111153111111 *159159* SPECI FI CATION TI TLE OF THE | NVENTI ON PATTERN
EXTRACTI NG APPARATUS AND METHOD TECHNI CAL FI ELD [0001] - -~ Enbodi nents

of the present invention relate to control of extractiniﬁmﬂﬂ mﬂﬂmmwmslof
I % \ ality
0

conmbi nation of itens fromtarget information pieces inc
of itenms. BACKGROUND ART [ 0002] Appar at uses and ds have
conventbppaliynpPe{py studied for efficiently extracLLngr—ﬁPeﬁ+¥5?get———

i nformation pieces including a plurality of itenms, a particular pattern or

a CO”birﬁt?LtO(F‘F Of g tl%fﬁm%%hedpifhéﬁ‘%x%%%?ﬁeOAPM%@ S fierlp! ke In
order to ana yze various activities or events.
TECHNICAL FIELD
[0001]

Embodiments of the present invention relate to control of
extracting the patterns of combination of items from target information
pieces including a plurality of items.

BACKGROUND ART
[0002]

Apparatuses and methods have conventionally been studied for
efficiently extracting, from target information pieces including a
plurality of items, a particular pattern or a combination of items
suited for the purpose of analysis and the like in order to analyze
various activities or events.
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[Patent Document 1] Japanese Patent Laid-Open No. 2003-76937
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004]

It is an object of the present invention to provide a pattern
extracting apparatus and a pattern extracting method of extracting a
particular pattern from a plurality of target information pieces
including items in view of the association between items.

MEANS FOR SOLVING THE PROBLEMS

[0005]



PRI OR+ART DOCUMENT PATENT DOCUMENT111111111111111111 [0003] [ Pat ent
Docunment 1] Japanese Patent Laid-Open No. 2003-76937 DI SCLOSURE OF THE
| NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0004] It is an
obj ect of the present invention to provide a pattern extracting apparatus
and a pattern extracting met hod of extracting a particular pattern froma
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extracting, from a plurality of items included in target information
pieces, a pattern of a combination of two or more of the items different
from each other, includes a first storing section storing a plurality
of target information pieces, a candidate pattern producing section
producing candidate patterns each formed of two or more of the items
different from each other based on each of the items included in each
of the plurality of target information pieces, a candidate evaluation
value calculating section calculating an extraction evaluation value
of the candidate pattern based on a frequency of appearance at which
the produced candidate pattern appears in each of the plurality of
target information pieces, and a pattern extracting section determining
any of the candidate patterns having the calculated extraction
evaluation value satisfying a predetermined threshold value and
extracting the candidate pattern satisfying the threshold value, and
further includes a second storing section storing an association degree
between the items. The candidate evaluation value calculating section
identifies the association degree between the items included in the
candidate pattern and calculates the extraction evaluation value based
on a weight based on the identified association degree and the frequency
of appearance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]
[Fig. 1] Adiagram showing an exemplary configuration of a pattern
extracting apparatus according to a first embodiment as a block diagram
showing the relationship between components constituting the

apparatus.



According to an enbodi nent, a pattern extracting apparatus extracting, from
a plurality of itens included in target information pieces, a pattern of a
conbi nation of two or nore of the itens different fromeach other, includes
a first storing section storing a plurality of target information pieces, a
candi date pattern produci ng section produci ng candi date patterns each
formed of tm? or tens different fromeach other based on each
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candi dat e patkesn 3nd Gabeuhalgs e e agﬁﬁ%iégntﬁevnggA@.%;eiﬁg@Pg,ggagf%obﬁ%g on a

wei ght based on the identified association ree enc

appearggcgn;ﬁﬁhE%ngggB&ﬁglgghgf?JFE DRAW NGS [ 0006] [Fig. 1] A

di agram showi ng an exenpl ary configuration of a pattern extracting
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information pieces stored in a data storing sectfion. [Fig. 3] A diagram
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inter-iteminformation storing section.
of 1 stored in a pattern storing section.

(Fig. 8] A subroutine for explaining the processing performed
by a candidate pattern producing section.

[Fig. 9] A subroutine for explaining the processing performed
by a candidate evaluation value calculating section.

[Fig. 10] A diagram showing an example of the frequencies and
the association supports of candidate patterns having a length of 2.

[Fig. 11] A diagram showing exemplary patterns having a length
of 2 stored in the pattern storing section.

[Fig. 12] A diagram showing an example of the frequencies and
the association supports of candidate patterns having a length of 3.

[Fig. 13] A diagram showing an exemplary pattern having a length
of 3 stored in the pattern storing section.

[Fig. 14] A flow chart for explaining the operation in another
embodiment of the pattern extracting apparatus.

MODE FOR CARRYING OUT THE INVENTION



[‘Fig. *4] A flow chart for explaining the operation of the pattern
extracting apparatus. [Fig. 5] A subroutine for explaining the
processing performed by an itemextracting section. [Fig. 6] A

di agram showi ng an exanple of the frequencies and the supports of candidate
patterns having a length of 1. [Fig. 7] A diagram show ng exenplary

pattern O@gyjng a length of 1 stored in a pattern storing section.

[Fig. 8? A subroutine for explaining the processing perfornmed by a

candi date pa | GkRg ! - ) g | ne for
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calcuI@Eganégption. [Fig. 10] A diagram show ng an exanple of the
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frequenci es an
[0008]

A pattern extracting apparatus according to the embodiment
performs control, when a plurality of target information pieces each
including a plurality of items (information elements) are provided,
such that the relationship found between items is used to extract a
characteristic combination of items (pattern) from the plurality of
target information pieces.

[0009]

The term "pattern" typically refers to a combination of two or
more items. In the following description, however, the term "pattern"
may be used to represent a single item. In a narrow sense, the term
"pattern"” refers to a pattern having a "characteristic combination of
items" as described above. A pattern serving as a candidate for
extracting the pattern in the narrow sense is referred to as a "candidate
for pattern" or a "candidate pattern."

[0010]

The apparatus can be used, for example in the fields of finding
a characteristic combination of purchased commodities in sale of daily
necessities as 1n  supermarkets, finding a characteristic
cause-and-effect relationship between the characteristics of a branch
office and the type of a paperwork mistake in banking, and finding the
preference of an audience from the relationship between the
characteristics of the audience and the viewing history in program

recommendation. However, they are merely illustrative, and the



t'he association supports of candidate patterns having a length of 2. [Fig.
11] A diagram show ng exenplary patterns having a length of 2 stored in the
pattern storing section. [Fig. 12] A diagram show ng an exanple of the
frequenci es and the association supports of candidate patterns having a

| ength of 3. [Fig. 13] A diagram show ng an exenplary pattern having a

| ength 9£S§n§tﬂ§\?€q’lei% t q% pa giﬁﬁﬁgé(ﬁr%e}ect I on. [Fig. 14] A flow

chart tor éexplaining the opg &r enbodi ment of the pattern
extract 't@(glf\]ppar atus. MODE FOR CARRYI NG OQUT THE | NVENTI ON

The following description is made in conjunction with the case
where the apparatus uses, as the items, commodities in sales business
of daily necessities (foods) as in supermarkets. Specifically,
description is made of the case where the apparatus extracts and finds
a characteristic combination of commodities (foods) {that is, the
"pattern") purchased by a purchaser in a floor for selling foods in
a supermarket by using a single receipt given to the commodity purchaser
as a single target information piece (transaction) and treating the
commodities (the product names of the foods and the like) written on
the receipt as the items.

[0012]

Fig. 1 to Fig. 13 are diagrams illustrating a first embodiment.
Fig.1jj;ablockdiagramofeapatternextractingapparatuslOOaccording
to the present embodiment. In Fig. 1, each arrow connecting blocks
indicates the direction of data flow. The apparatus includes a data
storing section 10 serving as a first storing section which stores a
set of transactions as a plurality of target information pieces, an
inter-item information storing section 20 serving as a second storing
section which stores information about the association between items,
an item extracting section 30 which extracts items from the set of
transactions, a candidate pattern producing section 40 which uses the
extracted items to produce a candidate for pattern (candidate pattern)
formed of two or more items different from each other, a candidate
frequency calculating section 50 which calculates the frequency at

which the candidate pattern appears in the transactions, a candidate



[‘0007] Enbodi ments will hereinafter be described with reference to
the draw ngs. [0008] A pattern extracting apparatus according to
the enmbodi nent perforns control, when a plurality of target information

pi eces each including a plurality of items (information elenents) are

provi ded, such that the relationship found between itens is used to extract

ar got RSP re T of Aol lgbgap Ste BT AR ghrimpa e rivayisral P
: : - Qr; nore itens. | e foll ow ng description,

however & Gt bR s Sl S 23 RaF Lo beRverh o

h
however, the ern” may

P OSSR L D B LS LTS B LIS W oros v o

"characteristic conbination escr 0

s a caghishe L5 PXUIATLLAG LOS A LS LR LA RALE oY, Sense s T efered

to as a "candidate for pattern”™ or a ate pa

The appakabys, Gk BEnd$&she fp%rtt%éﬁ%ﬁdidqtﬁgee&{‘{redlcqao%f et ﬂgai)trr}%@:}/?%,ue

characteristic conbination of purchased como i'es’in sale
necessichil 861 asted ka3UREH BRI K elcFe bhpdi f101 & C Qﬁaaacgﬁft%%&hcstc&%%e@' %‘”dif%r‘; ect
rel ati onship between the characteristics of a branch orfice and the type of
a papemoork m stake in banking, and finding the preference of an audience
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illustrative, and the

The present apparatus can be realized by storing the data of a
program for executing processing, later described, in an external
storage medium such as a hard disk apparatus, not shown, and reading
the program into a personal computer (PC). In this case, a storage
device such as the hard disk apparatus and a RAM in the computer can
function as the data storing section 10, the inter-item information
storing section 20, and the pattern storing section 80, and a control
device such as a CPU can function as the item extracting section 30,
the candidate pattern producing section 40, the candidate frequency
calculating section 50, the candidate evaluation value calculating
section 60, and the candidate evaluating section 70.

[0014]

The data storing section 10 functions as a transaction storing
section which stores the data of the set of transactions (hereinafter
also referred to as a "transaction group") serving as the target
informationpriortoeaseriesofpmocessingoperations,laterdescribed,
and stores data about a minimum support and data indicating priorities
for arranging items, later described.

[0015]



present invention is not limted thereto. [0011] The foll ow ng
description is made in conjunction with the case where the apparatus uses,
as the itens, commodities in sales business of daily necessities (foods) as
in supermarkets. Specifically, description is made of the case where the
apparatus extracts and finds a characteristic conbination of comodities
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sel ling foodEsql h 2asglﬁvpvgr%rel§§f“pé§ ?éltﬁ’& ERRSRFE e gErgP SFNEm astihe

di i le t. t inf i on pi t ti d
treat) Lﬁt§‘¥?ﬁgrg§%m8§{§??|§%§ ERE=Hr dBuct hanBs” of bhonfoshecaf the. | :%On) +
witt : i t i . 001 Fig. 1 to Fig. 13

| e@rgﬂf%é%ﬁéﬁqglgggﬂé?rs Oh%egFJ%%ﬁiP%L?éﬂufaﬁétgg%¥d€ﬁ%§igg?dﬁFégr:

diagranms I[Tustratin embodi

pat ter BgKb18c1d100; AORATAL U3 10 ACcor ALgL 9.5 g, pLasant- arbadiaant ., 10

Fig. 1, each arrow connecting S I ndi cates

The appgrpf us virpRh Ude s & iy @G erving as a first storing
section which stores a gggﬁg 't%gﬁsgggﬁoﬁghgghégiﬁﬁfg ?$?§8?m?%ﬁtﬁﬂe§3'

| nf Or MBLLOM: BR8REhABabOLAerld Ve MHARIBLL 000 SLAIAALRGOAL ONAB0 SETYI NG as

a second storing section which stores information about “t'he 'assoti"ati’on

bet weenoi} efved S istrensesie@cid %é%%%h@ﬂc@gowﬁﬁp?)&w gch%éaé%i;nre%m the

set of transactions, a candidate pattern prod ng ‘sectio uses
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frequengyoxsl cul ating section 50 which cal cul ates the frequency at which
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reference value, and a pattern storing section 80. |
attention is paid not to the prices of the commodities or the number
of the purchased commodities written on the receipt but only to the
information about the fact that the commodities were purchased. As
illustrated in Fig. 2, the data storing section 10 stores the data of
the transactions in which only the information of the product names
is included as the items, and even when two or more commodities of the
same type are purchased, only one product name thereof exists.
[0017)

In the present embodiment, the transaction group stored in the
data storing section 10 has a data structure in which each of the
transaction numbers (A0l to A05) for identifying the respective
transactions is assigned an item list (purchase list in this example)
representing a list of items constituting the transaction. FEach of

the transactions from A0l to A05 is formed of a single or a plurality

of types of items shown in the purchase list. Specifically, the



The present apparatus can be realized by storing the data of a programfor
executing processing, |later described, in an external storage nedi um such
as a hard di sk apparatus, not shown, and reading the programinto a
personal conputer (PC). In this case, a storage device such as the hard

di sk apparatus and a RAMin the conputer can function as the data storing
section L ntar - i nf tion storing section 20, _and the pattern
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candi dat e ?r equ%%’c%dgﬁggga?é%lessgéﬁ gﬁe Sfdj,qqtoﬁ'éng&ndF}d%tterag\?ﬁllcﬁéPPO%O%/al ue
cal cul aihagse8ct+ @ B8Q, 4 t candi . evaluating. secti 70..]0014]
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of the data storing section 10. [0016] For the sal es business of

dai |y heemssidif@saAdplien supernmarkets, a single receipt on which purchased
commpdities are listed corresponds to a single transaction (for exanple,
A01). I poelgs exanple, however, attention is paid not to the prices of the
commodities or the nunber of the purchased conmodities witten on the

recei pt but o yddta taheuintpe s ouebebothesf dsdd that ichaa e Qnemshi ties
were purchased. As illustrated in Fig. 2, the data storing section 1
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(threshold value) for extracting frequent items, later described, and
is also used as a reference value (threshold value) for extracting a
characteristic pattern from candidate patterns formed of a plurality
of items. The numeric value data of the minimum support can be
arbitrarily set or changed through the operation of an operation input
section such as a mouse or a keyboard, not shown, prior to processing,
in accordance with the number of transactions constituting the
transaction group used or the components of items.
[0019]
Although the following description is made of the case where the
numeric value of the minimum support is set to 40%, the value is not

restrictive. Although the following description is made of the case

where the numeric value of the minimum support is preset to 40% for



I'n the present enbodi ment, the transaction group stored in the data storing
section 10 has a data structure in which each of the transaction nunbers
(AO01 to AO05) for identifying the respective transactions is assigned an
itemlist (purchase list in this exanple) representing a list of itens
constituting the transaction. Each of the transactions fromAOl to AO5 is
formed pfi g stogle Lurali of. t s of items shown_in the purchase
list. Spectfica +yﬁq{ﬁ§f&e#$§%s%% ?%ﬁ:%ﬁ@ugoﬂ§Y§F§p5F5F5uF0¥t%ﬂﬁ? OFAeBt her
wor ds, Jouentypess of 150 ithes, .and. this lies.to the follow ng), the
transactionnioz consiSts o @ﬁ%@el?tgﬁgfDFH%QFr%ﬁ§ﬁf¥?oﬁ°%@%uaﬁﬁéﬁk%éeof
four itemeerhipe transaction AO4 consists of two itens, and the transaction
AO5 consists of three itenms. In each of the transactions, the itens are
separ at edobyja predeterm ned mark such as a comma for identification.

Al though description is herein made of the case where each of the _
transacti ons Teenastd Uthdie4thedt Eﬁ@sgfiéﬁkiggso%rcgpﬁgxﬁﬁgn [ upalLyy of

itens for clear understandi ng,” any transaction inc ne or more’itens
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data storing section 10 is nunmeric value data pres anal'yzer or the
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(threshold value) for extracting frequent itens, |ater described, and is
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or changed through the operation of an operation input section sdch as a
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nunber of transactions constituting the transaction group used or the
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made of the case where the nuneric value of the m nimum support 1s set to
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order or length of a pattern (that is, the nunber of itens constituting the
patterpyrovided for arranging the plurality of items based on a certain rule
such as the order of article categories, the order of articles in
categories, a dictionary, and an alphabetical order. The use of the
priority allows the smooth and fast processing of producing the

candidate pattern, for example.
[0021]

The inter-item information storing section 20 stores the data
of the information about the association between items constituting
the transaction group used (hereinafter also referred to as "inter-item
knowledge") prior to the series of processing operations, later
described. The data of the inter-item knowledge is the data of
association degree between items (including association degree between
the same items), more particularly, the numeric value data indicating

the level of association degree. 1In the present embodiment, the data



(0020]- The data indicating the priorities for arranging itens
stored in the data storing section 10 is referenced in producing the
candi date pattern, |ater described, and includes the "CH CKEN," "PORK, "
"BEEF," "TUNA," "MACKEREL," and "BEER' in decreasing order of priority in
this exanple. The data can also be arbitrarily set or changed through the

oper at iypn gf I | nput, section such.as the nouse or the keyboard,
not shown, pr%%fer?%%%‘%%&gp%%ggesiaﬁg.hﬁ'haessﬁ)tcil&tilﬂ) ‘%W?%%F@@%‘ﬁtl%aﬁmnt
i's informtdon which defines the order for arranging the plurality of itens
constituting the pattern, and for exanple, is provided for arranging the

pluralitpyoeebitenms based on a certain rule such as the order of article
cat egori es, ghe order of articles in categories, a dictionary, and an
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know edge") prior to the series of processing operations,
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degree. In the present enbodi ment, the data has a higher nuneri ¢ value as

the assoei atven gfegeaathehvrep bd@fed snbi 9h&f adP828kher item. In the
following, the numeric value is referred to as the "association degree.”
The association degree is defined to have a higher value as the
relationship between items is closer (the association degree is higher)
and to have a lower value as the relationship is more distant (the
association degree is lower). The association degree between the same
items is given the highest value or 1. A specific numeric value of
the association degree can be arbitrarily set or changed by the analyzer
or the like through the operation of the operation input section such
as the mouse or the keyboard, not shown, prior to the processing, in
accordance with the number or the structure of categories serving as
a superordinate of the item in the transaction to be processed.

[0023]

The inter-item knowledge stored in the inter-item information
storing section 20 in the example of Fig. 3 is provided by using an
association degree matrix table in which n items existing in the
transaction group are arranged in row (i) and column (j) directions
and the relationship between two items is represented as a numeric value

in the matrix form (this matrix is hereinafter also referred to as a

10



Fig. 3 shows an exanple of the inter-item know edge stored in the
inter-iteminformation storing section 20. In this exanple, the inter-item
know edge is shown in a data table in which the itens existing in the
transaction group are arranged in matrix form The inter-item know edge is
a nuneric value within a range from0O to 1 to indicate the |evel of
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associ at |dos%%gg§eﬂe®ber@m§gﬁﬁfh@t§laeﬁe% thgL Sts V§ilven ltshereﬁllﬁﬁgyﬁdva%u@%r 1.

A SpECIafés%c'iﬁ'ﬁ@ﬁh(de‘@%e'éeo@éwéé}fheérﬁgci's%%q?{%S %ﬁeccpjec];agﬁyg }Iae%: En?\%él Y Set

or changed by the anal yzer or ke t

oper at ival vkt Seekh9BSHER k%‘%w%@ﬁtﬁ%%sm@ Lhe @%{rtb%gr SHQEE"@EE%%N"D” or

to the proceSS|ng, i n accordance w e nu er

cat egorang@s "SIYKRAY, Bsardy SURRKO! dhAab Bo@tr it he h c Lo be
processed. [0023] The inter-item kno% gdggbé?%%eg ééﬁ{‘lﬁ% ttﬁt el? item

i nf or mateiven &t oké mlae@bhgnlg%étaebhel%f@, ‘f—e?i Eéﬂed BekelL ‘&YL,f@SQeQé’
u3|ng an associ ati on degree matrix table in ﬁ tens eX|st|n

transaqitieMs QrorR:@mHIlal apgedkin oW (bdrand G0 “E‘EHI&kE&J" dalr{ae%bﬁﬂs a”d
the relationship between two itens is represented as numeric va ue in the

mat ri x Thot ni ¢ tduaspTel, 1 wkeh e eenalbelon $0 £84 esrarn%dcé‘ee&é ggspg ation
degree matri x") to register the value of the association deg)? etvvee

i tems. whent bige asso® arkoMnEP@IQe ifthehX ['al®KEP LAq1l pised 'aschEéKﬁiﬁ‘W frum
val ue, a higher value is registered as the association degree between itens

i s highed. "BpEE; 1 izorl I'PORKNeam@xiBRIN"Y abdeyign ke 1&819!3 S4 &L eﬁ&g@gﬁe{ht he
sanme itenms (for exanple, "CH CKEN' and "CHI CKEN," and "POR K")

and a \fdkhe (aToor'dizg rontherkeve] ofe thedekatbang Peé)eitéf\'%% b S
regl stered between different itens (for exanple, C%!F angla E%é and

" CHI CKEMingniht &fiRiate bAdt Aiva XA @, 5\Ab§rret<jl%tletr%eis bﬁrl %’&%ttrgs%ga same
cat egory, that is, when the itens are included in neat ("CH CKEN'

"PORK, va'lGHIGKEN's aadi sBEER | héﬂd:héa%n 2 are
i ncl udgg in fish (" T%llusA and " MACKEREL™) . ?ﬁggﬁgfggfg%f%ﬁ@gg goh{ggns
| D em

regar detaas ibei bgtiveerr ardiiabs 88doAgVRy UEoOELE. Rekh Eggéééfy eda
contrast, a value of 0 is registered when the itens belong to dlrr)ferent

cat egOIbIeGESngiﬂil@.ttol She Falheedt &by, eahlalenNgi g whe chhes %aftéﬁhgggﬁln@n
item belonging to the fish category, and the BEER which is an ite

bel ongitng 4 obavbexge agategbegor Ysirkid1Cehé e rar erémé@dags H&%‘ih@g Nqlo
associ ation. [0024] In the present enbodiment, the "inter-item
know edgsdctanidye. transl ated into the value of the association between
itens which are not wished to be extracted as a pattern (conbi nation)
Speci fi ¢@024] the maxinumvalue (1 in this exarrpl e) is set for the

corrbi nation of the sanme itens (for exanple, "CH CKEN' and "CH CKEN," and
"PORK" and "PORKH9 preseral Gnddiaeht pNtRS @i Madh-grierd %%Q%Méé&céﬁ%é ower
value (0.5 in this exanple) is set for the conmbination of the itens

bel ongitegnsbatde isamethstegniy dof Oheexsumd st i oRHHEKFN: Q%mspﬁﬁc% & avoid
easy extraction as a pattern in analysis, and the mnimumvalue (0O in this

exanpl ept i steid torbd katearbbaald anpoftdhe (cbRPEnREl GN0I NGLLO; F AL gel
different categories (for exanple, npCHI CKEN and " BEE F\Zg 8 prormtey
ext racthemasirunpatalieren (LnianghySickample) is set for the combination of
the same items (for example, "CHICKEN" and "CHICKEN, " and "PORK" and
"PORK") to avoid extraction as a pattern in analysis, the lower value

(0.5 in this example) is set for the combination of the items belonging

to the same category (for example, "CHICKEN" and "PORK") to avoid easy
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[ 0025] The itemextracting section 30 performs the processing of
reading the data of the transaction group stored in the data storing
section 10 and extracting frequent itens fromthe read data. Specifically,
the itemextracting section 30 extracts the itens constituting each of the
transactions fromthe data storing section 10 and cal cul ating, for each of

! ! f. ear apce or, the nunber of .
LT ansactong R i nPeRs onf ap éﬁ?ggé’ﬁ’w@%ﬁafr?@l?wa@femé@ toias the
') cotrTRE,I I t al cul at itemfrequency is
paseed 1o ERe Sandilat o palt PR BRBNe i SER T OR b HPBRTERG ] TeReLY

ext r actdi i | it e t.racti, tion 30
cal cul glgge?ﬁgﬁsﬁﬁe;%rsl%f a(t(f%%er %?%nngig’aseéﬁo@r@ heSdQ S%nggd Yo Rrpmote

frequerGitesct$ehest sat id,8g Jhayi e cal cul ated supports equal to or
hi gﬂer tﬁanc%:he m niarruggr\rbftsﬂuefopz)nr‘itn ?%Q/ogls%gt his exanple) preset in the data

storing[segtion 10 described above, and stores only those items as the
frequent itens in the pattern storing section 80. [0026] The

cal cul ati on Chetiftersepedt iQfg de G MGN3H LEMEL LAY t;m% pReSd 63 Ly ORde wi th
the follow ng expression 1. [0027] [Expression 1

nunber tak taeasaCthensransi it dig grbl btoSdPRYY thbtdata tAQqt 9LAL; Jumber
of transactions
10 and extracting frequent items from the read data. Specifically,
the item extracting section 30 extracts the items constituting each
of the transactions from the data storing section 10 and calculating,
for each of the extracted items, the frequency of appearance or the
number of transactions in which the item appears (hereinafter also
referred to as the "item frequency"). The information of the calculated
item frequency is passed to the candidate pattern producing section
40 from the item extracting section 30. In addition, the item
extracting section 30 calculates the supports of the items based on
the calculated item frequencies, selects the items having the
calculated supports equal to or higher than the minimum support (40%
in this example) preset in the data storing section 10 described above,
and stores only those items as the frequent items in the pattern storing
section 80.
[0026]

The calculation of the support of a given item (it) 1is

specifically made with the following expression 1.
[0027]

[Expression 1]

12



(‘expression 1) [0028] The candi date pattern produci ng section 40
produces candi dates for pattern each forned of a set of itens with
reference to the transaction group. Specifically, the candidate pattern
produci ng section 40 reads the patterns having a length of mstored in the
pattern storing section 80 described |later (the frequent itens described
above with mequal to 1, or patterns of a higher order wwth mequal to or
Iargeréaﬂgﬂn%:gggcgiD@@bﬁat@f)t#aamdcpithuﬂmchnmﬂﬂgdate& for pattern

(candi dat€ pat ter'ns) havi ngogal enghbe 0T MEL 535S hYL00 & predefér mi ned
condition fromthe frequent itens or the patterns wth reference to the
transaction group in the data storing section 10. The candi date patterns
produced by the candidate pattern producing section 40S*REPGELC8etbnd or der
patterngobfsge Fig. 10) each having two frequent itenms and third or higher
order patterns (see Fig. 12) each provided by adding, to a pattern having a
| ength of 2 oprerdiii(EAe Bl Lrtemi.n thgse patterns tha
satisfies a predeterm nedgég%%%%?pgﬁ.&%ﬁggd%%%ﬁoé] gﬁ ?]ﬁ%é%?eesdg?&ﬁéﬁ%%ﬁ

condi tifegR Rdtbhg RREEETS) pert ar t jdate pattern producing
section 40%?re describeg%Fg?grgf[%bg%?:qyf Pﬁﬂ%ﬁggklghﬁ? OrdE© pdt tEths in
the pattenbastOfh NGrS@S! | L far, tr e r m the.patterns
having a | ength of@2 %f n8§§§%g§€%%g§ér%%%g%g%%gggég ggg%é?%s r%%kﬁ%ﬁqng in
a plurakttyonfiot rensaehe ek | u inee those patterns
are regarded as havi ng aq%ﬁarac%ﬂf?i%?%gg%%%&gagfghggifQ%gﬂﬁﬂm%ﬁ% Hethils
of thestprongseicigoafsd Aesexiragtiiz@erand,d @?eéﬁ&ﬁ@QQeﬁgedéj%ﬁgel&e Jager.

[ 0030] The candi date frequency cal cul ating section calculatwes,

for eaehtbfmtdpeaiand dat erpestesiss HOAUGEEHbY éfﬁ%fﬂwy¥hdﬁg€ Bégtﬁ%rbr

produci ng section 40, the frequency of appearance (the nu er o

t ransatargas)tlan BhideBcirhpegangt gat e Jpat %au@@@ec?errﬁiiid&tte@eflbfaﬁas@lfetf on

group, and passes the cal culated value of the frequency for each of the

(égndl[ gggﬁ?@)ﬁﬁétﬁa‘ patterhdpe h@&ﬂ@lgc@tl@ng‘\imd@ﬁﬁP@a‘t@%??iﬁ@lackﬂ:@&é@grﬁi%%td on
condition from the frequent items or the patterns with reference to

the transaction group in the data storing section 10. The candidate
patterns produced by the candidate pattern producing section 40 include
second order patterns (see Fig. 10) each having two frequent items and
third or higher order patterns (see Fig. 12) each provided by adding,
to a pattern having a length of 2 or more (see Fig. 11), an item in
those patterns that satisfies a predetermined condition. The details
of the predetermined condition and the processing performed by the
candidate pattern producing section 40 are described later.
[0029]

The higher order patterns in the pattern storing section 80 are
extracted and stored from the patterns having a length of 2 or more
(second or higher order patterns) appearing in a plurality of
transactions in the transaction group since those patterns are regarded

as having a characteristic combination of items. The details of the
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The candi date eval uation val ue cal cul ati ng section 60 uses the value of the
frequency of appearance for each of the candi date patterns passed fromthe
candi date frequency cal cul ating section 50 and the inter-item know edge
(associ ation degree matrix table) described above to cal cul ate an

eval uati on val ue (extraction evaluation value) as the evaluation value for

t he cangdi .pattern i i Qof the ,associ ati on between itens such that

t he evgﬁtg%%gﬁgga%ge@%%E%%%%%ﬁsOy 888rgg%e%t%ﬁﬁqqu?rﬁUﬁﬁéFrépe?té%%er-
constitypprgthat pattern increases. In the follow ng, the evaluation value
is referred go as an "associ ation support.” The candi date eval uati on val ue
cal cul ating sggti I t association suppart for each of the
candi date patter n%g%%%tg@agggéa%ﬁgycaelgﬁ ggéagv%ef% odfg@h‘éa SEGdissri bAr
suppor tegled e gandi gatiggval i S I 0,.[ 2] : The candi date
eval uating section 70 deter mﬁrégctste\%ggt E)?ettroagge%opyt %g‘%véﬁaﬁlglgf”t?hgatgem
associ gtribancsHgpreet-passed, f ram the Gandi dake Lon val ue cal cul ating
section 60 sat?sfies a predeternineg éﬁg¥e?£n8§¥§éﬁgéé?oét%%c u%?e$h%g

candi datranpatt €6$) a@RehiStOfES c_tah@igé’%@pgfttégﬁ a %@g'rgafnethgtttr t nag }gr m ned
to satisfy the reference value in the pattern storing section 86%“Th°t he

pr esengreuppdam@iasddie te@ndhdat taey@l Hating rSeRt i e RES TR LR ¢
processi ng of referencing the m ni mum support in the data’stofri ng section

10 to dekecandieiaebhereohsned thiecyahief £he assagi-3i an c%l%p?%g /%fi }[,]he

candi date pattern is equal to or higher than the m ni num suppor

this exapplie) emd storing the data of the candi date pattern having the

val ue equal to or higher than the m ni mum support in the pattern storing
section[8031Wth the processing, any of the candidate patterns that have a
"pattern” or a characteristic conbination of itens are extracted and stored

in the storafkeatsaliofatichevadid€ldh a0hkeNda BOELA10MBAect P983H0 uses t %\hen
the data of the frequent itens or the data of the patterns is storedh y the

i tem extilaetdfnghs €elq0Bnd0 off apPea £l €8t & L¥AbHANNGa @A N pd Lr e LA

pattern storing section 80 notifies the candidate pattern producing section

40 of phessdofage tdfe thdiataacafdeguppty esatde Stiokededat 8n060t hgy Ratd erns
to the candidate pattern produci ng section 40. The data of the frequent

i tens ontéheidat anoklédge fabbecnst S60HEEréa rahe s RAUAAL) & HE S5, OoNn 80
t

can be appropriately displayed on a display section such as an LCD, no

shown, torcgirduitaed antevayl uatpbhnt£Tue Nekt $HEWIon akHANBLE 6l 441 id) é@stﬁ%]ﬂse to
the storage or by a user operating the operation input section. [0034

The detwaleat jproradsenfooperathndsdafe PAELRRA AT B 1%t § AGHNGs 3pPAIALds 100
wi Il hereinafter be described wth reference to flow charts.
between items such that the evaluation value monotonously decreases
as the number of items constituting that pattern increases. 1In the
following, the evaluation value is referred to as an "association
support.”" The candidate evaluation value calculating section 60

calculates the association support for each of the candidate patterns

and passes the calculated value of the association support to the

candidate evaluating section 70.
[0032]
The candidate evaluating section 70 determines whether or not
the value of the association support passed from the candidate

evaluation value calculating section 60 satisfies a predetermined

14



[ 0035] The pattern extracting apparatus 100 of the present

enbodi nent starts the processing at step Si of the flowchart in Fig. 4. At
step Si, the itemextracting section 30 reads the transaction group stored
in the data storing section 10. Such processing allows the data of the
itens constituting the transactions descri bed above to be read to the work

orea, (Bl R Pr A Gl P ANRSEL Sr bt L (e Sxample
the it ‘ i h t f . "CH EN, " "PORK, " d " BEER"
B T S i O

is read as the itens o

"TUNA, 'thand, o BEER' 4S8 - igens of e transaction AQ3, the data of
" BEEF" andqa"al MACKEREL"™ ils@?ea ttaltsg?“t hgte&itefr)r% %QetﬁgeF?ﬁﬁsﬁ PO, BRRI t he
data ofed@tbickENval LAY st o MAKERED, i ¢ 030 A5, e, fLeme of Lhe
transacti on AO5, regpe???ley.cFOOS ng&rmé%;fa E%ﬁ?%ii“grﬂﬁrggﬁaﬁaa%%g

eval uatthernnMalmigh § AthnghSagtLyl r.e the.inter-item know edge
stored in the inte?égﬁgnﬁinfornat?gﬁtggggfﬁgﬁgé%{%%ﬁxhﬂ?{%ﬂEH“bWBEE%é%ng

al | ows orhgonwrRY iva1val ye dat & LAelweenoht gi.stgred.in the association
degree matrix table described in Fig. 3 fgﬁﬁéﬁ}8§d€%§ Eﬁghﬁpgﬁ 8?@5???#%@

of thei€Peudhed eadnbyRer i tharakue &k fuis é«!ﬁ;?% kn(Lhe S| %5@0%

cal culating the extraction eval uati on val ue, aggr(%gscﬁggggg %8 e)
Subsequedt $yoriatg $hepdSBa dhe Het BRhEXYEBEHNG 38CH] erforas Lh
processing of extracting and storing the ﬁ%ens hav%ﬁgnéqﬁ%bﬁaﬁPgdﬁ@ﬁ§§ of
appear ancer (firgguenhaht €8 )niinlraeC S gsHEE WM tRedpa SULEPUL I ?nghQX%ki Fig.
5. First, the itemextracting section 30 searches t he set of fransactions
read aBOstepit®2the exbrassimy) dhie drypes Obndisse GRASHAUL LAY RS 4
transactions (step S31) . For exanple, in the set of transactrons i1n Fig.

2, the"pheteext rachi tigaseetd0nst3Q BXkPASES: $N1& £S5k Kb ' I nel udi ng
"CHI CKEN, " "PORK," "BEEF," "TUNA " "NACKEﬁEL," ande"Bgé%f%&F%gg edﬁﬁggent
enbodi seated the txt mactedei beas af ecid QRIRE @S sﬁaﬂﬂﬁga&@c'fdjﬂ%.t hat is, as
candi date patterns of a first order (having a | ength” of f% ich can be
candi dat@333Jor the characteristic pattern (see Fig. 6)

When the data of the frequent items or the data of the patterns
is stored by the item extracting section 30 or the candidate evaluating
section 70, the pattern storing section 80 notifies the candidate
pattern producing section 40 of the storage of the data and supplies
the stored data of the patterns to the candidate pattern producing
section 40. The data of the frequent items or the data of the patterns
storedjxlthepatternstoringsection80<xn1beappropriatelydisplayed
on a display section such as an LCD, not shown, or printed out by a
printer, not shown, automatically in response to the storage or by a
user operating the operation input section.

[0034]

The detailed processing operations of the pattern extracting

apparatus 100 will hereinafter be described with reference to flow

charts.



[ 0038] Next, the itemextracting section 30 perfornms the processing
fromstep S32 to S35 for each of the extracted itens. First, for one of the
extracted itens, the itemextracting section 30 cal cul ates the nunber of
transactions as itemfrequency in which that item appears with reference to
the transaction group read at step S2 (step S32) . For exanple, in the
transacqb@@5group of Fig. 2, the item"CH CKEN' is included in the
transactions” A0O1, A02, A03, and AO05, and the frequency of "CH CKEN' is

cal cul at ed atyy,n4. - . xt, .the.Lte xtracting section 30
cal cul ates tEges%%%%%?%}(ttrﬁgtllf]gn%\leaasfea&uc?n1%@%%’&?5‘?%‘3’% ERQEARGT B! t he
item wi i-Qp rib e tep,S33)., .and determ nes
whet herStt%rrttEg%ﬁéf(%’er%gglsggf]ét%g%\%g uggiogpgéﬁa§f?%c&arﬁi Yhérdhan tteSRERI num

suppor r ti d I S i tep S34) . For exanple, in
O e e R S e S L e R
nunber igf +theansestiQns d thys t S is 80% (4/5 x 10 )

[ 0040] L When tﬂr?z S%é’[%gg)fla?ga s%u%;k)lo FB%%E?}L‘@gi efnﬁgwssscg&uéﬁg%oo%r

hi gher thlant érhee conBit AU SHERA +L4A%EN A $18%30BLE) Lot ta
storing secti onclo, the i tgm extracti nglsect ieoﬁégglegtao%‘g ?%al%girtegr% ggg t he

f requenthel wenkiardae Rpaht eFntBe o b OF e @lhic@n 080+ Bt =39 AN eds to
step S36. In contrast, when the cal cul ated sapport %% the |tOZlmq|w§B?g§'s t han

the m minunessippgile 640844 2 hiscexafbl @y ncHibREN emANiZ ackifgysRel i on 30
does not store that itemin the pattern storing section 80 and excludes
that i eem fBEDRpOSSiddael belBel oG M thal teRAsLLE S&ATALS L hedaLa, of s t hat
item) and proceeds to step S36. At step S36, the itemextracting section 30
det er ni"OEECHD] hETPORK, Moand NEBENROCES S bS COMIRLRA,E o dltlohhg-i | ST
extracted at step S31, and returns to step S32 and repeats tﬁe processi ng
from skep, S3% atst ep 'SIFT @G M bedr@OVvEUWAEN {he "BEERESSENGE IS 200 he
conpl eted, or proceeds to step S37 when the processing is conpleted }%or
the itemsms[d044¢ transacti6hmEs,t BReideem & EHIEEKEN' 2 M9 MhARESHPPQIE
cal cul ated at 80% which is higher than the m ni num support (40% (%d at
step Sad)the tbems o hs tytokedrasntdvy f apgueRt gat e W fofhediptt epmystori ng
section 80. Sinilarly, for the other items "PORK " "BEEF,"™ "TUNA " '
" MACKEREH, ""MINUKERBEER, s t head et exiHeaCk tags Set | 0Re 30 L3l GHabas Ade
frequencies thereof at "2," "1," "3," "3," and "3," respectively (step S32)
, and cabpetatwsiy.he supports thereof at "40% " "20%" "60%" "60%" and
"60% " respectively (step S33) . In this manner, the frequency and the
support (@@&6)cal cul ated for each of the itens as the candi date patterns
having a length of 1 as showm in Fig. 6. Since the m ni mum support is set
to 40%in this sbegpnple, tlomlopnheat tesvd BEER onhayi 68 de9uRRAHt sé@Sr han
the m ni mum support is excluded fromthe possible itenms .

60 reads the inter-item knowledge stored in the inter-item information

al |

storing section 20. Such processing allows the numeric value data
between items registered in the association degree matrix table
described in Fig. 3 to be read to the work area (RAM) of the CPU. The
read numeric value data is used in the processing of calculating the
exXtraction evaluation value, later described.
[0037]

Subsequently, at step S3, the itemextracting section 30 performs
the processing of extracting and storing the items having a high

frequency of appearance (frequent items) in accordance with a
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formng a pattern (NO at step S39) . As shown in Fig. 7, the itens

"CHI CKEN, " "PORK," "TUNA, " "MACKEREL," and "BEER' excl udi ng "BEEF" are

stored as the frequent itenms in the pattern storing section 80. [0042]

For the processing of producing candidate patterns having a |l ength of 2 or

nore described |ater, the frequent items stored in the pattern storing

sectio r gahged; e pre rd b theltemextractln ction
o eng & ﬂFdfé‘ 3 %?r[ﬁ 2Por s 1 11 Fort Ay PRG % 0

30 referencing the datal itatl ng e prrori i €%

descri bedrahgyechd ddhe d:tatt%aﬁggrzt98n§elcéa{cpgt1gteptﬁ Lhe ot SemtpP?gr th rent,

as shown in Fig. 6, the patterns are arranged in 5% dar- -

"CHI CK es FORKems " %é}ﬁgﬂc N t hen," E " escrl bed above,
W th tﬁg Seg“ es oIfnS;;:r oceélstluﬁg perati ongg]&t A‘ng gp%;irlam s f%' step
S36) ,1hh€hét§ﬂiQﬁyk@gn§a§99@@§tut@§§ t@ankhﬁ gh”bQ?PgéHtéﬁ§ec§1§EE§§ in

this exanple) is excluded from the candidates tern

sel ect egttasces wleremt t9f3e§"&f‘@&eﬁédfﬁcmq{gdagﬂlgﬁél&lef TePORK) «thgtpthe |oad
on conputer processing is significantly reduced to s orten e trnme taken

to per GUNR} he "eRCKBRELPN @hdt hedrrgher of dede p?%é@ért‘é-e%o dﬂ@éﬂtd bg, ot ed

that, in the present enbodi nent, the frequent emis regar as a

" pat t eentréthed ﬂt&msaaﬁéatrraﬁt@d sbicarcarbiceat t&fg, ithavhigh at h@aH
itemconstituting the pattern (the Iength of the pattern) ?009??]

A st epp8B8ierhhefi 4 elwrextsaddd NHaBeld horerdft et &nMyReshH mgtwga%lgggesany
frequent itemexists with reference to the pattern storing section 80. Wien

it is derethenethitdraterdmy itr equestni (& exigst ) .the itemextracting section
30 proceeds step S4 since it is determned that the frequent itemis
extract €d03%ccessfully. Wien it is determned that no frequent item
exists, the itemextracting section 30 finishes the processing in the

appar at us si Neet; thesi tet extrawed richadct e 80 @@UEBEME @R b o @LJiagt 8n
unsuccessful ly. In other words, when not a single frequent itemis

extracsedpi $32 he @3Gcdesi rgcht ostEpe Skt e edr 0€8RSI NFiirdtt heoApHIE ffus i's
fInIShige extracted items, the item extracting section 30 calculates the
number of transactions as item frequency in which that item appears
with reference to the transaction group read at step S2 (step S32).
For example, in the transaction group of Fig. 2, the item "CHICKEN"
isincludedinthetransactionsAOl,A02,A03,andAOS,andthefrequency
of "CHICKEN" is calculated at "4."
[0039]

Next, the item extracting section 30 calculates the support of
the item based on the calculated frequency of the item with the
expression 1 described above (step $33), and determines whether or not
the calculated value is equal to or higher than the minimum support
preset in the data storing section 10 (step S34). For example, in the
item "CHICKEN" for which the frequency is calculated at 4, the total
number of transactions is 5 and thus the support is 80% (4/5 x 100).

[0040]
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[10044] At step S4, the candidate pattern producing section 40
perfornms the processing of producing candi dates for pattern in accordance
with a subroutine in Fig. 8. First, the candidate pattern produci ng section
40 sets the length (the value of m of a pattern taken out of the pattern
storing section 80 at step S41. Specifically, the candidate pattern

produci ng segtLQn t g At v of t |l ength mof the pattern to 1 (m
= 1) when st@%é%4T%?§§%ér]58%%53P§§0¥%éy$§¥§11 FielS o I4fa L1 OF o i HE T al ue

o ine hanat @ olnbie,08L1 1oL BLJHEDL FLER SR8 perfonred for the

second and subsequent t

duci ti ] h t tt h
he | ongti st ais e ot SRty SPoR SnEng 1he PACerRE SSEbFEaPT ntthe

the length mset at the preceding s ep

tt by . | @Re M . T ! | Ly ot d A
it oL S e U

pattern having a | ength of or no (step

¢ i s detstah et that Aar one, SN PALLEED: X818, e candidate pattern

produci ng section 40 finishes the processing Since

di d i A4 04 ' hE)! kLol
candi dakespiaherie f3R1iRem RLegHeed.40dhenchhe e.rx%ﬁlgl%?]:éscg%n%%%g ?&Erégspe%

determ ned that two or nore such patterns exist, € pa

producisagt $€6t3MAc48 hakes et thkt fhasenpatd YRS eL§t ] eds
to step S44. At step S44, the candildate r[;atte(rf%1 preoéu%?%é egtglggﬁgﬁ(c)bcoe

det er Mundsexcluhiebhena O toel £140 pBBLLBIAS eAll Bl Landidals, patiel,
produci ng condition anong all the taken patterns. en it 1s determned

that nehsuwidtapatiteratsiesnstand PecpEOELSS! S $36i. Nished i §5& kheli
determ ned that no candi date pattern can be %roduced. vﬁgn |t'ised§?%$n1ned

that seehrpetirey nseexicst 30 hteteandndat ehBehser Br PROEUEHATLSECLd O A0 5
proceeds to step S45. [0046]
completed for all the items extracted at step S31, and returns to step
S32 and repeats the processing from step $32 to step S35 described above
when the processing is not completed, or proceeds to step S37 when the
processing is completed for all the items.
f0041]
Since the item "CHICKEN" has the support calculated at 80% which
is higher than the minimum support (40%) (YES at step S34), the item
is stored as the frequent item in the pattern storing section 80.
Similarly, for the other items "PORK," "BEEF," "TUNA, " "MACKEREL, " and
"BEER," the item extracting section 30 calculates the frequencies
thereof at "2," "1," "3," "3," and "3," respectively (step S32), and
calculates the supports thereof at "40%," "20%," "60%," "60%," and
"60%, " respectively (step S33). 1In this manner, the frequency and the
support are calculated for each of the items as the candidate patterns
having a length of 1 as shown in Fig. 6. Since the minimum support

is set to 40% in this example, only the item "BEEF" having the support

less than the minimum support is excluded from the possible items
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In the present enbodi nent, the candi date pattern producing condition set at
step S44 is specified such that "the pattern should include the sane item
fromthe first to (m1)th and a different itemat the last.” As a
precondition, however, the itens in each of the patterns need to be
arranged in accordance with the preset order. As described above, the

ioritd . j | d f.."CH CKEN," "PORK," "BEEF," "TUNA "
p%&kpﬁ'@%ﬁ‘*ﬂéﬁ%% %gnet%Ew a&[l Stq{%pg Sé)?g;p%S A S FEGer’ns thFel BfPAENged
i ir tor " f ok ordty.., [ 004 " The candidate
:ogt ?gfgrdg?ggglg:'“ng@gggt?i 8214’3{ ’g'er oélgrésﬂﬁe %)?%célégﬁnge}bqlutdéﬁ’ﬁn EtElr]fg 5%

tt i i di. t duci diti t st S44
(ot ep SISTE! Shubag A anteRS PR LEE bl it st ieh i Bac o for

patternfeapdi date pattern) having a length larger than the pattern |ength
m set at step S41 by one (step S46). [0048] Specifically, at step

$46, th . : £ . [ ngl e. candi dat
' havi ng e Tonnt heoro i (i B et PR B Ee BRI T o he

pattern having a | ength of (m1+2) 1 n whi ens co

taken twagpRtdernsraierd delsewedehy e | agt # 00, diff erent idSm, apranged in

accordance with the itemorder. Then, the candidate pattern producing

sect i Olpaéeesumﬂdr&&gté’&ﬁ&ﬂggﬁééﬂgﬁ%@ iﬂ%ﬁ@{o@g%%g}é}ge%aﬂ 1Al & em

frequency cal cul ati ng section 50 (step 7) . The e pattern

producergraecih@rett ibapsat fetdr@erRiiaeesn Nkt QAuSLEP: $4 5 HO 5t 8P: S48 unt i |
all the candi date patterns having the length mtl are produceg, and T1nishes

the prdoesstrghgimgstiepnS4debenibéd ishdlel ehmAedashats@ldisuchcpablefgs are
produced. Thus, the repeated extraction of patterns and production of

pat t er ancaArdpteseas: prbducredt) abhshwandh dayess f ehe RaftiRFAshA RO LS
pattern length mtl fromthe frequent itens or the patterns having the

| engt him shercadieirnot her st tar,n "shockmy, 'secoran) "80rulN049MacKEREL, Nexty the
processi ng of producing the candidate pattern is described in defail with
ref er ehbent BEEBpeCi BsC desambed above, with the series of processing
operations at step S3 (from step S31 to step S36), the item having a
support less than the minimum support ("BEEF" in this example) is
excluded from the candidates for pattern and is not selected as an
element of higher order candidate patterns, so that the load on computer
processing is significantly reduced to shorten the time taken to perform
the extraction of the higher order patterns. It should be noted that,
in the present embodiment, the frequent item is regarded as a "pattern”
(that is, a characteristic combination) in which the number of item
constituting the pattern (the length of the pattern) is 1.
[0043]
A step S37, the item extracting section 30 determines whether
or not any frequent item exists with reference to the pattern storing
section 80. When it is determined that any frequent item exists, the

item extracting section 30 proceeds step S4 since it is determined that

the frequent item is extracted successfully. When it is determined
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['0050] For exanple, it is assuned that the pattern length mis set
to 1 at step S41 and that the patterns having the length of 1 (that is, the
frequent itens) shown in Fig. 7 are stored in the pattern storing section
80. Since the itens are given the priorities in the order of "CHI CKEN, "
"PORK," "BEEF," "TUNA " "MACKEREL," and then "BEER' as descried above, the

freque it r I.n.the.pattern storing section 80 are arranged in the
or der gﬁ“#dﬁﬁéﬁgﬁggpﬁﬂﬁmﬁm the ﬁk@REﬁ%ir,a’CW fRERIOBEERE Lokeherli ng

" BEEF. '} (Bg_%]:] - LS h,.of .the patterns in Fig. 7 has the length m
of 1, atlhlLa of them dre %Ee%%pgﬁg LHP SSS ésﬁk[tgfmépﬁﬁgfﬁf.t%ifr?ﬁ‘éent

candi d patt ucj ondition at_ st S44, the pattern |ength m of
1 maanglLttt%I"rllatfl£ neg{&aa%;t%%gﬁ}églg?éﬁf## i s?n n%ﬁf)etrel‘?’frij?c M°tsg #Hale t he

atter i t i - i to (m1)th" and "the pattern
!Oncl udgéegﬂg%lggg%gn{@ie?gﬁsg%gtghmenffggk%gggéégﬁﬁﬁst é%‘% ¥ Nt BROSESSH M trary

two patihekRs dppdiftus 132l shikgsgt he condition. The candidate pattern
produci ng section 40 takes outf two patterns in the order of "CH CKEN,
PORK, " 't16H £KEN, TUNA, " " CH CKEN, MACKEREL," "CH CKEN, BEER, " "PORK, TUNA, "
"PORK, MACKEREL, " "PORK, BEER, " "TUNA, MACKEREL," "TUNA, BEER " and

" MACKEREL, BEERtdpsacaidanegiWhtd dheephi 9fddi8sPhe bl 80B escribed above
(step $45), and prﬁ(;duces ten céndi d taese orES)L:)AaCEL{Cglr%ﬁJ %g(\l:/%ﬁ(gr?él%l %%ﬁ#%nbsf 2

( secondherstesczandigdat rl@ﬁhfc%@%aﬁéi_c%tt%% P46 388 H O 20 O'Idgp‘gS "

information of the produced ten candidate patterns is supplie
candi dateurceguanci eahcw.at Fﬂﬁsrs,e%b%n%%a%@%at&%rwﬁf&ﬁfddﬂ% %&9{9 Jiep S5
| e patterns.

to step S9 described later is performed for each of the can a

When t ke gutacessilegoth Rerd 0584 Jfrar) akla bhecdan raandi t { he
processing is returned to step S5 from sat%p S9. [0052]@&3&SfIq:{}]lteAg}’Egﬂs}lseerﬁ1 S5,

t he casdbdate Sgrquansy salidAkiung 1@R caf) geterdnes hot
any of the candidate patterns pguppl ie frorln t hegcandi dat el\ggtﬁ%gfgnt%rgduci ng

sect i opré@utsndielecsiibhest abtis0 thhe, Pacessi iy 1stngftrheﬂu<9f'0c>ﬁe0@5f§£’%ﬁﬁ i yet.
When any of themis unprocessed, the candidate frequency cal culating

section &f) < akeshoutstsypchsa cansidahacpatserihand RLocaRds otroaa{igpl 3¢ Wen
Cu

all the candidate patterns are subjected to the frequency cal at1on

processhagvalde di eeessengrefmtdie dRPRRaEYSH " &h W ne1h 0 BERPs 4 fof the
candi date pattern production. [0053]

performed for the second and subsequent times.
[0045]

Next, the candidate pattern producing section 40 determines
whether or not two or more patterns have the length m set at the preceding
step among the patterns stored in the pattern storing section 80 (the
frequent item having a length of 1 or the pattern having a length of
2 or more) (step S42). When t_:he result is NO or it is determined that
no or one such pattern exists, the candidate pattern producing section
40 finishes the processing since it is determined that no candidate
pattern can be produced. When the result is YES or it is determined
that two or more such patterns exist, the candidate pattern producing
section 40 takes out all those patterns (step S43) and proceeds to step

S44. At step S44, the candidate patternproducing section 40 determines
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The follow ng processing fromstep S6 to step S10 is perforned for the
one candi date pattern taken out. First, at step S6, the candi date frequency
cal cul ating section 50 references the set of transactions read at step Si
to calculate the frequency of appearance of that candidate for pattern
taken out, that is, the nunber of transactions including that candi date

patter 4 Far_.exanpl e, ,when_the set of transactions shown in
Fig. Zq”{hse[t(r%%gd]oart "ofefs PoLtSAPEePAtE BNt R 8?“%“%%‘:%6&3%6%1 SFO#CiBfd t he

Frequency Or ShoRay AR o AP SanaP AT B or WAt 4Ens SEuBlinsednar 2
S oy, PO Phe oFior CAaRol AR e PACEEPASNS CHRGHENY ShaRh, o e Riccte

"TUNA. RAGEEREL ™ VRENA” BEER Gt IRAREFET TSR Gl FPEquEhcies. of
appear aRge raligegat KAl ates BhtBerds ekist, Dhne gﬁaé-ﬁziia teagg%%?§%%%%ghﬁ§ag t he

At step S7, the candidate evaluation valué ¢ ing~s

freququ%mqbna@peﬁf@@@@dgfughﬁxﬁﬁ@qgQate pattern cal cul ated at step S6 and
the inter-item know edge (association degree matrix table) read at step S2

to eval yapeest he associ ati on between the itens constituting the pattern to
cal cul ate the extraction evaluation value (hereinafter referred to as the

associ ation guppord )pre¥eth | sRWRkndsS the fIequency 'p%[t%%gg]r Hdudsnghe

pattern consists of items having a higher association: _ _
Speci f iggaldiyionssshwn sitBpash h ov Ghakt £FobqFkgn %,hatth‘?;ﬁ{éﬂ%t@@e&% g¥alygtion
e

val ue cal cul ating section 60 cal culates the support o
include the same item from the first to (m~1)th and a different item
at the last." As a precondition, however, the items in each of the
patterns need to be arranged in accordance with the preset order. As
described above, the priorities are given in the order of "CHICKEN, "
"PORK, " "BEEF," "TUNA," "MACKEREL," and then "BEER" in this example,
and the patterns are arranged in accordance with the order of priority.
[0047]

The candidate pattern producing section 40 performs the
processing of taking the two patterns satisfying the candidate pattern
producing condition at step 544 (step S45), and arranging the different
items to produce a candidate for pattern (candidate pattern) having
a length larger than the pattern length m set at step S41 by one (step
S546) .

[0048]

Specifically, at step S$46, the candidate pattern producing
section 40 produces a single candidate pattern having a length of m+1
(m-1+2) in which the m-1 items common to the taken two patterns are

followed by the last two different items arranged in accordance with
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candi date pattern fromthe frequency of appearance cal cul ated at step S6
(step S71) . The cal cul ation of the support of the candi date pattern may be
made simlarly to the calculation with the expression 1 described above
except that "the nunber of transactions including the item is replaced
with "the nunber of transactions including the pattern.” At step S72, the

candid uat,| val.ue calculating section 60 extracts all the
conbing%%bﬁégﬁ?%%ﬁggftZtge?hc+%%eﬁa??94%ﬂ§(ﬁﬁﬁﬁ%ﬁ&t@rﬁéﬁﬁéﬁﬁ.S%@tS@@p4@73,

th i - i I | cul at | ti 60 f
(i dent 1T FB2) B nart L0 sl Relte PHERAR i e ToGCA o FPARGRAR | on
The exer e o R R 0 ol ATy TREnea it e PR PERC vad e

| cul at.i i t i ght base t he extracted
oS0t arrEaoR o Bl s R s ot A AR AP Gl Ates S BRE oAt he

; : l.cul t i t I

oG e B R P aFF ity bt oh ko,
The weic@Btpadib 4N 288 AR 5N IRUPREN s HERL N4 19 ke, gf{%lrcl:%d Lo

monot onousl y decrease as the pattern length mincreases.  Mre Bpectfitally,

the asseeipatddoresuppPids,f {Rd rapedsed %x@?agﬁ%%ﬁ%%ﬁdf"cg{éﬁ@agnd %@3}%‘%@

relationship pl ¢ p2 holds (pl is a subset two pa

candi dakepatos:palheriapksaplondoe L0 koLALLARSALAL (1) oarcLLRA) DOl DS In
ot her words, the candi date eval uation val ue cal culating Bctron needs to

cal cul ahe pdweravel gbhgsSHGH1 Fabmartd %@%QQEBHftéﬁ@éj%rbﬁ%%%rﬁtgggsvﬁgﬁhﬁ[g and
ion

the pattern length m [0058] Various definitions and calcula

expr esgshentendtth ¢ HaRpl ahednt opat hier yvairght i ngeE@§o§S$(9.Ci ation support.
For exanple, the weight cal culated by the candi date eval uati on val ue

cal cul atpoypisecti on 60 can be defined as a val ue obtained by subtracting
the extracted association degree froma predeterm ned value (1, for

exanpl e) . Aléet nathyepyocthei Mei ght pesdiead @ %@ych@[&ﬁggiﬁ%;%ﬁvailsuation
npl e, I

val ue cal cul ating section 60 can be defined,” for exa ntaini ng

the sudesérided exi ached RSSHCHets AMALLE aﬁecihfcv\@i&@ At a fixed val ue
(1, for exanple) and calculating and setting a differenc 1between the sum

and t he[@dQlact ed associ ation degree to the weight.

For example, it is assumed that the pattern length m is set to
1 at step S41 and that the patterns having the length of 1 (that is,
the frequent items) shown in Fig. 7 are stored in the pattern storing
section 80. Since the items are given the priorities in the order of
"CHICKEN, " "PORK," "BEEF," "TUNA," "MACKEREL," and then "BEER" as
descriedabove,thefrequentitemsstoredinthepatternstoringsection
80 are arranged in the order of "CHICKEN, " "PORK, " "TUNA;" "MACKEREL, "
and then "BEER" excluding "BEEF."

[0051]

Since each of the patterns in Fig. 7 has the length m of 1, all
of them are taken out at step $S43 after step S42. For the candidate
pattern producing condition at step S44, the pattern length m of 1 means

that not a single item (that is, no item) is common, so that "the pattern
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[10059] In the present embodi ment, the weight and the association
support cal cul ated by the candi date eval uation value calculating section 60
are defined with the association support f (p) as shown in the follow ng
expression 2. [0060] [Expression 2] nunber of transactions f (p) =[1 -maxx
I ncluding pattern p x 100 total nunber of transactions (expression 2)

includes the same item from the first to (m=1)th" and "the pattern
includes a different item at the last," and thus a combination of
arbitrarytwopatternsinFig.7satisfiesthecondition. The candidate
pattern producing section 40 takes out two patterns in the order of
"CHICKEN, PORK," "CHICKEN, TUNA," "CHICKEN, MACKEREL," "CHICKEN,
BEER, " "PORK, TUNA, " "PORK, MACKEREL, " "PORK, BEER," "TUNA, MACKEREL, "
"TUNA, BEER," and "MACKEREL, BEER" in accordance with the priorities
of items described above (step $45), and produces ten candidates for
pattern having a length of 2 (second order candidate patterns) at step
S46 (see Fig. 10). The information of the produced ten candidate
patterns is supplied to the candidate freguency calculating section
50, and the processing from step S5 to step S9 described later is
performed for each of the candidate patterns. When the processing is
performedforallthetencandidatepatterns,theprocessingisreturned
to step S5 from step S9.
[0052]

At step S5, the candidate frequency calculating section 50
determines whether or not any of the candidate patterns supplied from
the candidate pattern producing section 40 is not subjected to the
processing of frequency calculation vyet. When any of them is
unprocessed, the candidate frequency calculating section 50 takes out
sudqacandidatepatternandproceedstostepS6. When all the candidate
patterns are subjected to the frequency calculation processing, the
processing of the apparatus returns to step S4 for the candidate pattern
production.

[0053]

The following processing from step S6 to step S10 is performed
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[0061] In a first termof the expression 2, s (iti, iti) represents
t he associ ation degree between an itemiti and an itemiti, and max { s
(it], it3) } represents the maxi mum val ue of the association degrees
between all the itenms (iti, it) constituting the pattern. [0062]

In the first termrepresenting the weight of the expression 2, the maxi num

val ue (fax)tHf Jdihe @ss0GAl e etween the_ itens constituting the
pattern is used and is s(aljaﬁer cttce%qh %%kEHCSHEfanFlE.StAsthétﬁﬁt§§r ntg@ngth
m i nCr eases dakBe %l vakue ci ation_degrees between the itens
nonot onousl| yai ncr ea§e§%ngggh89%5£?%%§§gT%% %@ Eﬁggf%\r&?% Fhonteheot

const anirahsketh eyl teddather 4alsier 9f - 1ihe LS m representing the weight
whi ch nonot onousl y decreases.ﬁFor thceat ts?:glé'glr% %%ér %’roeﬁuteﬁgyeg( PEPSPEANSS t he

val ue aff denam aaididateher 3ot vipber, o, t sagtijons) is_a fixed value,
wher eas the val ue of nunerat OE?J rmnotonaous yg%gcfgéstesl%’s ﬁ\% B %I?nofength

m i ncr easesacEbosequetliging hdatseaahatiod SuARaLt f (p) calculated by
multiplying the first termby the second termand further nmultiplying the

result Bh9ObHe constant nonotonously decreases as the pattern length m
i ncreases. (0063) By way of exanple, for the case of " CHI CKEN,

PORK" havi ngFarpexample, edigih titeobel, of her255Q6H ahk08L 468" en,
"CHI CKEN' and "PORK" is set to 0.5 as shown in Fig. 3. T eﬁsaﬁf?é\l%f the

first gepmadfstdreSexpressiam 2enepl eseni s Rattdesmeh aht 4,5 gl t 0.5
(1-0.5) . The frequency of "CH CKEN, PORK" is c?ﬁ%%l af ed at 28315‘3%‘%% bed

above. IPRerRttchre SSHTLHEN i BORBUpROtakén Ot Of stEHI SKENNRARIS £} &&L@ul at ed
at 20% %0.5 x 2/5 x 100) . For the case of "CHI CKEN, TUNA" havi n% t same

pat t er AL| apRgdranasf o2, thae ewsbiciakl 66r degreerbeswescy G CKEN' »and, [ TUNA"
is set to O, and the value of the first termof the expression % 'S

cal cul atd¢ mcludett 0) the Thancandi das @oevaldmd s 98c¥alue @l cukatng.section
60 cal cul ates the association support f (p) of "CH CRKEN, TUNA" at % (1 X

3/5 x f0p)thstosherpcsad{ssep p8TEprns SiaMICaENY , TUN2E "a'S@I@Ri‘I@éI\i,OIQACK%POHS of
the candi date patterns "CH CKEN, MACKEREL," "CHI CKEN, BEER, " " ;' TUNA, "

" PORK, "SATKEREL BEER; PORIQRKBEERA, " "BONA, MARBERE], " » bARNAREBRER ipand
"MACKEREL, BEER' are calcul ated at 40% 60% 20% 0% 40% 20% 40% 'and
20% asMBEEVREL ' "AENSo| BRER, bfathe'MASKBREB] | BRESUPRM v RrEhGends of
appearance are calculated at 3, 2, 3, 1, 0, 2, 2, 2, and 1.
[0055]
At step S7, the candidate evaluation value calculating section
60 uses the frequency of appearance of the candidate pattern calculated
at step S6 and the inter-item knowledge (association degree matrix
table) read at step S2 to evaluate the association between the items
constituting the pattern to calculate the extraction evaluation value
(hereinafter referred to as the association support) which is lower
as the frequency is lower and as the pattern consists of items having
a higher association.
[0056]

Specifically, as shown in a flow chart of Fig. 9, the candidate

evaluation value calculating section 60 calculates the support of the
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['0064] At step S8, the candidate evaluating section 70 conpares
the value of the m nimum support stored in the data storing section 10 with
t he cal cul ated associ ation support f (p) of the candidate pattern to

det erm ne whether or not the value of the association support f (p)
satisfies the m nimum support serving as the threshold value. Wen the
associ atd R SuRPYL Lt &+ B)-oaf l.date- is _equal to qr higher than the
nininun1supportp§4096ﬁn tﬁﬁ%“%ggﬁ%ﬁgghggfﬁ%aEBE Fﬁ%?%cﬁaﬁpﬂﬁgFﬁdﬂééEFPon 70
proceedss (9rLh&7AN0COHS. B A ister that candidate pattern as
a "pattern” o}? havi ng a char g%%té??%t%lgc&geo%g?}ﬁéﬁ &h %Ife F?Ea%ané)ﬁ%FﬁEn
associ atd\oPe FHBRAY tni 1S A1 L nlmum suypport . the candi date
evaluatigg section 70 re$ﬁ§%EB?gﬂ¥%%%SE%§é§§Fn§: eé?%ﬁ?%%mhﬁfﬁﬁﬁflbed

" egi st i Lhatpeandidatael Autife: RAL LELAS %18%%’2&? SRRy ggt”lgﬁﬁgr forms

processing for the next candi date pattern. 9 %t he

candi daisploeapai diernrdetafm ned byathecand date.eval yaLl pg. section, 70 to

be registered is stored in the pattern storing sec S ?%%jpat

havi ng dtee cdar,acties i shhaigQpdi Baki 98- Ofn | L 81Be EQEC&%M%’SS%?%% h?%e

associ ation support is calculated for the candidate patter

pat t er edteagth afl Xias cohbWiatofts b 1o §H8dT MITHRSUP LD the
data storing section 10 is 40%in this exanplelénd thés ??ﬁ%égégpggﬁ#%ed at

step Sgathatnt heatekeepnses, vahdechsdsaiistded ddt ithe wandi dat ns
"CHI CKEN, TUNA, " "CHI CKEN, MACKEREL, " "CHI CKEN, BEER " " Q%Q%,%lggg??&ﬁ%nd

"TUNA, SBEERONOS0 tre€etrenceandidéat-e rpabt erms i HOWN; { éin Ringw110g8Nd 4 ess, fi ve
patterns are registered as patterns in the pattern storing Section 80 as

shown iteFiigtetditdioritfereandndater pag tsydts ohChb CKENs - ORI, 't 0" BORKy TUNA,
"PORK, MACKEREL," "TUNA, MACKEREL," and "MACKEREL, BEER " it is deternined

at stepl$8 that &hsocidter@ncelamlese iSOBOttﬁéti§§ﬂﬁgbtégﬂjdbﬁgiﬁa9§%ﬂ§rns
are not stored in the pattern storing section 80 and the data of the

candi d&ubspgtiept hg, ithadicscaidade Jhel eandirdateupats BEnsa Gl CKEN oPGRK, "

"PORK, TUNA, " "PORK, MACKEREL, " "TUNA, MACKEREL," and "MACKEREL, BEER'
are exchldedafesm peighbl oapad teer Iﬂslef@itﬁ@ﬁ&b@goéﬂﬂgi&@t&ﬁ@segQ@eﬁ"aVi ng
a length of 3. [0066] In the exanpl e, when the processing from step

S6 to $7ép $8diapwong ehedchotudbted heipit second Qrgss-candidalg-palt erns
shown in Fig. 10, the processing is returned to step S4 after step S5 to

start theppsdducbi ealohlatéhbndert dect tandiwetatg tRaht &0 yRavizagdeai bengt h of
3. [0067] The pattern storing section 80 stores, in addition to the
f r equestippoenst showntam thieg canditibee ppdteims (daebng7g)length of 2 (second
order patterns) as shown in Fig. 11 in the order of "CH CKEN, TUNA "

"CH CKENDOWRCKEREL, " " CHI CKEN, BEER," "PORK, BEER," and then "TUNA, BEER'
in accordance with the priorities given to the itens described above. In

this state, The wsinditdahd pa¢tessoqitedoai agosaat ifap) 4Hes€tts bRegpatisr n
|l ength mto 2 at step $41.
to monotonously decrease as the pattern length m increases. More
specifically, the association support f(p) needs to be defined such
that, when the relationship pl ¢ p2 holds (pl is a subset of r2) for
twopatternsorcandidatesforpattenqplandp2,therelationshipf(pl)
2 f(p2) holds. In other words, the candidate evaluation value
calculating section 60 needs to calculate the weight such that a
trade-off is made between the weight and the pattern length m.

[0058]

Various definitions and calculation expressions are
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[0068] Then, after step S42, the candi date pattern producing sect

ion 40

takes out all the patterns having a length mof 2 shown in Fig. 11 (step
S43) and determ nes whether or not the candidate pattern producing
condition is satisfied in order to conbine two of the patterns having the

|l ength of 2 (step S44). [0069] For the candidate pattern

pr oduci ng

cond t1 Qg pAbeBaSAd: chDS,d gRathn gl 2 reans that, the nunber of comon

itens i s one at nmaxi mm an pat A
CKER e ¥ o c i i " 1
MACKEREL, lﬂ:%‘i%ht%%ﬁii\%%éec? LEPERRN %&f&‘?ﬂﬁ% ﬁtv@ﬁua %ﬁgng{ﬁ%{

first itent and have d itens at ast’,

attern” or "the
B¢ e lctarang e

patter nsd¥:Q@mcCi Id i jsfied. In.contrast, the patterns
" CHI CKEN, T%)NA'@grg%Qﬂ gjﬁt?lg& HEES a#osgno‘?aqhuaeve"bgtal(‘r%%l;% Sﬁ‘g}trfé‘Fﬁ'er thehe

ot sat’ Sl red [ ooro e ron ek of Te Bareer B T bl

ndition is
1 0h°%0

det er mdiespMaet henieerAat il capdid t cipg.condition_ s
satisfied in ?hisA#anﬁer étQ§¥épegﬁ4aggg?gr%?%gg?%ﬁ%? Fgetﬁﬁrégngépgke
"CHICKEN@lﬁ@N&bnaﬁﬁﬂﬁéjﬂa@%ﬁmatWﬂ&*@%ﬁ%ﬁodl65qah§%ENde¥E$§%y e;ggﬁgﬁggie

BEER, " and " CHI CKEN, MACKEREL" and " CHI CKEN, BEER' sat

pattermnpmaduchmgiﬁ@nﬂméiﬁmn<ﬂﬂdﬁkﬁ%§&;@%¥e8h§§§oéﬂ&@ﬁx§§%%g§£ ghgpﬁﬁég- At

step S46, the candi date pattern producing section 40 pro

as t

order caidghdatt patiteinsabawi g, Fdrep A EH ,
dh D ahawi ng ghip 0) BncA cRALLELPin éﬁﬁgngIHgA

MACKEREL" fromthe patterns "CH CKEN, TUNA" and " CH CKEN

patt er m YCHFEXEMNe BdiecBEERS §ur@rridhenpadierdis coChlk GKEN: t I 'éﬁg@ga%?er s

"CHI CKEN, BEER " and a pattern "CHI CKEN, MACKEREL, BEER' fromt
" CH CKENe MACKEREL" and "CHI CKEN, BEER' (see Fig. 12). The

[0059]

Inthepresentembodiment,theweightandtheassociationsupport

calculated by the candidate evaluation value calculating section 60

are defined with the association support f{p) as shown in the following

exXpression 2.
(00601
[Expression 2]

number of transactions

including pattern p

f(p) =11 - max {s{it,, it;) }] x x 100

fbisatjepidt; =it total number of

transactions

(expression 2)

[0061]

In a first term of the expression 2, s(it;, ity) represents the

association degree between an item it; and an item ity,

and

max{s(it;,ity)} represents the maximum value of the association degrees

between all the items (it;, ity) constituting the pattern.

[0062]
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i'nforrmation of the produced three candi date patterns "CH CKEN, TUNA,
MACKEREL, " " CHI CKEN, TUNA, BEER, " and "CH CKEN, MACKEREL, BEER' is supplied
to the candi date frequency cal cul ating section 50. Then, the processing
fromstep S5 to step S9 descri bed above is performed for each of the

candi date patterns. Wien the processing is conpleted for all the three

candi dat e patthetRs.ti ess/ 1,5 .ret d .from st S9 to step S5.
[ 0071] Speci fliﬂ(}zcl F&?ﬁa%é%{%pé@in%t Efégg“éenl h%af)g ?ﬁ%(ﬁi‘é’ﬁ@?s&apc%ﬂ ating

sect i orh20mb2kfsn A8 NPHASES andi pat tern " CH CKEN NA
MACKEREL" ISut of theucagdi dgtiﬁggt%t grg%lgé}é%plp |1§ g?reg%!?%ecéa{hggaajr%e%ttern

producicdgsseett ong 40 BRELOER F1QY NBeh Leq i on_processj ng at
step S6. Since ?ﬂ% caen%i date plattesn%éﬂllawac%kg%ﬁ?@@ Si‘Q’gnEﬁ]lc'l uded
in theAsranspattons 180%tant iABSeatbe, HHEGNENGY | ate ; 2", by the
candi date frequency calzgcul at i ngegectl on 50 (gr%ﬁg{ﬁ%%?% %gn%E? %ggéﬁlp?)rojr?r}/i s

cal cul aegdeas bb@wEd thi 1 hens aBdbdat s, EMal HaLL ol YA | el ating section
60 (step S71). [8072] Subseque%fﬁl/}i!}H?%léeé)%aéln'd%ggttg@e@%%guﬂ ‘%anfuveal ue

cal cul asi sigptseitican fhOmextid aeinstactl CKENrc TWINA, i "+&E CKEN: CKEREL, 5} and
"TUNA, MACKEREL" as all the combinations of two itens fromthe can |c¥ate

pat t er et CHF @XEN;erTiiNG, tMACKEREL 1st@P rSAdkonBYbI ACkscBadls AN 05,8 the
associ ation degrees for the conbinations (step S73), and cal culates, from

the exsrachédassodi ahéuxmiegyaes, 2t henawighie 8F ddeordilslot QM Otfoé%e
expression 2 described above at 0.5 (l-max{0,0,0.5} or 1-0.5) (step S74).
4s

Si nce phebsuEfortansfactiensandi deaticepatdler) WK GEN e Tohde IAGKEREL S
calculated at "40," the candidate evaluation value calculating section 60

cal cul apestemeuslgsocietiemsesupps t i) it CkERMgtHNA MAGKEREl.s at 20%
(0.5 x 40) at step S75 (see Fig. 12). Since the association support is

| over Ehaseqirntiini b ssgppoirdt GHOWPHOER & (pSt €91 E8)atdd1ByPRELESSI G S
returned to step S5 without registering this candidate paftern as a

pat t er Ahe[D073] term by Sutis eguent! yermtarst €prSher el tG1diidat end reguarcy
cal cul ating section 50 takes one unprocessed candi date pattern "CH CKEN,
TUNA, BEERheoutorsitaniie rramdictaie lpatdeeres shaviayg end epatbesh 3eayer! ied
fromthe candi date pattern produci ng section 40 and perforns the frequency
cal cul atfePagstpcessing at step S6. Since the candidate pattern "CH CKEN,
TUNA, BEER' is included in the transactions A0O1 and A03, the frequency is
cal cul at@$3Hdt "2" by the candidate frequency cal cul ating section 50 (step
S6), and the support is calculated at 40 (% by the candi date eval uation
val ue cal cul B vay odewtdngl GOf (st c8Bk)af "CHICKEN, PORK" having a pattern

length m of 2, the association degree between "CHICKEN" and "PORK" is

set to 0.5 as shown in Fig. 3. The value of the first term of the

expression 2 representing the weight is calculated at 0.5 (1-0.5). The

frequency of "CHICKEN, PORK" is calculated at 2 as described above.

Then, the association support f(p) of "CHICKEN, PORK" is calculated

at 20% (0.5 x 2/5 x 100). For the case of "CHICKEN, TUNA" having the

same pattern length m of 2, the association degree between "CHICKEN"

and "TUNA" is set to 0, and the value of the first term of the expression

2 is calculatedat 1 (1-0). The candidate evaluation value calculating

section 60 calculates the association support f(p) of "CHICKEN, TUNA"

at 60% (1 x3/5x 100) at step S7 (step S75). Similarly, the association
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[0074] Then, the candi date eval uati on val ue cal cul ati ng section 60
extracts "CHI CKEN, TUNA, " "CHH CKEN, BEER, " and "TUNA, BEER' as all the
conbi nations of two itens fromthe candidate pattern "CH CKEN, TUNA, BEER"
(step S72), extracts 0, 0, and 0 as the association degrees for the

conbi nations (step S73), and calculates, fromthe extracted associ ation
degreesy e rweight. af Ctag) % t of ess) 2 descri bed above
at 1 (1-%‘%%(0,0,0) or I- = é?%ppéggl?}?n%i n@?%’s B "t n&HéahE dat e
patter @EW"'%K,T%, 'BE%B'P'{Ki alg ! > AR ndi dat e N
eval uation val ue cal culating sé?@%ﬁgé’caﬁcﬁ%ﬂ%%’he ggégcwﬁpﬁgﬁ%upport
f(p) ofrTig, CKERR, TUNY BEERErat 4R% 4L 4 at ,ste 75, (.se i0,.12).
Si nce the associ ati on support irLé g%/%%l S %%lﬁ}%ﬁé?gtah n4C§°He%|91§ni it
suppor t0%(, 4904, ,2d<)e s08ndibatepatt &Ly, GHI GKE , R'is stored in
the pattern storing section 80 at step 59 as a%q'l-;l);g{yté ?E‘I'_:t 5t 2R3V A
char actseippstrt cigophy natg.on of itenms" (see Fig. 13) . [0075] Then,
at step S5, the candi date frequency cal cul ati ng section 50 takes out one
unprocegsedacandi date pattern "CH CKEN, MACKEREL, BEER' out of the

candi date patterns supplied fromthe candi date pattern producing section 40

and per f or nsAt ke efor SUENS ¥ agak aHt dlelv@NuRE P68 SSERY0AY s N he
cand, dat e pattern - Crl CKEN. MAGKEREL . BRERT tecthd] USZéﬁ@’ﬁ%%sitﬁ*e?ﬁaZﬁe

t r ansactfi the Adhimuhestpesteneyres calid ated dtorihy BY L gt
frequency cal cul ating section 50 (step S6) , anodrlt r?e sﬁ;%gg?fl@gaggl%ﬁ at ed

at 20 (¥lcbyatée eandtdattorevalpabionryg) Usrcalieul @tingsect.i (5§ ep
S71) . [0076] Subsequent |y, thelgcandi date eval uationéé\acia’ﬁe%gl &

cal cul aeicagmseetiiort B0 et maet $heChik CKEN: £ MMKEREloc it GH BEER,)" and
"MACKEREL, BEER' as all the combinations of two itens fromthe candidate

pat t er sat Csif GKEN heVAGKERE, sBEERM (S48 973 theXEk A1y v&1udnd (s the
associ ation degrees for the conbinations (step S73) , and cal cul ates, from

the exthactéesbaisgdcinatsiuppodegr e85,01 htieweh8hi d®fe the dguaat thes MpfaHde
expression 2 described above at 1 (1-max{0O, 0, 0} or 1-0) (step S7g4) _.

Si nce thangbppuirtinuf dupecandd Tt 8 tpatstamg 16, Qﬁ%’\&ar&@ﬁ%aﬁ%ﬁ@hg’ s
n 60

cal cul ated at "20, "the candi date eval uation val ue cal cul ati ng secti
cal cul aeesitme’ Gssonieatdsort s upROdrdeebp) ngf at CkEGKERS MACKEREL, o BEER; at

20% (1 x 20) at step S75 (see Fig. 12) . Since the association support is
| ower taediddtes pabhtenmasupppattéd¥%r(NOial SEBRracteristic combination
of items. When the association support is lower than the minimum
support, the candidate evaluating section 70 returns to the processing
at step S5 without registering that candidate in the pattern storing
section 80 and performs processing for the next candidate pattern.
[0065]

At step S9, the candidate for pattern determined by the candidate
evaluating section 70 to be registered is stored in the pattern storing
section 80 as the pattern having the characteristic combination of items.
For example, when the association support is calculated for the
candidate patterns having the pattern length of 2 as shown in Fig. 10,

the minimum support stored in the data storing section 10 is 40% in

this example and thus it is determined at step S8 that the reference
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S8) , 'the processing is returned to step S5 without registering this

candi date pattern as a pattern. [0077] When the processing from
step S6 to step S9 is conpleted for all the three third order candi date
patterns shown in Fig. 12 in this exanple, the processing is returned to
step S4 after step S5. Although the pattern length mis set to 3 in this

havi ng 2 St Rt ST 28 it I o Lo T Ak R R OAL & BerCePh,
duci i on, ke , nbi pat i of ter tisfyi
Phe o ae o ar NS aREE Ry cantii Bt BrBQuELA: Sk daf & Tat ebrn-
havi ). . dqn thi ,.it is determned that
the proqusirantoP steeha ThpBhola dih o ¢ AN ST eR: S e e Fe i dcatrng
sect | one4Q sabrah & %Aa%t%%eofnb&&%faft%?gdst%%a hs%gogg%e?@'ra[‘g ﬁg{‘;ﬁt&[‘f%r i

apparatus is finished. [007/8 escCri a

| engt hzaly. 31100164 e cCanrldakee AL’ CohiCKiRly, T V\ﬁEﬁJﬁRf_dlS 164y Act ed

as the pattern fromthe three candi date patterns as "and is

regi st empegxi N MAGKERALL er miar | MAGERELOR 80, ifpingal | & candj date
pattern "CH CKEN, MACKEREL, TUNA" havi ng thedsasﬁe@% 3 Séﬁénﬁﬁy“t@- bla{] i¢

I ncl udidegetfenéd &4 stielhsBhendd ahaaseeetation ey 68 st !&%i@%&%ﬁ§ since

t he wei ght and the extraction eval uation value (association suppoft) are

cal cul ahedeapatedaid \ealey no@WsY8ke€Sin A0 pakherfands fai e Raltighngo Gl EKEN,
MACKEREL, BEER' consisting of the itens with a | ow associ ati on degree is

not exthactaach of bhe daheitibeqyentyrhs ilsow snd ddie aﬁﬁ@@hﬁ&i@é‘t%ﬁ@@&né S
calculated at a | ow value. [0079] As shown in the exanple described

above, "CHECHBRP®ORK|, O IRKIOTESA f  phogk, thexeandi datgpat iernsdiav ag; t he
length of 2, "CH CKEN, MACKEREL," "CH CKEN, BEER " and MACKEREL, BEER "

are 40YMABRIREBNCBROM J165ReEliaely resae E@,gibﬂ&)patac@qnfsh%o%s%98&&&'[%.
support f(p) of the candidate pattern "CH CKEN, MACKEREL, BEER" Inc i ng

t hose thndedped testtsand hhavdnggat bendenwh Hf 3 is 20% (see Fig. 12).
Therefore, it can be seen fromthe results of the cal culation by the
candi dafeoesrl uati on val ue cal cul ati ng section 60 using the expression 2
that, as the pattern length increases, the association support serving as

the extractidn tvalasatipde, vahee 1N eronessiyg dewreases. s§08Qkep 59 is

completed for all the ten second order candidate patterns shown in Fig.

10, the processing is returned to step S4 after step S5 to start the

production of a third order candidate pattern having a length of 3.
[0067]

The pattern storing section 80 stores, inaddition to the frequent
items shown in Fig. 7, the patterns having a length of 2 (second order
patterns) as shown in Fig. 11 in the order of "CHICKEN, TUNA, " "CHICKEN,
MACKEREL, " "CHICKEN, BEER," "PORK, BEER," and then "TUNA, BEER" in
accordance with the priorities given to the items described above. In
thisstate,thecandidatepattenqproducingsectMN140setsthepattern
length m to 2 at step S41.

[0068]

Then, after step S42, the candidate pattern producing section
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As descri bed above, the pattern extracting apparatus 100 of the present
enbodi nent takes account of the association between itens in calculating
the extraction evaluation value for the candidate pattern to cal culate the
wei ght of the candidate pattern including itens having a high association
at arelatively Iow value, thereby making it relatively difficult to

extract ndi dat ttern including itens having the high association.
Thi s ca4r9t g?lé\glgn?ufi ﬁeﬁegﬁ?a%ﬂ "ot y‘?ﬁég%aﬁ HEMAItEoR 5t BROBR in érw.havi ng

t he hi j\af i ich may. be obvi o to the anal yzer and can achi eve
the of PeEne e r e Re B S b b aeE G Coher SPFAgUat PRsHET haveyoant ow

associ at| I.C dnterest the anal yzer.. [0081 Mor e
speci f ?Cig)a(&l%\,ﬁ/glhfp%r%%tltsgrlﬁdi ¥ é’%tdﬁéc‘f%dyo&ﬁ% eE)F'W? rf]éf A8 Ratgferrfe DAV ARGUM

support. W consi derd associ ati on between itens, the candidate
patterns hagﬁﬁgha8$r%qﬁ%%%gE%Qsappearance of 2 such as "CH CKEN, PORK"

both inghyged in neat and "MACKEREL, TUNA" both included in fish are also
extracted as the patterns fromthe transactions in Fig. 2. Such a pattern

consi sting ofpai-t i i i, ation gives .the jnpressiqgn of bein
obvi ous (gatEPgl§H%o p%%%%ﬁ§|€§%$§§ﬁggﬁgaﬁé gé%”Fﬁ% Pgsfﬁggxﬁégﬁgrn?h?n )
cont r aglengt Rem @4 pagddan teaRt {104 nP%E?eof?ogﬁ};oEagﬁ(ér%%thsg ”ﬁ%? a{%réﬁ%gﬁm,é?ﬂ of

t he present enbodi nent can be perforned

havi | b i nsisti, .
avi ng aadcald i ye cHicﬁét@,qgi@QRV a4 @Pﬁﬁ{ﬁf‘% Q%fs\% t E}gﬁi‘r@‘%gm

having a | ow associ ation to av the extractién o

" MACKERELcohNAwrasht he fpat Q07 ) [:Q(%%tem.. or .II;Ejee ifliﬂ%t r@étngd trdﬁlgsacti on

serving as the target infornmation described In the presen% enb 68 Mente has

an ext gemebyestBldenty buCtME e S QY SLMPLAE Wi - riptiQn. JLojreality,
however, nDrZ typéz of itens are ugggﬁgg kﬁ%g n§%§§§%#%ﬁ§§%?ﬁ ﬁgdﬁ%ﬁm%e

target edndhtidhe spadt L5 dS, efﬁr&ﬁtt%,sQn!%é)gaEégrr?gshﬁIe&Eﬁpﬁl‘%gi ar’ruc{n

support without considering the associ afion beftween itens, a r

Bnd. the pattarn 1 or hed ot “eommodi [Veg 01 PAC) 0T Gt fTarbRLeR ShUP &8 such

and the pattern fornmed of commodi ns) of fferent cat

as " POBKmmdRCKEREEhuBBY hBe Jiinkedavet BafBEY pg}g(@g@ﬁﬁ ogggfcgi of commodities
ra

of the same type. Consequently, if the patternis e cte %ﬁﬁ)}%ﬂPQ$e
basi s g@htliBeiddni num support w thout considering the association between
items, it may be significantly difficult to efficiently find the pattern
interes{pogot he anal yzer. [0083] In contrast, the pattern extraction
control of the present enbodi nent involves considering the association

bet ween itenBhe candidate pattern producing section 40 determines whether
or not the candidate pattern producing condition is satisfied in this
manner at step S44, determines that the three sets "CHICKEN, TUNA" and
"CHICKEN,MACKEREL,""CHICKEN,TUNA"and"CHICKEN,BEER,"and"CHICKEN,
MACKEREL" and "CHICKEN, BEER" satisfy the candidate pattern producing
condition, and takes out these three sets at step S45. At step S46,
the candidate pattern producing section 40 produces, as third order
candidate patterns having a length of 3, a pattern "CHICKEN, TUNA,
MACKEREL" from the patterns "CHICKEN, TUNA" and "CHICKEN, MACKEREL,"
a pattern "CHICKEN, TUNA, BEER" from the patterns "CHICKEN, TUNA" and
"CHICKEN, BEER," and a pattern "CHICKEN, MACKEREL, BEER" from the

patterns "CHICKEN, MACKEREL" and "CHICKEN, BEER" (see Fig. 12). The
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extracting the association degrees between the items included in the

candi date pattern fromthe inter-iteminformation storing section 20,

cal cul ating the wei ght based on the extracted associ ati on degrees, and
applying the weight to the support based on the frequency of appearance of

the candidate pattern in the transactions to calculate the extraction
the efficient extraction of

The pattarresterars taoP-PRAFe ere sasPRgLae QI SESPal T oReKhe o e,
Srioo BT, PP 00, RSB ] ST e

S TS o oo PR BRL AL AL Tt
i P A Al SR b R R R
oy eouton, S P R AL A A R I L4 o
X nunbes 10éhd &%@%é%ér@‘ﬁiéﬂ@{sé‘g{@ﬂq@,atthgr&cﬁzessing is returned from step

S9 to step S5.
[0071]

Specifically, at step S5, the candidate frequency calculating
section 50 takes one unprocessed candidate pattern "CHICKEN, TUNA,
MACKEREL" out of the candidate patterns supplied from the candidate
pattern producing section 40, and performs the frequency calculation
processing at step S6. Since the candidate pattern "CHICKEN, TUNA,
MACKEREL" is included in the transactions A0l and A05, the frequency
is calculated at "2" by the candidate frequency calculating section
50 (step 56), and the support is calculated at 40 (%) by the candidate
evaluation value calculating section 60 (step S71).

[0072]

Subsequently, the candidate evaluation value calculating
section 60 extracts "CHICKEN, TUNA," "CHICKEN, MACKEREL," and "TUNA,
MACKEREL" as all the combinations of two items from the candidate
pattern "CHICKEN, TUNA, MACKEREL" (step S72), extracts 0, 0, and 0.5
as the association degrees for the combinations (step S73), and
calculates, from the extracted association degrees, the weight of the
first term of the expression 2 described above at 0.5 (1-max{0,0,0.5}
or 1-0.5) (step S74). Since the support of the candidate pattern

"CHICKEN, TUNA, MACKEREL" is calculated at "40," the candidate
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X 100"

total nunber of transactions (expression 3) [0086]

evaluation value calculating section 60 calculates the association

support f(p) of "CHICKEN, TUNA, MACKEREL" at 20% (0.5 x 40) at step

S75 (see Fig. 12). Since the association support is lower than the

minimum support (40%) (NO at step S8), the processing is returned to

step S5 without registering this candidate pattern as a pattern,
[0073]

Subsequently, at step S5, the candidate frequency calculating
section 50 takes one unprocessed candidate pattern "CHICKEN, TUNA,
BEER" out of the candidate patterns having a length of 3 supplied from
the candidate pattern producing section 40 and performs the frequency
calculation processing at step S6. Since the candidate pattern
"CHICKEN, TUNA, BEER" is included in the transactions AQ1 and A03, the
frequency is calculated at "2" by the candidate frequency calculating
section 50 (step S$6), and the support is calculated at 40 (%) by the
candidate evaluation value calculating section 60 {(step S71).

[0074]

Then, the candidate evaluation value calculating section 60
extracts "CHICKEN, TUNA," "CHICKEN, BEER," and "TUNA, BEER" as all the
combinations of two items from the candidate pattern "CHICKEN, TUNA,
BEER" (step S72), extracts 0, 0, and 0 as the association degrees for
the combinations (step S73), and calculates, from the extracted
association degrees, the weight of the first term of the expression
2 described above at 1 (1-max{0,0,0} or 1-0) (step S74). Since the
support of the candidate pattern "CHICKEN, TUNA, BEER" is calculated
at "40," the candidate evaluation value calculating section 60
calculates the association support f£(p) of "CHICKEN, TUNA, BEER" at

40% (1 x 40) at step S75 (see Fig. 12). Since the association support
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['Expréssion 4] nunber of transactions including pattern p f (1D = s(i

ti) x x 100 total nunber of transactions (expression 4)

is equal to or higher than the minimum support (40%), the candidate
pattern "CHICKEN, TUNA, BEER" is stored in the pattern storing section
80 at step S9 as a "pattern" or "having a characteristic combination
of items" (see Fig. 13).

[C075]

Then, at step S5, the candidate frequency calculating section
50 takes out one unprocessed candidate pattern "CHICKEN, MACKEREL,
BEER" out of the candidate patterns supplied from the candidate pattern
producing section 40 and performs the frequency calculation processing
at step 56. Since the candidate pattern "CHICKEN, MACKEREL, BEER" is
included only in the transaction AQ01l, the frequency is calculated at
"1" by the candidate frequency calculating section 50 (step S6), and
the support is calculated at 20 (%) by the candidate evaluation value
calculating section 60 (step S71).

[0076]

Subsequently, the candidate evaluation value calculating
section 60 extracts "CHICKEN, MACKEREL, " "CHICKEN, BEER, " and "MACKEREL,
BEER" as all the combinations of two items from the candidate pattern
"CHICKEN, MACKEREL, BEER" (step $72), extracts 0, 0, and 0 as the
association degrees for the combinations (step S73), and calculates,
from the extracted association degrees, the weight of the first term
of the expression 2 described above at 1 (1-max{0,0,0} or 1-0) (step
S74). Since the support of the candidate pattern "CHICKEN, MACKEREL,
BEER" is calculated at "20, " the candidate evaluation value calculating
section 60 calculates the association support f(p) of "CHICKEN,
MACKEREL, BEER" at 20% (1 x 20) at step S75 (see Fig. 12). Since the

association support is lower than the minimum support (40%) (NO at step
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[0087] When the expression 3 is used, the association degrees

between itens are sumed in a first termserving as the weight, and if the
sumis equal to or higher than 1, the values of the first termand thus the
associ ation support f (p) are 0. It can be seen that the expression 3 al so
defines the association support which nonotonously decreases as the pattern

| engt h qigRcr : r ifens constituting the pattern increases
[00gg) 27" B8 Trac s MAS (BLuLh el ¢ U SY oo i iionn 40, bhes

bet weerahbie€NBt &l Sa ik i Rid %d#agt%?ﬁ first termserving as the weight. If
the values in the associatio egree matrix of the enbodi nent are used

Wi t hout [gpy7ghange, the values of the first termand thus the association
support f (p) are 0 for "CH CKEN, BEER " by way of exanple. In this case,

e oo T at ifR8n aa PRObELURR] 0% SALP ol IR SR SELul o8 IR | (et

associ ation degree between the items wth t west assocra
to 1 i mhanoirkertierkpeaentantibhee bek%m%%ﬁblﬁﬂ% ﬁf’@gig[i%oé% ex
e

Al t hough t he enbodi nent descri bed above perforns t etermna |o%m%1te’step

S37 by thbepibessexig acd i i seeld @8 30chnswhi ehot SS] hah N
apparatus is finished when no frequentebi tem exi s[g:tei%n t'he %g?ltj%#%}% s&o‘?i ng

secti opa8fert Nengresent dgrvesnts DM thssnelsd [Sdedai herelo,, Mhen, |
determ ned that no frequent itemexists at st e% S37, tﬁpea Item %éé%fr%lcgti ng

secti one80iomys(petbaem ¢hky pneCeastagh Hafihgadednd drem 6xt 4 %cst %ggm(‘ sj%nep S3)
again by subtracting a predeterm ned value (for exanple, 209 rom the

val ue 8igt hk3 maridntimes cppot dafdQhtite rithbs oa%aIRY 8de dta SXUDAELNADY Eé{é“
havi ng a support equal to or higher than the m ni num support after the

subt r actt om ascrbinaguentof t pattkpnt hisaitdasginghendnatyi®iadte Pr&f&IAP! Yy
notified of the fact that the value of the m ninmum support is reduced and

of thepreduciew vahtuétobntte protusena supEethté P4 dhsPly Lhehhen dspl ay
section as appropriate. [0090]
4 (NO at step S42). In this case, it is determined that the production
of a candidate pattern by the candidate pattern producing section 40
at step S45 cannot be performed, and the processing in the apparatus
is finished.
[0078]

As described above, for the pattern length of 3, only the
candidate pattern "CHICKEN, TUNA, BEER" is extracted as the pattern
from the three candidate patterns as shown in Fig. 13 and is registered
in the pattern storing section 80. Specifically, the candidate pattern
"CHICKEN, MACKEREL, TUNA" having the same frequency "2" but including
the items with the high association degree is not extracted since the
weight and the extraction evaluation value (association support) are
calculated at relatively low values. Also, the candidate pattern
"CHICKEN,MACKEREL,BEER"consistingoftheitemswiﬂqalowassociation
degree is not extracted since the frequency is low and the association

support 1is calculated at a low value.
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In contrast to the above case, when an extrenely |arge nunber of frequent
itenms are extracted and stored in the pattern storing section 80,
specifically when the nunber of frequent itens to be extracted is equal to
or higher than a preset nunber or when a preset percentage (% or nore of
the itens extracted at step S31 are stored as frequent itens, then the item
gxtractkﬁg7?ﬁction 30 may performthe processing at step S3 again by

i ncreasing e val ue of the mni num support by a predeterm ned val ue (for

he. Changed M AT oo 108 8 AT BUBRE TLOR e EHPSCtakon ehaSaris yzer
i's pref b i fd.ed- h hat the value of the_nininum support is
i ncr easfgggarl?g (%Ptet ﬁgﬁﬁﬁggggsggftgg%ﬁge %?ijrﬁ% tf“rlil%i rﬁ%ﬂ?%pﬁgﬁ' t hiFB4 i spl ay

on thevdtgpRAY, SOGIH QKRS BPRPROPI ] e‘I{PIC%% JNhe simlar processing
may be performed on the i n?rrufn S%Jlg%or or%}é’c%%%’dataerepé%erﬁoﬁa\ﬁ a

| engt hoob | 2 QA& 1K 4ei fil 0 rt _for explaining the_operation
of anot her rerrbpodi r%er?t Ellofgs?%e %’a’?toe)t’ng\{ég'?cﬁjaectalsnacé%pé?%ﬁ)‘?%\% nf;&?) i

det er mtRettdritaldate paPFOCe98ad caandi i L 0 he presence or
absence of any Sattern in the gatt'erb%as@g?iﬁhzé%ﬁe%t ﬁgl%?gglril%t SeEr TR at

step Spitténtk tdel REPERSSEN 1St B4 Nedt st - any..pattern
exi sts, or when no patt(grn exi stgs, t he p?o%%ss(%%gesg%&gﬁ{)bt)r'ac?ﬁ% SR

predet et Nt ey FeRn( FRHmeXREP &5, 13Q%, £f {tgg é%ﬁcyﬁﬁ%ggibgﬁ]ﬂlﬁgﬁﬁwﬁ%r t

(40%in this exanple) is perfornmed at s _

processvaguatiat ep188 £510erdOIEdwkt Bntde Ghanoed. E%EE" p or
each candi date pattern. [0092] e V\hrén t he ngnbe? O%Bt el%g{ttggk%lasé’stored

in theapatherputifeati 0gngehtivdrdihdss kOBRAsEHALE Y &35 .o?ﬁﬂr@gfvﬁ{(f/ s
excessively small) or is higher than the preset nunber (i S excessi é?Iy

| ar ge) the hexpraaadss RFadhiateduciathd hontdloneusfl vt 8- ddum support or the
processi ng of increasing the value of the m ni mum support may be perforned

before {0Bet erm nati on processing at step S8 for each candi date pattern.
[ 0093] Al t hough the inter-item know edge stored in the inter-item

i nformati on &4 ekisegiseatiiva0ths gdiacassost AldOm8pLee. 06L i1Red, S he
rel ati onship between two itens in the enbodi nent, the present invention is

not |ipréasht kebetiomelbecd s Liadcbant kaowhedgssgaybe: 4D aasses Aldan iglegr ce
defined as the association degree between three or nore itenms so as to
provi dealdwel amimef ohy emMtidackionnevLRsR ioh FABLOYIREFhOfcdnli€MBte pattern
tocalculatethev@ight<1Ethecandidatepatternincludingitemshaving
a high association at a relatively low value, thereby making it
relatively difficult to extract the candidate pattern including items
having the high association. This can prevent the extraction of the
pattern consisting of items having the high association which may be

obvious to the analyzer and can achieve the efficient extraction of

the pattern consisting of items having a low association which may

interest the analyzer.

[0081]

More specifically, if a pattern is extracted only on the basis

of the minimum support without considering the association between

items, the candidate patterns having a frequency of appearance of 2
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[ 0094] Al t hough the enbodi nent has been illustrated in conjunction
with the use of the pattern extracting apparatus 100 to find the
characteristic conbination of purchased cormmodities in sales of
commodities, the present invention is not limted thereto and may be used
for other various businesses. For exanple, when the apparatus is used to

char act SRR XM B "By AT BPLP oS NP ByRB 0¥ A Nabutor ROMLER® | n
of & SR ERE Bt RG] kR P AncH GPLEE. Can BBSUSGH UG T FE@in (PR |
i oncE o CRE B ot (e p ok vl LB CHAT S I DESL B (1 WP ence
oed f o B O o e A AR R ) e ol e i e e

as an i4@mal093lk and is nERCILOT1REBEORESSLAC, gber al] cho%ﬁggggij?g%

above can be réalized as a conputer-execu pFogram  an

havi ng éiﬁ%d@&@@ha@bh@§5§|hﬁdth@?bgegefﬁne£ﬁ¥55¥%r%gé%§gg%%%%i9@8Pé?ﬁ535ing

apparatus which perforns each of "the processing tions~ac to the

embodi RsenfOEnBAAR % ACHBr 08 ASBAAN LB RO 1hid ANLAHXIId 3Ly sLor age

device, not shown, a control section such as a can rea e program

st or ed Havitlge aaptt d Bt Y1 SIOr age ree¥hERc} B 4 'e@rakeéagﬁd oVrlsCi%’tigndo%he
control section can execute the program read to the main stor age 8VI ceto

cause titereoRpuieg 4 ol PerdIBibkhecAr 0§essiNg +eReLAL | . Qi t he
embodi ment . [ 0096] The program may be Pechrbed ba &t chdcken,

conput eroRKEadall eMACRORKH Naruredi Wy ek ?§@téfh.a conputer or may be
downl oaded to the conmputer through a network such as the Internet. Exanples

of the dowpgter-readabl e

The illustrated transaction serving as the target information
described in the present embodiment has an extremely small structure
for simplifying the description. In reality, however, more types of
items are used and much more transactions may be targeted. 1If the
pattern is extracted only on the basis of the minimum support without
considering the association between items, a number of patterns
consisting of items having a high association may be extracted, and
the pattern formed of commodities (items) of different categories such
as "PORK, MACKEREL" may be mixed with many patterns formed of
commodities of the same type. Consequently, if the pattern is extracted
only on the basis of the minimum support without considering the
association between items, it may be significantly difficult to
efficiently find the pattern interesting the analyzer.

(0083)
In contrast, the patterrn extraction contrcl of the present

embodiment involves considering the association between items,
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recordi ng nmedi uminclude an optical disk such as a CD-ROM a phase-change
optical disk such as a DVD-ROM a nmagneto-optical disk such as a
Magnet o- Optical (MO disk and a Mni Disk (MD), a magnetic disk such as a
fl oppy disk(R) and a renovable hard disk, and a nenory card such as a
CbnpactFIash(R) card, a SmartMedia card, an SD nenDry card, and a nenory

tick. h d d fi d
nt cor 05O SE T R evé%%giéﬁpPﬁsd%qfeébﬁMevs Pd5e5h Sxenpiat or the

di mbogdi ment _d bed ab
e e P s T M R e RS o

t t I t d .t heret.o. . The conponents
shown ?ﬁl&%ﬁst%ﬁ%%bzé%ﬁ‘. 285 Bt et te mo%&pat%%%pe@p PR 1 ke

53@1, h nt a co t tem
Thr ougn RLyahe i ca??%ﬁ@“&.%ﬁ%ﬂeiﬁgﬁﬁ*a?%@ﬁ%%m%‘ £h8 Gl bl %ﬁm the

embodi Gt Obak I LEER oL DY ARHON-DIAS Jgep 4o Sc%ic?Taht d e BatgieTa '°

pr esent ed as an exanple and I's not 1 nten

preSenbvbmusﬂibﬁﬂa1EQ%§E%@%erQ&%% ta@ﬁ%&&%ﬁ Q@%%g?gﬁfgntex¥arlous ot her

forns, and a variety of om ssions, )stitutio anges can Cheade
mﬁthOUbfdQMQFgbmgeEhO&thQsﬁﬂh@'Bfo%hécgggmgfhgb§n rgsgg& bggggEéETBnThe
enbodi ment and its nodifications are includ Int SCO

the i ne@BLEeAr&NtddHd n i e nd the
equi val ent s. fDESCRIP%F%%ﬁ&E %E%%EEQ%%E&EEQﬁ%%%%kkéﬁﬂfggggF %gb fE%N

EXTRACHEbse APRABBEURent, the important pattern interesting the analyzer can
be efficiently found.

[0084]

The configuration of the pattern extracting apparatus is not
limited to the embodiment described above. For example, although the
expression 2 is used for calculating the association support serving
as the extraction evaluation value, the association support to provide
the monotony can be defined as shown in the following expressions 3
and 4.

[0085]

[Expression 3]
number of transactions
including pattern p

f(p) = -minfl, ) sldt,it)}]x x 100
ity dtyep it it total number of

transactions

{expression 3)

[0086]

[Expression 4]
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FREQUENCY CALCULATI NG SECTI ON 60CANDI DATE EVALUATI ON VALUE CALCULATI NG
SECTI ON 70CANDI DATE EVALUATI NG SECTI ON 80PATTERN STORI NG SECTI ON

number of transactions

. : includin attern
fip) = [1 S(it,, ity) x gp p
Ltatep it =il total number of

x 100
transactions
(expression 4)
[0087]

When the expression 3 is used, the association degrees between
items are summed in a first term serving as the weight, and if the sum
is equal to or higher than 1, the values of the first term and thus
the association support f(p) are 0. It can be seen that the expression
3 also defines the association support which monotonously decreases
as the pattern length increases (the number of items constituting the
pattern increases).

[0088]

When the expression 4 is used, the association degrees between
items are multiplied in the first term serving as the weight. If the
values in the association degree matrix of the embodiment are used
without any change, the values of the first termand thus the association
support f(p) are 0 for "CHICKEN, BEER," by way of example. In this
case, the association degree between the same items may be set to 0
and the association degree between the items with the lowest association
may be set to 1 in another embodiment of the inter-item knowledge.

[0089]

Although the embodiment described above performs the
determination at step S37 by the item extracting section 30 in which
the processing of the apparatus is finished when no frequent item exists
in the pattern storing section 80, the present invention is not limited

thereto. When it is determined that no frequent item exists at step
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CLAIMS [C ai m 1] A pattern extracting apparatus extracting, froma
plurality of itens included in target information pieces, a pattern of a
combi nation of two or nore of the items different fromeach other

conpri si ng: a first storing section storing the plurality of target
i nformation pieces; a candi date pattern producing section producing

did ned of two nore of the itens different from

ggghlot eﬂpggég %ﬁegggﬁgggl?%ese?tﬂ§19% Fﬁﬁgdﬁi (ﬁﬁ?ﬁ;n 5§Fﬁ:5igT%LTf¥Iﬁf
t tl £Les:

ggg??og&%gﬁggﬁakgﬂgggn S et T 5 %32%% tloﬁlvg?ﬁ aaﬁlq%ﬁEEﬁﬁﬁFﬂé?én gttern

f h t duced candi date ttern
based Qn1ef [ rggywe’a@@eqr 20ce Ale WUGR 1, ?rpjgrﬁlrbw_fné@é@poaﬁd P&t

appears i n each Iurallty of ‘target n

Pl f e IACLLAG SPE Oft KBt eL nicng @gwgag cand) ggag]g £BaLL pr e hav ng

e
t he cal cul ated extraction eva uat on val ue ng a

thres h@h@an@héJﬁuﬂﬂﬁluﬁ@dp%ﬁiﬂtngf%@? t%ngu}sl@ﬁct%t& gt %? Liabytngdhe
t hreshol d val ue, further conpri sing: a secon orlng secti-ont™
storingnas 85sefi@id Ahadgaeee i BebWeRY NG Ho®%ied of the fact that the
value of the minimum support is reduced and of the reduced value of
the minimum support through display on the display section as
appropriate,
[0090]

In contrast to the above case, when an extremely large number
of frequent items are extracted and stored in the pattern storing
section 80, specifically when the number of frequent items to be
extracted is equal to or higher than a preset number or when a preset
percentage (%) or more of the items extracted at step S31 are stored
as frequent items, then the item extracting section 30 may perform the
processing at step S3 again by increasing the value of the minimum
support by a predetermined value (for example, 20%) to extract any item
having a support equal to or higher than the changed minimum support
as a frequent item. In this case, the analyzer is preferably notified
of the fact that the value of the minimum support is increased and of
the increased value of the minimum support through display on the
display section as appropriate.

[0091]

The similar processing may be performed on the minimum support

for a candidate pattern having a length of 2 or more. Fig. 14 is a

flow chart for explaining the operation of another embodiment of the
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~ wherei'n the candi date eval uation val ue cal cul ating section identifies the
associ ati on degree between the itens included in the candi date pattern and
cal cul ates the extraction evaluation val ue based on a wei ght based on the
identified association degree and the frequency of appearance. [C aim 2]
The pattern extracting apparatus according to claim1, wherein the
candidat%tevaluation val ue_cal cul ati ng _section cal cul ates the extraction

eval uatiion VAl (& HESEd9n BPRRFF T on Tiswhikh,1sheRtarmaned t they no

candi date _pattern pl i.s subset of an arbitrary candi date pattern p2,
unprgcgﬁﬁ?%ﬁgﬂ“%Tﬁéﬁﬁ:ﬁéﬁsfﬁeaExﬁW%ﬂnﬁ5ont@@aPﬁ%%?Qﬁﬁ\Rﬂ @osence hef

nonot ony i
val e o Ra LS AR e O ErRP P e TR on B0 LR raiees Bt PR ng
copeT s SR AL RN Bt L Ll L, S o vl
cubt ragt s Te 2Rt e aet aaSeE 8 T oGR8 T S et ol SPTEABlS TR and
uses {Bgakerald cgbuble oy SEAGDA%. Ll oy LGB oy o ApRCLETD
P e A R e S L
storingrbpesgd] upakikbymof Liakasle !:ng%é@%iggm&k %%%%o'rg A S5 00098 4 §%e

pattern.

(0092]

When the number of the patterns stored in the pattern storing
section 80 is lower than a preset number (is excessively small) or is
higher than the preset number (is excessively large), the processing
of reducing the value of the minimum support or the processing of
increasing the value of the minimum support may be performed before
the determination processing at step S8 for each candidate pattern.

[0093]

Although the inter-item knowledge stored in the inter-item
information storing section 20 is the association degree defined as
the relationship between two items in the embodiment, the present
invention is not limited thereto. The inter-item knowledge may be the
association degree defined as the association degree between three or
more items so as to provide the monotony with an increase in the number
of items.

[0094]

Although the embodiment has been illustrated in conjunction with

the use of the pattern extracting apparatus 100 to find the
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the step of producing candidate patterns each forned of two or nmore of the

itens different fromeach other based on each of the items included in each

of the plurality of target information pieces; the step of storing an

associ ati on degree between the itenms in a storage area, the step of

cal cul ating an extraction evaluation value of the candidate pattern based

on a frequen of _ appearance at which the produced candi date pattern
TPR=ERERL BT LT hEOPP

appear S Fn°g CE)h OBPLPAFTEY BF PXFGEESEAf GIOHECFdR1pPedas; salms of

extr actPBRPA G EE 117 DA ot STy TG hopF CSeBr ARt E i G Ioramos R and.
wher o P Re  8F SO0 CAraGl &t PG PR Gkt ; SEF1 BHOBULE avin thal GBbeFa e
Concdate i L1, gLY0eS 4011100 1 sssee Lo oear e belveer, tho
deqr oot R Froquansy o apsaanchaaPe P ilf ar e 8 37 35Pafedisi ng

a CONDHE8EakQ iREHLREMJ UBRL saldl o%ocrg?quggrusiei&cléclﬁgégﬁaa%p%]eﬂféffm ned

storage area storing target infornmafion pleéces in 15Fof

tem and e a58RC0RL b ok dedieehelpeen 1Ne ld 808, L FOIPULET Lperdobm ng

T S
pattern extraction processing of extracting a pattern of a conbi Ratioh of

two or aBDEE Pferh heTht §H§tﬁéff@£ﬁfﬁlé,r %ﬂbﬁ?@ﬂg Oé;%%:%a@ﬁss?iisngs%g %ggfltnag get
i nformation pieces, the functions conprising: the function of producing
candi dahe paktrerasceaeh f@r i dnddrrom the relationship between the
characteristics of the audience and the viewing history in program
recommendation, one transaction can be used for each audience, and a
program watched by the audience can be used as an item.
[0095]

Each of the processing operations described above can be realized
as a computer-executable program, and a computer having the program
installed thereon can run as an information processing apparatus which
performs each of the processing operations according to the embodiment.
For example, the program can be stored in an auxiliary storage device,
not shown, a control section such as a CPU can read the program stored
in the auxiliary storage device to amain storage device, and the control
section can execute the program read to the main storage device to cause
the computer to perform the processing operations according to the
embodiment.

[0096]

The program may be recorded on a computer-readable recording

medium for use in a computer or may be downloaded to the computer through

a network such as the Internet. Examples of the computer-readable
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or more of the itens different fromeach other based on each of the itens
included in each of the plurality of target information pieces; the
function of calculating an extraction evaluation value of the candidate
pattern based on a frequency of appearance at which the produced candidate
pattern appears in each of the plurality of target information pieces; and

the fu : determ nJ n of the candi date patterns having the
cal cul gt(:égé? Xrﬁ%aén[ Con eva Cglalﬁ1 N3V al W64 i gSHCPr edet &r ATE™ hraeshol d

wher oi BERS PRAGH Sbaridafis S%‘lf-lelg,"%‘%?@&@ré@#?i%'r&%%%—fo%%fégﬁh&%?' the
o nehUded RoPRECCSEST GAf ol PRPK aR °§h?§%$ﬁgw AN e
g\églr ggb%%g ét/l?]éerp%rsggﬁgﬁoc@y ?1§%ngﬁ%rﬁcgéegeﬂovagfe gt Els ,d aqlsdsgcrhgrgéroyn

card such as a CompactFlash(R) card, a SmartMedia card, an SD memory

card, and amemory stick. Ahardware device such as a specially designed

and configured integrated circuit (for example, an IC chip) is also

an example of the recording medium.

[0097]

Although the embodiment described above includes the components
shown in Fig. 1 which are provided by a single computer, the present
invention is not limited thereto. The components shown in Fig. 1 may
be realized by different server apparatuses or the like as appropriate
and be connected to each other into a computer system through a
communication line such as a network.

[0098]

Although the embodiment of the present invention has been
described, the embodiment is presented as an example and is not intended
to limit the scope of the present invention. The novel embodiment can
be implemented in various other forms, and a variety of omissions,
substitutions, and changes can be made without departing fromthe spirit
or scope of the present invention. The embodiment and its modifications
are included in the spirit and scope of the invention and included in
the invention described in the claims and the equivalents.
[DESCRIPTION OF THE REFERENCE NUMERALS]

[0099]

100 PATTERN EXTRACTING APPARATUS
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CLATIMS
[Claim 1]

A pattern extracting apparatus extracting, from a plurality of
items included in target information pieces, a pattern of a combination
of two or more of the items different from each other, comprising:

a first storing section storing the plurality of target
information pieces;

a candidate pattern producing section producing candidate
patterns each formed of two or more of the items different from each
other based on each of the items included in each of the plurality of
target information pieces;

a candidate evaluation value calculating section calculating an
extraction evaluation value of the candidate pattern based on a
frequencyofappearanceen:whichtheproducedcandidatepatternappears
in each of the plurality of target information pieces; and

a pattern extracting section determining any of the candidate
patterns having the calculated extraction evaluation value satisfying
a predetermined threshold value and extracting the candidate pattern
satisfying the threshold value,

further comprising:

a second storing section storing an association degree between
the items,

wherein the candidate evaluation value calculating section
identifies the association degree between the items included in the
candidate pattern and calculates the extraction evaluation value based
mxaweightbasedcnltheidentifiedassociationdegreeandthefrequency

of appearance.
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[Claim 2]

The pattern extracting apparatus according to claim 1, wherein
the candidate evaluation value calculating section calculates the
extraction evaluation value based on a definition in which, when an
arbitrary candidate pattern pl is a subset of an arbitrary candidate
pattern p2, monotony is achieved such that the extraction evaluation
value of the candidate patternp2 is equal to or lower than the extraction
evaluation value of the candidate pattern pl.

[Claim 3]

The pattern extracting apparatus according to claim 1 or 2,
wherein the candidate evaluation value calculating section extracts
the association degree between the items included in the candidate
pattern from the second storing section, subtracts the extracted
association degree from a predetermined value, and uses the result of
the subtraction as the weight.

{Claim 4]

A pattern extracting method of extracting, from a plurality of
items included in target information pieces, a pattern of a combination
of two or more of the items different from each other, the method
comprising:

the step of storing the plurality of target information pleces
in a storage area;

the step of producing candidate patterns each formed of two or
more of the items different from each other based on each of the items
included in each of the plurality of target information pieces;

the step of storing an association degree between the items in

a storage area,



the step of calculating an extraction evaluation value of the
candidate pattern based on a frequency of appearance at which the
produced candidate pattern appears in each of the plurality of target
information pieces; and

the step of determining any of the candidate patterns having the
calculated extraction evaluation value satisfying a predetermined
threshold value and extracting the candidate pattern satisfying the
threshold value,

wherein the step of calculating the extraction evaluation value
of the candidate pattern includes identifying the association degree
between the items included in the candidate pattern and calculating
the extraction evaluation value based on a weight based on the
identified association degree and the frequency of appearance.
[Claim 5]

A program causing a computer to perform functions, the computer
including a predetermined storage area storing target information
pieces including a plurality of items and an association degree between
the items, the computer performing pattern extraction processing of
extracting a pattern of a combination of two or more of the items
different from each other existing in the target information pieces,
the functions comprising:

the function of producing candidate patterns each formed of two
or more of the items different from each other based on each of the
items included in each of the plurality of target information pieces;

the function of calculating an extraction evaluation value of
the candidate pattern based on a frequency of appearance at which the

produced candidate pattern appears in each of the plurality of target
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information pieces; and

the function of determining any of the candidate patterns having
the calculated extraction evaluation value satisfying a predetermined
threshold value and extracting the candidate pattern satisfying the
threshold value,

wherein the function of calculating the extraction evaluation
value of the candidate pattern includes identifying the association
degree between the items included in the candidate pattern and
calculating the extraction evaluation value based on a weight based

on the identified association degree and the frequency of appearance.
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