﬁé}%{i means for
det er mi piifgs, ayiitk Qubhte dnefochardncs STCE cafseOREthobeliBBaluea UE@sseafingne or

nore given effects using said mappings. WO 03/015628 PCT/ GB02/ 03805 4 Al so

i n accosttragteofapffects.he first aspect of the present invention, there is
provided a nethod of determining a |ikelihood of occurrence of a cause of
one or nore effects,

The inventors have now devised an arrangement that overcomes the
limitations/problems outlined above and seeks to provide a generic tool to relate belief
values in causes and effects for use in many different fields, and industries, for

diagnosing problems occurring therein.

Thus, in accordance with the first aspect of the present invention, there is provided
apparatus for determining a likelihood of occurrence of a cause of one or more effects,
the apparatus comprising means for receiving and/or accessing training data relating
to previously-identified relationships between one or more causes and one or more
effect means, for defining one or more functions representative of said relationships,
said function(s) being in the form of polynomials which define quantified mappings
between said one or more causes and one or more effects, each of said polynomials
being associated with each of a plurality of reépective reference points, at least some
of which have a weight value assigned thereto, at least one of said weight values
being an independent variable (“primary weight”) and at least one of said weight
values being dependent on one or more of said primary weights “(secondary weight”),
and means for determining a likelihood of occurrence of one or more causes of one or

more given effects using said mappings.



t he met hod conprising the steps of receiving and/or accessing quantifying
data relating to previously-identified relationships between one or nore
causes amdomn®1wes nore effects, defining one or nore fun@®CiraRN2/03805
representative of said relationships, said function(s) being in the form
of polynom als which define quantified mappi ngs between said one or nore
causes and one or nore effects, eacK said polynonmals being associated
with each of a plurality of respective reference points, at |east sone of
wh: ch hAltl)se iA aw@irgdiﬁcgwailttugleaﬁxsi @ypedbcffhbdé piegent dhvdntian) thereeis phovddddda wei ght

val ues ei ng .an i ndependent. variable ("primary wejght") and at |east one
of sai dMFEPGRE detpamiaae Adikalihepd RENGEHTCISR CAE 2B PT FfeCTOMOLETCISY i mary

vel gt " HER0AARbNEL O bops BGeUAHEE Ml TpdcbdidiPlghliRngingl apgcur T ence
of one or nore causes one br nore grven ef?ects Sl ng sard mappi ngs.
Thus, t tedatiog és pravieusiyeniehdiiedueiationshypsgredw echesncaommoteadiusascind ppapat us f or

aut omati cal | rqvidi ng di agnostic.information relating.to,one or nore

i kely. Batrsteeofeling Gné REHOTS PO AP PRI G AG OB PRLHS: Sther oby
reduci nginbfigh($)NBethg NBMHe" RAMPYS pBKRBMialP ¥ IRFnO Hudndtidd hiabSiRks t r ai ni ng
data has been‘entered, where human input can otherwi se be tine consum ng
and i s, befvegoerid eneprromerd causey and gge ot maye (pdfgetsalehsh shdpotynomials on t he
opi ni on,_ of very. few .experienced rsonnel ;. but. al so signif.icantl reduces
he " nunbpe BRoinl S mERH G GRS e e e R b B

di agnosbf GhicArREess weldhevahy dssighed f@rdid)eatde@idnkyofodaid kaight Rgludat a

required to a practical |evel when a | arge nunber of effects or
mani f esbetg 6pgndgpeadend ieaiabled“prmaryy weightih and rat Jesst onavaintaibweighbyi des a

met hod r | at.i . i | uge: i danti fies the
oxt ont o5 8RR 8idRacspon SEAGH, AHbicd@ ppfid- el Ccctlhay AR [ 0% e
occur r eaedeteininmg- 0 tikeliiodd o, oiirrass afi aicest mbfeciusendf bhe oc alvse.

Exanpl es, of effects of a cause, which are indicative but certainly not
exhaust Bien effgcds using said BREPINGRHown by patients in -the medical domain,
"defects" occurring in conponents in manufacturing industry or "effects”
as generally neant in any "cause and effect” diagram WD 03/015628

PCT/ GBOZh@38h6 phesent invention not only provides a method and apparatus for

automatically providing diagnostic information relating to one or more likely causes
of one or more given manifestations or effects, thereby reducing the input required by
expert personnel once sufficient training data has been entered, where human input
can otherwise be time consuming and is, of course, prone to error as it is generally
based only on the opinion of very few experienced personnel; but also significantly
reduces the number of independent weight values required to facilitate the diagnostic
process, thereby reducing the quantity of training data required to a practical level

when a large number of effects or manifestations of a cause are involved.

The present invention provides a method and apparatus for calculating a belief value
which quantifies the extent of occurrence of a cause, given belief values which
quantify the occurrence, or non-occurrence, of associated affects of the cause.
Examples of effects of a cause, which are indicative but certainly not exhaustive, are
“symptoms” shown by patients in the medical domain, “defects” occurring in
components in manufacturing industry or “effects” as generally meant in any “cause

and effect” diagram.



The belief value quantifying the occurrence, or non-occurrence, of an
effect associated with a particular cause is preferably normalised between
+1 to -1 woo¥o1w2® respectively. This belief value may alPsw/dB®2i08808r pr et ed
as being the strength of the effect. The belief value, which quantifies

t he extent of occurrence of the cause under consideration, is preferably
also normalised fromzero to unity 6r -1 to +1 to represent non-occurrence
and occurrence, respectively. The present invention also allows a

meani ngfwd vRIYS vaRk hﬂéﬁgﬂhgt el BBcir@ndE &S siogrrdurréepathaandfeyery said
wei ght val qegépr_i mary and secondary weights) in the sense that a weight
val ue aassecigiedmith@ragiéeidariogast isypreferaplyropmplised befgeartk Bprledehto ¢ he
strength of . assaci ated i festatlian,:.l L RQ: t t val ue i.e.
o Dol error L P BB T S0 B 0P b begtel Bt g the Mg e (21 S ven
the stremgt hedelibhwalas Sadtlayeshtifief tiecdxsent bfi oacypreateof te canrodideent of t he
present invention, the apparatus gonpri ses a neans 4produci neﬁga
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occur reﬂ&qe-?&ﬂﬂgﬁc%caﬁﬁ%(:?ﬂfe%c?,‘;{e&)eﬁ ¢ The nunber of dimensions of the
0

hyper- surface is equa e ‘nunber of input nodes representing the
effects of a cause. The order of the hyper-surface along each dinension is

determ ned by the order, of the ol ynom al ,. pr.ef er ab). Lagr an

| nt er pol &% PIEFEIPYIKFAGLR also augﬁaaﬁ%ﬁég?‘ﬁ]&%? mt&fpr’f%ﬁé%bﬁ). ber%élgfl?(fst or der
(or lin i REI(SHmES! 40 QB arySw el ghisRcth®Yenst Wy r ef er ence
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I nterpol ati.on, Polynom al wll,requi n+l) .reference_pqLils ng the

gi ven d?%ﬂ%@%nmaﬁ*ﬁeé?aq]’gﬁpd? 2POHRIng, %Héﬁh%aouﬁutcé{?lgal avi r%g%lé e?/%lﬁége poi nt s

i ncl udi ﬂ?re@éﬁt{@rme ERERTERESurdek BE thedthetdhasm tAS SigigHis afghaassedighd val ue
along with the Lagrange Interpolation Polynom al at each reference point

is desceff¢gstd in nore detail below. The training data is preferably nmade up
of one or nore training files, the or each file conprising an input
vector, storing belief values representing strengths of all associated
ef fectsin agﬂaférfﬁ Geddeapardithe preait iedntiod, thd apyecitos commprises agndaes i ef
val ues, ich quantify the extent of gccurrence of tlh? c rrespﬁndi ng
cause. of producing a multi-dimensional hyper-surface representing belief values m'the
occurrence /non-occurrence of a cause. The number of dimensions of the hyper-
surface is equal to the number of input nodes representing the effects of a cause. The
order of the hyper-surface along each dimension is determined by the order of the
polynomial, preferably a Lagrange Interpolation Polynomial, used along the said
dimension. The first order (or linear) Lagrange Interpolation Polynomial is defined by

two reference points. Second order or quadratic Lagrange Interpolation Polynomials
require three reference points. Similarly, an n™ ordered Lagrange Interpolation
Polynomial will require (n+1) reference points along the given dimension. The
apparatus or method of calculating reference points including primary reference

points and then associating a weight value along with the Lagrange Interpolation

Polynomial at each reference point is described in more detail below.

The training data is preferably made up of one or more training files, the or each file
comprising an input vector, storing belief values representing strengths of all
associated effects, and its corresponding desired output vector, storing belief values,

which quantify the extent of occurrence of the corresponding cause.



WO 03/ 015628 PCT/ GB02/ 03805 6 An enbodi nent of the present invention wll
now be descri bed by way of exanple only, followed by sanple nuneri cal

cal cul atiwp oattsées t h reference to the acconpanying draw mg3/GBon/0sdesCh:
Figure 1A and 1B is a schematic illustration of a manifestati on cause

rel ationship; Figure 2A to 2E are graphical representati ons of sone
general one-di nensional cause and dffect relationships; Figure 3 is a
schematic diagramillustrating a two effect - one cause rel ationship; and
Figure 4 is a schematic diagramillustrating a two di nensional space
describing E1 and ~2 axes. In order to facilitate the description of an

exenpl afy) EHosineRtaf the Pfﬁﬁemp‘ﬂé@eml willywean be dascribed biyvbenry of examele al
he g B, PERbw RS ane! hEALE| AHLONRN DRg SARCSLALLRE BEIhET VA S
I TSt be i

(based on”t he net ustr gure | ustrat ed.
Fi gur esa@ém@ﬁ;ytﬁgrdwmstmwmchxanpl es of the varr ati on in belief values,
representing the extent of occurrence of cause (output value), wth respect
to the belief values, representing the strength of one of the associated

ef f ect . pBgfeer A b1 & FLHdhGti AnRrati fol tIﬁXﬁtgegfaltlo cédsP‘?@l'étl&‘?sfﬂ tionin

belief values is shown, 1n IC ue representing the

strength of effect is at its mnimm the belief value representing t he

ext ent f ocC, gﬁce of é relat cau e is als its . imum As the
a §&d

st r engt h'88f° fen%rraB}%f eprteﬁeé‘ ‘é’PFB SQPAT Bt OPﬁéhrBE‘cgﬂf?’fa fYE¢ of cause

al so |I§}ﬁ18é’ffey;tjel[uﬁ‘oﬁ§}§ . Referring to Figure 2B of the drawi ngs, a
quadratic variation o ‘cause and effect is shown in which when the beli ef
val ue representlng t he strength of the effect is at its mninmm then the

bel i ef cC f t he reI d cause is S
ni ni rruny%k%’e%ine 5§ er%(lazfrhgct %mt ﬁ%s PR AW %‘ﬁs %oan%errgkggn&t‘?teangel i ef val ue
in the WO 03/015628 PCT/ GB02/ 03805 7 occurrence of the correspondi ng cause

also starts to slowy increase. As the strength
Figure 4 is a schematic diagram illustrating a two dimensional space describing &, and

£? axes. -

In order to facilitate the description of an exemplary embodiment of the present
invention, a number of general one-dimensional cause and effect relationships
associating belief values (based on the network illustrated in Figure 1B) will first be
illustrated. Figures 2A-2E, show possible examples of the variation in belief values,
representing the extent of occurrence of cause (output value), with respect to the

belief values, representing the strength of one of the associated effect.

Referring to Figure 2A of the drawings, a linear variation in belief values is shown, in
which when the belief value representing the strength of effect is at its minimum, the
belief value representing the extent of occurrence of the related cause is also at its
minimum. As the strength of effect increases, the belief value in the occurrence of

cause also linearly increases.

Referring to Figure 2B of the drawings, a quadratic variation of cause and effect is
shown in which when the belief value representing the strength of the effect is at its
minimum, then the belief value in the occurrence of the related cause is also at its

minimum. As the strength of the effect starts to increase, the belief value in the



of the effect increases to about half of its maxi mum value, so the belief
value in the occurrence of the cause suddenly increases and reaches its
maxi num Vabwa/ovdseh t he strength of the effect reaches it ®CrEGBMROBB0Fal ue.
Referring to Figure 2C of the drawings, a quadratic variation of cause and
effect is shown which, when the belief value representing the strength of
the effect is at its mninum thenthe belief value in the occurrence of
the related cause is also at its mnimum As the strength of the effect

starts bp&utRficeatte chhespoalingfcaMs also ktarté hesloRbLinicraans Adfhetshenghuse
qui ckly starts to increase. VWen the strength of the effect is _around half

of its ehsteraifectimpicasesttpabeyithalioef ithmasiayan valuenwo thebebef valrgm e t he
occurre l;l@ q i j aum val ue
when thg&%g't%ceetrlg Eg%&%%gdgﬁiglé%ggs%angg\g%gggf S ﬁnﬁ‘%?r#uatrl}l&va ueﬂ.ﬁg Referring
t o Fi gusteength of thé bffedd renoheriss maxiguadvalté.c vari ati on of cause and effect is
shown in which when the belief value representing the strength of the
effect is at its mninmum then the belief value in the occurrence of the
rel ated (SFRhrd 36 of TR fMTheS dAEraRE VBRI OF ohile o6 oLt Slarts 1o
i ncr easle{,%fé.d%ggr EOSF%BE q(?Jiocrk{Rer(e uct%én (#n rat he ﬁg?clghef S/al ueal I r? the1 occurrence
of the slawaewhith, when she beliftvabfe tepeesedtingcthe istrenghsdshe effecthiowt itsal f of its

i | ue, the beli. I in th t he . .Sl ow
oor onsBUSENG. bt AL VHER bE oL TR o Sh LErE et BHGEHS AP haSef fett i s

at it spyfmsivi M BeS efdag of AhdicBieestalts & ifdPGasell Ml dies valudUadihat i C
vari ation of cause and effect is shown in which when the belief val ue

r epr esentdungnedel e cavsgt quickly staets 66 fimasease.sWaen ithesstramgthi oilihe effiseinist he bel i ef

value in the.o rence.of the related use is. af its. ~maxi As the
st rengt Pim&?gtlﬁ&%eg H BRXURYR, X ?‘i“?’i glleéégtle nogéln?ﬁ‘?%seb%’l %hgfbe\s;lgifﬁ’ ﬁemg
occur r epegurehcd bethe ad1sed Shidlsiovid @b atred@ek 8 seaxim\hevalidwhat thengt h - of
the effect reaches around half of its nmaxi numvalue, the belief value in
t he occéfrengticef the ckfemd alse aeashessitamaximugn YelBe.ease quickly and reaches its
m ni mum when the strength of the efffect is at its maxinum WO 03/015628
PCT/ GB02/ 03805 8 '
Referring to Figure 2D of the drawings, a quadratic variation of cause and effect is

shown in which when the belief value representing the strength of the effect is at its
minimum, then the belief value in the occurrence of the related cause is at its
maximum. As the strength of the effect starts to increase, there is a quick' reduction in
the belief value in the occurrence of the cause. As the strength of the effect increases
to about half of its maximum value, the belief value in the occurrence of the cause
slowly decreases and reaches its minimum value when the strength of the effect is at

its maximum.

Referring to Figure 2E of the drawings, a quadratic variation of cause and effect is
shown in which when the belief value representing the strength of the effect is at its
minimum, then the belief value in the occurrence of the related cause is at its
maximum. As the strength of the effect starts increasing, the belief value in the
occurrence of the cause slowly starts to decrease. 'When the strength of the effect
reaches around half of its maximum value, the belief value in the occurrence of the
cause starts to decrease quickly and reaches its minimum when the strength of the

efffect is at its maximum.



It is an object of the present invention to provide a diagnostic
arrangenent, which not only "learns"” fromexanples, but also quantifies

t he causeweandoefesbect rel ationship, which nmay be descri beaCirrGRoni03805

exenpl ary enbodi nent of the invention by a decision hyper-surface
constructed by conbi ni ng Lagrange Interpol ation Polynomals. Two reference
poi nts associated with two Lagrange 8 nterpol ati on Pol ynom als and two

wei ght values are required to describe a linear variation in the belief

val ues ass aheBfRct éMhEPBYR iPANSh B8 pRVIdE a dilestd Staicemest, Miidifotal ong with
three Lagrange |Interpolation Polynom als and wei ght values are required to
descri benlyndeathstefiginosramplesu bt aksp cquselifiest thy senset ansheect gpllipnship, Fi gur es

2B- 2E. e.l earni f. tion of t IS j: t. 1. i nding a
o 1 o Riharan Bt SRk R Remblify ARRARE G be ERIYELY Belioh 1 N
whi ch phoyérdesace bastruéted byocdnitiningal firagpedhiteapoldtioss PoBmotiaspTabY

enbodi nent of the invention provides a nethod for calculating a belief
val ue, WHeiSACeDaints pyseaatedavigy twntLagrangs dafaratetionoPolynemipde angjitvan bel i ef

val ues, wegﬂit gguwﬁggéidrgégﬁg?&ﬁﬂélﬁqgﬁgre{? riahQ ix?ﬁl%qfeﬁigpgaqu&fagasﬁﬁﬁﬁi ated

effects of®the cause. es o cts of a cause are, but not limted
to, "syimptlgere 2owSirhijarpat tleed srefdrenceh@omediat@lg deitini thred' dedfgeaigs”

occurri i n_ components in nuf acturi ng i ndustr or "effects" as

gener al ?@erﬁegﬁpn' AlvgApials nsb BeIgRG VUGS feqa}rsiwaiﬁw%we@lv@flﬂf}%ﬁ ue -,

whi ch quairidd B3idFRErAGULY GRGA B FideRs OBCHE " afeqeRhindudBcts @ssoci at ed
with a ‘particular cause 1s normalised between +1 to -1 respectively. This

bel i ef wppagus s edusalent e dindimgt & dutlo-diregnsegehhypeneudaces dgsanbofg thhe ef f ect .
The belief  value,. which. quant.i,fie h xtent of .occurrence of the cause
e ot pHBs G, ShihBB ik £Br B P hinela

30 unity, to represent
non- occurrence and occurrence of the said cause respectively. The

rel ati onship between the belief value, representing the strength of the

ef f ect, Thng anteemplary emhbadimget ofrthp insatien pyvidee a axqtieont foasfca@ukagng énce of the

cause, is.assuned.to be .either .|inear rafi cubl n. The
or der o%’ aﬂ%é’a S 4 }Cg%%iltbf?e(s é‘ﬂeg?thrrl]teo 8?”19%%%8% ?ﬁis\?\béi P %I?b%{l}gﬁ%? |§3c, three

for cubishi@t guantiGAtheedcti@éndaeordionestcirerel cftdsedcted effestabf vied gauss.arti ng
fromone. To define an n /' order relationshjp along %ne-di mension, (n +
1) ref eFep@Blep6f giacts alpPanss akg bubaehigrited to, tsympioms DOPRIVRAUCHT t he

lpgicﬁ: isoghr gfce n%%&gg% rdg%n(?i!ng ngﬁgﬁﬁ;\?éﬁlr}iﬁg RelorstikAts $h A rkheRE ih&isayence
or “effects” as generally meant in any “cause and effect” diagram. The belief value &,
which quantifies the occurrence or non-occurrence of an effect associated with a
particular cause is normalised between +1 to —1 respectively. This belief value is also
interpreted to represent the strength of the effect. The belief value, which quantifies
the extent of occurrence of the cause under consideration is also normalised from zero

to unity, to represent non-occurrence and occurrence of the said cause respectively.

The relationship between the belief value, representing the strength of the effect, and
the belief value, representing the extent of occurrence of the cause, is assumed to be
either linear, quadratic, cubic and so on. The order of the relationship (e.g. one for

linear, two for quadratic, three for cubic etc.) can either be given or calculated

iteratively starting from one. To define an n"

order relationship along one-dimension,
(n +1) reference points, equidistant between —1 to +1, are chosen. (If the location of

the reference points is not equidistant, these reference points are mapped on to another



WD 03/ 015628 PCT/ GB02/ 03805 9 set of equidistant reference points.) For
each reference point "i', a one dinensional Lagrange Interpolation

Pol ynom awoiog/ocssest ruct ed based on the foll owi ng formul a: PCIr/GB02/038050 *

~ e~ * ~e=2 % *F o~ ~k-1 *- 441 *. .. *-n (3) ~k - 0~k - ~1 k - ~2 ~k -
~k-1 ~k - k+1 k - n where, n: order of the Lagrange |nterpolation

Pol ynomi al (one for linear, two for9 quadratic, etc.) k: A reference point
at which the one-di nensional Lagrange Interpolation Polynomal ik (4) is

const r Ut 8f eqlfidseh esfefeh®bOints) For éash Rafeg@se pom One ohe dimtmediomaunber of
reference points i.e. (n + 1) . ~11 ~2 4n are (n + 1 i di stant

r ef er enleagtgiednisralaion (91§&10H!laltlé°qns¢111°%ﬂlbﬁsed(% the @&‘10%19% é’é’@@ﬁ’dl ng Lagrange
I nt er pol ati on Pol ynom als as given by equation (3). The variable ~, which
stores the belief value representing the strength of the corresponding
effect, gﬁ géron1 1to +1. For a "single effect - cause relationship”,

t he Lagr‘ Eg"l erpol ati on Polynom al is one-dinensional and the reference

points are deawh gldon§ tKi-ssdj mensi-dp, *I:f—té‘m: Jsugher Sof assoct t ed

mani f est ati on Ve ause the Lagrange | nterpoldtion
Pol ynoni al atgﬁ g@fg?eﬁﬁeapo? ék ﬁl'% nﬁﬁ gn ﬁglonal and is given

bythe\ﬁ,gérbovmngequatlon nnap(4) *|J*123]pni 1n21l Z(
,...Ik(ZkZz() () { |- 13- 3 J-J
J_ J' | (J onwordgr of th@L&grang,@,Inqerpolq@‘meolynonﬁﬁl (()gt) forly]-neap&] we far 1 kJ ~j2,

k=1 *ki ~ki+1 q%‘&dratlg' etc.)

k: A reference point at which the one-dimensional Lagrange Interpolation

Polynomial /; (&) is constructed. k ranges from 0 to 7.
i- Ranges from one to total number of reference points i.e. (n+1).
&,6,&, ..., are (n+1) equidistant reference points from & =~1 to &, =+1 with
(n+1) corresponding Lagrange Interpolation Polynomials as given by equation (3).

The variable &, which stores the belief value representing the strength of the
corresponding effect, ranges from —1 to +1. For a “single effect — cause relationship”,
the Lagrange Interpolation Polynomial is one-dimensional and the reference points
are drawn along this dimension. If the number of associated manifestations for a given
cause is ‘p’, the Lagrange Interpolation Polynomial at a reference point ‘> will be ‘p’

dimensional and is given by the following equation:

L(E,8,8,..80,..8) =1 (&) (E) .1y (&) ¥ 17 (&) (4)
where,

(éﬂ) f 5({‘*4:1:_5{*51:—52]:*..-*éj—gkj—l*éj—gkjﬂ*"'*51-—6’:{ )
é:k —& é:kjj—é:{ gkjj -& é:kj"fkj—l fkj_ékj+l é:kj ‘gnj

n;: Order of one dimensional Lagrange Interpolation Polynomial

( ll:] (61 )) corresponding to j” dimension that represents the relationship



nj : Order of one dinensional Lagrange Interpolation Polynomal (i: (4'))
corresponding to j' dinension that represents the relationship WO 03/015628
PCT/ GB02/W0B308515629 between j"' manifestation and the caus@CurGcBH?/03805
consideration. kk : Reference point along j" dinension, at which the one

di mensi onal Lagrange Interpol ation Polynomal |kj (cj) is evaluated. (Kkj
ranges fromOto nf. , ; ~O~1 , W, n are (nj + 1) reference points
along the j' dinmension. These are the primary reference points as they lie

along the j h %%9&' ?n%{alr(nfgﬁétgondnﬁ Rap §u£&é?r5b Alferkod O al nunber of

reference poi nts ent varies fromO to nj for each

Lagrange l nt g} ﬁ?éf%fe%%})oﬁ%ﬁwﬁ%n}’aldlmerﬁhon Q‘ﬂ)vhlth @i%e one(d[ﬁ%e slona{ N3 +1)* *

(nj +1)*. he 'co- or di nat es a re erence poi nt ‘i',
correspondl ng to each dinension, are > (k,, k2, . kj,...,kP) . The
ref erence poi ntbagrmechltfrm@lamror?@lwl@h %Kéﬁg i evpluaed oty §%¥€€F al poi nts
and are referred to as "primary reference points". In terms of

co-ordi nates, afromflewenck point is along the di mensi onal axis if one and
only one of its co-ordinates (k1) has a non-zero value and all other

co-or di nat esgvsgfzg-gssoé“’\'@fegfch VY irglaleRc¥igointy afides tHeondt ahaatbbet ween

zero and uni cVat ed ‘w each reference point. Therefore, the

t ot al nunber f weights.is th * f.g5ence

points "q'. |a§?1 evpéTm%yéFi%re%%gggﬁlzsnéée%egq}nef%lmll H‘?ﬁz c&glrﬁlte %sgt of this
i nvention, |§X1§on5| dered to be representative of the belief value in the
cause. VE|ghts corresponding to primary reference points are chosen as

primary or i ficRengasiem oneiqtetal namber plrefesenee MPHE Wei ghts - referred to as

T i Sl BEASER S0, OB E B R ™

vari ables within the network, thereby reduci,ng the anount of(65ra| ning data

required to agpr(acti)dn, +19 b, @é*corﬁﬂaﬁ )fk (hﬁ )

Thus, the co-ordinates for a reference point ‘i’, corresponding to each dimension, are

given as (K, &y,....Kj5.0k, ) -

J >p
The reference points, which lie along the dimensional axes, are special points and are

referred to as “primary reference points”. In terms of co-ordinates, a reference point is
along the dimensional axis if one and only one of its co-ordinates (k;) has a non-zero

value and all other co-ordinates is zero.

A weight variable with values constrained between zero and unity is associated with
each reference point. Therefore, the total number of weights is the same as the total
number of reference points ‘q’. A weight value at a reference point, in the context of
this invention, is considefed to be representative of the belief value in the cause.
Weights corresponding to primary reference points are chosen as primary or
independent weights and the remaining weights — referred to as secondary weights —
are dependent on, and expressed as a linear combination of primary weights. This
dramatically reduces the number of unknown variables within the network, thereby
reducing the amount of training data required to a practical level as compared with

conventional techniques. For example, for a ‘p’ dimensional problem, the number of

primary weights is [(Zp: n; + IJ —(p- 1)] OF



conventional techniques. For exanmple, for a "p' dinensional problem the
nunber of P primary weights is i ni +1 - (P-1) (7). [(j=l WO 03/015628
PCT/ GB02/W883/15628. During the | earning or training proces®CTiGBI2/03805 nal
values for primary weights (constrained between zero and one) and
coefficients used in the |inear conbination expression are determ ned
based on any user defined nethod ind udi ng generally available

optim sation principles. The secondary wei ghts are al so constrai ned between

zer o ampyrffpe thel Rrkig io2f tra{ﬁihg epﬂoBesE héneooptithale Ralaew forapimase weigised on t he

known belief values (~', eguantl fying the strength of "p'
associ dp@@tr@fnfeé(hegweqnszegq \?’éfh 099) Qr}ﬁieco BeipRRiuse Bythgtlingar Celfﬁlémﬁté‘?r} ef val ue

in the 9(?1%% lon Q% (ie%grmm!ed zbasecf%ﬂ) 3n(y8élsermﬁ'h§ n?ethc;[pirﬁ ucﬁ'x?@?@ﬁerﬂi}{ reference

poi nt s. iS given y equati on Wi ght
vari abla@aﬂﬂﬂ@@p'@hﬁdﬁm pﬂincﬁlhes iI‘hersecfoarlenyc,\eeighis ate. aldocomstrantxbokitweert of t he
present invention, a secondary weight is defined as a linear conbination
of pri rA&FYAMES Yt s. However, the fol lowing particul ar cases of |inear
combi nation nay also be used in other preferred enbodi ments of the present
invention. 1. A secondary weight value associated with a reference point is
a | i nedPhe belidfivuhtd anthef odchosecepof revaysadiaght on dheidsownricbief arenssoci at ed
with primary reference points correspondl ng to the co-ordinates of the
sai d re(fgér grdeo p()l quantifyingAtie stoengtlr pivipl ghrociatdduelfests deistaadbyithn a
reference point is a constant nmultipli ed by the average of primary weight
val ues, folibwilg euetierssoci ated with prinmary reference points correspondi ng
to the co-ordinates of the saqid reference

The belief value in the cause = Z wil, (51 E2. ,fp) ®)
i=1

where,

q: Total number of reference points.
L (51,52,---,517) is given by equation (4).

w, : Weight variable associated with the i* reference point.

In an embodiment of the present invention, a secondary weight is defined as a linear
combination of primary weights. However, the following particular cases of linear
combination may also be used in other preferred embodiments of the present

invention.

1. A secondary weight value associated with a reference point is a linear
combination of those primary weight values, which are associated with primary
reference points corresponding to the co-ordinates of the said reference point.

2. A secondary weight value associated with a reference point is a constant
multiplied by the average of primary weight values, which are associated with
primary reference points corresponding to the co-ordinates of the said reference

point.



poi nt. WD 03/015628 PCT/ GB02/ 03805 12 A Nunerical Exanple of an Exenpl ary

Enbodi mrent of the Present Invention Two effects, ~' and ~2 , are

associ at edowBwis6a8 cause c¢. Therefore, two-di mensional La@Cangps2/03805

I nterpol ation Polynomals i (~', V) wll be used for defining the
hypersurface. Quadratic relationship_ is assumed between belief values for

the effect and the cause c, and alsé“for the effect ~2 and the cause c. For
this exanple, the belief value in the occurrence of cause c is cal cul ated

for a belief value in the first effect ~' equal to 0.5 and a belief val ue

caui of sk aunPPilSFPTE of f Exenmbar e AT of ik e Thatusiomcni . (-

and ~2 equal to 2) three eqU|d|stant ref erence points are used al ong each
di mensi on. Using equation (6), it can be seen that the total nunber of

r ef er enteo pfifentss &' snfl. £ gird) gsse ciaaidi with @ Jansd b, Tlefbre, $R6MIIhBRodaPt 2l nunber
of primary reference points is 5. These points are also indicated in the

f ol | owi baprimel dntefitdtRnl Polynshiih sg,dvgs JtheillcGe QB T8t Sfetlifngdlthe Ni Ne

reference points in various forns. ference Coordinates in ordinates in

terns OogedurateQuadrdtiershtiofshi i atemte beBvesh bkliéf viues' foRaleletfecnumer i cal
val ues (| =1 toq) for ' '"s 1. (O, 0% Primary (~o0,~0) (-1,-1) 2. (1,0)
Pri mar yf ( aid the gyuse@, ard als@for (iR, difecPrt mad $he(@pse). (+1,-1) 4. (0,1) Primary
12 (-1,0) WO 03/015628 PCT/ GB02/03805 13 5. (1,1) Secondary (~11'-~12)
(0,0) 6. (2,1) Secondary ( 2,12) (1,0) :

For this example, the belief value in the occurrence of cause c is calculated for a belief

value in the first effect £' equal to 0.5 and a belief value in the second effect £? equal

to —-0.5.

Numbers 1 to 9 in Figure 4 denote equidistant reference points. As a result of

quadratic relationship, (&' and & equal to 2) three equidistant reference points are

used along each dimension. Using equation (6), it can be seen that the total number of

reference points is 9.

Using equation (7), it can be seen that total number of primary reference points is 5.
These points are also indicated in the following table (Table 1), which shows the co-

ordinates of all nine reference points in various forms.

Reference | Coordinatesin | Coordinates in terms | Coordinates in terms of

Points terms of ; of & actual numerical values
(i=1t0 q) for &/7s
1. (0,0) Primary (‘fé: 02) (-1,-1)
2. (1,0) Primary ( &, 02) (0,-1)
3. (2,0) Primary (é‘;, 02) (+1,-1)
4. (0,1) Primary ( &, 12) (-1,0)




7. (0,2) Primary ((r) z) (-1,+1) 8. (1,2) Secondary ( z) (0,+1) 9.
(2,2) Secondary (2 z) (+1,+1) Table | Wights associated with primary
referencewpoBmots2d, 2, 3, 4 and 7 are primary wei ghts aneCarGBoalossns

i ndependent paraneters. The secondary wei ght values at |ocations 5, 6, 8
and 9 are expressed as |linear conbination of primary weights and in
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Table 1

Weights associated with primary reference points 1, 2, 3, 4 and 7 are primary weights

and are also independent parameters. The secondary weight values at locations 5, 6, 8

and 9 are expressed as linear combination of primary weights and in particular

= C(Wz + W4)

s =

s =

8

and w, =

2
CO%

_ Clm +w,)

CO%

2

_ +w,)
2

+w,)

C(w,
2

©)
(10)
a1

(12).

Thus, the independent parameters which are passed on to the optimisation algorithm

during a learning process are w,, w,, w,, w,, w, and constant C.

The belief value, in the extent of the occurrence of cause, for a given belief value &'

equal to 0.5 (representing the strength of effect &') and a given belief value £ equal

to —0.5 (representing the strength of effect &) is calculated as:

The belief value in the occurrence of cause = Z w,1,(0.5,-0.5)

i=1

Using equations (4) and (5), Lagrange Interpolation Polynomials are constructed and

then evaluated at (0.5, -0.5) at all reference points.

Lagrange Interpolation Polynomial for reference point 1:



~0- ~11~0- ~20-120-~2 =4 (2 1(~yl I)(~21(~2 _1f 1, (0.5,-0.5) =
-0. 0469 Lagrange Interpolation Polynom al for reference point 2: 1201
2) =11 (~IWOeA (5629 | -~01 ~22-2* 2-"21~~22) PCTIGE203802 ~11
-~0 ~11 ~2 1 (~1 +1)(~I -1)(~2)(~2 -1) 12 (0.5,-0.5) = 0.2813 Lagrange
I nt erpol ati on Polynom al for reference point 3: 13(11,2)- 12 (1/*10 (2 _
-~0 ~1 * 2-~1*~2-~211~~~2~24) 2~0-~2~10-10-~2 ((I +1i)((
)((2)((2 - 1) 13 (0.5,-0.5) 0. 1406 Lagrange Interpol ation Polynom al fo
referengés II * 2) 10( ~1)*I (~2) ~1* ~1"2*2-"O*2~2 0
- ~11 g%ig 012[(52) %zl((f%% ) (=1 _1)(~2 +1)(~2 -1) 14 (0.5,-0.5) -0.0938
Lagr ange Interp n 1P.04:l al 2f(g4’2_réé erence p0| nt 5. WD 03/015628
PCT/ GB02/ 03805~ _ —é § 112 * 2 '02 * 2'2

2 2

=§(é )(f -1)(*)(¢ )

1,(0.5-0.5) = —0.0469

I
1
r

Lagrange Interpolation Polynomial for reference point 2:
L(&.e*)=1(&8)*5(&)
{:‘ =& .8'-4 J[é -8 & —55}
‘fxl _é:é 4:11 _621 é:oz —512 602 _ézz

=—§(f‘+1)<f‘—l)(4‘2)<62—{)

1,(0.5,-0.5)= 0.2813

Lagrange Interpolation Polynomial for reference point 3:
Le.e)=2e ) 5e)
2(«:‘ -& *51—51‘)*(52 -& & —é‘fj
SH-& &H-&) \&-& &-4
— ) -)

1,(0.5,~0.5) = 0.1406

Lagrange Interpolation Polynomial for reference point 4:
L(¢We) =k (8) 1 (2)
:(51:5{*éi:fzij*(iz:fi*fz:é‘gj
S=6 %~6) \& ~% & ~&
=—()(&'-1)(& )& )

1,(0.5,-0.5) = —0.0938

Lagrange Interpolation Polynomial for reference point 5:



|t - ~01 2 ~12 10 2 112 1z 2 (~1 +1)(~1.1)(~2 +1)(~2 -1) is (0.5,-0.5)

0.5625 Lagrange | nterpolation Polynom al for reference point 6: |6(~1,
2) =122 (~wpoyoise2®) JJ _ ~1 ~01 * 1 111 2 ''0 * 2 "2 ~1 @CI/GED2A3If050 2 ~12
22) (-1 +1)(~1)(~2 +1)(;2 -1) 16 (0.5,-0.5) = 0.2813 Lagrange
I nterpol ati on Polynom al for reference point 7: 17 (~1'" 102 ( 122 (~2) _
1-~11*~1~2 * ~2 "02* ~2 22~0~111%0 ~2 ~2 - ~02 -1 W)(~1-1)(~2
+1)(~2 17(0. 5,-0.5) = 0.0156 Lagrange Interpol ati on Pol ynom al for
referenpﬁfpggpl ig *; 1 2) 11 )*122 (~2) ' - 0*1-2*2~0* 2 ~2 1
011 2 ~1 -1) (~ 2 +1)( ~2) i8 (0.5,-0.5) _ -0.0938 WO
03/ 015628 PCT/ @2L@88@5_§ gagg§ngé tier pol ati on Pol ynom al for
reference point gx f%&l _ié§é~ P ~2) 1'o* ~1 "11 * ~2 SO * 2

0 1 0 1

-512
=(&'+1)(¢'- )(é" +1)(6*-1)
1,(0.5,-0.5) = 0.5625

Lagrange Interpolation Polynomial for reference point 6:
L(¢he?) =L (&) 0 (e)
z(ft&}*«:I:«:{)*(fz:ég*ﬁz:fgj
$2=% =6 ) \& =% & —%&
——2(£+1)(&) (& +)( )

1,(0.5,-0.5) = 0.2813

Lagrange Interpolation Polynomial for reference point 7:
h(8h8) =6 ()5 (e)
z[«:‘—;‘ £ —éij*(fz—éf‘ ﬁ—:f}
&—& &-&)\&-& &-&
1 1 1 2 2
=2 (&) -1 +1)(&)

1,(0.5,-0.5) = 0.0156

Lagrange Interpolation Polynomial for reference point 8:
h(£e7)=8 ()5 (¢)
{éi:&}*fi:ézj*(éz:‘é‘i*fz:é‘i}
$—% 4-%)\&a-4% &H-4
=—(g+ 1)@ -)(e+1)(&)

1,(0.5,-0.5) = -0.0938




~2 ~0 ~2 ~11 ~2 - 0 ~2 - 12 =4 (~1 +1)(~1)(~2 +1)( 2) 19 (0.5,-0.5)
-0.0469 If wl = 0.0084, w2 = 0.1972, w3 = 0.4179, w4 = 0.1924, w7 = 0.7359
and C :1W6615@156122hen usi ng equatl ons (9), (10), (11) and PCT)GBA3/03808. 3050,
we = 0.4778, w8 0 7304 and w9 = 0.9032. 9 Belief value in the cause= w,
I1(O 5,-0.5) r—l 0. 3024 Durlng a learning or training phase, the

predi cted beli ef vaI ue (0.3024) is &Bnpared with a known belief value in
the training data file to calculate the error. Any of the known

opti m shegranmgaitdrpolatien Pslgdohil tarefeicatepoiatd:val ues of primary wei ghts and
coefficients used in the linear conbination equations. The new belief value
in the l((ébéé)#g(@ lf‘n {r,z lculated and the process is repeated until a user

defined criteri error n| m satl on is achi eved. The optimal val ues of
primary weights é‘ndé@géﬁé s n &’ el near conbi nati on equations are
stored and used EOL Lq:at iggnss? | Embodi ments of the present

i nvention has been escrl ed above by way of exanple only and it wll be

appr eci at ed by= 1 n the art that nodifications and
rec d ergye gt L) n . i

vari ations can cri bed enbodi nents w thout departing from
the sco e of the |nvent| on. WO 03/015628 PCT/ GB02/ 03805 17 CLAIMS: 1.
Appar at 0-6510- 5ae1 o9 ng a likelihood of occurrence of a cause of one or
nore effects, the apparatus conprising nmeans for receiving and/or
accessing training data relating to previously-identified relationships

bet weenyong 0ory JHRue Cv@usng@nd“paeb 8797018, efofmhs v{;rea@%gg_)r .fgfining one

or nore funttions
C =1.5656, then using equations (9), (10), (11) and (12) w; = 0.3050, w, = 0.4778,

w, =0.7304 and w, =0.9032.

Belief value in the cause = Zw,l 0.5,~0.5)

i=1

=0.3024

During a learning or training phase, the predicted belief value (0.3024) is compared
with a known belief value in the training data file to calculate the error. Any of the
known optimisation method is used to calculate new values of primary weights and
coefficients used in the linear combination equations. The new belief value in the
cause is again calculated and the process is repeated until a user deﬁned criterion of

error minimisation is achieved.

The optimal values of primary weights and coefficients in the linear combination

equations are stored and used for future applications.

Embodiments of the present invention has been described above by way of example
only and it will be appreciated by a person skilled in the art that modifications and
variations can be made to the described embodiments without departing from the

scope of the invention.



representative of said relationships, said function(s) being in the form of
pol ynom al s which define quantified mappi ngs between said one or nore
causes awooonesees nore effects, each of said pol ynom al s PogiGRy2@3®6Ci at ed
with each of a plurality of respective reference points, at |east sone of
whi ch have a weight value assigned thereto, at |east one of said weight
val ues being an i ndependent variab [ ("primary weight") and at | east one
of said wei ght val ues being dependent on one or nore of said prinmary

wei ght sCLAIMSyndary wei ght") and rmeans for determining a |ikelihood of
occurrence of one or nore causes of one or nore given effects using said
mappi ngs. 2. A nethod of determning a |ikelihood of occurrence of a cause

of one br MRrated fRdeterminies MALENB0E FTRELE N bPE caiBRT o8 of BEL Vi NY
and/ or accessing_ quantifying data relating to previously-identified

rel ati onshigf¥cliethfemnaniie comprisivg aneas Jersreapidlingrandir anassingftegtts, def i ning

one or nor u j entative.of said, relationships, said

functi on( s)edat)ae%?%fn%rr}gt%éeﬁg%s?}%dé?%%%feglﬁg P DEIRCER OASPT HETHEABES fi ed
mappi ngs bendeene sat dnoire edfectsD meea@USES defiRiAc0BRe Obr M6 @ldc@iehs, each
sai d polynom als being associated wth_ each o? a plurality of respective

reference pefIRtedtative phasid reatongdripsaniaith Hactiongs)wesipgtin thaj feemasEi gned
thereto, a : : i i : i i vari abl e
("primary &£h§%?ﬁ§9§&§g£§?%g%%ﬁggggg%ﬁégﬁ§4§§%ﬁ?ﬁggFggggﬁggﬁg&;dependent
on at | eastandmee of neae dffguts, rachyofeaidpdlgndmiabdeitaisgosiged hith eaclaod

determ nin I'.kel%hood .of occurrence of, one or re causes of one of nore
gi ven eff e%t@u{?ilﬂhﬁ ?éP?f“PfﬁﬁﬁP%%ﬂ. PWSO?.#]@?L%GQ@_C @DWVG;?BWSIght_l& 3.

Appar at us  QhuteistigHe AR A %eabCore! Gt dBid wlighf VAuER Bein'Bf iflePe Rl di St ant
reference points are selected al ong each dimension corresponding to each
singl e ef fvenable Eptimery aveaglitOnatd pf .leakt oppaf ahids weightratahes weigpr di ng to

claim1 or clai wherei n non-equi di stant. .reference poi.nts are sel ected
al ong one (Silﬁp?%g]gtzg? 08%i% n@i?rﬁé’ﬁsgia ,m%dw\‘i}g@fse{ ﬁecongary weight™) and
means for determining a likelihood of occurrence of one or more causes of one

or more given effects using said mappings.

2. A method of determining a likelihood of occurrence of a cause of one or more
effects, the method comprising the steps of receiving and/or accessing
quantifying data relating to previously-identified relationships between one or
more causes and one or more effects, defining one or more functions
representative of said relationships, said function(s) being in the form of
polynomials which define quantified mappings between said one or more causes
and one or more effects, each said polynomials being associated with each of a
plurality of respective reference points, at least some of which have a weight
value assigned thereto, at least one of said weight values being an independent
variable (“primary weight”) and at least one of said weight values being
dependent on at least one of said primary weights (“secondary weight”), and
determining a likelihood of occurrence of one or more causes of one of more

given effects using said mappings.



sai d non-equi di stant reference points are mapped onto a set of equidistant
reference points. 5. Apparatus according to any one of the preceding

cl ai ms, vWwerogionseps i mary wei ght val ues are assigned to refPeT@BIR/OfRO5ENt S ON
di rensi onal axes of said function(s). 6. Apparatus according to claimb5,
wherei n secondary wei ght values are_assigned to reference points in the

i nput space defined by the said di négsi ons. 7. Apparatus according to any
one of the preceding clains, wherein Lagrange |Interpolation polynom als
are const r uspmedatas oal hethed eaceordimgpioi oliagn 18 or Aginr a1 wdhewmin wgvidsthndccor di ng

expr ovsed JEIEECTIP RBAE B TEIch R ABE AR DB OaPe CbpyHaRy <t DR, o,

Appar at us agfRf defetrMlagbithip,8, Wherein a secondary wei ght val ue associ ated
with a reference point is a'linear conbination of those prinmary wei ght
val ues, which are associated with primary reference points correspondi ng

to the ¢o- i nat es_of, the i efere . . r ccordi ng
to cl ai Erfn 8,£I55%1ééhel? N a efféheoél o g@i/n%v\%i%%{n \ggfﬁga?%l?s &:@eg?%?%%qﬁihﬁgan?ef erence

poi nt i s a refen&icepoirtdlbicisplecred atoyglone oaveiagLsad difidniiny, ane vdfetein val ues,
whi ch are associated with primary reference pqgints corresponding to the

p .
co- or di nat edidonopieguigistant (refesensp OIS 3¢ mapped 9 W 5538 PCPACSTINY3805 19

11. Apparatys @f&g@%g{@g to any one of the preceding clains in which the
li kel i hood "of OCEUrfénce of one or rmore causes and/ or strength val ues of

one or nore effects are scaled between -1 to +1. 12. Apparatus or nethod
accordi gg to any one of . the precedi cl ai s rrein the, weight val ues

. wWh
(primary arfdPRAEUBHPSFYFng & BAOPF 5ty PEesling Rrimsg wherejn pri ratus or

met hod accapdbfgviied e QEml thNerPEREGHING o BliEsiofHChflsoft B training
data is made Up of one or re training files, the or each file conprising

function(s).

6. Apparatus according to claim 5, wherein secondary weight values are assigned

to reference points in the input space defined by the said dimensions.

7. Apparatus according to any one of the preceding claims, wherein Lagrange

Interpolation polynomials are constructed at all reference points.

8.  Apparatus or method according to any of preceding claims in which each
secondary weight value is expressed as a linear combination of one or more

primary weights.

9. Apparatus according to claim 8, wherein a secondary weight value associated
with a reference point is a linear combination of those primary weight values,
which are associated with primary reference points corresponding to the co-

ordinates of the said reference point.

10. Apparatus according to claim 8, wherein a secondary weight value associated
with a reference point is a constant multiplied by the average of primary weight
values, which are associated with primary reference points corresponding to the

co-ordinates of the said reference point.



an input vector storing belief values representing strengths of all

associ ated effects and its correspondi ng desired output vector storing
bel i ef vaWwoes/owlsegh quantify the extent of occurrence of PChgGRIRMNBSSpondi ng
cause. 14. Apparatus or nethod according to any one of the preceding clains
wherein optimal values of primary weights and coefficients used in |inear
conbi nation are determ ned, duringl% training or |earning process, using
an optim sation technique involving mnimsing the error in the predicted
bel i ef VAl upmanatus hecordiog te spoout ofghk pmeedibg [cladhs vmivhechabe Gkeldwodn t he
training data. 15. ratus or_ net hod cording tq any.one of the

b acedi g aGSRTTERPEPRE 41 TRYBGRUSE FALE TEPP et Db ghanpaore

| nt er pol at i GrecROlY B A Swhsh Lieprasentative of the belief values in the
occurrence/ non occurrence of cause. 16. Apparatus for determning a

| i kel i hood of occurrence of a cause of one or nore effects, the apparatus
bei ng substantially as herein.described wi,h reference to _.the acconpanyi ng
dr awi ngi?‘ 1“3@%%%58’&‘[ a&&?rg}nﬁi RifhY 036\&{!’& Rrﬁ%egE%ﬁalwcwp?rg%lct ®of a cause
of one or nR&ight *lERbEmakEhdEeédHasyh aid WnStediséabétivabd § adb1.herei n descri bed
with reference to the acconpanyi ng draw ngs.
13. Apparatus or method according to any one of the preceding claims, wherein the

training data is made up of one or more training files, the or each file comprising

an input vector storing belief values representing strengths of all associated

effects and its corresponding desired output vector storing belief values which

quantify the extent of occurrence of the corresponding cause.

14. Apparatus or method according to any one of the preceding claims wherein
optimal values of primary weights and coefficients used in linear combination
are determined, during a training or learning process, using an optimisation
technique involving minimising the error in the predicted belief value and the

corresponding known belief value as given in the training data.

15. Apparatus or method according to any one of the preceding claims, wherein a
hyper-surface defined by Lagrange Interpolation polynomials is representative

of the belief values in the occurrence/non occurrence of cause.

16. Apparatus for determining a likelihood of occurrence of a cause of one or more
effects, the apparatus being substantially as herein described with reference to

the accompanying drawings.

17. A method of determining a likelihood of occurrence of a cause of one or more
effects, the method being substantially as herein described with reference to the

accompanying drawings.



