WD 99/ 23577 PCT/ GB98/ 02928
ONLI NE .DATABASE M NI NG The present invention rel ates
generally to online searching for data dependencies in | arge

dat abases (data mning). Data m ning, also known as know edge
di scovery iwo9atsapases has been recogni zed as a newreTsBIS/oR2glaL abase
research. The vol une of data stored in electronic format has

i ncreased dramatically over the past two decades. The~increase in use
of electronic data gathering destireedasaassagnifs poi nt-of -sale or renote
sensing devices has contributed to this expl osion of avail abl e dat a.

Data stor age '&@SF&H&E‘%@@&&% :%@Qte@%e%e?&lt agd Lyfink searchmgtflﬁ- RUS! ness
comuni ty,as the .ayail abl rgJ %&(za}%ses gaang*h%bs of conputing power and

dat a st or age resour ces a el ng nade aval e at increasingly.

reduced costs. Wth nmuch attention focused on the

accunul ati on o]F’att‘]‘a’t"%{u"‘i?'‘né‘rl%o Ffagwn as knowledge HiscvgRp|i@ntateRRsesnd®F to focus
on how t hPeen &PERgRE Eed 8% GURTE aEeM P database fepeqrshe. Theohwsses detve
recogni zedtededt iny glectybeid Aormghtiascingreased dramatjicablvedvdyy tikeersi gme maker s
who can maksadese Ohe tibersizeriedugabl. e1Bytnddid lald) gathedtdb dbv Gies balichcade
CONPENI €S poitt-5flsase Gt Derlok & HeRnd| 85166 RASIORLriblitddSto this exphsSbhl € tO
gai n val ugkl fal A6 NRlch ON pAROWECGIEE  QNBLcRYY QEsiRehad Mre dfi&active to
derived i RforjTRLlLa0 f.ranqmupeasuwg,av;ﬂ mefs@mfeiagx LfhAld GF %ol ﬁ;uélﬁs' di ng
whi ch 'te%‘éwé 0, 501%hVe s'cgragq o SHRSLIMLKEL, be% am nglgk?a’?alé‘%t ebsirgnget ed

mar ket i ng gcrl gram_ anong hers. NUMErousS I'nsi g Secan 25
unear t hed *PPER 8 @ata utili zi ng proper analysis techniques. |In the nost
genetdl sense, data nining is concerned with the analysis of data and the
use of softwar #itle@Arh ghedtien fPrusar My Bhit eesumslanian fgidtar i thees Hem sets
of data. Puéserbp erplamepfargare@dnfnitagpsi gn thow dhit vadvakde scesewidel eamphet er ns
and trendsitihizeédt a Basichessdschawds sgigatdednthat| egduiblemiidigses pat ter ns. 30

Dat a m ni RQe&re@hBpldegisdsn-Aare ANA ChR Make Ghsb\oti tHeLBEoa dRAPUBRIWIIAG

on | a5 ge \kaNRsn ardadal. corphidiRs | Wralase uadh EerdffdaR @t capar i &t 1By Of

a m | 1ion decandSedhailPhiuablle dnkdRhEfthn ML'&@E&:&Q %qgg BafdioW | Imf est
assocl ati Gl iwdemwgh@ﬁ migH YaQlachlITo0 iy E\ M0 OpP e Sx2b A @i%c?&%gcorn 35

chi ps” L& (Rl relers 1o e.ru en e1 ol awe tléosu'p ort of
t he rulelsf ercenstaeo?atra%sac’flohs t &t “contal g Sth B3P Snd corn
chip marketin prografpy, ’H‘%i‘f‘% TRE Jor i BT R ?‘R)Ef‘la’d‘c‘ii‘%@?e‘a“t R® issue of

onli ﬁ‘é ni rinRerthed frompfhe date phidising Broees egrbifiafertmmet- applrbaciest A

si gni fi cargengrainbensde, gfata mining {ipecancenpsdtwisp e aarirlysist ¢fadabs apficthgser
tests the watehasttwape techniquepifgpdiindingrpatibos and dediflerivigs \ial ses of
support ansk asat.i denerjechliNed bpldata mining paISESoriame 8ischenivad@abvemst he

dat abase, aal €¥en@9Uindadfte. ofa LhAO8£lREiffion rules fldn)aRydeBattEpis. VEry l'arge
dat akgses, this may involve a considerable 45 amount of 1/0 and in sone

situati ons, it ﬂn%X m£§1§L EQCH%@?&&%EQté%Qléia&ggggg{ggg by intensive computations

on large volumes of data. Large databases are definable as consisting of
a million records or more. 1In a typical application, end users will test
association rules such as; "75% of customers who buy Cola also buy corn

35 chips*, where 75% refers to the rule’s confidence factor. The support of
the rule is the percentage of transactions that contain both Cecla and corn
chips.

To date the prior art has not addressed the issue of online mining
40 but has instead focused on an itemset approach. A significant drawback of
the itemset approach is that as the user tests the database for
association rules at differing values of support and confidence, multiple
passes have to be made over the database, which could be of the order of
Gigabytes. For very large databases, this may involve a considerable
45 amount of I/0 and in some situations, it may lead to unacceptable response



2 times for online queries. A user nust make nultiple queries on a
dat abase because it is difficult to guess apriori,, how many rul es

m ght satisfy a 5 gi ven | evel of support and confidence. Typically one
may be interested in only a fewrules. This nmakes the problem all

t he -nore di fWOeIs577 si nce a user may need to run thePGHEBYSNA% | pl e
times in order to find appropriate tevel s of m ni num support and

m ni mum confi dence in order to mne the rules. In other words, the
probl em of m ning association rules my 10 requi re consi derabl e manual
par anet er tunimeg tx¢ sgpeaterigder iacssexhRi@r @ake multipeliidribTnNLSBitabase
informati on badaube igl aanettibirms RRedd apsidel) BB dALARAIEs might satill®y a
processi ng npihadsevei JH Migderdess (doREehal et REPLE 13" Srel RS Si

unsui t abl e tgnffge@tﬂegxl_gg.l I B SOMBLsConet c%l&@%gl tthgfmqgrgedi%)ét Glle! eGnl

|10 or compulal ay heafltng.f . unasconl,abl g fespore L es Jhe heel 18 15
expandi ng the_capahi [[ties of dat a "g‘:in o ThHe TPnierhct® FERLAPRESPEARYEN ¢
onl i ne net hodS, rat el tAah *ERREhaACn™ g MEh £2Y 1B o dt® SFIThE° iHiafsde
approach. ~Tules. In othgp wprdg.nGhs, Preiem| ¢y BN RssPoirtées ralerertod of

onl i ne i ni n§e®RrY oppsidergbie randat FhrretermFiuHgoabyp kepealed yiuefiesedwfdss each
record havi ngseful busingsisuirdbinayiof cqudmet gleated/ dremdhe aregoert ol didabase.f or
provi di¥g qudm iPredessing methodf©€ Otindbg @Rsdrib&s hef¥dpdieS hfd) thirest£PS Of :

a) receiVvi ngussuiseyleded irBedt¥dlodEinf qUBrilbdNdB £ @BUIdEHC @he BxUSRive disk :
defined val ug/®for Ndchbilall S1IRPRIihg RNGhaRcbIREH JIWEEN6nEOHRRES] NEhARLECEdENt 25
and consequegipadidd Bl CSpRXPIASSaH hdla! fdTRy Yo S QT&%& @h%uvi% angdi ot

cat egori cal Baﬂ%’methods rather thax?)thgrl%gg% g:lsrg%g}:tegeme[;: gt !fotrll-lse 1{2%“66'[ en

cyhgereste i
|sf<1

ant ecedgnt an Lansequent attr pre- stori ng an tdent data
hi er ar chi cal f¥1Ato an i ndex tree conprising a multiplicity of index
nodes, each index node having 30 first and second val ues representing

the actual supporfc@Rginghe Ebhfipvvitden provides fagpetdwdpfygekingeinyne efisequent
attribute; ah@rge database having)a giyiality ofirreaesiseredchomesad taping- st or ed dat a
in response Pdudity of quantitisEivegarey yateyosieal Clteng fakr lprbhiiing dRXntiRdeSre0f
sai d i n2ex tmesodietiodaohabe, comprisidgh6ise spg@dess.whose ant ecedent attribute
range correspondsaf Gesdlivilng! S6kise3Daef inkl! 94 e GELHRRA AELddnPY! @ fa¥30e and
whi ch have cagfid@ntudlos! BAStul@YRort, a user!ReSAldHHRM oAgLENRY: ViRLUE OF

m ni mum conf Iag& ngs&n g:&yvc%LnE;e:.s(II\g %ldppcpeﬁgntatand ccnsequlerrq:aggtrexgu aels_ d

to sal
user defined mni l.ue Of, su rt. .. . n a preferred
enbodi npnt, sai d %rsgfé%lg%)nrﬁ)rtlleségp%ﬁgn%lrlprﬁff"éeeﬁlosald a’tfa?ﬁf‘iwle‘ét?’\?e'
associ ation rures can*5Eet* tonf i dence val ue associated with each’
rule, an actual sGppoPTs* Pt gedatastRbininadthf ralatderrhinlketweandsaid
i nterest | ev@PterSeeny attedbities ardaddtar thlatedifiersaitl leonoemient atbrigutes; and
guantitative assoéi aderbving negnsyensiret sefid mrkiystohed datalliesreshizl & @aid
interesting (uegrtdnedy. conputed interest level is at |least equal to said 45
user detoned interest |evel).

2a A eRNY BRI RPLeABtbcRlA&t! | 48a dQbhdY ELQR:10fs LM SLesk.! evel is
&L or - eXURA Sk a 8o LR LIRS R, PLs , A LESL 1 BNG £ 32,86 AT, EQIRUL 8L 4 BL 0,

each rule, an actual support value associated with each rule, and an
interest level associated with each rule, where the one or more

35 quantitative association rules consist of only those rules which are
interesting (eg their computed interest level is at least equal to said
user defined interest level).

A convenient and effective definition of interest level is (for
40 example) as the minimum of a first and a second computed ratio, wherein
said first ratioc is defined as the actual confidence ‘divided by an
expected confidence and a second ratio is defined as the actual support
divided by an expected support, wherein said expected confidence and
support are computed values based on a presumption of statistical
45 independence.
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5 said first ratio is defined as the actual confidence divided by an
expected confidence and a second ratio is defined as the actual support
di vi ded by an expected support, wherein said expected confidence and
support ar eyeQypisted val ues based on a pr esunption of st arPCTIGBo&bH2928

i ndependence. 3

In the preferred enbodi nent, said ant ecedent attributes are conpri sed
of categorical and quantitative attributes, with the -quantitative

attributes defi n%&' éax FreFANQE LROSIRLSHY, NQa aftdoQER AN MRRE are bound.
S g @béaﬁféo%}.galoES@%&ME&R’Spat‘Eer \Aieaiﬂ,a%' tioning said

ant ecedent data.nierar I ndex tree I'd index tree
conpri ses aqﬁiﬂtﬁ PrvEi ¢ §r F%&@glﬁg}é{s HPIE Fengtsspd 8? PJorer 05 uppery)
storing a frbf"é'l vaI ue at each i ndex node of said index tree 10
representing the actual support; and b) storing a second val ue
at each index no@eefskabli shidneksnisiog step compgises Rapt itdgningesfidequency of
occurrence fagrecedetr dser hiprerghicaliyequi@nén index tadd,r wipitesaid ikfdex tree In
such an enbedingmBts al MeLtdpTicYti @ Sinapx Galed)ebe fthe Cdtiepeloy : i mpl enent ed
by: i) a$CHEFinG0a Blikst! BELUNAE %2 N0T8GexOh oAb shidl@¥ady €Fed O

i sol atggt hog,gpresentmgnggeg,ceggpss% aal.ecggent attribute range corresponds to
said user query storﬁg ae%%sé% ,altk,t dDULS, LARGCR00r sald hnadd O

nodes Iocated in attribute

is at |east “Eqti aﬂe"f "ps!éu sqé’?"‘:de? r?éﬁlur\faT’ 8’f eﬁf nrugr'rafm""“ery consETM " dence;

and |aitt5"hl"‘r‘6m the nodes located in st ep ii, building the nerge tree.
25 Preferably, the building step furt her conpri ses del eting
meani ng¥ ess In sistiean amebddneni rihegdertinin ptrbesant be rféedtdveli d ner ge

tree, where implemented teani ngl ess node is a node which does not have a
correspondi g calsedtaiieg all the indak URded of fikdRAEL tate ltoafHdol&fi@hode0 sai d
user defi nedhodas WRosd aRtdteldHB attributeCiHgk MRREEspoldle tE W8 JskLueEBy be
built eitheryfi0fe@nsi g} SupPL rfa%e 30 nmul tipl e consequent ‘attributes.

I'n one jpr ef e{redfx%ﬁb%' bacsald E#%@%A" “%eﬁfe nSO:?BEé Whosd ABLLAG

toacorrputer abz%rnclg ng;aue m ni_mum.support, a
Y2 lue

user definedValue: 1‘3 i m-conf r déAte U u§'e1r eae‘fa HegEVEiESof 35

i nterest, antPPy conprising an antecedent and consequent

condi tion, wHép etxeR H‘eam%ée:d’@ﬁf‘*dahﬂ scendéquRRAtdiognidet PR feeher conpri se
a plurality of quantitative and categorical attributes; sai d
or gani €6ng and prereSembilng the dpilGogEtes fuctrst ¢wptriseg deleting meanimgiesy an
i ndex tree conkis@dc@ibining cthefiDicgeditoBirehtnsaidlherge oael) whébe a di nensi on
i's defined byeaaNfy1Qks trldfe USEL nSHP WhidasdiaRbE hatd MEeatkbdgoREiRScalculated

value of confidence at least equal to said user defined value of minimqm

confidence. The merge tree may be built either for a single or for

30 multiple consequent attributes,

In one preferred embodiment, said receiving step comprises inputting
to a computer data including a user defined value of minimum support, a
user defined value of minimum confidence, a user defined value of
35 interest, and a user query comprising an antecedent and conseguent
condition, where said antecedent and consequent condition further comprise
a plurality of gquantitative and categorical attributes; )
said organising and pre-storing steps comprise constructing in
memoxry an index tree comprised of one or more dimensions, where each
40 dimension is defined by one of the user supplied quantitative attributes
contained in said antecedent condition, said index tree consisting of a
plurality of index nodes where said index nodes consist of a plurality of
data records; and constructing in memory an unmerged rule tree from said
index tree, and a merged rxrule tree from said unmerged rule tree;
45 and said deriving steps comprises



contained in said antecedent condition, said index tree consisting of a
plurality of index nodes where said i ndex nodes consist. of a.plurality of
data records; and constructing in nenory an unnmerged rule tree fromsaid
i ndex tree, and a merged rule tree fromsaid unnmerged rule tree; 45

and sai d degwiowenssTst eps conpri ses PCT/GBI3/012928

4 generating one or4nore quantitative associ at-i on
rules from t hose i ndex nodes that satisfy said user query and
whose support is at | east equal to said m ninum support, and
whose confidence i S ajenerating one or h&AStuLGidtitd assddafidnl FuFsCHIHM dence;
and 5 those fHASRIRULNEHLO s@tﬂﬁ?rsacﬂat\ﬁ'éi‘ fala aB@Rabsd 'sagpcﬁft isaid

quantitative assQG'l@Lé@Qq&&ﬂ 25 éi&%ﬁﬂﬁm%@ﬁéﬁt | 00 SRR cReYRAE f ac
actual confidencg, %%ngia"i‘tt% sg\{d mmgggm ngﬂ%rgg ed qluantl tative - -

assomaélon rul e; ? ue Q g assSocl gt th .each gengrated
quantitative associ at 't ﬁi‘l“g aRd**5T vATEE 594 ﬁ?’grlé%’t“gl %“Vef’m

associated with ST ifRhEe élséﬁcﬁﬁh‘?ﬂ FRLeei F7emaonat it on9 rifsR: & value of

The step of geneprafyadgeBhedegre rﬁSP%C‘quﬁ‘hFF%*BFF%Q%IS%BE‘#%E!‘F%W%WHS may
be repeated so thasociatidnisdr; guErlue of ispprorhdspedilpedrpdtlf icach tggnerated
further define saughtassdor alssoriatibresulelSand a value of intPreftelalily the step
of congtructing aBsddidesd HidCeLMTPéreTRG Al fintitative SéLRSatifon BARSIructing a
bi nary index tree of one or nore di nensions, where each dinmension is

defined by one ofy,gaidy, Lb'%%en%k’?&%becgzeq&a%éet G&dn‘é?tatzve assGNLEERICM oe

attributes; £ stori a dex node 1D | ev. and
confidence I'¢ d‘f 81408 % e salE N q(lfleso pre g%jrcgg elP‘n’art(q.aro tlkuleezdg{;%p of

constructing 5F1hetf Aeigefard agsccia 1°nf 68 conpri ses the steps of: searching
each ndde of said index tree; and sel ecti ng those nodes which

contain rul es whifepfgaplxfle {shep GE eFons Rt Fidetp Andex tyRenSERFaPRS EBAdi ti on
and have cordtiedermée enstrgbingeqrihaiyy indsxdtnpseet one or mogefdimepsirabue of

m ni num confvwigeacerh addersivialiscaagfinglippome <t sdigasterceuppllied quantiteriyai d
user defi nedantatenofatBiiHuBREN SiPROSAing Bl Sadhatddek rbab ealii NGpSsaplevel

may be 2perf05,med°,{zyd;ﬁag sheps of: constructing a p0| nter: 30
equating said pointer to a root node in said index tree;

addi ng sai d node gss Ca' :éh rwd %ﬁaﬁ cROls gL t&nétéulcﬂhm umaerged rule

addi ng to th@r ! Iéotm a ses ear lr;'ln e{%:g nod ott Q
pointer with ot eceden trlel.’)’u%1 "Who! Fy G0 Wi ar AN ers
D e Sbes HEw FhhP AP SR emARLh P A R RTAE AT
val ue & | eag‘tnsé%i'tf&f: PP AFdehavietIRR AT FENtAHS Blrtt" said user
det er mi ni ng ftérfrratireclatnimecermdidancer ead At vaive F1?6F Mtedeass equal
by said poi ntersaid usensiefigdataliheiusieimgpeesrired Tebndetheente leohidiot st and
have a confi danve w@rfdmastbyetheaktdpe afxi d user defined m ni mum confi dénce;
generating a quanédns8ficéEniaSeihedd;on rule associated with said 40
consequant condi t tQRA8ing said pointer to a root node in said index tree;

adding said node associated with said pointer to a list;

adding to the list all children of the node pointed to by said

pointer with antecedent attribute wholly contained within the parameters

ex tree;

of said user specified antecedent attribute and with a minimum support
35 value at least equal to said user defined nminimum support;
determining whether the data records stored at the node pointed to
by said pointer at least equal the user specified consequent condition and
have a confidence at least equal to said user defined minimum confidence;
generating a quantitative association rule associated with said
40 consequent conditions;
deletxng said node from said list when the condltxons of the
Previous step are not satisified;
determining whether said list is empty; and
terminating when said list is empty, otherwise equating said pointer
45 to the next node of said index tree, and repeating the above steps from



del eting said node fromsaid list when the conditions of the

previ ous step afe not satisified, det er m ni ng whet her said
list is-enpty; and term nating when said list is enpty,

ot herw se qgosdérydgy sai d pointer 45 to the next node ofpCcyands/io2oghex tree,
and repeating the above steps from

5 said step of adding the node agsoci ated with said pointer to the
list, onwar ds. It is further preferred that the step of
bui I ding a Q@{cﬂ@@'e;f Wk eadhir?getée nodd” QBRI 3ER with saia pointeza)totéav s N9 e?"Ch
node of the,ynngrged rule tree in post order; =2 TP) “¥al vati ng
each traversed node for inclusion or exclusion in the ' unnmerged rul e
tree, by; . i ) determ ni ng whet her each said user defined -
consequent .10 It i® furhpen priferreiabind FRe ghemel Puikdinot haerendsndisettee
attri bt e vEPIRFises: stored at said node; ii)

preservi ng sai d abdeaveysing daghenefedof (Hhe unmexyedhvriet fi@e in post order;
condi tion of (i)bi evshiakcifd eakh traversed node for inclusién br dk8idiBg isaixk node
from sai d nemgeded uee ttiree when t he 15 condition of (i) is not
satisfied and sai d noge abasniingSEREAA! 86kh said user definbdlichfsddQdES:;
'V) deioetl ng sal gtmg&ef CORLSA gLk Q%gn &“Lecogxggﬁxggpd g%'rbgggl lue

n node

. . ! tEri
associ ating an apggsta e and child node of sald déléte
when the condition o?.j:i E%%sn%%' satisfied and sai d _node has one 20

t
child node; and _ 1) preserving saf\‘?%'f%aj’d’sf?’h’gm?’r?édr%ﬂge“af whsp Fhe
consequent attri BERBEIGTR! t(hd is satistiedi”  condition of (i) is not

sati sfied; whel¥dil nded gk trgesaiiduprdenront eaid mengepanledrentvhen aht nodes
have b¥en cenddviansedl (ih isoset epti@fiedPBnd said node has nbhassbaisafii on
further provi desc@igana¥ss for online mning of a | ar ge dat abase

having a plurality of iveaaretsng eash nb®C @k badd RErRd rule trePldhbahibyeQf
quant [ t af[ 1ve anda@ﬁfe@&ﬁﬁxb(‘a}l ahde88 L0de Qﬁ&\éhﬂidlgo&&'éfﬂéﬁ@_tdei’&ed node
associ ation rul egnerC PAPhMiRYon 30 (1) is not sIEAISed géd rsggggx\éldengxag T

a

def i negy val ue of _gj i myn. conf i dence, user deflned valte Gf m ni mum
support, and a user q‘L,J)erag.cs(gnPrils‘i ng .ant ecedent and_ consequent
attributes expressed |n TP bf AP0 Ga At iSpRSeTIEnt attriits whe &Bdr i cal

i tens; condifdomet (o) 5 BanP2T4%§%ie rel ati onshi p bet ween

ant ecedent #ReFe3B saidqypdvatipnistar tis tapeetedhyntidcaldt erdenchagntteerdent dat a
hi er ar chi calfF§verfged in post ordari ndex tree conprising a multiplicity of index
nodes, 2®ach i ndex node having first and second val ues representing
the actual supporbe dnderithén further groRidedesipRr{tRe AACHIYEE MIALRY ¥r GONSequent
attri but (E‘E:I agfbe database havinggg‘?ﬁﬁrglgf:y @;@Ej}é&%,aga&wa&h fﬂa@iﬂﬁ_sgi d | h ‘
pre-store LAl By 2 SRRASA a8ve e ching..all the

i ndex nodes aggoqg%%goni gﬁgé tr ggritsag& Batgo ?éségl %eggﬁ%s%¥xg%§é cWﬁgglet aLl-ve

antecegent attri bute r arc}ﬁe cor J 6sponds to sai d user query antecedent
attribute range Ahd"SAAT CR™ HEVE"EBR HeficeHpef ¥alte of minimugepnfideuceqiyg
user defined*FTal9GE B YAHE AInPLdR GUPROET afdusety defjsedvalue of ingewnsdrt at
| east equal FBeSAPY T MFY nEFeRiTiPmaREeesdeaRt ofid sapIRInent 46 ributes;
b) means for organizing the relationship between said antecedent and
consequent attributes;

35 c) memory for pre-storing data defining the relationship between
said antecedent attributes and data related to said consequent attributes;
and

d) means for deriving an answer from said prestored data in response
to said user gquery.

40
Viewed fro_m another aspect, the invention also provides a computer -
pexformed process of online mining of a large database having a plurality
of records, each record having a plurality of quantitative and categorical
items for providing quantitative association rules comprising the steps
45 of: ——
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Vi ewed from anot her aspect, the invention also provides a conputer

perfornmed process of online mning of a |arge database having a plurality
of records, each record having a plurality of quantitative and categorical
i tenms for providing quantitative association rules conprising the steps of

6 woeonisrputting to the conputer, data includi ng P&TER¥8% i ned
val ue of m ni mum support, a user defined val.ue of m ni num -
confidence, a user defined val ue of interest, and a user query
conprising an antecedent and consequent condition where said

ant ecedent and cdénpegdenitocdedédrpoter; dataf inclitEhg COOPEr qefinedlvaiad ioky Of
quant I tati veniakehmCadppgot,| 6 alsedtddtiidd €Slue of minimum con£5A38dd, Hclléegghelfgnégamr y
an i ndex treamermrir&eéeaf £HA€a s Yubry comprgﬂl%na%l Ql“:%cemgrfndeac
dlt {TEHB [ En [ Scoqgédu@ﬁﬁn CQXdeQ&'I Qrf'xegehgaidife Ehted l:laqxq consequ qyﬂ}ﬁkégtat Lve
atiriouges cQn e

RHNE p!cgsésg &a@gfl%g L Ql\.}g{l%lt 1v and ca Xgolaib atftlfrﬂ[nfféﬁ 10

consist of a plurgll

consi st of a pl ural i ttxy dle{‘t a1 a"dén X £res comprised cUn8ts GECING i n nenory
an unmer ged TUFE PPre F?r(?nf%cé’l fimepdiep 1% defined by ensnef Shefenfsuapiedral ity
of index nod®&ThiTaFtresaftdiPHEECERSaf ify p4ids antecedent ppyiittions saiglinded ity
of data recoti@§;consist of a pluratihysef yodengeden wienerspid imde:geddasuberthere
from saPfd ummﬁg%td#ul rlukBlity of detgonsads; of a plurality of index nodes
where sai d i ndex weoglesctingt itehemory an GARSEES rofe 8rdd EfeM bida OfaeslatRe
records; consisting of0€RRGEANIEDY oBNErdk nIBEL whMANLdlalddes RSO, pfan rul es
from t hose consist bAGEY1IQURS LP%E&:&?%!: gy, sai d user query and whose

support is at le q 0, $al i mum. s ort, and
Contsepee | gt SER B HEns s e O o RS,

di splaying to a. % E ﬁ Fat e Bhdret H‘b‘;%fw e§3|5&1ﬁd§ﬁf’f Paﬁ?ﬁs\/éurther
associ ati on Tures ftéhf Yenat é’t’F?}deE‘?‘@b a val ue of actual confidence
associated with éﬁ&ﬁ’ﬁé’i‘%f’&? &8 PRFEnTiankitiabiveasmestatiicorruted drom thedeue of
support assotiosk dWdet thate satisde maidtusdr quart phdivhose sumwct dtsi @n leadte; and
25 a val uzvel tonssideminiingy eliprass o Gndtvbdsenicolt iaade fenerRiaed «guanicbt ati ve
associ &Pi on saikdeminimum confidence; andr ef erably the step of constructing an
unnerged rul e trefspRiypid $8Sa user cutHRAddthi fgs £AGHy BI04 &Q@tﬂtggﬁr‘ tree,
and sel ecti Nges3PLHEQPR irai& B%ﬁgh@ﬁ'ematzngt g't%pstaeg§llg of actual conf:.dence]
construct i NOagkoRit@h &fith each generated duhgt @%gg|£90§1%!t o QLU €L L9, JE0Ot

node in sai dsdpe:gﬁ?( agécﬁgated with each genera quan i :§vaéI assrc]:(?: aetzgrsxsi'?.\ Ie,at ed Wi th

sai d knter_tg.a lLst;
p(} a value of "interest level associated with each generated quantitative

association rule.

Preferably the step of constructing an unmerged rule tree comprises

searching each node of the index tree, and selecting appropriate nodes by
30 . the steps of:

i) constructing a pointer;
ii) equating said pointer to a root node in said index tree;
iii) adding said node associated with said pointer to a list;
iv) adding all children of the node pointed to by said pointer with
35 antecedent attribute wholly contained within the parameters of said user
specified antecedent attribute and have a minimum support value at least
equal to said user defined minimum support;
v) determining whether the data records stored at the node pointed
to by said pointer at least equal to the user specified consequent
40 condition and have a confidence at least equal to said user defined
minimum confidence for the node pointed by said pointer;
vi) generating a quantltatlve association rule associated with said
consequent conditions;

vii) deleting said node from said list when the conditions of the
45 previous step are not satisified;



iv) adding all children of the node pointed to by said pointer with 35
antecedent attribute wholly contained within the paraneters of said user
speci fied antecedent attribute and have a m ni mum support val ue at | east

equal to sal‘g ggﬂ fefined m ni num support; V)pcaanes/nisrs Ng
whet her the data records stored at the noge pointed to by said
pointer at |east equal to the user specified consequent 40 condi ti on and
have a confidence at |east equal to said user defined —~m ni mum
confidence for thg,q npdqétggalm,?gdwpythgélsqlg%gé U Ap— vi)

e asso lated with said

generating a quanfj tatl ve associ at |ond rlu
consequent condi tgngtorminating men 's} Hér T PRY £ said.node fromsaid |ist"

when the conditi offs "’B‘F“ {the cqgditio r°§v‘1"t6 “‘sf‘%ﬁ“’&rséth%‘thE%'t PEIYLRYsaid

7- pointer \poj the geXtepefenPhgahh PRy PE%6°d list is enpty;

i X) te’dnm nating ¥Herneesakthd ptgpsi tiighpthgn the condition ofyjtephdy isheotconditi on
of step ix isavigfigiati sified, equating said poi nter to the nhext node
of said index tree; 5 Xi) repeating steps iii-x when the condition
of step iX i S NOtpreferabl§atHeSEtepdot constructing a mefabﬁfﬁﬂlabﬂﬂﬁetéﬁﬁpﬁidip e
constructingsgedtesged rule tree conprises the steps of:- 10 -

a) travgysing each node. . Qt,d Qscmg;; G?Cthgl{ln?n&g{e%erdl'& B3 OLES! ¢ | orger:
b) eval uating eac trai/er§ne nade for i c SI on 190, exglusion,in the
unmerged rul e tre€ FOrthar &8 i

det er mi ni ng WABFHEY ‘é‘é%rfr§%u 5“5‘&? ﬁé‘g’f’ﬁéﬂﬁ 58ﬁ§§§%eﬁf

attribute value is greht SPEUTARINGNEREBS efte Attty BEtiaed srateapsnt
stored at sai d nogetribute value is greater than)thgreenseqieny ashfiPupe el sai d
merged ¥l e tree whemrdidiesaid node; condition of step i is satisfied;
iii1) deleting said nodeif poeseseing sEagssier il @aid aergsictulexree when the
condi tion of stepcbnditidibs Stkebsf i8ka8itisadi d node has no associated 20
child nodes; 1ii) deletind MAi QL&) ERGh SAIndlRdE Ifuwreréalvﬂ.ewhged
rule tree When th diti on of step CQQ%OE'%QlQEleéta%B Aalld cﬁgthaga‘ﬁé %fsgz%.q

sai d noge has one grﬁij d ges usti ng
t he range of sai d conse ueht attri bute_when the 25 c%gltl on- of
aTES T

step i is not satisfijedy deleting said nods from gajd HF’F{?&T‘X}G’

ancestor node and SERFitHChBEestP T is mot satisfiedand Fpddcrcds ’Fﬂfd%“’i/vﬁéhldc he
condition of step®p¥eis satisfied; and vii) repeating
steps i-vi until all nuldesiheping bdercanga\wdrssdd conseguent attribjupe ybst tdeder.
30 25 Thendiziphtost stepal iy wfhf saiiefitedappr oach descri bed herein

al | ows onl i ne Qwes id@Bedtly dasdadiAR S ak Gnedstb aicte tadhe &Hil&ghd &
associ ation rul es saja delettldl hdadl RENUSR! cSHARPInCSE LeuLhs Qf ssupPIGt aad
confidence as predi CtOL$;) repeatindBegsCs %S&&‘ﬁraﬂieé(&dqy%%t&%hvﬁaversed

associ ation rul es,; due Lo ege efficient 35 performance of the onli-ne

m ni ng gf qguant i tafi Ve adS6tiation rules. An

i)

The computationally efficient approach described herein allows
online queries on a database to evaluate the strength of association rules
utilizing user supplied levels of support and confidence as predictors,
and to discover new quantitative association rules, due to the efficient

35 performance of the online mining of quantitative association rules. An
association rule can be generally defined as a conditional statement that
suggests that there exists some corxelation between its two component
rarts, antecedent and consequent. 1In a quantitative association rule both
the antecedent and consequent are composed from some user specified

40 combination of quantitative and categorical attributes. Along with the
proposed rule, the user provides three additional inputs representing the.
confidence and support level of interest to the user and a value referred
to as interest level. These inputs provide an indication of the strength
of the rule proposed by the user (the user query), in other words the



association rule can be generally defined as a conditional statenent that
suggests that there exists sone correlation between its two conponent .
parts, antecedent and consequent. In a quantitative association rule both
t he antecedent and consequent are conposed from some user specified 40
conbi nat i onyefqogssant i t ative and categorical attributes. ARGIRPHHIPE t he
proposed rule, the user provides three adglitional inputs representing-the-
confidence and support |evel of interest to the user and a value referred
to as interest |level. These inputs provide an indication of "the strength
of the rul e pHQRAIEHs R¥elNGadtitli LIRS AUSE! bAWEEY hntdddadih@ha WoEddsuddie

8 ShdSRY oe‘het,[;geers?qggﬁsted correl ation between antecedent and
consequent defined by the user query. In order to carry

out this approac a method is dets%{li bed for. 5 <RI ERr oci:egss.ibng 4 he raw
data by utitlizing™ REAnteE&HINT 2t P BIREEA Yo ™et00% 38 PPFTSRY*RE data so
as to creat ePEPADTFHEERS FONART? MK htP OF r et Fitgoedent attriifeutd by an
on-1ine rul eryjéhkiont Fiimdatepe Byterreate| v Spjtigprensional ingdegingssirygtyiee dat a
into an i ndef¢iigwet Puctnuee-line irglgplogeedtion stedper Ay effectiygly ®yke to answer
repeat ed onl preegsiowi g8 datiahigtonws tindexdtastangons itOis placegpians eotn NeS.

Once creat edsuithpld ndensRer SépdaCédilonl BlRVaRkes With ARREt! hstantanedigke

nul tipl® passespoRyLiihdl Sltbadiascea, THR iNERXIGtElckUES UbRatéLRhENeed to
signi ficant parf QLIMPEE ANt RIS O0YRRbINLY I 9dSi JRLIHY SuUSSeurLNErehbeleXi ng
structure (pé?axﬁ@%%%s&egf%ﬁ%e Lavatk A 8dold) SR @@éﬁnwﬂ%. gl%é qsd?]xr%niS

processi ng na one a | ra eoretic searc orit

whose conpl efi\'/’f“f%i"_fsegg ’f)e%ﬁc?gsn% Q%oa?t_ ess?rfé K s‘ﬁt%‘eapwlﬁ'g'fﬁa.t MY resul ts
in an onl i nePEPGSTHENTRMWAT PP $YaTRR0EIRS AAARR SREFES T AS1EPnEl98T P Bsponse
time, nthinm PR EFRSE Y iaRERPIESIBRL [FPONSr sEESnPUthe iYhPUt. This results  Ap
exanpl e of aipearherfihgralgeriche vitaen imialesy dhstgnrancPyatiperpg of response
associ ati on rihesmiminiziogr danee vel drputtiscopriégs et compuertticon Wi I | now be
described in detail by way of exanple only, with reference to the

fol l ow ng draw Ngaa example of a methbd @REnlidcsSaaa RUANLGIdr gaseidpiion of a
conput egg Net WRkdsiation rules in acdok&dRE WAthStrRNpRyeh@lihvaessl LR RG, 8E the
data mining ngthgqfes 4R detaip@%ﬁ‘v 50 oRdo M) 24Ee dEpsIehbEdo R Fi gur es

2(a) and 2(b). ., FlL.gure_ 2. escription o e preprocessin
sg a)ge. Fi gt(Jr)ef°§](‘T)");9? ST gs'crigti n .. of Iohe on-|ine sltoa)g]g:_bf t he )
al gorit hm IGURE 1 2 Jip -““& B TFEPEI T GeSTPFPT BR"S8F¥how t he i ndex
tree is cofSFPEct éd s PHRFathelearrisEintent thetdate (miping Bekhednsi der ed
an expaP®i on Bpsisting ofiteig FB98T IFFFpibed Py d)igures 2(a) and 2(bIF| GiREre)2fa) a
det ai | ed desdcisi ptdesrriptidronf tthe nyRmeErcgesing (Ht@ge + eBigquge 2(b) is galsesrdbeibnf r om
the i ndex treg. tid ondlindestednNoE ddeegiganidxpansi on of step 100 of
Figure 2(b); rPIGURE 3 isHA QJRG1%41 desarigessy bpiHowneHef idsew dride igerged rul e
tree is builtecht@McBa usidgN€nd/ BARLEEHL! $8t€ t1:€6in BOGonsidered an expadsiGRE 6
is a deggriptiop. Qf ;0Qw £16,9Yapfitative association rules
FIGURE 4 is a detailed description of how the unmerged rule tree is
generated from the index tree. It can be considered an expansion of step
100 of PFigure 2({b);
FIGURE 5 is a description of how the merged rule tree is built from
35 the unmerged rule tree; and
FIGURE 6 is a description of how the quantitative association rules
are generated from the merged rule tree at some user specified interest
level r. .

40 Traditional database queries comprise gimple questions such as “what
were the sales of orange juice in January 1995 for the Long Island area?".
Data mining, by contrast, attempts to source out discernible patterns and
trends in the data and infers rules from these patterns. With these rules
the user is then able to support, review and examine decisions in some

45 related business or scientific area. Consider, for example, a supermarket



are generated fromthe nerged rule tree at sone user specified interest

| evel r. 40 - * Traditional database queries conprise sinple
guestions such as "what were the sales of orange juice in January
1995 for the Long_|sland area?"; Data m ni ng, by c@®aIIGBes/N2928 t enpt s
to source oYYP’H?‘%Fer ni bl e patterns and trends in the data and.infers
rules fromthese patterns. Wth these rulés the user is then able to
support, review and exam ne decisions in sonme 45 rel at ed busi ness or
scientific area. Consider, for exanple, a_su]_r; r mar ketd . iat

9 VPR 2 1REFY LR PO EETS | t BRgC? § TESP° SUSTHERS 2§ e ths
associ at ed Wwith the PPETaREPTOFRISRER OFAE FRCBY M OMTALSt 8O IFITRISRPHEw 376
desi gn coupowsy, tarpdace merchapdiseoop|shelvegeitt ARSI T MaHTE AR WFREIY et der to
maxi m ze prohdalysit of past trafgraitysi dagf ipastconmephs deed oppxParh lnsorder dienonl y
used appr oachmgrbvérctierqiaity of subprdevisivhe. (Malert \teghncdugh hde giage Gns.
Modern techngdag¥i1d1as 48Rde tht so callepQsasikbd @at0 tBdtOkEordeliths Gaktiedebamnk et
dat a t hat ) st Qrﬁ—.{:ta%@cbqwi Fﬂ&éi;@.d &fhanizations B&I1ekE MASAGel MBuRESbS .such

O gani zat i ong th0| |RGt pibbiad YEcAILY SoPlomSHGE~ a 1arged@didecthiBf d¥ phkeM

” "
becones _one g t rtn nel régansactiaél;lgeﬁogoa s%%:t.altggn lpsaﬁ en sets _oqalémgm%h
transacti ons“f6r soclratlon rulesg }e ween sets g og E?ar}gag%i;[/o\ﬁhs 1ghere Egcr;‘e
ere eac

m ni mun%pecPPTeliEEHP PERLE 2 GVEH R S ef 6 T 3nsAct] Ons, :
transaction ksangageionois it eaks Of difemysaRiaFPUAT M B 1 AR eKPr eI PBIPTof e he
form X => Y, fokreXe=X Yarwheye & and &t arpfets efsitersy Ax&pMIec?t an 288STA 4 on
rul e is: 30%rofe tisaridaces onsishbtions dskkiqenbrdar begrsalseofArtpin diapser s ;2%205 of
al | transact ia0pxrafsicliidhshedrdtand bobieE tHegabitemddor er8038% &s calledthde 15
confidepge oOfcohfiRiehdd Bf BRINAYK tha SURROsupsirtt die thdllrale.

Anot her exanpl e of such an association rule is the statenent that

90% of customer transactlons d hat. pHrehass sl and sQUldeeteAbatePIENasE
m l k The an:?%ge%egast%r?nelﬁ%ﬂas.n ! lél J'..enE)%aqa Onusrlc tS Qxfeagra@lgdb\ﬁlggr QH%% %{xréﬂge 20

o 2
t he consequerit; , _consrsts of nATlk e.. Nlnety percent. IS

confi dence faGthr &pe PRESFHPRE ©f (¢ “gﬁ' Fes °|n§b%/t5 °§ %Fealdng?dasr?‘étgtef 0¥ nd
al | rul 88 t hdthe rRRECTIBEG ) sTOMHstehet At cdott TR PeRESPhET 5P%et er mi ne
what product scopfidencerfectrent thaaplpe Tenprrchederirabhey Spniasidse 5t fides
sel | i ng bagel=ll ABes that have *bag@s/ein gheantesfedentywhidnRaychelmsetepmiae
probl em of nivwhaBgproducts (@RSC@isaguedn) makds: ispacbed iifid-hal $toreg|Hecqntapudsaye
support and cguifiikleBagels. greater than the user-specified m ninmm
support ,gm nsupport s) and m ni mum confidence (m nconfidence c).
General I'y, the supRQLi Ofe@ofUldy ttandactiSns3Op, tnkEcPRECONLARMoO! cust omer

LL?RS?;:}S”? .Iast%ré:ﬁ}s%{:ﬁor?sruhgs qsgteo?gir?d iaflEQ'ules that Q‘;eapl%grt \le CJ.?’HP%E@‘; n

S. I'n nore tor . - mat tical ter he
rule X=> Y ha¥@hppsPe $hF ﬁ‘?ﬁ??ﬁ?ﬁ%é‘ﬁ%"ﬁ‘m s“pp°&n§!§%ns%p??%s%2 (Q)% %X%mu;“
transactions FIREEARRSAL HHACOREIRRRSE § - CpXRLIxhFhE oTPPHRR 2 ™1 X BF ¥ rule
X => Y i3 def thredexsenténe plrcrstangycrohsactitneacty SHRIeP hidt 2 BREEIAZeS5 X
whi ch al so coddtabasey,. whidh emteif dprmiXl gnd Ytitemgsagse Xn-moyenfeymelonfi dence
C in the tranfatensdicaltebhinbl68p, 0thd FaRs act Youms bswppbrt [vain dbattapmsaxt &Hnso
contain Y. Thys if j8 saUbe thadsa90%Uns Onf bdRefint HRRidd vireaNsy I hatie 8696idénce

of a rule X => Y is defined as the percentage of transactions that contain
35 X which also contain Y. Or more formally, the rule X=> Y has confidence

c in the transaction set D if c¢% of transactions in D that contain X also

contain Y. Thus if a rule has 90% confidence then it means that 90% of

the transactions containing X also contain Y.

40 As previously stated, an association rule is an expression of the
form X => Y. For example if the itemsets X and Y are defined to be

X
Y

[milk & cheese & butter]
{eggs & ham] respectively

45



t he transactions containing X also contain Y. 40 As previously

stated, an association rule is an expression of the . formX =>Y.

For exanple if the itensets X and Y are defined to be X=
[mlk & cheese & butter] Y= [eggs & hanm r3R&SHsk }gg&sy 45

10- W0 99235The rule may be interpreted as: B LE : X=>Y .
, inplies that given the occurrence of M k, cheese and “hutter

in a transaction, what is the |ikelihood of eggs and ham5_
appearing in that same transaction to within sone defined support _
and confi denceTheyele may be interpreted Ege support and confidence of the rule
collectively define the strength of the rule. There are a nunber of
ways i n which a mia@r: xay ypoSipliks tha gitle@ Hhe SdtDbrahcs ket RINK, NcHRESLan& 0
test its strengtbutteA AN thdksabSione what is ¥Rl 1DRNERSANSAkEYE ahd Hhn Of the
kinds af online guekifs {MetarSUG: 8rai¥sibh to withERkoRe RREIdeal ABLYIE ;

(1) Find all assgQg aliQBed-d! fyepbove a certain I evel of mnsupport 15

and m nconfi dence. (2) At a certain |level of mnsupport and
m nconfi dence, find all 4 ) a§s%ci at.i on \ ul es that_ have the set of
items X in the afteS8RFSRE and cpgfidence of the myle golleqtdvely Heti®G i eof

m nsupport ARPHFRCENTIEdENEe, TheTRI25] |2 number of ways inwhifh a14°8H MK R8et hat
have tHe sef ®ilej temuchyajsystefe iegirdeyfentest its strength. A neupingfusgveert ain
| evel of m mstippordseatative AgenPf ddwrcleinddgfdordlihe queries that suchssegstdm on

rul es that kaweubletsoiciede ttens Y either in the 25 ant ecedent or
consequent or distributed between the antecedent and o

Consequent . (1) Find all abcikt gl Hhes abe. &drcassqeiat bPhinsupport
rules/{genmsets iQ, a0y, Qf ¢idlfce. cases (1),(2),(3), (4) above. 30

(6) At what |evel of mnsupport do exactly k itensets exi st

{2) At a certain level of minsupport and minconfidence, find all
association rules that have the set of items X in the antecedent.

20 (3) At a certain level of minsupport and minconfidence, £find all
association rules that have the set of items Y in the consequent.
(4) At a certain level of minsupport and minconfidence, find all
association rules that have the set of items Y either in the

25 antecedent or consequent or distributed between the antecedent and
consequent.

{S) Find the number of association rules/itemsets in any of the
cases (1),(2),(3), (4) abowve.

30 .
(6) At what level of minsupport do exactly k itemsets exist
containing the set of items Z.

The present method particularizes the method of discovering general
35 association rules to finding quantitative rules from a large database
consisting of a set of raw transactions, D, defined by variocus
quantitative and categorical attributes.

For example, a typical quantitative/categorical database for a
40 general marketing survey would consist of a series of records where each
record reflects some combination of consumer characteristics and
prefereﬁces;

Record (1)
45 Record (2)

age=21, sex=male, homeowner=no

age=43, sex=male, homeowner=yes



containing the set of itens Z The present net hod
particul ari zes 't he net hod of discovering general 35 association rules to
finding-quantitative rules froma | arge database consisting of a set
of .raw trarggedrdsens, D, defined by various quant i t’é?T’%”éPﬁgs
categorical attributes. For exanple, a typical -
quantitativel/categorical database for a 40 general marketing survey
woul d consist of a series of records where each record reflects sone
conbi nat i on rReéor@OMUABIgeciRI aei-EEnAk| MBmédWier=no pr ef er ences;

Record (1) = age=21, sex=mal e, honeowner=no 45 Record (2) = age=43,
sex- mal e, hOfTEOW@gI’g:e}{QISdl' a quantitative associat RRCRULL (3)a onﬂﬂ%i_'éﬁof the
sex=fenal e, (§ EOWNEr =No In general, a quantitative '
association rul'e is a condition of the form 5 GENERAL RULE
[err] 0 where X, X2, ..Xk correspond to quantitative antecedent
attributes, SENERAL BIEE &) vo  yr, and C correspond to categori cal

ant ecedent attributes. Here [11..ul], (12..u2), ...[1k..uk]
correspond t &!'tthevtahyds- fYr- t*thB k. ukl Yisghr Y338 -JirantPt detvé=attri butes. Z1
and Z2 correspond to a nultiple consequent condition. 15

The pr&%ent net hoberefliXes- Rkhearrasnpoé reosayspkitad ivh aptededenit satiribntgs.,
proposed rulaad Yt N2r wrse anéfeeregdspardase tiegussrl (angeysdent dtheibuoesn of an
ant ecedent / arre equenit) pagie. .u2f, addi k. oik}t orrRepdpnopOsRd rabded foxU SRS

suppl i es valyieSodsOfudik NidViHAR laeertibhest .CoAf ke hs eockpddpenditbdenaespts, and 20
m ni mum r eqUid, e SHPRGRA L1641 Nsupport=s), to test the strength of the

proposgd rule (user query). Bot h the m ni num confi dence and

the m Nl mim SUDDGLL a1.e 3S,LELEVANLos cnac ! OullE HLSCOVRLY. OF Guantidal i ve
associ ation rules as the e 1o e 25 di'scov 0 eneral assocCl atl on

lE
fUles.  An GESREIE Dilea TPHTEAP RRSETTed to a5 (TR SR  BAEY pdn Che form of an

antecedent/consequent pair. In addition to the proposed rule a user
supplies values for minimum required confidence (minconfidence= c¢), and

20 minimum required support, (minsupport= s), to test the strength of the
proposed rule (user query).

Both the minimum confidence and the minimum support are as relevant
to the discovery of quantitative association rules as they are to the
25 ' discovery of general association rules. An example of a typical user
input might be:

EXAMPLE A : TYPICAL USER INPUT

30 1. Useér supplies a proposed Rule to be tested (query)
ANTECEDENT CONDITION CONSEQUENT CONDITION

Age(20-40},Salary(100k-200k], Sex=z=Female => Cars=2

35 2. User supplies a confidence value for the proposed rule,
referred to as Minconfidence, c.
Minconfidence = 50%

3. User supplies a support value for the proposed rule,
40 referred tc as Minsupport, s.
Minsupport = 10%

Figure 1 is an overall description of the architecture of the
present method. There are assumed to be multiple clients 40 which can '
45 access the preprocessed data over the network 35. The preprocessed data



EXAMPLE A 1 TYPI CAL USER I NPUT 30 1. User supplies a proposed Rule to

be tested (query) [err] 35 2. User supplies a confidence

val ue for the proposed rule, referred to as M nconfidence, c.

M nconfi dence = 50% 3. User supplies a support Vhyishebeiod he
proposed rWQS92337 referred to as M nsupport S. M nsupport =
10% Figure 1 is an over al’? descri ption of the architécture
of the present nmethod. There are assuned to be nultiple clients 40
whi ch can 45 access the preprocessed data over_ the network 35. The

pr epr ocesseﬁesdﬁ‘fﬁat the server 5. There may be a cache 25 at the server end, along 12

resides at YH® e pegrrocesPpd datadf - e PIEREITESATIAS vid dvrtheronddre al ong
with the prepcesstisgcthkdatrdadd inTihe fRlept.ocEssidifion wediskald tiheresdntne
processi ng tmkes gvkesicehat théialaCiPlisléorbd cadiliski on, a disk 15 is present

in thesevent that the data is stored on disk. 5 The present
met hod conpri sesrde\BresAg@schdd mn@rpge@ce,@sgtragesstag&e procesd @bl fagd by an
onl i ne procemw&x %;aag,eonﬂg procSdlUS sflheQVeig! 12 shows a,ﬂ@s&rahptlon of the
prepr ocessi Q% ogs V\@hl a5 rterssgng s@ee QI’ Qv%?]?%l ntg'te onllne ro essgener ation
steps) for :‘] “gf eq%r i th hm j‘ﬁ tgr 0{ies H}g s,}he r? fé/es
constructio F?‘lé‘rg $ERBEX f”Fe PRct e, E)Cefgmgf stage FI G 2a
and t e assdTICATEY tBRtaPFEU Yl ﬁt}i”ﬁ‘ﬁr‘bfn‘?ﬁxdre:?(%l FUcturg: 58§e3EP 75 oftree
structure | 8% drlandpgupesepinted| degatedsiesaeiptied Ph Fifie 34A}- WAR dR9%S

used as a neesesstorckwgesks anwedd knainnenrsidnditadsiiractRe| &t &He wok kwhiiph tilse
prior art nmayedesfaonaths to Goddxran mulkididendysran dathndexlSeauaiclrian £t 15
Spati al Seapgitirngrt RapceetbungSinOfutithen ARV Bl SGvEE) CpifeR ®RGELure| fbrxt he
presenis met Bogk ;31 Vb @i pPBcdesysl Bl @Ke bR & 16kdDUEdtefercs. €FRI G)ed i N

order to peLioll tRenON 2! TS OG! & Eni LML A0 Lk Latse dﬁ%&aéﬂh“md

to part It On eq:'etcg eg‘fosrm S tO (J:.ll;eeaqhgr:.asnu t1:ece enQSAtQ:Q es Te u hzed

structure. g X|n rtlajcsure S eag ) ‘Stl LStructure wiere
hi gher Ievel assom 3 &d Wi B W Eiee e 428 R des. and

| ower | evel sﬁﬁ‘tfé‘é’?ray“rfax}’édeﬁb?% SERMTTS0° SUERedesr ?ﬁf&é%“reﬂ‘f?“ the

const r#ftti oftighert Ryel rAgRT ige AEAEIAEPS VR LR @F P RISVP SFETTOF MgS éPflect i ve

onl i ne dat a laver Agvel Mdsskeay balparargghanetvicdesscesrom tadre zi Mee t he anount of

di sk |/ O r eqonstedct ipnr & pon dndexiog ertreptere ¢s.crfial to performing effectlve
online data mining. The key advantage resides in minimizing the amount of
disk I/0 required to respend to user queries.

25
A graphical analogue of the indexing structure, stored in éomputer

memory, is shown shown in PIG. 3{(b) in the form of an index tree. An
index tree is a well known spatial data structure which is used in order
to index on multi-dimensional data. A separate index structure will be

30 created in computer memcry foxr each dimension, defined by a parﬁicular
quantitative attribute, specified by the user in the online guery. Figure
3(k) is a specific example of an index tree structure which represenﬁs the
antecedent condition, *Age®™ and its associated consequent condition,
*FirstTimeBuyer". To further clarify the concept of an index tree, Fig.

35 3(b) could have represented the *Age" dimension in the example below;

BEXAMPLE B : SAMPLE USER QUERY

ANTECEDENT CONDITION CONSEQUENT CONDITION
40 Salary[40k-85k]},Age[0-100] => FirstTimeBuyer

In general there are no restrictions with respect to the quantity or
combination of quantitative and categorical attributes which comprise the
antecedent and consequent conditions.

45



A graphi cal anal ogue of the indexing structure, stored in conputer
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25 the available memory. Step 300 is the point of entry into the
preprocessing stage. Step 310 represents the scftware to implement the
process step of using a binarization algorithm to generate a binary index
tree. The binarization step has been discussed in the prior art in
Aggarwal C. C., Wolf J., Yu P. S., and Epelman M. A. The S-Tree: aAn

30 efficient index tree for multidimensional index trees, Symposium of
Spatial Databases, 1997. However, the present method diverges from the
pPrior art in at least one aspect. At Step 315, the way in which the
entries of "an index node are organized is unigue in that both the support
level and the confidence level for each value of the conseguent attribute

35 are stored at each node in the structure. Step 320 represents the process
step of utilizing a software compression algorithm to compress the lower
level index nodes into a single node.

FIG. 4(a) is the detailed flowchart of the primary search algorithm
40 which is used in order to generate the unmerged rule tree from the index
tree, illustrated in FIG. 2(b) as element 100, The algorithm requires as’
input, user specified values for minconfidence ¢, minsupport s, and a user
query which consists of a Querybox @ and one or more right hand side
values, Zl=zzl, 2Z2=xz2. The Querybox is merely a descriptive term to denote
45 the lefthand or antecedent portion of the user query. To further clarify



the I ower levels of the structure to ensure that the index tree fits into
25 the avail able nenory. Step 300 is the point of entry into the.
preprocessi ng stage. Step 310 represents the software to inplenent the
process step of using a binarization algorithmto generat afifhy 1 ndex
tree. The BYOMBFHL i on step has been discussed in the priofr art

Aggarwal C. C., WwIf J., Yu P. S., and Edél man M A. The S-Tree: An"30
efficient index tree for mnultidinmensional index trees, Synposium of
Spatial Databases, 1997. However, the present nmethod diverges fromthe
prior art inthf mpanisg ‘-‘tfn@‘eég‘ﬁfé‘ctE"aﬂ?lesf:e‘ifls‘i@es‘f%ewa‘f AswiedMireAef an
entries of afrliipgedeenceinque by ghmpzestnt ebbidqgue in t hat both the support
| evel and the confidence |evel for each value of the consequent attribute’
35 are stexmmrmic eanercradesirniNsve structure. Step 320 represents the
processs - step of utilizing a software conpression algorithmto
conpress thephd\Weky specified:€Vel index nodes into a single node.

FIG 4(a) isihe,dela e@offllgMa‘;glu fth&RidiBBlx, sgarch al gorithm 40
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i nput, user speci f| ed val ues for m nconf i dence c, mnsupport s, and a user
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45 the |l efthand or antecedent portion of the user query. To further
clarify {3.) a Querybox, "Q" {the antecedent) 14

t he meani ng k. Qdesaihoxa=-zExampl e (£ drtnmestascri bes what is required of an
online yser as input in the present nethod. 'EXAMPLE C : TYPI CAL
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ant eced¢ht | (4.) Zl =zl, Z2=z2, etc.. (a consequent] 15
ltemthree, tlﬁmervbdwlsn&etmnemﬁleémlew rewsipys toficardf ehtegad
exanpl es, ancosditigenenalybyx.Ceixdi S¥o aimensyons oAy Naid Diftbind}dﬁh’h‘sl, teldi e and
categori cal athgiduhtrgorichernnchosguent Rendi0i&Ge qadkeit t ri but e, cdn consi st
of one or nore categorical attributes. 20 [ Exanpl e 1]- This user
specifigg query consists o{&'&l;)bépt ecedent Co

Age[0-24]),Lefthanded ==> asmoker

[Example 2]: This user specified query consists of an antecedent
condition, querybox, with two dimensions, Height and Income and a multiple
30 . consequent condition.

Querybox
Height[5-7], Income[10k-40k] ==> ownsahome,ownsacar

35 [Example 3]: This user specified query consists of an antecedent
condition, querybox, with a single dimension, Age, and a single consequent
condition.

Querybox
40 Age{10-43] ==> asmoker

EXAMPLE C above, describes in general terms what a user supplies as
input to the method. EXAMPLE D below provides a representative example,
using the user query in Example 2 above, of what a typical input/output

45 result might look like:



condition, querybox, with two di nensions, Age and Lefthandedness, and a
singl e. categorical consequent condition, asnoker. 25

Quer ybax Age[ 0- 24), Lef t handed ==> asnoker [ Exanpl e
2]: This ugryeoppeei fied query consists of an antecedent PCTIGB”@%%%htlon
qguerybox, with two di mensions, Height andgslncone and a nultiple 30 -~

consequent condition. Quer ybox
Hei ght [ 5- 7], | nconme[ 10k- 40k] ==> ownsahone, ownsacar 35 7 (Exanple 3]:
Thi s user spesisrkes .Oma¥ar @88k SpoOf an ant ecedent condi tion,
guerybox, with a single dinmension, Age, and a single consequent :
condition. .. . . ocifies as i Querybox 40 Age[ 10-43] ==>
asnoker w C above, describes in general ternms what a
user suppli@dg BEeon i NpUt to the nethod. EXAMPLE D bel ow provides a.
r epr eseht at iAe™ERUFRSFE = -4 using the user query in Exanple 2 above, of
what a typi Gal MeEBRRY GFRTEEIGeAE conditign))|= HewgohhEo | 7b'J-R°‘I’“IeI€é°k 40k]
15 4. BONSPEEND coRYPica| of USHRXENPIST ownsahome=1 gwnsaggrsdi f i es as i nput:
1. minconfidence = .50 5 2. mnsupport = .4 3. querybox
(ant ecedent WsendjukipEpriredHetddhifdms 7{3shncone| 10k- 40Kk] 4. consequent
condi tign of interest = ownsahone=l, ownsacar = user query forned
fromitems (3&4) 10Helght[5 -7), Income[16_)&'49)&t L3 Zlvnéaﬂng[n;]sggafu)k] ===
ownsahone, ownsacar Resultl ng output: generated rule
Hei ght[5.5 -_ 6. FJ o nc%rreil - k# ==> ownsahone=1, owmnsacar =1 15
I n general, %ﬁ?e—on'ﬁ-gﬁ*t-amgenemtéa VELR Y generate no rules, one rule,

Height{5.5 ~ 6.2],Income([13k - => ownsahome=1,ownsacar=1

15
In general, the output can conceivably generate no rules, one rule,

or multiple rules. A =single rule was generated in the example above. The

generated rule is said to satisfy the user query, (antecedent/conseguent

pair), at the user specified confidence and support level, 0.5 and_0.4

20 respectively.

The algorithm for generating the unmerged rule tree from the index
tree, defined by Figure 4{a), proceeds by searching all the nodes in the
index tree one by one. Step 400 is the point of entry into the primary

25 search algorithm. Step 410 represents the process step of setting a
pointer, Currentnode to point to the root node of the index tree. Pointer
CurrentNode will always point to the particular node of the index tree
which the algorithm is presently searching. Step 420 defines LIST as a
set of nodes which are considered to be eligible nodes to be scanned by

30 the search algorithm. LIST is initialized to contain only the root node
in step 420. Step 430 represents the process step of adding all the child
nodes of the node pointed to by Currentnode to LIST which intersect with
Querybox 0, and have support at least equal tc the user supplied input
value, minsupport, s. A child node is said to intersect with Querybox Q,

35 when all of the antecedent conditions associated with the child node are
wholly contained within the antecedent condition defined by the Querybox.
Step 440 is a decision step which determines whether the individual data
records contained in CurrentNode satisfy the consequent condition, Zl=z1
and Z2=z2 at least ¢ percent of the time. If the condition of step 440 is

40 satisfied then the algorithm proceeds to step 445. Step 445 generates the
rule corresponding to the set of attributes on the right hand side, the
consequent condition. Step 450 follows steps 440 and 445 and represents
the process step of deleting the node presently pointed to by Currentnode
from LIST and setting the pointer Currentnode to the next node contained

45 in LIST. Step 460 determines whether LIST is empty and terminates the



or multiple rules. A single rule was generated in the exanple above. The
generated rule is said to satisfy the user query, (antecedent/consequent
pair), at the user specified confidence and support level, 0.5 and 0.4 20
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35 nonmeaningful node. Otherwise, if it is determined in step 540 that the
current node does have a child node, a branch will be taken to step 560.
Step 560 is a decision step for the purpose of determining whether the
current nonmeaningful node has one or more than one child nodes. If the
current node has only a single child node then a branch is taken to step
40 570. Step 570 represents the software to implement the process step of
deleting the current node and directly connecting the parent and child
nodes of the deleted nonmeaningful node together in the index tree.
Otherwise, in the case where the current node is found to have multiple
child nodes a branch is taken to step 580. Step 580 is a decision step
45 which determines whether the minimum bounding rectangle of the two child



wher e neani ngful nodes correspond to nodes 1,2, and 4. Al neani ngful

nodes are preserved in the nerged rule tree. If a node is determ ned not 20
to be neaningful then the algorithmeither elimnates that node, or nerges
mul ti pl e chivobonssies i nto a single node when certain condi RGT/FRISAIRS net .
Step 500 represents the point of entry im0 the algorithm Step 510:-
represents the software to i nplenent the process step of ensuring that the
25 unnmerged rule tree is traversed in depth first search—order. Step
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a branch is eRermass stepge [10-20]550. Step 550 represents the process step
of del eting ¢iiddcnadeeht- 8% [304a0hneani ngful node. O herwise, if it is

determimed in step 540 that the current node does have a child node,
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has one or U],pogeone % ihglygodes. If the current node has only a
singl e child no e then a ranch |s taken to step 40 570. Step 570
represents the software to jnplenment the process step of del eti ng

the curfent hoFe?dWIoHi MeRd §eTGnieEPthg*Ipée p&ingh thmdcewipafion of thengdes
of the del et BoftiforrEAPHYTgFaNgen ddeldsogcronbinedrranke qfndx40) ebich is broader

Ot herwi se, i kharhehe zarge\Apscd Li4ve by (hbe araremodedd. $16-3ahd t o have nultiple
child nodes a branch is taken to step 550. Step 580 is a decision step 45
whi ch det er mi nes wheblaedinita BuMBIRG-OAARGINGE tRE 1B Ok 1@ nolidie ekdMagshi | d
17 20 neR&Sof Xngr@Raest nblanathdhcwhiihecaeneBantnabs! B@Jeﬁéo node: The
m nimum ref}QUEHSNEhd %SE@Q% ®ol Serbin PR pPYcek esthQJ%r acﬁjﬁg 158 bounds
(t he range) Qimﬁtum bou;uhiqlg Aélat éél@heatpta{'l Ut e ea.c taoung e. Wen

t he ranges of oung. %r oader

a
than the ran f‘gjt gt %‘e tw° b At noﬁle rﬁﬁ? é? %Ebiﬁ"g stepoi®%exanpl e, if
the child nog%se%?eé' whether & ?’fenéﬁe gy more nodeg [P | TFaKYFE P thegEeq-10? 20]
child rfode 2P¥angletq Somioptiry step ‘“aﬁ‘ff“Fﬁe‘chreFESi}‘Gn'éﬂ Aerpardast thode was
defined as; traverse, ghpqswisehprecess fer B90-FAf arelfepeatdqdhéor Shereempamingpul d
occur in thi $ndszanples. since the conbination of the child attribute
ranges yields a conbined range of [10-40] which is broader than the
range specified byid.he faerNuetndea [f10r3@lt which describes the H—oéegg JE Ni mum
boundi ngy r ect.@ﬂ{bl @hé)fmezt:éﬁ R ehiel g qglg{ﬁ:stg)&ggqgsthe rules at the user
specified interest level r. The merged rule tree is traversed in depth
first order. Step €16 is the point of entry into the flowchart. A user
specifies an input value for r, representing the interest level. Step 618
represents selecting the next node in the merged rule tree in depth first
35 order. Step 620 is a decision step which represents looking at all
ancestral nodes of the current node of interest to determine whether any
of them has a confidence value at least equal to 1/r of the current node.
A branch to Step 630 will be taken when condition is true. Step 630
represents pruning the rule associated with the current node. If the
40 condition is not met, a branch to Step 640 is taken. Step 640 is a
decision step wh;ch determines whether there are any remaining nodes to be
evaluated in the merged rule tree. The process steps will be repeated if
there are additional nodes to be evaluated, otherwise the process
terminates at this point.
45



20 that of the parent node, a branch will occur to step 590. Step 590
represents the software to performthe process step of adjusting the .

m ni nrum boundi ng rectangl e of the parent to be the m ni num boundi ng
rectangle of the two child nodes. A branch to decision Stﬁe?éﬁﬁkmmns

determ nes WREPER®Y7 t here are any nore nodes to traverse in the tree. A 25
branch to term nation step 610 occurs if'% here are no more nodes to *~
traverse, otherw se process steps 490-515 are repeated for the remaining

i ndex nodes. ] FIG 6 is the detailed flowhart which

descri bes the prB&sEmagisegyherefges.ngn WainpePefdgd of| e re@ing of ke to
define the Atensstatfiphoueptdrative assogipntderf rulpsi pATePe PEOYIEFR| WhereThke ner ged
rul e tree i gaty dverssechprissedeptipus kinds of | quehtigrtiove. arst egre@éBicat t he point
of entry i nkwettimetdd.omchart. A user specifies an input value for r,
representing the interest level. Step 618 represents selecting the
next node in the nmerged rule tree in depth first 35 order. -Step 620 is
a decision step which represents | ooking at all ancestral nodes of
the current node of interest to determ ne whether any of them has a
confidence value at |east equal to 1/r of the current node. A branch
to Step 630 will be taken when condition is true. Step 630

represents pruning the rule associated with the current node. If the 40
condition is not nmet, a branch to Step 640 is taken. Step 640 is a

deci sion step which determ nes whether there are any renai ni ng nodes to be
evaluated in the nerged rule tree. The process steps will be repeated if
there are additional nodes to be eval uated, otherw se the process
termnates at this point. 45

18 To summari se therefore, an online nethod of data mning of data
items to find quantitative association rules can be provided, where the
data itens conprise various kinds of quantitative and categorica

attri butes. 18a 5
1. A nmethod of online mining of a |arge database having a plurality of
records, each record having a plurality of quantitative and categorica
itenms for providing quantitative association rules, conprising the steps
of : a) receiving a user defined value of mninum.copfidence, a
user



10 defined val ue of m ni mum support, and a user query conprising

ant ecedent " and consequent attributes expressed in terns of said
guant ati-ve and/ or categorical itenmns; b) organi zing the
rel ati onshi yoers®en ant ecedent and consequent at t r i TIVGER9I8I03928
pre-storing antecedent data hierarchicallyy into an index 15 tree
conprising a multiplicity of index nodes, each index nof mmllgmu)ulllujlm
first and second val ues representing the actual support un ce
for each user query consequent attri buéﬁmgnd * ¢y deriVvidg an
answer fromsaid pre-stored data in resSponse to said user query by
searching all the index nodes of said index tree to isolate 20 t hose

nodes whosel-ant dcBHE9f oft PRIBARIMNARHGE TARFIEs fRAFHR"e Basidpde pderality of query
ant ecedent zEcprdshueachr parged adinchichlubaliey cdnfiagéhtesive and avtematicdl

to sai 8l useitegeffonemkoviding afantdtathvieewciadencalend canprabing afe stiggport at

| east equaloft:0 said user defined m ninum val ue of support.

19 a) receiving a user defined value of mfdifMRonfidence, a user A NMet hod
of online reém.ga ol L@ n3finfiR ARBSH N2 \sBY d%fﬂleur@ahhayofoimr?st 14Rq0r ds,

h d t t
o’ rgfg\cl’lr Ganng‘“ o ¢ t:é Ic\%értl& aﬂ%‘je%n&éntta%rl Son%@%be%% &4 I%\ﬁ'_gs,t eps 'tens

) SRBning the, At (AR AEIRCh F23R FRRTHOMT GBRT | donce, a

of :
user %’Q‘F?‘Wéﬂtv’élt&@ #5/m ni num support, and a user query conprising
ant ecedent c)apxp-gearieg uishe dgfininguhesrelpgionship betwegh sgidani zi ng t he

rel ati ons beettecsientatécidnses aadfacansdyiagnto said coggeqneénsysegribntepr @ndt ori ng
ant ecedent dat a &i esdAkedy afldngwémnEpomBaiddesc stored ddthein eosmOhsSithgsadd

mul ti pki ci tyse@f qieRgdex nodes, each index node having first and second
val ues representing th actual support and the frequency of

occurrence ;or eﬁx%hyre%igé gu§L qon§§é}légpfiam %LJe'rbwmﬁr;&@ nJeSor (Eore C)

deriving an_an [.eSPONSE .t 0 user
query by se%t‘?a&ﬁf Ias?%éafh"ge&ulﬁ(s)des of “%lalc nf"d co Fex>trets %iai £31"4FR

t hose nodes® Wo%‘&garﬁ“eﬁ‘étd‘éﬁtsuai’?rﬁ BrAvE ??ﬁﬁ’é‘tﬁﬁﬁ"&ﬁ&ﬁlﬁ§“ﬁf &t d‘nuser
quer y 28nt ectteRestal eyl bifsectatrg e shPafiddd®consequent attribute is at * 20
2. The nethod of claim1, wherein said answer conprises one or nore
guant it ati v assihei méthod ofutledn Zanwaereimlsatdohe denmerevadapeimsdoci ated with
each rul e, ssxdchdtianiruaés SHYIGE tofv ahlje tikseonilas adloye ichmmaed intdrest. 25

3. The nBdve@di Dbt GleabtMedud) v2,saMQIsBL Medinédeintdeddcnesgdel Nt erest level is
proviged in said receiving step, and said answer includes an interest

I evel assocj at edr W A&hsa%*a §rw 6 ee@!@@g Y %ﬁrgﬁesﬁa ISR t 8L T Ve
associ ation rt“ aSO’LS',% %g anEJ &SQ Jyl %%M%%&&Q ‘AEEd @8& LSt

| evel is at eas

efin
ESCIRER B E LR - XN ' pifcHEE PRUSERTS WHRRR RN B (e
M ni mum of SMeFFed CoRfddsRce-2tha %ﬁ‘fﬁ’b‘ﬁt‘éﬂ‘% & 1965 IRt i SSF R TPRP Y ati o
i s dePPned @iviged bacanugrrassed isHeRRsE. diherdadsaig ameesgieeréddensnfandence and
a second r asunports agefdomputedsvaihes esedbn suprrsmretdpy icdestayystdgakxpect ed
independence.

4.

5. The method of any preceding claim, wherein said antecedent
35 attributes are comprised of categorical and quantitative attributes.

6. The method of claim 5, wherein said quantitative attributes are
further defined by a range consisting of a lower and upper bound.

40 7. The method of any preceding claim, wherein said organising step
comprises partitioning said antecedent data hierarchically into an index -
tree, where said index tree comprises a multiplicity of index nodes.

8. The method of claim 7, wherein the step of partitioning said
45 antecedent data hierarchically into the index tree comprises:
This Sheet Has Been Rep
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35 support, wherein said expected confidence and support are conputed
val ues based on a presunption of statistical independence. ,
5. The nmethod of any preceding claim wherein said antecedent
attributes i sed of categorical and quanty 1 igﬂ € 40

6. °~ The net g,gs,g#p;%l aim5, wherein said quanti [H“\qg“mt““‘t\uﬂt\\ *‘;}?@8
further defined by a range consisting of 22 | ower' andc uppe™ bdund. - =

7. The net hod of any preceding claim wherein said deriving step 45

i ncludes building a nerge tree by del eti ng neani ngl ess nodes and conbi ni ng
ot her nodes, whergi Netdr{RARI AGLESS1M0EE dash AnBOHBAbE 865080 Bave a
correspondi ngpcalabi At ekk Xaldde Qs Lgence at | east equal to said user

defined val ue of mt@vmgca)gp‘gic%gﬁgmg at Sach ifaex podkNGe TRINAUMaQl ccdi M 7.

wherein the rcreerrgs%%inee r@%r ency o oclc rerce £ ac1(1)r grSI DY Conki o

nul tiple con’é@guen gt tri but s, Y urgRee MR SRRt o BE L LEIHeRt

wher ei n® attribute. said receivi ng step conprises inputting to a conputer
data including 10 a user defined value of mnimum support, a user
defined val e of Thiermethed of claimdner dernhereir a3idy derivinedtemborpraes the

i nterest, amteaswser query conpri sing an ant ecedent and consequent

condi tion, where searchiagtaer athenind@Rchodes of LOBSAQEEnires @bdidon ot Endseher
conpri 36 a plddeslwhbye Qhtdpdastt hedriv@eafshge corredp@h®0@6 ikl vkl rdubs €s; 15
sai d organi sdfigcedelP £PFRUESGangANStructing in menory an index tree
conpri sed Ofn‘?”efr%ﬁ\pjfﬂiar&a‘!!; ML %n o ri?.fe%&i% "Erlsd Q:H%éé c%fehQSIq by

one of the user sienl) ed quantitatlye o Leibutes contal ned i ool

a a minimum .
ant ecedent condition, sai I'ndéX tree consrstrng of a pl Gr'al |’f'y of 1 ndex

nodes wher e SBFHThte™odes consist of a plurality of data records; 20
and saité deriid nfFoBtdys rRpriocsated tmsteridt My H AeRSrRRTIR FhRfrer ged
rule tree fromsaid index tree, and a nerged rule tree fromsaid unnerged
rul e tree anmd.germdeatathod ofecleim 1901 ehegetmthd duilddnassew ifatiten combeisetr om
t hose i ndex dedemgt hinisAkess hpdsniafd WSMSinGhke byhafodsth ORe cBaltp Odalid i rterd
| east equal ¢@esaid m ninum support, and whose confidence is at |east 25
equal &g said m ni num confi dence, sai d nethod further
comprising tfie SUAR i 3P1AKIAY0! Y@rdi3CL nesningreUhH 18131 FodiORRIR! | NG
of : sai d quantl,Lat 1 dgseci ation ful 98 LLOMANG" . conr Elet ali00, STep: a
val ue of actP5P T6nF ' Geh R A 83 1 e < M5 o2 a8 , gener at eq.
quant it at i ve*BaEJC &idopeerufarined vatife b Mt PR FPEEREERT at ed 30 with
each generated quantitative association rule; and a value of interest
| evel &Bsocit-ed Thetrethod bE gdadn 2t el quakit | vhereire thes getdeattasnmavybe built
10. The netdistenffoc|abimddewirefer nultipls fcopseabergeatyrabiteg. one or nore
quantitative association rules is repeated so that said user query is 35
i nt eractivel 33 .nodinki @Anbd of Uribber:, defdrBen:sai d associ ation rul es.
said receiving step comprises inputting to a computer data including
30 a user defined value of minimum support, a user defined value of minimum
confidence, a user defined value of interest, and a user query comprising
an antecedent and conseguent condition, where said antecedent and
consequent condition further comprise a plurality of quantitative and
categorical attributes:;
35
said organising and pre-storing steps comprise comnstructing in
memory an index tree comprised of one or more dimensions, where each
dimension is defined by one of the user supplied guantitative attributes
contained in said antecedent condition, said index tree consisting of a
40 plurality of index nodes where said index nodes consist of a plurality of
data records; and constructing in memory an unmerged rule tree from said
index tree, and a merged rule tree from said unmerged rule tree;
and said deriving steps comprises
generating one or more quantitative association rules from
45 those index nodes that satisfy said user query and whose support is
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11. The method of claim9 or 10, wherein the step of constructing an
I ndex tree conprises the steps of: constructing a binary index

tree of -one or nore dinensions, where 40 each (G ned by
one of sai dwoeR3sUppl i ed quantitative anfﬁﬂm MZMJ’“E@’; and
storing at each index node said support |evel and <onfi

12. The method of claim9, 10 or 11, wherein the step of constructi ng an

45 unnmerged rule tree conprises the steps of: -

searchi ng each node of said index tree; and sel ecting those
nodes whi ch contai heast Ak Fa ik Rinifm (SHBPGFEerand whose Gongidepes| lgdtsequent
condition and haleestmetdddaciridtmindnan cenfitdencey andi d - user defined

val ue of m ni num confdidelryéng &nda asemloutousf da@ppmst sEng | gaseaid equal to
sai d user defi nefhaxeitaeialf assaeiativnsupporficon the generdk3ng Eloep:metvaade @ cl aim
12, wherein the g bnSiRbeed bishdihasewihdesch generasil @hnﬁﬂﬁtﬁkﬂ rul es

whi ch satisfy t e USEl 15986 d 1 80vAARRUNGRbr € A8EHdih O with eadiOfRHels6&S 10
constructing a poulapngta’tlve assocaétion ﬁﬁuatinﬁgae%gi’ge Bplim:gtresgolh@e{ oot node in

said index tree ai d pointer
to a list; ass°°1ate3d"dltlﬁgeatc ‘{e%%ra\tl StT% “a 1|Vled?sesr?C1 AR g node poi nt ed
to by sai d poi nter with antecedent attrl bute whol | y contai ned within
the pafanettts 1The metypdofi glaiBel3 PR |iRE SHEP R BMT2EINE PHUPE ™8FR) with a
m ni mum supgeantitative agapaietion Fekest iegerdated seathdtuspdd wefigvedy isni num
support; interactivelyl @bé&ifiieditogfwitbéh @ef inkesaddt #sspeiryios rste.ed at t he
node pointed to by said pointer at |east equal the user specified
consequent ¢oNdi 4ieORe@RE of claimNBY @rawdGOMdrdfNERe &kep RASton8EMRL idgOasai d
user qgfl neg ”{%%&%@iéege%eﬁtgpg Of : generating a quantitative
association rule_as ate sal n b [
?r S e’ d° TSy i\ﬁge’ﬁ The c’con% %e%&p n?eQ,HQAnts Whare

del eting said not® previ ous

step are nofrFafiiurriayis dodinda by Cae °(§efaeir’in’l’ i ng’ p\ﬂﬂeetdh%ua%éﬁ‘a&”fl st is
enpty; and 2%tecedent attrﬂ%‘fﬁ?ﬁnaﬁ"i‘*n when said list is enpty, otherw se
equating sai d pobtrrépg at each i‘@ei‘ﬁ@dﬁé?ﬁd rRYBRPTSf 1%’&?0“”1%%1@%14@6% lexgit

r epeataong t he above steps from said step of adding the node _
associ ated weih ®md depmiandereidim the 18 o, 15, whereimnharsjer of @@structing The
nmet hod of apy Whefdedi FieOtdee dokprideer eienstdpe at:ep of building a

merged rule trees@a&@ﬂ{ﬂgsgﬁzh node of said indé¥ tidedva@dasi ng each node of the
unner ged rule t rggécglﬁogﬁosgr%’es wh:.ch contain rulls WAYA WatisRg @aCLkeLr aver sed

node f i ngl usi-on exglLusi bk e co x| €edla8€uo BYiaq 35
I) det rm “'ﬁ%é"\h%% cons aenh S:gx?idk:{' E!r? ?.\Ir nednﬂﬁ% Qp lg&gt &1{@6& Q¥d

t at 1 ’
attribute viP m‘f“ﬁ‘écong%e?ﬁe a?trlgute VAP e ot teast
stored at s&FEFlnﬁﬂéaid user def:.ned value of mi 1mum support

17. Thé method of claim 16, wherein the step of selecting those nodes

30 which contain rules which satisfy the user specified consequent condition

comprises:
constructing a pointer;
equating said pointer to a root node in said index tree;
adding said node associated with said pointer to a 1list;

35 adding to the list all children of the node pointed to by said
pointer with antecedent attribute wholly contained within the parameters
of said user specified antecedent attribute and with a minimum support
value at least equal to said user defined minimum support;

determining whether the data records stored at the node peinted to

40 by said pointer at least egqual the user specified consequent condition and
have a confidence at least equal to said user defined minimum confidence;’

generating a quantitative association rule associated with said

consequent conditions;
deleting said node from said list when the conditions of the

45 previous step are not satisified; — =
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1) preserving said node in said nerged rule tree when the
condition of (i) is satisfied; 40 1) deleting said node
fromsaid nerged rule tree when t he condi tion of

B N1 T

associ ating an ancestor node and child ngde of "sal d del'et &d Hode - -
when the condition of (i) is not satisfied and said node has one child
node; and v) adjusting the range of said consequent

attribute when tiygteminmg whe:heP%Qijd ik an iQfemg,h) bsa not satisfied; 5
wherein said evalyaf) fagmzt $ikkn! §a{fei)%%t eéjeﬁm'%l tglaiwﬂgde%%aﬁ%esat}ﬁe&ofme

traversed |n°post or

I ne
dat abase havinh§ 2 “ef‘hl"g?e £ said ing%’f t?%e?fo?’t‘:ala repeﬁ&hngrg]& PR ST
plurality of® aa‘fﬁegt%f‘t F%ngrf&‘ec“a"[dégﬁsf’%’élte‘iﬂ“h SH%RB”FGF r BRA dithg
quantitati vé“a’é’é‘?fcl ation rules, conprising: means f.or receiving
a user defined value of mninmn confidence, a user defined val ue of
m ni num suppd-t, Twedneahods of apwerfy ctoimpridstmn@?, whereianthececdhpnof dpillding a
consequent aidrgeduhBs texpranseted:N terns of said quantitive and/ or
categorical itens) dfuversing each TRAPSEf Gle GinedUaZ ki tAR L€lpaki QB&dH; P

bet WeERy ant ecede% @ﬁquatlng ea@@%@é&%gé n@&é rfbpl*ﬂhgfusli& Wree:glgémﬂgin the
antecedent data, de{,% %alljyy into an I ndex tree conprising a

multiplicity 0 eac ndex .no first and
second val ues represen | ﬁ%" %hmag 'E'Qetlher e6°h sf‘ld Aot he depmea Shnge <ﬁ"xl‘dence for

each user query €6ﬁ§’é°(‘,]‘ﬁ‘éﬁ’lal‘&°c £7 i BERET Hhid ’ZZ’G °°nseq“ent af’fé’é’rﬁ“‘? ®Leri vi ng an

Iarge

answer from sai d §5PEe&ebreddd #a8% i n response to said user query by
sear chithg al | the indé%) modeervidg saidinpdeddx spidk@erged rule treesydient thet hose
nodes whose ant ecedéitioatdtr {Dute shatxféedsorresponds to said user

query antecedent attriibif Qelcdige sabdl nabd Ghorhayia fedHeh (16 Ecrdk wWheAhe
equal to said usaiondafiche# V3l Ue net JELNdFIHIN6EHHEE A6 nAB thdadadbuaedl 25
support at |east .894abadsQ said user defined m ni mumvalue of support.
20 iv) deleting said node from said merged rule tree and directly
associating an ancestor node and child node of said deleted node
when the condition of (i) is not satisfied and said node has one
child node; and -
v) adjusting the range of said consequent attribute when the _
25 condition of (i) is not satisfied;
wherein said evaluating step is repeated until all nodes have been
traversed in post order.

. 19. Apparatus for online mining of a large database having a plurality
30 of records, each record having a plurality of quantitative and categorical
items for providing guantitative association rules, comprising:

a) means for receiving a user defined value of minimum confidence, a
user defined value of minimum support, a user defined value of interest
level and a user query comprising antecedent and consequent attributes;

35 b) means for organizing the relationship between said antecedent and
consequent attributes;

c) memory for pre-storing data defining the relationship between
said antecedent attributes and data related to said consequent attributes;
and

40 d) means for deriving an answer from said prestored data in response
to said user query. - -
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