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. M ning e i on Rul es and Sequential Patterns Wthin Dat .
I nhomwﬁmmmmww 1 Background of the Invention 1.1 Field of tﬂe&UG/eZQGZOn

The presenf Jnyention relates to data mning technology. Mre particularly,
it relates to the area of mning for association rules and/or sequenti al
patterns within data' assets. 1.2 Description and D sadvantages of Prior

Art Over the past two decad h s--been. a. hrge, i ncrease in the anount
of data being stored in dat glgatée? gc;shﬁ‘v\%lﬁD ar&"s %hé E\Iurrber of dat abase

applications in business and the scientific domain. This explosion in the
anount of electronically stored data was accel erated by the success of the
rel ati onal npdeid Mbiisd ofdnpdaicd axddnt Reldevehdphegrentinte hekattienpsf dat a
retrieval and mani pul ati on technol ogi es. While technology for storing the
data devel oped fast to K& Riteh hénaﬁﬂ%ﬂﬁ?e??TtT%pgtress was paid to
devel opi ng software for analyzing the data until recently when conpanies
realized that hidden within these nmasses of data was a resource that was
bei ng i gnoleHackgeoimd eoinbuntnventivar ed data contai ns know edge about a
nunber of aspects of their business waiting to be harnessed and used for
nore effective business decision support. Database Managenent Systens used

to manage thesp;dflasfetise dnaSie only allow the user to access
information explicitly present in the databases i.e. -2 2 7 AU G 2002

the data. The daeaestoimventicmeralataisate fdstanhyningne¢thpatiegyni Mowe
"iceberg of information' ., available fr it. Contained inplicitly within
this data PgrEﬁSHF%ﬁ%%’aﬁ%ufeiéﬁﬁﬁﬂﬁﬂ}aﬁe ﬁ§5gc?§ %%n%ﬂ%rgoﬁusiness wai ting
to be harngssediabfdoHsedidorandisr efdeehityalbystoesisdectaiandsugport. This

extraction of know edge fromlarge data sets is called Data Mning or
Know edge BPS&6%ery in databases and is defined as

1.2 Description and Disadvantages of Prior Art

Over the past two decades there has been a huge increase in
the amount of data being stored in databases as well as the
number of database applications in business and the
scientific domain. This explosion in the amount of
electronically stored data was accelerated by the success of
the relational model for storing data and the development and
maturing of data retrieval and manipulation technologies.
While technology for storing the data developed fast to keep
up with the demand, little stress was paid to developing
software for analyzing the data until recently when companies
realized that hidden within these masses of data was a
resource that was being ignored. The huge amounts of stored
data contains knowledge about a number of aspects of their
business waiting to be harnessed and used for more effective
business decision support. Database Management Systems used
to manage these data sets at present only allow the user to

access information explicitly présent in the databases i.e.
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the non-trivial extraction of inplicit, previously unknown 21? %gjénéhﬁél y
[ a

" ~useful information fromdata. The obvious benefits of Data

-

resulted in a lot of resources _ being directed towards its devel opnent.
Data m ning involves the devel opnent of tools that anal yze | arge databases
to extract useful information fromthem As an application of data m ning,
custoner purchasing patterns may be deffved from a | ar ge cust oner

transacti on dat abase by analyzing its transaction records. Such purchasing
habits can provide invaluable marketing information. For exanple, retailers
can creat ehmrdatef f it Ve tst sterddsphayke adrk avrse aff evtiwe cowtiol

inventory than ot herw se uld he.pgssible if the oW consuner purchase
pat terns. D& Cfftj_r frer Lc_eg??iﬁppg, lgg?lé?‘?)bl%%npaa‘ﬁ?%]sa%maen fgroorrlndu*(t::t' nor e
effective dmssmRld iiRg3 iidicihewikRow that , a gt ¥y efs tihadwre RNt has

purchased a first item the sane consumer can be expected, with some degree
of probabitymBer taf PERSirESe o paetrchhainese ol tingn v e Magnsgsercul ar
time periaod after.the first rchase., Data nining. us er ni ques
to find piaer(lzcgsusoefd WS EGe Si lr#elcz‘i%b’% BHSHAPES (O AP &‘%t'hte@gg

techni queSextrabti AJG2Rdwiddeee bR $ar§al dLth nbdt NG d WaldssDOadhi On
rules and the mning for sequential patterns. ldentifying association rules
from a | arfening Madecsrledoen PAECOBABYI snafreakadrs andara ILidgcaasi ni ng.
An associ at, l.e n I ion_of .t he. m X- ~ Y are
sets of i?éellﬁ%mcfryn-tt%léﬁragt ael‘?ﬁ)ég %?r%f’%, o?hé %g ‘fég%b ee%i%“g}%{ ﬁlﬁfﬁggﬁ y consi st
of transacindnsotemMici=A 1gaakkefldniacbirnation chasmcdata zerthaedwlavisets of itens.
For exanpl e, the database may contain custoners' sale transactions on °

shoes and PR&ES o RS H1E1ingshapar Rl Fef et Pred IRE AT HREFERS 30

percent ofpd{ANSBCtd A tt!?ﬁJax‘&&“ti%is”dE%K%&ﬁeﬁ&?O contain shoes; 10 percent
of all transactions contain both shoes and |jackets". The 30 percent val ue

is referred to as the confidence of the rule, while the 10 percent value is
t he support of the rule. The task aof mning asspciatjon rules invalves

{1 ndi ng. a2 The U (YA Re PPSHPRESEE A abet Bho:Bath A Re v
certain usedrgoeddidiibdl HINERLIERROGEENT COPASHARELEN CORSHE MtdH .S As

Conceptual Iy, the problem may be viewed as finding the association rules
froma relaki¥vrtieabion it FEnipge hCrakorar neyr ¢lepr Exematgerns

transacti s i f ret ai i TN 0 r data
itens int aéyg%? a%%}sife(%acﬁrr?eacglraé%%aghts)%é‘q%?agn%érggaa%ﬁ@Eut esaﬁlseer t(jaoglgach
attri but e snalespomdsd cramdacmonf rekertisansach i purciamatie rhadsiventdaal part

of data mning,relates tq identification_of sequential pattern. This
i nvol ves r&f®@ l‘i‘f‘la’tn‘éﬁslé‘aggsee&‘aiﬁlfettéﬁﬁoﬂfoﬂ’a?‘é?o%up'f)%e ¥ HfRre a dat abase

of nat ural rét§aB£5 Scarl OB ckedalezbas evif s¥Er& ALk p LS, d NBla Wagrever
there was an earthquake in Los Angeles, the
effective control inventory than otherwise would be possible
if they kﬁow consumer purchase patterns. As a further
example, catalog companies can conduct more effective mass
mailings if they know that, given that a consumer has
purchased a first item, the same consumer can be expected,
with some degree of probability, to purchase a particular
second item within a particular time period after the first

purchase.

Data mining uses several techniques to find pieces of

knowledge in large amounts of data. Two of these techniques



2 7 AU G 2002 -4 next day M. Kilimanjaro erupted, such a r%would be a
sequence rule. Such rules are useful for naking predictions cAJU@)QUQZbe
useful in making market gains or for taking preventive action agai nst
natural disasters. The factor that differentiates sequence rules from ot her
rules is the tenporal factor. O her applications of data m ning include

cat al og design, add-on sales, store |layout, and custoner segnentation based
' on buying patterns and many nore. Typically the databases involved in

t hese applications are very large. It is inperative, therefore, to have
fast al gori thms ther sbhialiagkmininhofeh arseeintics FodesoRnM ARy BLNg
associ ation rules and m ping for sequential patterns have been proposed,
only net hodsfo(fersie\gé‘&nltrlé‘% P%Etgﬁr-‘ﬁal | ed APRI ORI approach (see R Agrawal,
S. Rikant, Fast Algorithms for Mning Association Rules, in Proceedi ngs of
the 20th VLDB Conference, 1994) have been proven to be efficient enough to
process | ar geleddatif iolbuaesocTheiARPRIOR s afppo & H agsjse dédabasg Speci al
format of the data called transaction format. In, case.of. assqciations the
transacti on FHECEEREepudy §sﬁ8ﬂ§%§{ spf%flat oorﬁl ydat%vi:/‘o R 's,g'%namsl y a
"transact i ondstitfiicl ruadkdignani £2Présendh fo®rthe Ifv16aNe >of, seguenki al
patterns conceptually it consists of three colums, nanely a "transaction
group ident idtikY are satsacti shemdeninfils "Tetmid femsitemtiigerititri £F" Pea
much nore ser. o [ k of the APRI q%qg di t he current
state of thgnlanretlésitg'pt%h\@a%?i?’t %rogtg]E?Feggt %ng?g% t'hgﬁlﬁé%{eer%%% entifiers”

rel ate to therfmadilogmiky pharAstariesdl by aZset Af Gt2002 Forut lkexaABReCR! ,
approach is only capabl e of deriving association rules or sequences between

itens of th&lfRtARsEe MRV 6PNEALRAREBEERRT? t iR TUHATIAT 1058 to a
tcertain pro%,gﬁeé)%"fﬂ{] 'a%e@sgghg?btgﬁgﬂ?éOggé?%{?cﬁrﬁlr@e RGN HAYE woul d be

capabl e of ving only rul orm a custoner buys PRODUCT1
t hen he al scEonm |" 30U peRREDHCEE wirkhstheipnebilrt | cgnteiiX%ackesd:sARRISOR

approach woul d not be able_include in its generated rules itens of other
types, |ike Y34kt it H® HERGERE Pﬁea%\gei,:r"i“ﬁ%a%rlocfré%sciod"rfaltxhgmﬁ?‘ace of

residence OrgridierarRf PRk t@f .t BgeCHat ga%&ﬂhw e qastad ddals once a
mul titude of different itemtypes can be included in the process of

derivation dfhe wefidrndenss theceude, t neider iRdl ¢ RYECHHN Rlue is the
significant Iguwteao%_eq._haes &y waul d.be BECinHPr'i Sl &M d 4 d Tadiure. 1.3

hj ective of the 1nvention e inventron I's based on the objective to
provi de a caifputilerdsy efi o chlflotheéahasorhanijoh orubss obrc itdre rul es and /

or sequential patterns of a multitude of records, wherein the, multitude of
records conpriPaTE Nt tihat ispEAS Lyt CBFFREPeRPeT TRRTVd WidMiary and

Advant ages afudhis-d NURDN I i HagicePlenkk¥88neE . the invention are sol ved by
t he i ndependent cl ai ns. Further advantageous arrangenents and enbodi nments
of Conceptually, the problem may be viewed as finding the
association rules from a relational table of records. Each
record may represent a transaction, as in the case of a
retail transaction database, or other data items in the

database. Each record has one or more attributes where each

attribute corresponds to an item of the transaction.

Another essential part of data mining relates to
identification of sequential pattern. This involves rules
that are based on temporal data. Suppose we have a database
of natural disasters. From such a database if we conclude

that whenever there was an earthquake in Los Angeles, the



the invention are set forth in the respective subcl ai ns. Th:zlf\rﬁﬂts %&02 d
n

.relates to a conputerized nethod for data m ning for associ

-~

/ or sequential patterns of a nmultitude of records. The invention is
applicable to records conprising a transaction-identification and at | east
one transaction-itemw th a corresponding itemtype wherein 2 7 AUG 202
-6 said nultitude of records conprise transaction-itens of different
itemtypes. The proposed nethod furtheyf conprises a preprocessing-step for
transform ng each record into one or nope transaction-records of
transaction-fornmat. According to said transaction format for each
transaction-itemin said.record a tr ns ctloqlrecord |s ated and said

transact i"6icT €@y Hitcoﬁﬁ FRARIAYO| RR $he THHhsAct T oh-12 ﬁﬁtn i Cation of

sai d recdnangdanarcodadnt LaNgaciirONdd AN eneOdidg Sigh ddiatsasti on-item
and its i corresponding itemtype into one value. Finally said method

conpr i sesvte g mqn@-%ﬂogpu\%érlél pnamskine oirkete FinHaB-GehiTRFiNgchni ques

is applied to said nsactlon records_f Fq dat m ni f sso ion
rul es an®yeYGi" s%’&u@ﬁt & Sg?fﬂﬁﬁ NAPREA & (P %ate?ﬁ/e% o(n%raex c?flhggata
M ni ng t eghied QG idGeer def@iehoet beléslrfﬁcshﬁ sid e ﬂilééﬂelsarﬁneand is now al so
supporting the mning for association rules and/or sequential patterns
based on ERRRCEESEEFT@Irising itenms of a nmultitude of itemtypes. Wile
current activities in this area of technol ogy are concentrating on the
search for new and advanced mning algorithns the current invention is able
to achi evetten sapgsial canyi cheaiodr éatpomithing imchudeonpates by dkdfer.ent and
surprising_direction. Instead of proposing a new nning al gorlthmthe

: de T

current |IEHPR 6P SRyg SO S 1RERN rea’ﬁ?oﬁ EPRYT sTEFTRTEH A HREST s t he
data to bg, mpethd rBé:I:@er@f‘sWa%@lcgﬂh?gméﬁgen@ypnglyfalgl@e atathdddy e fields

to be defined as T1temfields for ficient mMning associ ation /
sequent i ain‘ptal‘{r@dnml@ﬁﬂpwpﬂe@a\mpheuara very itargetrbduce a new

al gorithm because datrg_é int ansg% gn or mat rpb
21 Gor | {ETSFBYEE" o Shenpre . oy hARR B ST TERER: oo (T
during the | ast years are still appllcabl e. 3 Brief Description of the
Dr awi ngs
Although several methods of mining for association rules and
mining for sequential patterns have been proposed, only
methods derived f£rom the so-called APRIORI approach (see R.
Agrawal, S. Rikant, Fast Algorithms for Mining Association
Rules, in Proceedings of the 20th VLDB Conference, 1994) have

been proven to be efficient enough to process large data

volumes.

The APRIORI approach depends on a special format of the data
called transaction format. In case of associations the
transaction format conceptually consists of only two columns,
namely a “transaction identifier” and an “item identifier”.
In case of sequential patterns conceptually it consists of
three columns, namely a “transaction group identifier”, a
“transaction identifier”, and an “item identifier”. A much
more serious drawback of the APRIORI approach according the
current state of the art is that it requires that all of the

“item identifiers” relate to the same item typs. As a result



. Figure 1 depicts an exanple of a typical database table data mining
:technology is applied to. The table is made up of a nultitudeZp? pﬁ}@rzqu
which in turn are made up of a nultitude of fields (representing the table
colums). t Figure 2 reflects the transformation result of the table of
Fig. 1 into transaction format. Fig. 2a visualizes the transaction format
adapted for mning of association rules while Fig. 2b portrays the
"transaction format" adapted for mning of sequential pattern. Figure 3
visualizes the only solution known in-fhe state of the art which is capable
of 'treating database records with nore than one item This solution is
limted to the case where all itens relate to the sane itemtype. Figure 4
vi aual i zeghH PR TR DI BIY1RERES 11”0 Bl 9P chPabl & ans f @ A ichP acds dlat-aliase record
into one or nore transaction records of transaction format according the
current teakss rer cfemrrrutet hataesacirensi eénshewiare HRfur €5 fRBpicts the
conpl ete preprocessi ng. .resul f. t.he introduc e I i encoded
transacti ]grrllm? %%%S%é%glcf:eo% Jt%een%é%-ér%l geo?gg?gsgl%l %ﬂ%ﬁévﬁz%g;h@e&{lﬁe item
types (i.®Boudthe ©planmsrifid haidtalee) tAgerPRIORE Bechdigme wenelddleect ed as
item colums and the Ta columm was sel ected as the transaction id col um.

2 7 AU G 2appbley ofy deuskyind isHYorrudre PfefBer ERFENDOHI FetitstImehe current

invention_is_r at se.:f oL L Nskahser R @tipnal dat abase),
a table g]?ugsrlg%&(;é%é eésﬁe)e eh(rjerrsaal%g’vgllgg %lel&un%er stood‘h?‘ér om a conceptual |y
poi nt of prevalehlity e ter maatraraseIhagproabk wodbd sionde mbles nost

general neanj ng?r_ef erring to any amunt ,of data. The data may he stored in

aflat fi FRoOy nl%nl%ﬁztiﬁd}e%%%’é?swéféﬁﬁe?ft‘H‘éh%’Eur‘i'}@Pﬁst exdff rfg’_rdoes
not requi {&s¢ hate (e didldad,S, SIHY edePCLBLSEeBELYs: e G reflcd €3¢hi ng may
tal-so be applied to volatile data stored sonewhere in in-core nenory. Also
it is notreetdeses or hathdhagsarsacifuahkyciistphyss calt ycomr dgami zed as a
tabl e structure e out of recards. .For .the_current.invention it is
outt ol STl YhRC BReE b bRt BBt FERESE ) B YRR R e
or gani zedih&lhddd ein NBEE Prbcds T Aleds vt Bnaofut-hlé sl den&f impshttvdthenl

record fields.
of the derived rules can be significantly increased as they

would be much more selective in nature.

1.3 Objective of the Invention

The invention is based on the objective to provide a
computerized method for data mining for association rules and
/ or sequential patterns of a multitude of records, wherein
the, multitude of records comprise transaction-items of

different item-types.

2 Summary and Advantages of the Invention
The objectives of the invention are solved by the independent
claims. Further advantageous arrangements and embodiments of

the invention are set forth in the respective subclaims.

The invention relates to a computerized method for data
mining for association rules and / or sequential patterns of
a multitude of records. The invention is applicable to
records comprising a transaction-identification and at least

one transaction-item with a corresponding item-type wherein



-

4.1 Introduction Typically the source data to which data m ni t echnol ogy
is applied to is nade avail able as tables made up of a nulti tzgg'eAUﬁm
records which in turn are nade up of a nmultitude of fields (represént Q]Z
the table colums). Fig. 1 depicts an exanple of such a table. The

i ndi vi dual records of the table conprise the follow ng individual fields:
Custoner, TA, Age, Gender, State, Item The significance of nost fields
follows directly fromthe nam ng; the field "TA" contains the unique
transaction identification through whi R a particul ar custoner ordered a
certain product identified by the "ltem field. Data m ning technol ogy |ike
the APRI ORI net hodol ogy for mning for association rules or for mning for
sequent i apaid 2Pl AYGPOFEEL xpcopsist epnpréaanbrapeacpbdhedcees tde ori gi nal
source format of the data |ike the table ﬁtrugﬁg e 0f Fig. L. The APRICRI
approach $or - Fhtance Hepdids dncaPEpREPal Porhad B the At Peiised
transact i ghehobo@d s W Gt f i Trhnabuaiial 8uEhI r&ab M A0 NBte fr Fig. 1.
In case of associations the transaction format consists of only two

col ums, warel yransaewimaoismrdadeft trrapachhanafornzem deeprdingrte |n
case of s ngj.al ferns it .c I sts,.0 h u a
"t ransactlgg)%gg%5%%5$cggeln?} ffc‘errm'a,t %Q&t r%g%gag %8%\%%@% T??%P"ﬁps{y%nd an

"itemidepktbiara. cHgsack i@idiedsd e yeassheequandnsaesult of the table
of Fig. 1 into transaction format. Fig. 2a visualizes the transaction
format adBpRBERFBOR FR FRF DfCAERTESE Pon LPEPEStRRi e Fig. 2b portrays the

transact i ppafoLupl oAdARLAG { Qlauiidl g aL18egUBBLhalaRall ellilcohla S

inportant to realize that according the current state o e art all item
val ues i ntrhestrabsactitean dorabiing eridsembaseohioet atemtand stwgle item

type only; in the current exanple the item eist progduyct ordered by
L heC oot DHEF T PHOBULTE ChLTt CYRF (o PHenCPELEr FRatLbe 7768t Bathedn

so-cal | edceabed9escal myAIhgblap TekTRARS sthat bhernal ygs of the item
identifier are treated as strings. Gven this kind of input data, the

APRI ORI bdsted-migdndt heshfibyues siotiappildedr thesadf| tranpackpesre¢reds |f a
transact! %grccc)igtcai ns itenP and itenk .and XIXP-’% t hen lglvm' Il al so

contain i term Item 9. %Tn?sl’%?cflyaftj’toﬁle rlgqcﬂ?lagésgﬁ 3?%???%1% for

sequent i alpapakteasns W ll find patterns |ike: Transactions containing iteno

and itenp and ... are followed by transaction containing itenP and ...
The current invention extends data mining technology
according to the current state of the art and is now also
supporting the mining for association rules and/or sequential
patterns based on data assets comprising items of a multitude
of item types. While current activities in this area of
technology are concentrating on the search for new and
advanced mining algorithms the current invention is able to
achieve this goal by features pointing in a completely
different and surprising direction. Instead of proposing a
new mining algorithm the current invention suggests a new
pre-processing step which transforms the data to be mined
into a new encoding scheme. The usage of multiple fields to
be defined as item fields for efficient mining for
asscciation / sequential patterns is supported without a need
to introduce a new algorithm because data is not in

transaction format. Thus mining algorithms proved to be very



© 2 7°AUG 2002 -10 are followed by transactions containing... Wth the
.current state-of-the-art approaches it is inpossible to use the efficient
APRI ORI - based al gorithms or other simlar approaches for mni ngzevsgdqtjlﬁa\mﬂﬂ
rul es or sequential patterns with nore than one itemfield. Thus according
the current state of the art, |ike the APRI ORI based nethodol ogi es, are
unabl e to derive rules which in application to the current exanple woul d be
able to associate _ the ordering of a certain PRODUCT1 (Item and/or the
age (Age) and/or the gender (Gender) andior the state of residence (State)
of the custonmer with the probability of ordering another PRODUCT2 (Item.
The only solution known in the state which is capable of treating database
records Wdff inprentt rand epedidtiemd sutheg chlse Wier eveslrls idwssstigilate to the
sane itemtype. An exanple of such a case is visualized in Fig. 3.
According & 1¥ffaP1&1 uti ons the database table 301 can be transformed into
transaction format even there is nore than one itemfield 302 to, 305
because the gdypee adggégg%%eggargfl G3e0briigngd em fiel ds are all the sane. In
this special case a nethod called "pivot” can be used to transformthe
multi-field input into the classical transaction format reflected in Fig. 3
as 310. Asrizanrdel sbemiddsomiFiexandlevefyariegotichbfdatemoans tiaklsd Watadat a
base is transforned in a nultitude of transacti QkPnJerecords havi %
@ t% - col um

transact i g FHFete R IErYF iABheA EOcelPRi AV ER o B B4 HEP

table an ipdividual &£ ANSAGEAORHREORH LirgCasE ahlde WIS &f ad InlT@nSatd i on
records resulting fromthe sanme record of the nmulti-colum database table
refl ect thef shihelds afrsepté et identtitki cableoncolumng) AU G 2002 -11 4.2 The
Fundanent al Encodi ng Schenme for Handling a Miultitude of Item Types G ven
the input data of the table in Fig. 1, it is desirable that the well-known
m ni ng t echigaes2 f 96 £ BSOS | ld Ardndiresmanionendenl t abf pahé et aisleartf d be
used to find rules like "if State is MA) then Itemis 20" and respectively

to find sefi@ntlainpat feamsactien "foraes - Fign 3RdViFentigesotie

transaction format adapted for mining of association rules

P

while Fig. 2b portrays the “transaction format” adapted for
mining of sequential pattern.

Figure 3 visualizes the only solution known in the state of
the art which is capable of treating database records with
more than one item. This solution is limited to the case

where all items relate to the same item type.

Figure 4 visualizes how the preprocessing step for
transforming each database record into one or more
transaction records of transaction format according the

current teaching of encoded transaction items works.

Flgure 5 depicts the complete preprocessing result of the
introduced teaching with the encoded transaction items based
on the example of Fig. 1. In this case the item types (i.e.
the columns of the table) Age, State and Item were selected
as item columns and the TA column was selected as the

transaction id column.



followed by State is CA and Itemis 30". These kind of i resulZs? EAEG 2002
different fromthe current results in the sense that not only attribute

val ues appear in rules or patterns (MA, CA, 20, 30). Wth nmufti-colum data
and itens of different types it is inportant to have al so the colum nanes
(for exanple: State and Item) as part of the result. A nufti-columm table
is aset of n colums {cl, cz, . . . , ¢cn(n>2) . Each colum ck has ari
identifier ik and a type tk. Efficientgalgorithm for association rules can
only process two-colum tables {cl, c,} and use one columm as a so-called
transaction identifi.er (or transaction identification) and the other colum
as the itemidentifier (or transaction item. Likew se, sequential patterns
al gorithns use three-col t abl e c~, C2, .c3 nd use one columm as a
so-calIed4tPﬁﬁgﬁbPFbﬂng?gﬂgh?cﬁﬁﬁé%égﬁd ﬁﬁ%Pglﬁgﬂgthe semantic of the

remai ni ng:EWeLE0LYPDSLH £ 0L A EsPoN 1ig thatefinghecagsaatabhen nabe al gorithm
(comprising a transaction identifier and an itemidentifier). Since the
mai N obj ec¢hisvtenct a. hedat hemmt idatdlmsed ,akl owbilhecusageeoprourhepte,
columms as ite and_t hus extend kgf nown nining ne&QodoLogLesfméthwthe
capabi | i t YeEBSdBRYTe P uPBsRASr SF 9805 SPPChREWEENYi PEAE “cf - di 1T %r ent
types, weonged traecdeti-feqat sk 1S IHAGe Nebeebtbon Lhemuahyes, i.e. the
values of the itemidentifiers. G<.ren a colum ck and a record nunber m
we denot eSERerdal meangngt hefewrinen ek any enebnspeéi frear eEBPIAF R4 (ck,
m . For inpst tk a of. { he | u " "l =f | ord of

t he tab|eg?nggﬁg?dlQ§s¥c§?§5a%¥%?éF§S‘ﬁ%E:agkagﬁtd?gaﬁggehe@é§%3?§? t hat
the val fthet carreatutaschiirgofdgs nadt walquesel mhiabetdat datht ini ghdoradso be
the case, that a value nmapping is used to map - continuos values to

interval PEFSIPEEREAYT oRlS THEFRIsi CINERIMHNELERr PENBPPINERL FBn is to
‘teach thev%@.%‘f:%ﬂ% Qhed BEWrLEANSAKIHAR 'itne%-%&E?Qeﬁ@??@eﬁlkfaa?gﬁﬁé' on

item The encoded transaction itemrepresents a single value wh
si mul t aneows] neerssdey hbhtohhy ddim tacmsddly ds phemicably ekgeniheditem

type. Using such.gn approach it is argnteed that _transaction ifens of
differentait€n§€§§§ssggﬁ§ grﬁr@aé%ﬁgé St EEBV it FFemP ey SPGESREf t he
encoded t rigReattionN ikt @@ i BeE Al &IghOHAC S d3eh dRnaBedhd Rieladt hi s new
transaction format state of the art mning nethodol ogies are transparently
enabl ed t FAPEh@ d99i6Rs BPiBE! PErERY iaRaANiASEs 18s tekd c8nBadrnguschEme wil |

mep di f T enent, ld-LPikyPes mB?EQEQaé f 8F efflq:16R0RMqd xIe'é@:%a%FileQﬁs'.t ens

i ndependent of the value of the transaction item As wll be shown bel ow
di fferent mappings are available to encode the itemtype and the val ue of
the transaction. iteminto a single encoded transaction item In nore form
terms tie Jpred@t@fYrEdRTEni smintroduces a mapping function map(i, val (i,

M) whi ch 8/6eEAS i hBeCabubBel 8P4 ifd At BRG WiRind ¥echhoaBglt €81 col um
of recorcjég;iled to is made available as tables made up of a multitude
of records which in turn are made up of a multitude of fields
(répresenting the table c¢olumns). Fig. 1 depicts an example
of such a table. The individual records of the table comprise
the following individual fields: Customer, TA, Age, Gender,
State, Item. The significance of most fields follows directly
from the naming; the field “TA” contains the unique
transaction identification through which a particular
customer ordered a certain product identified by the “Item”
field.

Data mining technology like the APRIORI methodology for

mining for association rules or for mining for sequential



+2 7°AUG Q002 -i3 a single value. Two additional functions are introduced to
.define the behaviour of the mapping function: 1. Col um(encoded@a?ug{ueizéﬁ
return the columm of an encoded val ue generated with the nmap functioh/Y2 02
Val ue(encodedVal ue) will return the value of the itemwhich was encoded by
the map function. The mapping function nust be designed such that for all
pairs of i and mthe following two conditions hold: 1. Colum(map(i, val (i,
m)) - i 2. Value (map (i, val (i, m) ) ) - val (i,n) or in other words,
t he encoded transaction itemis uni quéPy decode-able into the corresponding
val ue of the transaction itemand the corresponding itemtype. 4.3 Using
The New Encodi ng Approach Wthin Data Mning As outlined above the idea of
t he i nvenphamneirsst oatnansherapplimd tio tbeupnidarali aevrehefgumat foF mat

whi ch can be handl ed by the exjstin | gorithos wi tho I [ any

i nf or mat i GAScOATE holiei [kt htéa}ﬁr? gc'ltﬁgﬂ&f"gﬁl 8% Eﬁa i‘v?éﬁa??%ggﬁ%ow t he
preprocessiRGosbBPhOr i hEeRsEOr i RAch dakpbasalr eeemdti BEOtRACIREa NDI €
transaction records of transaction format according the current teaching of

encoded t raddadt toankeenbomofdasna tDeddcbbdd fifergederml usephs and gi ven a

Iti-col table wit | umms, out. of which | denoted cl, c2, .
T2 WIS Beet bl BorRat s Ttn o™ CoRey AFUBE WRAPEL AP REAT  eire mhy

represent tansBoxtbhereimsanBosidid i entllyl ke kypamnkhenamehodawor ks as
follows (refer also to Fig . 4 ) : For each record in the input data

cont ai ni ng téangRRsien, identifiertandancdiitespdAgrsd td6rim IrdeRtsfPEati ons
and val ue . A 4. ar 1 J.aC , Th ncodi ng
map(i k, v%leﬁ%fi%)lflysgggpg%?%t leg %%%}J&Ag%gl}gﬁ%%% 5%84)“n'tsﬁeﬁ%gtgﬂgni§sm

gener at es “axtanzacobiommgirabp eident Bikisari atd Onsraaschca iohr édecolidimrt abl e for
wsequential patterns containing (transaction jdentification, enco

] , ded
transact i 679 @& 15&M %dﬁﬁﬂlf%?’g{hsﬁf‘ﬂ orf §F(f1}§,°ttsr §ﬁ§a&Fﬁ8ﬁfP§8ﬁF§??cati on,

encoded traARSAG 62N thke@hbi HPLESF{LS PG lhanTa kWS kbt NRig.
application of the current it doesn't - matter whether the output of the

mappi ng mecharisymliigedi kbet tyagsarwibras campty sidegt edalfloer gfindogeofort
dat abase Yssociation rules while Fig. 2b portrays the transaction
format adapted for mining of sequential pattern. It is
important to realize that according the current state of the
art all item wvalues in the transaction format representation
relate to a single item type only; in the current example the

item type is the product ordered by the customer.

In both cases the item identifier must be treated as a
so-called categorical variable. This means that the values of
the item identifier are treated as strings. Given this kind
of input data, the APRIORI based algorithms for association
rules will find rules like:

If a transaction contains item, and item, and item; and . ’

then it will also contain item,, item,,

Similarly, the APRIORI based algorithms for sequential
patterns will find patterns like: )
Transactions containing item, and item, and ...

are followed by trarsactions containing item, and ...



not; i.e. the output finally processed by the data m ni ng nethodol ogy may
al'so be provided in the volatile conputer nenory only . It céh?a I?DDZ

i npl enented as a special cursor for the input data which does the
transformati on wi thout any physical storage. 4.4 A Potential Mpping
Function O course various mapping function are possible which satisfy
above nentioned conditions. One exanple for the mapping function a function
can be introduced which just concatengtgs the nanme of a colum, the item
type in a string representation, and the "stringified" value of an item
i.e. the value of the transaction item Additionally, an optional separator
character "C-" can be Es§ to nsqég tha%.the Col%gnnagd Val ue function
will work properly2TfakP SoYﬁ% Y 'S eEEore TSt e ddtaTin Fig. 1 as an
exanpl e and applying this mapping function to the State colum will return
"StateC-CA". Fig. 5 depicts the conplete result of an application of t. -~
i nt r oducedinecthizani s fort tdiate-2E7 AR SrR0BPPresckes el het elRRESiSi& e and

I I d ifel I he T | d h
L1 ansact | Bh 1 Cortr: s VDU A PR o R ESEnB kPRI AT® (Bt s Wich | s used as

i nput forsthelseaiShrdnars S atindAgr HkBsciAgianf uilderoexssmplentien t he
mappi ng function the foll ow ng mappi ng woul d_be possible: the values of the
items of PRBLSERS OULth teowe hem ovel dtBa fipped BRLS FRPREVEIT 41 ng

sub-rangeguggegtcgggggé%?qgﬁ%ﬁ$%§pﬁggergﬁglAPRQ@ 1epcoded transaction itens

which relate to di es are always different wth respect to
t he encodedthoansagieon ansd uenal cAdvardbades ohléhewhibvenimon The current

i nvention extends, data m_ning technolo% accorging to ihe current, state of
the art afHPT3CRALWRISD SpHpotssry exe ﬁ#ﬁiﬁ@u Br Pgs2BeT at? AP FUEESand/ or

. sequenti aknhpabiQEPSndaSEh OFb,Malid) 3RSBUTTEONRELR) NAnd}&ABLE Aydtul titude of
itemtypes. Wiile current activities in this area of technol ogy are

concent r attAag) oandher sthae cherdar n@ended) advddcrdthiengépgtal gorit hns t he
current invention i ble to hi eve.this go features, pointing in a
conp! et el § SGRPFarENT S EREFL T RSEPPEE Fan® Pe BRPSFTHPEhat ng a new
m ni ng al geaethayt A8cEneF eptopuyEeNt (1@éBmuggest S a new pre-processi ng step
which transforns the data to be mned into a new encodi ng schene. The usage
of multiple fields to be defined as itemfields for efficient mning for

e e T
al gori t hnkrproied tlethkaseryecords with more than one item is the case
where all items relate to the same item type. An example of
such a case is visualized in Fig. 3. According to this
solutions the database table 301 can be transformed into
transaction format even there is more than one item field 302
to, 305 because the type and the semantics of the item fields
are all the same. In this special case a method called
“pivot” can be used to transform the multi-field input into
the classical transaction format reflected in Fig. 3 as 310.
As can be seen from Fig. 3 every record of the multi-column
data base is transformed in a multitude of tramnsaction
records having transaction format. For every item in a
certain record of the multi-column table an individual
transaction record is generated where all transaction records
resulting from the same record of the multi-column database

table reflect the same transaction identification.



2 7°AU G 2002 -16 efficient and optim zed during the |last years are still
.applicable. The current approach is conpletely general in nature thus that
no restrictions on the type or senmantics of the itemfields doZar]'plA,Up 2002
Therefore state-of-the-art associations and sequential pattern algorithis
can be applied for mning to arbitrary data based on the transfornmation

out put of the pre-processing step. A further characteristics of the
proposed teaching case is its efficient usage of conputer nenory. No

addi tional copying of data is requiredland noreover the current approach
does not need additional disk space being an inportant point in view of the
usual | arge anounts of data to be mned. , Mreover during the encoding
process of the encoded transaction itens an inplicit mapping of item val ues
may be possible. The continuous and/or nunerical values of the itens
occurring % tThe dunfagsntedt #ngedéng eheme IRt FER 310 htde AiHl td tavdet he
fly. There(; re. tnt] search for so-called quantitative association rules is
directly suppor%e YPRYe nini ng out put generated by the mning al gorithns

will refl esivédec ool inputnan®s casthhethbBan 1y peid s enciaded iddsd dalif e
transaction iten) of the original data schema used as input data. This
eases the Fhlerpietwalilokrer eninPeserhnb@irhitian Futrerisidt gitlfbscant | y.

2 7 AU G 2002 e%d‘erﬁ 2 M %&-ef%s%gaﬁa%é Z@Qecﬁmé%mfjirtd)rnﬁaééa iU g # or
association rules and T or sequentral patterns of a nultitude of records,
wherei n a sesos i MAr itdes: dHamadsaedr omd desdpdatciatelon andiatd | east one

transaction-itemw_th a corresp_ondi“%g i temt,%/zge, nd wherein said nultitude
of recor dsSRENPRE R MARTSIOS Jiket eREAbE HP f raéﬁi it 45 %, 18ind

followed by State is CA and Item is 30”. These kind of
results are different from the current results in the sense
that not only attribute values appear in rules or patterns
(MA, CA, 20, 30). With multi-column data and items of
different types it is important to have also the column names
(for example: State and Item) as part of the result.

A multi-column table is a set of n columns {c¢,, ¢,, ..., C,}
(n > 2). Each column ¢, has an identifier i, and a type t,.
Efficient algorithms for association rules can only process
two-column tables {c,, c,} and use one column as a so-called
transaction identifier (or transaction identification) and
the other column as the item identifier (or transaction
item) . Likewise, sequential patterns algorithms use
three-column tables {c,, c¢,, ¢;} and use one column as a
so-called transaction group identifier while and the semantic
of the remaining two columns correspond to that of the
association rule algorithm (comprising a transaction

identifier and an item identifier).

Since the main objective of this invention is to allow the
usage of multiple, columns as items and thus extend the known

mining methodologies with the capability to derive rules



said nethod conprising a preprocessing-step for transform

i nto one

wherein s

d
or nore transaction-records of transaction-fornatzgxﬁZﬁzﬁafﬁaé

each transaction-itemin said record a transaction-record is generat ed,

aid transaction-record conprises at |east the

and

transaction-identification of said record and an encoded transacti on-item

encodi.ng said transaction-itemand its corresponding itemtype into one

val ue, an

d said nmethod conprising a mjning-step wherein data-nning

technique is applied to said transaction-records for data mning for
on rul es and/or sequential patterns. 2. Method according to claim

associ at i
1, r -1
"APRI ORI "
transacti
itemtype.

8 7 AU G 2002 wherein said data-mning tec n'qg i.s the
bFEEﬁﬁth‘éem% CVEHIHIETEEE o FIPRT” t B° ST Th 1° %%r

QB L8 | SoURG00EsAb] @ REQuESI d; téan@a@twmég eS8 Ak Sidieth
a - 4. Method according to claim2,

identifiers. Given a column ¢, and a record number m we
denote the valus of the column c, in that specific record
with val{c,, m). For instance, the value of the column
“State” in the first record of the table in Fig. 1 is Ca:
val (8tate, 1) = CA. It is not necessary, that the val
function returns the original values in the data. It might
also be the case, that a value mapping is used to map

continuos values to interval {(discretizatiom).

The basic idea of the current invention is to teach the
concept of a new transaction item, called encoded transaction
item. The encoded transaction item represents a single value
which simultaneously encodes not only the transaction item
but also the item type. Using such an approach it is
guaranteed that transaction items of different item types
always are represented by different values of the encoded
transaction item. Operating on records set up according to
this new transaction format state of the art mining
methodologies are transparently enabled to handle items of
different item types as the encoding scheme will map
different item types onto different encoded transaction items
independent of the value of the transaction item. As will be
shown below different mappings are available to encode the
item type and the valuz of the transaction item into a single

encoded transaction item.

In more formal terms the presented mechanism introduces a
mapping function map(i, val{i, m)) which encodes the column

identification and the value of an item column of record m in

58 #encoded



“wherein said encoded transaction-itemis generated by juxtaposition of said
JJtemtype and said transaction-item 5. A system conprising neans adapted
for carrying out the steps of the nethod according to anyone oZ'[hAUQ]ngZ
preceding clains 1 to 4. 6. A data processing programfor execution™l

data processing system conprising software code portions for performng a
nmet hod according to anyone of the preceding clains 1 to 4. 7. A conputer
program product stored on a conputer usable nedium conprising conputer
readabl e program neans for causing a ebodputer to performa nmethod accordi ng
to anyone of the preceding clains 1 to 4. .AuFy. AYH _. A AF. A

E. AYU. Ah?. A, . A. AF% Ae. AFl % A. A3. Al N\yE. A; Y . AY&E. A% <v~bdJ $8

f | wr mhe” Yl @lealkc ahaakcalrqa] sah el sad © adherlahedalealiearesaled] ea] ca] cal ca
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FO* 10%u& 4 -3 (Rokr0 T (New. EmegByng Approach Within Data Mining

10% u&' () -310%,u& ()+'1.10% u-u&.(,)-310% u& ()-s!10% u& ()-zF-_10% u& ()-bCSF
Took () DTOHEISE R R Y1 aba 108, T SheduoRt &% 1Yo Nrettiat ()
$aBbCY 10%&i A1)+ ydodfumt) %ith) 1akoYthd 08&E 4 ) EMMMDYRKH)ch can be handled

by the existing algorithms without loosing any information

contained in the original table.

Fig. 4 visualizes how the preprocessing step for transforming
each database record into one or more transaction records of
transaction format according the current teaching of encoded
transaction items works. Described in general terms and given
a multi-column table with m columns out of which n columns
(denoted ¢,, c,, .., c¢,) have been selected as input for item
values wherein the items may represent any mixture of same or
different item type, the method works as follows (refer also
to Pig. 4): -

For each record in the input data containing columns c,, Gy,

., C. the corresponding column identifications and values
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are extracted (401, 402). Then the encoding map (i,,
val(i.,p)) is calculated (403). As output (404) the mechanism
generates a two-column table for associations and a
three-column table for sequential patterns containing
(transaction identification, encoded transaction item) pairs

and (transaction group, transaction identification, encoded

transaction item) tuples respectively.

Of course for the application of the current it doesn’t
matter whether the output of the mapping mechanism is
directly stored as a physical table of some sort database or
not; i.e. the output finally processed by the data mining
methodology may also be provided in the volatile computer
memory only . It can also be implemented as a special cursor

for the input data which does the transformation without any

physical storage.

4.4 A Potential Mapping Function

Of course various mapping function are possible which satisfy

above mentioned conditions.

One example for the mapping function a function can be
introduced which just concatenates the name of a column, the
item type in a string representation, and the “stringified”
value of an item, i.e. the value of the transaction item.
Additionally, an optional separator character “@” can be used
to ensure that the Column and Value function will work
properly. Taking the first record of the data in Fig. 1 as an
example and aprplying this mapring function to the State
column will return “State@CA”. Fig. 5 depicts the complete

result of an application of ths introduced mechanism for the



© 10-@ 10-u 10-u6! 10% u& ()-nR210% u& ()-/!10% u& ()-! ##$3$$' aBbC
109 () - MLOY%&R' () -s! 109%&' () - Y&LO0%&' () - g! Y&L10%P8P8&' () - g
11098 ()-"""" (\(] (A(_(m xnmbC% 10% ()-m 10 10 10Y, : 27 AUG 2002
109%&' ()-Y91l0%& ()-F7$10%& ()-33S 109%& () -
mn((()))dEnbCyz10%&' ()-F! 10%& ()-SF!' 109%&' ()-FL 109%& ()-F
S 109& () - @109& ()-))*++,?2,aBnmbd . " 10%&' ()-9-10%&k ()-! L* 10%& ()--1Y"z
109 ()-Y 109 ()-Y &I0%& ()-2,t,------- bC $10%&' ()- @L0%& ()-M 10 10 10;
109%&' ()-3!10%& ()-Gs010%&' ()----/@000taBbC
109 ()-fZ109%& ()-!0f9d0% ()-!109% ()- !109%\& ()- Y10%&' ()-01All: 23344aB7C
10F; 310%&' ()-FF: &10%& ()-3L-s!10%& ()- ! @& g&10%&' ()-z
's!10%R' () cd 3¢ %R (Agehd A A5 Bad6 [l KEn 1089 %8e 1 § ctze R1DYBBE( Jogl umns
1109& ()-9Y109%&' ()-1% 109 ()- 10_10v6(EBP9999: dEKC . .
and the 'TA column was selected as the transaction id column.
Obviously this is the kind of data which is used as input for

the search for association rules.

As a further example for the mapping function the following
mapping would be possible: the values of the items of the
various item types could be mapped onto non-overlapping
sub-ranges of a common range with the result that encoded
transaction items which relate to different item types are
always different with respect to the encoded transaction

value.

5 Advantages of the Invention

The current invention extends data mining technology
according to the currént state of the art and is now also
supporting the mining for association rules and/or sequential
patterns based on data assets comprising items of a multitude
of item types. While current activities in this area of
technology are concentrating on the search for new and
advanced mining algorithms the current invention is able to
achieve this goal by features pointing in a completely
different and surprising direction. Instead of proposing a
new mining algorithm the current invention suggests a new
pre-processing step which transforms the data to be mined
into a new encoding scheme. The usage of multiple fields to
be defined as item fields for efficient wmining for
association / sequential patterns is supported without a need

to introduce a new algorithm because data is not in

transaction format. Thus mining algorithms proved to be very
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efficient and optimized during the last years are still

applicablei

The current approach is completely general in nature thus
that no restrictions on the type or semantics of the item
fields do apply. Therefore state-of-the-art associations and
sequential pattern algorithms can be applied for mining to
arbitrary data based on the transformation output of the

pre-processing step.

A further characteristics of the proposed teaching case is
its efficient usage of computer memory. No additional copying
of data is required and moreover the current approach does
not need additional disk space being an important point in

view of the usual large amounts of data to be mined.

Moreover during the encoding process of the encoded
transaction items an implicit mapping of item values may be
possible. The continuous and/or numerical values of the items
occurring in the original data assets can be mapped to
intérvals on the fly. Therefore the search for so-called

quantitative association rules is directly supported.

The mining output generated by the mining algorithms will
reflect the column names (as the item type is encoded into
the transaction item) of the original data schema used as
input data. This eases the interpretation of the rules /

sequential patterns significantly.
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rules and / or sequential patterns of a multitude of records,

wherein a record comprises a transaction-identification and
at least one transaction-item with a corresponding item-type,

and

wherein said multitude of records comprise transaction-items

of different item-types, and

said method comprising a preprocessing-step for transforming
each record into one or more transaction-records of

transaction-format,

wherein for each transaction-item in said record a

transaction-record is generated, and

wherein said transaction-record comprises at least the
trangaction-~-identification of said record and an encoded
transaction-item encoding said transaction-item and its

corresponding item-type into one value, and

said method comprising a mining-step wherein data-mining
technique is applied to said transaction-records for data mining

for association rules and/or sequential patterns.

2. Method according to claim 1,
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wherein said encoded transaction-item is decode-able into

gaid transaction-item and said item-type.
4. Method according to claim 2,

wherein said encoded transaction-item is generated by

juxtaposition of said item-type and said transaction-item.

5. A gystem comprigsing means adapted for carrying out the
steps of the method according to anyone of the preceding

claims 1 to 4.

6. A data processing program for execution in a data
processing system comprising software code portions for
performing a method according to anyone of the preceding

claims 1 to 4.

7. A computer program product stored on a computer usable
medium, comprising computer readable program means for
causing a computer to perform a method according to anyone of

the preceding claims 1 to 4.



