000 20050 0000000—000000000000000—0
0530 020 317-329 oooooo
©2005 0O0OOOOO

odooodooodouound
Joodooooooogoodoggo

00 oo0'ooo oo?

OO0 20050 30250000 20050 90 2000

u g

oooooooboooooooooogoooooboooboboooooooobooboooobog
goboooooogoooboooooboooooooooboboobooooboooooobooo
goboooooboooooobooooooooooboobooobboooooboooDboDboo
goboobooooooooooboooooooOoooboobOOoOoobooOoboOobobooOoOoOooobooo
goboooooboooooooooooboOooooOoboOoobOboOooboobo LeMbooooOooOoo
goboboooooboooooooocoooooboOoobobooOooobooOoobobooOoooobooOon
gboocoooooooooooooooOooobooOoboOoOoOOOoOobOOOoOooDbboOooboDbboo
booooocooobooboobooboooooooobooboobOoooobobooooboooa
uobboooooooomooooo@mooooooobooooobooooboooOobo0onoOoa
ooboooooobooooooooooOoooooOobocOooooooOoOooboOoOooooooDn

ggbooo bobooboboogbbobbobobbooboboobobon
goobooogoobood

1. 0000

ITobooooocoooobcOooooboOoOooooOooboboOooooooOooobOOo0oOooOoOa
uobooooooboooooooocoooooooobooooooooboOooboooooobooOoo
uoboobooz2000010oc00oooooooooo0ooboooboobo10ooo0oooboo
gobooooooooobobooooooooobobooobooooooboboOooboooOoooooOoo
gboooooooooooboooooooboboOoboboOobooOoOoOoboOoboboOobOobOooOooo
uobobooooobooooobooOoooOoOoOoOoooOOoOoOoooooboOoOooobOboOoooobooo
gooocobooooobooboooobooooo

gboboooooooooooooooooooooooooooooooooooooo
o000 OOoOooOoooUoooooo4a
goboooo20boooobooooobooooooooboi1bob oo booooooo
oot ooy UUO
oooooooooooooooooooooooooooooooooooooooooog
gboobbooobobooboobobobOoobob O Bayardo, 1998; Burdick et al., 2001;

lpooooOoO0O000101-8430 0000000000 2-1-2; uno@nii.jp
Do000 00O0O000000060-0814 DOOOOOOOO 1400 9; arim@ist.hokudai.ac.jp



318 oooooo s3000 200 2005

Han et al., 2000; Liu et al., 2003; Orlando et al., 2003; Pietracaprina and Zandolin, 2003 000
00000000000 MM Agrawal and Srikant, 1994; Agrawal et al., 1996l 0 0 O O OO
gooad

000b0bO00000000O00O0DO0bO00OD00DOD00000OOoDOOoOO0oooOooo
0000000 bOO00000O0DO0bO00O00DO0oDO0oDO0oDO0obOO0ObOO0DO0O0OoDOoDODOo
J00o0000o0O000oO00oo0o0ooO0o0obObO0O0bOoO0oboOOooooOOoobOoOooon
000000000000 bO00000OO0DbOO0O0oDO0obO0bO0OO0oDOooDOobOoOooooOoon
J0000O0o0O0bOO00000O0bO0b000oo0o0ooOOoDOO0DbOoOoDOOobOOooDOooooooon
0000000000 O Bayardo, 1998; Burdick et al., 2001; Han et al., 2000; Liu et al., 2003;
Orlando et al., 2003; Pietracaprina and Zandolin, 2003l 0 0000 0O0O0O0OOOOOOOO
0oooooooooooooooooooooooooooooooooooooooon
0ooo0oo0oooooooooooooooooooooooooooooooooon
0ooooooooooooooooooooooooooooooooog

0dooo00oooooooooooooooooooo0ooooooooooooooo
0000000000000 000000 Zheng et al.,, 20000000 000000000000
0000000000000 000000000000D00 O3 clesed itemsetI OO0 OOOO0O
0000000000000 00000D00O00OOI Pasquier et al., 1999a, 1999b; Pei et al., 2000;
Zaki and Hsiao, 2002; Uno et al., 2004a, 2004b[0 0000 0000O0OOOOOOOOOO0O
0oooooooooooooooooooooooooooooooooooooooon
0o0ooo0oodoD0ooooooooooooooooooooooooooooooon
0010000000000 0000o0oooooooooooooooooooooon
oooooooooooooooooooooooog

oooooo1000000b00000ooooo0oooooooooooooogon
001000001000 00oooooooooooooooooooooooooogn
oooo

goboooobooooooobooono 70 I,y OOOO0OOO0OO0O0OOOOO0O0OO0O00
oooon,»7,00000000C000DOO0O00O0ODODOO {4,577 000000000
oopoOooooboogoo {ryooobof{7rt—-20000000000DODCOODOCOO
oo0oO {7ryb0o000DbCOoO000obOo0ogU 200000oOooDOoOoOoOOoU0OobOooOOoag
ooooon,»,,»00O000O0ODOOODOOO0OCOO0OOO0OOO0O {vyobboUobooobo
oon,»T, 000000000000 DbO00000obobObooooobobobooooo
00000000 bO0000b000o0O0oDOO0oDOO0obOO0ODO0ODO0oDbOO0ObOOODOOoOOooOoOOon
0000000 0DO00000O0DO0DO0obO0bO0O0DODO0DbOOo0OD00oDOoDOOoDOOoDbOOOn
0o00O000O0bO0DbOO00000OO00O0OD0DOO00O00D0obODO0obOO0ODbOoOooooOoon
goooooooooooooo

00000000 bO0o0bO00DbOO00OD0O0ODO0O0O0DOODOOODO0ObDOODOOn

RESSS
e
A i ey ey by
NN
w
L
v Oov Ot O
~
e R

I



oboboooooooobooOoooooooooOoboboOoOobooooooooboo 319

O00000000DOO0000000DO00000MO Goethals, 20030 0 0 O O 0O 2003 O
0 LCMI Linear time Closed itemset Miner[l OO0 00 O0O0O0OO0OO0OOOOODOODOODO
O Uno et al., 2003, 2004a, 2004b0 0000000000000 O0O0O0OCCOOOOOOOGOCO
oooooooooobOoO0oOoOoooooOOOo0oO0ooooODOOoO0OoOooOOO001000000
oooooooooooooOoooOoDOOODOOOOOOOOO0OO0OO0OO0O0O00O0000000O0
000000000000000000 100000000000000000000000
oooooooooooooOoooOOoOOOOOOOOOOOOOOOOOOOOOO0O00O0
goooooooooooobooooOooOOoDOOODOOODOOOOOOOO0OOO0O0O00O0O00
ooooooorcMOOOOOOOOOCOOODOOOOOOOOOOOOCOOOOOOOO0O0
oooooooooOoooobOOo0oooOoOO0OO000oooOOoOoOoOoOO0OOOoDOO0OOb0DOO0O0
go00O0OoO0OO0Oo0oO0Oo0OO0OOO0OOOODO0OOOOODOOODODO ™ Goethals, 20030

rcMOO0O0ooooooooi10000ooooooooogooooi10000ooog
goooooooooooOoOoOoOO0O0OoOOOOOOOOOOOOOOOOOOOOOOO
0000000000000 ogoooooooooooogooooog
goooooopoooopoooOoOoOoOOOOOODODODOODOOOOOOOOOOOO
ooooooooOooooooooooUooooooOooUooooooOooooooooOog
gooooooogoooooooOooooooUoooooooooooooooooooog
oooooooooooooooooooOoOoooooooooooooDooooooogog

ooooooooLeMboogoooooooooooooooooooooooooooo
oooodoecMigooooooooogoooooooooooooooooooogoo
gooooOoOoooOooooO0oooooooooooooooooooooogooooog
gooorLcMoooopDooOoOoUooooooooOogoooooooooooooooo
ooooooooooooo

00 200000000000000300 LCMUO0O0O0O0O0O0OO0O0O0OO0 400000
ooooooooooooooooooooDo rFriMIOOOOOCOOOOOOO0OO0O0O0O00O0
oooO0o0O0000000o0ooooooooOoOoDODOO0OO000O0O0O000000 webOOO
O00D0O00OD QOO0 http://research.nii.ac.jp/ uno/codes-j.html 00000000

2. OO

I={1,2,.,»} 00000000070 /0000000000000000000000
00000||T||=X4,|T/I0000 ||7|000000000000000(7|0 700000
0000000000007 000000000000000/00000 POOOOOP
000 70000000000 POOOOOOOPOODOOOOO T(P)={T|PCT,TeT}
00000POOODDOOOOPOOOOONDOOOD POOOODOO frg(P)000O0
00PCQOOOO T(P)27(Q DDD0OPODNDNOOONOOD i0D000O0O0DOOOO
P, 000000

000000 PODDOOOPOOOOOOOD POOOODOOODOOOOOOOOO
0000POOOODOOOOOOOOOOD POOODDOPOOOOOOOOOOOOOO
O NrermT00000co(P) 000000000000 POOOOOOODOOOOOO
0000O000POOOO POODOOO

0000000 00000|7(P)|>60000 PODDOOOOOOONDAOODDOOO
000000000000000000000000000000000000000000
000 POOOOOOOOOOOOOOOOOPOOOOOOODOOOO



320 oooooo s3000 200 2005

000000 POOOOO 00 (Py)000000000000000O00000O0
0000000 POOOOOOOOOOOOO(P) 0000000000000O0OOO
0 POODOOfrq{P})/|TI0 POODOODDOOOratioP) 0000000000P O
000000 O Heepratio({e}) 00000 Iratio(P) 000000000000 (P4) 000
00 frq(PU{i})/frqP) 0000000000 Oratio(Pli) 00000000 POOOODO
000000000000000000000PO00000000O000O00000000
000POO0O0O0ODOOOOOOOOOOOODOOOONONOOONOOODNOOOONOOO0O
0000000000POO0O01000000000000000000000

3. Dooogo

goooboooobobooO 7000000 eLDUOOUOTODODODOOODDOOODDODODOO
d0000o00obO0ooooooooooobOobOobOoooooDooDobooooobooooo
0odb0bO0O0oUnoOd LCMI Linear time Closed itemset Miner[11 [0 [0 0 0 O O LCM 0 O prefix
godoooooobobbobbodoooooobobbbbb00o00bbO0OdOdd prefix O
0000000000000 bOoobOooDooobOoOoboOoooooooDooono
oooooooooooono

3.1 prefix00 0000

00000000000 0000000D0O00000000000000 00O 0O Pasquier
et al., 1999a, 1999b; Pei et al., 2000; Zaki and Hsiao, 20020 0 0 0000000 OOOO0OO
00000000000 booboob0ooobOoboooooOooDooooooooooooono
0000000000 oOoobOoobOoobOOo0obOooDoOobDoOOoobOOoOooOooDoOon
000000obO0o0oooooooboDoOooobOo0oooooDoOooOoOoobooboooOono
00o0Ooo0oooobOooobooo0bobooobooobOooobOooooboOooooOono
goboobooobooboboboobooboobboboboobDboobobbooooo
goobobooobbooobooobuooboboboobboobboobbooo

J0db00b0o2000000000000000D0D000OO Boros et al., 2002000000
goooodboob 70000b0b0O0o0obOoboo0obOoboOoobobooboobboboo
gobodboboboooobooboboboboboobooobob 20b0bobOo 20000
gooboboi1bi1gbobobob 200000 obobobo
J000dOobOODO0dOd Tsukiyama et al., 1977; Uno et al., 2003; Makino and Uno, 2004[1]
goobooobooboboobobuoobobuooobuoooobga

)cMoboobooooobooboooobobobooobU prefixU00000O0OOODOOO
O0COCODOO0O00 pOCCODODOOOOOO0O cores(P) 0 clo(P<;)=PO0O0OOOO
0000000000000 0OOcores(P) D00 POOOOOOOOOOOP O PO prefix
000000000000000000 e>corei(P)0000 P =clo(PU{e}),Ps, 1 =P<c1
gopboooooooboop, OO0T(R=7000000O0O0O0OOO0OO0OROODOODOO
gooobbooobbooooboboooobbbopR, OOODUODUODDLODbDOOODDDbDOOO
000pO0000D0D0O0O0ODODDO0O0ODODOOO0O0ODODOOOODODOOO prefixO0000
0000000000000 0000000000000O0OOUno et al., 2004a, 2004b11 O
O0D0D0p,O000O0O00000 prefixO0 000000000 DOOODOOOOODODOOO
gooooooboooobooooao

prefix 000000000000 0OOOO0ODOOOODOO0OOOO0ODOOODODDOOODOOOg
0d0obodbOooooobOoobo0bO0o0oboooobooDboobOOobOboooooobooo



oboboooooooobooOoooooooooOoboboOoOobooooooooboo 321

000000000 0ODO0O000DO0O000D0prefix000000O0O0O0O0O0COOO0 Uno et
alll 2004a, 2004b[M O O00O0CODO0O

3.2 O0O0DOODO

JOb00bO000O00O0bO0000D0DO0bODO0000DOO0oDODO0oDOOoODOooDOoDbOoOon
ooo0o0oo pOOOODOOOO |7(p|OODCOOOOCOOOOODO POODO TP
Joo0oD0OoODOO0O00bODOO0000000bObOOO0o0o0oDOD0o0ooobbOoOooooDoOO
gooooooOoooobOoooboodpPOO0OUOO0ODOOODODOOT(P ODDOOCODOO
gl UoobbbbbbbOUdd Bayardo, 1998;
Han et al., 2000; Liu et al., 2003; Pietracaprina and Zandolin, 20030 000000007 (P U
{iH)=T(P)NnT{:}) DO0ODOOOOOO0OOO07T(PuU{ih)OOOOOODT(PO THpH OO
00oooooooooodooooooooooooooooooooooonoooooon
0oooooooooooooooooooooooooooooooo

)cMOoDooooooooooOoobOoobOoobOO0oobDoOoobOo pPOOODOO 20
Oo00ooooopooooooo0odpPu{i0000000DODOOOODOOOO prefixd
gogooooooooOooooooooooOo:0po0 7(PUih)DOOoODOODOO
d0odo0bO0o0ooobOoooboOboooobOooooOooooooLecMoooooooono
0000000000 Uno et al., 2003, 2004a, 2004b 0 0 O [

0000000000 oooooooooooooooooononn eeFOODOODOO
gogoooooooooo7rT(p)0O0D0OC0 TOODODOTOOODOOOO fODDOO T
000000000000 ferT00000000OO0D0OO0DODOOODOO0O edOOOO
T(Pu{e}) DOODDODODODODODDOODODODDODODOO O(ZTGT(P)|T|)DDDDDDDDD
ooooooooooooooooooco o(rmpooooo

3.3 0000
LCMOOO0OO0OO0OO0D0D0000 e00000PU{}0000000000000000
D0000000000000000000000000 O(Xper!T) 00000000
000000000000 0000 O(Xrerpugep!T) 0000000000000000
0000000000000000000000(%, Y rerruep!TH=00x[IT])) 00O
000LCMOOOO0O0O0O00O000000000000LCMOOO0O0O0000000 10
000 o(Ix ||7)) 000000000000000 e0 prefix 000000000000
001000000000000 O rer|7T)0000000000000000000
000000000000000000000000000000000000000000
Srerm|TI00000000 LCMOOO00000000 100000000

4. 000000000

goboooooooooLecMuoboooooooooooooobooooooooooo
uobbooooboooooooooooooOooobobooOoOoOobOboOoobobOOoOoOoOooboDbOoo
obbooooboooooboooOooOoobOocOoOooOOoOooOOOoOoOoOOoobOOoOonoOoDOoo
goooogoobooboooobooooobboooobooooobooobboooooDboOog
gooooboooooooboooboooboooooobbonnD e<10bbo0ooDo
ooboOopPOO0O00D0OOO0DOODOOOODOOODOO

OO0 1: Iratio(P) < e(ratio(P)) O 1 — Iratio(P) <e(1 —ratio(P)) D0 OO0
00 2: ratio(P) <e(Iratio(P)) O 1 — ratio(P)<e(1 — Iratio(P)) D0 000



322 oooooo s3000 200 2005

db2000000pPO00COO0O0CO0OO0O0OOO0O0DOCOOOCOOOOCOOODOOEeO
gobooobooooboocooooo
ooooooooooooooo (P 0000000o00ODO000O0

00 3: ratio(Pli)>1—¢

OO0 4: ratio(Pli) <e

OO0 5: e(ratio(P|i)) > ratio({i}) OO00O0O 1— ratio(Pli) <e(l— ratio({i}))
OO0 6: ratio(Pli) <e(ratio({i})) 0000 e(1—ratio(Pli))> (1 — ratio({i}))

0000000000000000000000000000030400P 000400
OMO0000POOD 0000000000000 0000000000000000
50600P 000000 :00000000000000000000000000000
000e00000000000000

000500000000000000000000000000000000000000
000000000000000000000000 1020000000000000000
00000000000000000000000000000000000000000 30
40506 00000000000000000000000000000000 POOOOO
0 (Pi)00000000000000000000000 0000 frePuf{i}) 0000
0000000000000000000000000000000000000000000
000000000000000000000000000000000040000 7(P)
07({:})0000000000000000000000000 O, 1T{N)=0(IT]))
000000000000000000000000000000000000000000
LCMOOO0O00000000000040000 7(Pu{i) 0000000000000 4
00000frqPu{i}) 0000000000000 D00O00000000O0O0O0O0O0O0O0O
000000000000000000000

5. O0O0O0O

gobobooooooobooooooboooooooooobooooobooboooboooooon
gobobooooobooocooooboooobooboOoOoOoOoboboOoOoOooOoboOooobboOooobooOoo
ooboboooooooboocoooboooboooooboboooo

Uooooooooooooooooo
Uo0oo0ooooooooooooo
U 000000o0o000o0oooooooooono

gobobO0o0oouo LcMiOOoOOCOO0OO0OO0O0OOUnoetall2003 00000000000
00000000000 Uno et alll 2004a] Uno et alJ2004b0 00 000O0O0COODO0O
gboboooooobooooobooooboboboobom@ooooobobboobomooo
goooooboboboobooooboboboo0o coobodbgecbobobooQg
U000000Pentium4 3.2GHz2O0000 2GBOOOO PCOOOOOSO LinuxdOOOO
gooboooboooboosoMBUODDOODOOODODbOOLDDbOODLDOODO

gbobooboobboboobooobooobooboobbo FIMIOODOD M Goethals,
030 000ogooogobobo10b0bobon

BMS-WebView-10 retailst] BMS-posU kosarak U 00O OO0OO0O00O00O0O00O 0000 100
gooooirgooobooobbooooobobbooooobD bbb o



oboboooooooobooOoooooooooOoboboOoOobooooooooboo 323

o1
F—&ty M (FR) FIUHT | TATLE | T—ER—X RS T
varv#k PYAX varvdA4x
BMS-WebView-1(F§3 web R—3/
DB T— %) 59602 497 149639 2.5
retails VNAT Y b T —X) 88162 16470 908576 10.3
BMS-pos (POS 57— &) 517255 1657 3367020 6.5
kosarak (N HV—DZa—AYA
TOIY Y IAMI—LT—H) 990002 41271 8019015 8.1
connect (HEHZEH
NYFI—TT—4) 67557 130 2904951 43
pumsb (B EH
RFI—TF—&) 49046 7117 3629404 74
accidents (BAHFRD T — %) 340183 469 11500870 33.8
o 2.
LCM(time) LCM Dzt ERH
rule(time) = VERT LT XL ER
90% e=0.11Cx LTEHE 3 2T — LD,
DEY ratio(Pli) > 0.9 THB)L—)LOE
90% & minimal e =01 UTEHE3 ZRMITIL—I (P,i) DFT,

PHNTHS (P OLEOESSEENENT S

W= IE S 3 BT &) & DD

90% & 10times & minimal | e = 0.1 IS LT, &l 3 L &M 5 ZHEZTIN—IL (P1)

DHT, P PNEd DO

really frequent closed itemset | §cfF 1 DEFEZ € = 0.1 1Tx L Tig/z 9 SHHBAE AT
frequent closed itemset SFHBEIMEEE

0000000000000 000Oconnect0pumsh OO0 O0O000O0DO0OOOODOOOOO
00ooD00oooooodooooooooooooooooooooooooooooon
0oooooo0ooodooooooooooooooooooooooooooooon
0000000000000 000D000Db0000Daccidents 000 O0O0O0O0ODOOOOO
0oo0o0ooooooooooooooooooonoooooooooooooooooon
gooogoo
godbobooboooboobbooubooboboobooboboboboooo 2000 8
Jo00000o00bO00DO00ooO0oO0oD0ooOooDO0@ OO oOooOoDooDooooboooon
goobOOooOooD 220000000000
gobob0db0ObbobooobOoboboOoUobUbDOUndaccidentst pumsbl connect [
J000000obdoOobOUbOddOreally frequent closed itemset OO 00 O0O0O0OO0OMO
J0000bOO0000o00o0O0ooO0oDO0bO0oo00ooOO0oDooooDooOoboooOooDOoon
Jo0o0O0bO00oO0DbO00o0oO0ooOO0ooO0obOO0oobOOooOO0O0o0oOoDOobOObDOOoOooOOooDOoon
goobooLecMibbobooobobooobooobboooboboobobuoobobooo
BMS-WebView-1 OO0 BMS-pos U0 O00OOO0OOOOOOOOOODOOODODOON really
frequent closed itemset 0 0 0 000000000 OOOODOODOODOOOOOOOOpumsbd
connect (1[0 accidents 0 OO OO0O0O0OOOOOON DO O really frequent closed itemset [



324

oooooo s3000 200 2005

10000000 BMS-WebView1
1000000 Va el
e LCM(time)
.-
100000 .
/,/ —rule(time)
10000 e =
,/ ——90%
1000 £ .
-/ —=—90% & minimal
2 100 )
2 / —%—90% & 10times &
2 10 minimal
2 / —e -really frequent
o3 1 closed itemset
3 / - = -frequent closed
£ o1 T r r itemset
[
£ 0.1% 0.05% 0.02% 0.01% ‘
+ 001 Support
g2
10000000 BMS—pos
1000000 LCM(time)
—rule(time)
100000
—&—90%
10000
—=—90% & minimal
£ 1000 | % 0% & 10times &
] minimal
2 100 —e -really frequent
* .
3 closed itemset
S _M‘/K - = -frequent closed
< 10 L itemset
E ‘
1 T T T T 1
0.10% 0.08% 0.06% 0.04% 0.02% Support
03
1000000 ’ kosarak
e LCM(time)
100000
B |=rule(time)
10000 90%

1000 —=—90% & minimal
£ —%—90% & 10times &
% 100 minimal
2 —e -really frequent
2 closed itemset
§ 10 - & -frequent closed
o itemset
E ‘

T ‘ , : |
0.50% 0.40% 0.30% 0.20% Support




oboboooooooobooOoooooooooOoboboOoOobooooooooboo

1000000 connect
100000 // LCM(time)
o le(time)
B —rule(time.
10000 =
L —&—90%
1000
— —=— 90% & minimal
2 100 — .
5 / —%—90% & 10times &
lg' minimal
2 10 —e -really frequent
3 closed itemset
§ 1 - & -frequent closed
o itemset
£
5
0.1 T T T T |l
90% 80% 70% Support
[}
10000000 pumsb
1000000 =
/ . LCM(time)
100000 —r )
/ - —rule(time)
10000 = < 90%
w’
, 1000 —=—90% & minimal
= =
2 100 — —%—90% & 10times &
° minimal
® 10 —@ -really frequent closed
2 - itemset
3 - # -frequent closed
% 1 itemset
E
* 01 T 1
90% 80% 70% 60% Support
06
1000000 accidents
.| LCM(time)
100000 A
.m —rule(time)
10000 st
e , —&—90%
1000 » —=—90% & minimal
(2]
S ./_74///. %~ 90% & 10times &
=} S
= 100 minimal
é / —e -really frequent
3 closed itemset
§ 10 - & -frequent closed
o itemset
£
5
1 T T 1
60% 50% 40% 30% Support

325



326 oooooo s3000 200 2005

1000000 ‘ retail

]
100000 - . LCM(time)
w7 .- .
PR .- —rul
10000 PPLE — A rule(time)
e~ //://. —&—90%
1000 _
x/- / —=—90% & minimal

=3
o

—%—90% & 10times &
minimal

—e -really frequent
closed itemset

- = -frequent closed
itemset

0.08% 0.04% 0.02% 0.01% Support

o

time(sec) & #solutions

o

000000BMS-WebView-1 OO0 O0000000O0O0O0O0O00O 90% & minimal O 90% & 10
times & minimal O 0000000000000 OOOO0O0O

gobooooobooobooooobooooboooooboooooooooooon LeMm
goodooooooooooboooooooobooooood2~s0oooooonooon
godoooouooobooboooooboooooboooooooooLeM Oooooooo
goooooooooooooooooooobooboooooooooooooooouoon
0000000000000 000dD00U000o000d0D0D0D000000dDOd Uno et
al., 2004a, 2004b[T]

0010000000000 0000D0000004dBMS-WebView-1 00O BMS-pos O
J00o0000ooo0oo00ooo0ooooooooooDoooooDoOoooDooOooOn
000000000oo0oooo00ooo0ooDo0o00oo0oooooooooOog
oooo

0000000000000 00000090%090% & minimald90% & 10 times & minimal
0000000000 00o0oo00oooooo00ooooooooOooDoOooooOog
Joo00o0o0o0ooo00ooo0UoDo0o0U0oDo00DOoOOoO00oDooOoOooooOg
od0000o00Do0U0oo0oooUDo0ooooooooooon

6. OoOo0O

gboobooboboooboobooboboob ceMooooooooboboboboooo
gbobooooobooboobobobooboboboobobboobooobooboboobooo
gooobooboobooobbobooobobboooobboooobLbbooubbboooL o
googoobodoooooobbooboobboobbooobooobbobbooboo
gogoobooobooobboooboboooboo

goobobobobobobooooooboboboboobobobooboboboo
gboboboobooboobobobbobobobuobuob0obbObLCM ver 21 Uno et al.,
2004a, 2004 000D 0O0O0OOO0ODOO0ODOOO0DOO0ODOLDOObDOO0bOoODbDODD
gobooboodboobobobooboobobbobbooboobboobboboon
gooooobogobooobooobboboobobobodbogboobbobobooboo



oboboooooooobooOoooooooooOoboboOoOobooooooooboo 327

ooboooobooooooooocooooooOooOooboobOOoOoOoOoboOooooOoOoboOoooDn

00DO0O000COO webOOODOOOODODO O O http://research.nii.ac.jp/ uno/codes-j.html

ooboocoooa

oooo
gobobooooobooooobooooobooooooooooOooOoboOoooboboOooooo

obobooooobooooobooooooooobooboo0oooooOoOoOooobOboOooboooobooo
gobooboooobooooooobooOoooOoOooboooooooo

gooooon

Agrawal, R. and Srikant, R[J 19941 Fast algorithms for mining association rules in large databases,
Proceedings of VLDB’94, 487-499, Morgan Kaufmann, San Fransisco, California.

Agrawal, R., Mannila, H., Srikant, R., Toivonen, H. and Verkamo, A. I[]1 19961 Fast discovery of asso-
ciation rules, Advances in Knowledge Discovery and Data Mining, 307-328, AAAI Press/MIT
Press, Menlo Park, California.

Bayardo, R. J., Jr.0 1998[1 Efficiently mining long patterns from databases, Proceedings of SIG-
MOD’98, 85-93, ACM Press.

Boros, E., Gurvich, V., Khachiyan, L. and Makino, K.[0 20021 On the complexity of generating
maximal frequent and minimal infrequent sets, Proceedings of STACS 2002, 133141, Springer,
Berlin.

Burdick, D., Calimlim M. and Gehrke, J[O 20011 MAFIA: A maximal frequent itemset algorithm for
transactional databases, Proceedings of International Conference on Data Engineering 2001,
443-452, IEEE Computer Society.

Goethals, B0 200300 The FIMI'03 Homepage, http://fimi.cs.helsinki.fi/

Grahne, G. and Zhu, J[J 2003[1 Efficiently using prefix-trees in mining frequent itemsets, Proceeding
of IEEE ICDM’08 Workshop FIMI'03 (Available as CEUR Workshop Proceedings Series,
Vol. 90, http://ceur-ws.org/vol-90).

Han, J., Pei, J. and Yin, YO 20001 Mining frequent patterns without candidate generation, SIGMOD
Conference 2000, 1-12, ACM.

Kohavi, R., Brodley, C. E., Frasca, B., Mason, L. and Zheng, Z[1 2000l1 KDD-Cup 2000 Organizers’
report: Peeling the onion, SIGKDD Ezxplorations, 2, 86-98.

Liu, G., Lu, H., Yu, J. X., Wei, W. and Xiao, X.00 20031 AFOPT: An efficient implementation
of pattern growth approach, Proceeding of IEEE ICDM’03 Workshop FIMI’03 (Available as
CEUR Workshop Proceedings Series, Vol. 90, http://ceur-ws.org/vol-90).

Makino, K. and Uno, T[] 20041 New algorithms for enumerating all maximal cliques, Lecture Notes
in Computer Science, 3111, 260-272.

Orlando, S., Lucchese, C., Palmerini, P., Perego, R. and Silvestri, F[1 200301 kDCI: A multi-strategy
algorithm for mining frequent sets, Proceeding of IEEE ICDM’08 Workshop FIMI'08 (Avail-
able as CEUR Workshop Proceedings Series, Vol. 90, http://ceur-ws.org/vol-90).

Pasquier, N., Bastide, Y., Taouil, R. and Lakhal, L.[]1999all Efficient mining of association rules
using closed itemset lattices, Information Systems, 24, 25—46.

Pasquier, N., Bastide, Y., Taouil, R. and Lakhal, LI 1999b[1l Discovering frequent closed itemsets for
association rules, Proceedings of ICDT’99, 398-416.

Pei, J., Han, J. and Mao, RO 200000 CLOSET: An efficient algorithm for mining frequent closed item-



328 oooooo s3000 200 2005

sets, ACM SIGMOD Workshop on Research Issues in Data Mining and Knowledge Discovery
2000, 21-30.

Pietracaprina, A. and Zandolin, D[J 200301 Mining frequent itemsets using patricia tries, Proceeding
of IEEE ICDM’08 Workshop FIMI’03 (Available as CEUR Workshop Proceedings Series,
Vol. 90, http://ceur-ws.org/vol-90).

Tsukiyama, S., Ide, M., Ariyoshi, H. and Shirakawa, 1.0 19771 A new algorithm for generating all
the maximum independent sets, SIAM Journal on Computing, 6, 505-517.

gOdo0O20030 OOOOODOOOOOOOOOOODOODOOOOOOOLDOODOODOODOOO
gpooooooooood

Uno, T., Asai, T., Uchida, Y. and Arimura, H[J 20031 LCM: An efficient algorithm for enumerating
frequent closed item sets, Proceeding of IEEE ICDM’03 Workshop FIMI’03 (Available as
CEUR Workshop Proceedings Series, Vol. 90, http://ceur-ws.org/vol-90).

Uno, T., Asai, T., Uchida, Y. and Arimura, H[O 2004all An efficient algorithm for enumerating closed
patterns in transaction databases, Lecture Notes in Artificial Intelligence, 3245, 16-31.

Uno, T., Kiyomi, M. and Arimura, H.J 2004bld LCM ver. 2: Efficient mining algorithms for fre-
quent/closed/maximal itemsets, Proceeding of IEEE ICDM’04 Workshop FIMI’04 (Avail-
able as CEUR Workshop Proceedings Series, Vol. 126, http://sunsite.informatik.rwth-
aachen.de/Publications/ CEUR-WS/Vol-126/).

Zaki, M. J. and Hsiao, CJ 20020 CHARM: An efficient algorithm for closed itemset mining, Pro-
ceedings of the 2nd SIAM International Conference on Data Minindg] SDM’ 021 457-473.

Zheng, Z., Kohavi, R. and Mason, L1 20001 Real world performance of association rule algorithms,
KDD 2001, 401-406.



Proceedings of the Institute of Statistical Mathematics Vol. 53, No. 2, 317-329 (2005) 329

An Efficient Method for Finding Association Rules from Large Scale
Databases Based on Closed Pattern Enumeration
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I'National Institute of Informatics
2Graduate School, Information Science and Technology, Hokkaido University

Learning and knowledge discovery by database analysis have important roles in sci-
ence, industry, and economy. Finding distinctive patterns and association rules for discov-
ering valuable knowledge is a common approach to such learning and knowledge discovery.
However, it takes long time if the database size is huge, and we also have to deal with a
huge number of unnecessary candidate patterns. In this paper, we propose a method for
efficiently finding such patterns and rules by using closed pattern mining algorithm LCM
that we proposed previously. Closed patterns are representatives of patterns having the
same denotations. Hence, we can reduce the number of candidate patterns, and the com-
putation time. We also propose an algorithm for evaluating rules in a short time. We can
thus enumerate all association rules of high confidences or having interesting properties.

Key words: Frequent pattern, closed pattern, association rule, algorithm, data mining, machine
learning.



