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An Efficient Algorithm for Mining Frequent Closed
Itemsets Using Transaction Link Structure
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Data mining is the exploration and analysis of huge amounts of data to discover meaningful patterns. One of the
most important data mining problems is association rule mining. Recent studies of mining association rules have
proposed a closure mechanism. It is no longer necessary to mine the set of all of the frequent itemsets and their
association rules. Rather, it is sufficient to mine the frequent closed itemsets and their corresponding rules. In the
past, a number of algorithms for mining frequent closed itemsets have been based on items. In this paper, we use
the transaction itself for mining frequent closed itemsets. An efficient algorithm is proposed that is based on a
link structure between transactions. Our experimental results show that our algorithm is faster than previously
proposed methods. Furthermore, our approach is significantly more efficient for dense databases.
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Table 2. Frequent itemsets

Support Frequent itemsets
80% B, C, E, BC
60% A, BE, CE, BCE
0% D, AB, AC, AD, AE, BD, CD, ABC,
ABD, ACD, BCD, ABCD

2.2 91 closed =R ¥

AUTH L WAFE v

F A Al AT B
= WALy 0 w2 AFBFE w3 grhes
Zo|t} o] EAd tj3t tjeto g Wik closed FE IS w7
st gaElEo] itk A& E9f, "ol o] 29 {(iy, iy, ...,
), (i oy i}OI R 5 70 ) ERbAHo] Slekan 84 A

AA &= 50%0] 1, H A4 F EE 50% kAL kAL 7] &9 ¢t
ZZ 02 T3 (it), .., (in0), (it, 12), oy (i, i10), ooy (i, B2y vy i10)
T} o] 212k 10%) 7)) Wink gF= K So] AR T2}
closure 7Hd-& AH&8HH {(i, i, ..., is), (in, iz, ..., 110)} 7 20] T
70 2] wuk closed agzlgupg 1:]]—7;]—6—]_—, ﬂﬂr?fz“: s I
o I5) = (ley i, .

¢

l‘

=
ﬁ—' -ﬁLX] OETH L.‘é '{[: ]q'

Il ook

<Table 2> A AA=7}60% <] W FEHFSE AvK
A Wk 2-3H5 1 Q) BE, CEZ}F ¥ 3-3H5 1§21 BCESH 2
o] &3l

Atk BESF CE= BCEY H-EH3to|HA BE, CE,
BCEZ} 2 AALE 7HAA 917] W&
a3t} BCEY AATE o] §-3}



AAZE AA2HA FE28 5= 7] o) ojd 53
o] w1 1 FEHFH AA =t oA A2 S 27
‘é}t 02 2] glohd 1 =S Widkclosed 5

Agolghal gt} &, oW Wik =G o] thaf 1AL HE
”%‘*ﬂr AAEE Hwste] AAE7L b2 FEIEET
closure2 el gte}, wabr] w1 closed 353> ABCD,

BCE, AE, BC, A, EEX] 67 vH A H T}

<Table 1> &&5-& 7|Fo 2 HWHA B, C, DY 479 4=
S BT e 1AL 3 e 4o 1, R R ERAA 7)E
O Z3UB AU AL FF O FY3F=0o]A B, C,D o9
ol itk oA H oW g edel thel L FEHGS TAS
uME BT gho} i
de TFoE FYT T glod 13
3ol ekar ghk <Table 1> R BOIEE o] 7+g 1A
o] 21, 3, 50| Ak A| 11742 B}E o] 9]0
o]} BEZ closed & E@ﬂo]a}iz 2
closure_ BCEZ} ®t} T 67]9] HIn

=
ok

f
i‘

= 2
>
o
o
N
[ue)
m
o

o] &8t U |1471 9] BE ¥l ‘%%‘%ﬂ@%ﬁ AAEE
E%‘ﬂrﬁ]e aefste] fA 5 7 AojA FRY & &
g gl

23 71E QT
A A9 A LarefFo] Apriori dare]Fo]
th(Agrawal and Srikant, 1994; Jiuyong et al., 2002). o] €318

oA AHESte NP S vt o R FETY dRBAE 2
< A7 AYH Y, 5] S 31218 A (Srikant and
Agrawal, 1996) 31301] Al kS ==(Jiuyong et al., 2002 Snkant
et al., 1997) AT ZE0] At ik BrRel @
o] o]zl Hlo] B = °]—r°17ﬂ ERAAEF Abo] 9 4474]” = JJr°L
stARE A AAAE T 49 ARE
AHEL ThFolol & Dot oIk Heha B *%”éi
77 E3hsel BAsEE 244 AR ol Ud 77} A
3= 2 th(Hong et al., 1999; Rajeev and Shim, 2001; Srikant and
Agrawal, 1996; Takeshi et al., 1999).

531 Galois connection®l] 7]1%3kclosure 7§38 o]-8-Fo Wik
closed 6]—2.2] ?\YJ-Q‘ l:l1—7:] 6}0 E),Iﬂ ]}:ﬂ— ?SLEJ_X] ‘cg-J,]_ o] J,].-T-(-z] /]
FE Fole €1gEo| °4¥EJ°4WPaqu|er et al., 1999;
Pasquier et al., 1999c). Apriori &¢112]&-S 7]4ko 2 &}=Close
d8]Z3} A-Close LaLe]Zo] ﬂ]°PﬂM‘_Hl A-Close &1

2 Z(Pasquier et al., 1999h)& join ¥}78-& WHEE}= Apriori €L
229 gAZ a2 w2 A generatorS A 547 W) ol
S ﬂ’\xlxl_‘iﬂﬂz—oix Ad 2 8 S 2= A A =

Hl &g otk gk WY closed 5 o5 ARS8t T 557
Ue APE S BHAste A= AP dkPasquier et
al., 2000).

Charm ¢12]Z(Zaki and Hsiao, 1999)-& 3+ % g3} E @A)

Kyong Rok Han -

Jae Yearn Kim

o

?E}(tidset)%
Fl

Aol arefsto] R closed & ghs W
F3E Abol o] B-& wA(intersection) 7} HAY 8}
bl TIDS o] 7] 98t Qlolof sk BA7}
, 100,00071 9] E#A Mol A2 =7} 50%
32 50,00070 0]*}«] TIDE 71938t 9]
FEA"Y AAEE Fat7] e v
A Aojopet gt
Z(Mohammed and Karam, 2003)< diffset©]
tlol e 18 325 A&-3sko] Bldclosed 35
THA dolE £8 A7 vluged]
7 ZE 3t 2 TAE T v
171 130 lE?<]n-r(eqU|vaIence class) 2= 70
FATHY $HL gAY E 2 ¢

2Yete] 2t ARPAES BP0

QL

Z o o f
et Jm o
L o

i = Jm

o

g =
oty oSt
N —]Pj

it & ™ ¥ kI oY orx
e, (R

_|
o
[
o
k)

[e)

o
(@]
=
=4
N 3
2k
= M

b} H.Ilo _l},
=
[
ol
lﬂ

o
hired]
o
e
=
AV o[,

E
%

I

¥0 1= o o2 ¥ mN
oo > Jm oo e

fr 4o
w,

o
CLOSET €1 ?4%3 FP-treeS AF&-3te] 0 FE7AS
AABEA] ¢kar Wk closed 5 3HS whAStHHan et al,
2004; Pei et al., 2000) I8y CLOSETS 27 dlo]EH| o]

2~(conditional database) & A& THo] Y7ok 31, sl E
WA o] o A5 | ]ENI o]0 FE A HE TA7}
ot} wa} 7|29 Gug)ZESo] Aotet Al LSS
S &A1Z] CLOSET+ ¢ 51?/]101 ThE] o] 428 A|7HERE o}
g} o] Aol dd e Bla S Fofwang et al.,
2003). 18]l closure 7'dS 1B Z ol -85t Wt
closed 2= €& &t CIoseGraph A Eo] A=A
THYan and Han, 2003).

5430115 T N o]/ dolE mold 7IHES] FH
3 dug|EEo] Z%]OPE]EI 4tk Bing et al.(1998)& A#12
7 ERE E?ﬁo}fﬁ ATrH olgt= AdS A
Tsay and Chien(2004)& :r”ﬁﬁ} 7S S&3te F2EH
&) AAFA S A ket ATk Hsu et al.(2003)2 £ E2S A
Asl7] Y8 ABTFA T FH dugEe] AES AT
E3k dlolH mlolyd 7S el 285t GellA 9 il
AR BgES a4 vhol ol digk A7t MeE 2tk
(Leeetal., 2001).

=

AV

[i{u:jil_l

3. Algkae ¢aE
31 ERYMH AE 2

311 713 4 &oj Y
TDB(Transaction DataBase) : EZ0 A A g o] Ejul] o] 2
ODB-1(Object DataBase-1) : TDBE ~7ate] Fujd&4=7} 2
o EMAMES © FAke 0.2 H B3 H|o]EH| o] &
ODB-2(Object DataBase-2) : HAAAEE 112}t ODB-1S
270g 39 dlo]Hulo] =

o .
=259 %

J
°—-—'



An Efficient Algorithm for Mining Frequent Closed Itemsets Using Transaction Link Structure

gt dlolgw o] 2~ FuletES47) ne
Rol =& glo]gH|o] ~
3

°
Tl B ES 2 FEHY

J ERYAS

o

7@41 Closed 3= ‘@

- TDBOA @ &5 3k ol thal], 15 X & st = E
AMAETS Aoz 3502 Solgle FEES 25 uj
9] dA4Z2 74 % FJEE o]9oE FEOR EE &

o] 9uhd 1 =3 tHié— Cl ( Iosed Itemset)E‘ri sttt &
3 kY FEES ¢
9] AT} HAAAE 1:} ELHL} 2o FCI(F equent
Closed Itemset)2}al F-Et}. 53] k7) 9] 555 2E=FCI
E k-FCIZ}aL 3}

F2. k-E=

- k-C19] F§}o|t} £3] closed &EH S 1w d3H
WA A4 Tz stk <Figure 1> EA
z9] o 7}k ¢} Utk

A o] 3, A< aH= A7) 519) 8= A 5

T AEE X Yol tha, X Tty o] Sl
TE]_E]' W, XE el sty sk aE
Aol et f&

Aol 4. Y=

[

o
o
o
N
=2,
o
o,
o T EN
wn g =
r12 Fl% X
oo
jﬁ N
oy Motk
ok ot
mlo -Il"j o
L o
2 o
of r
==
fch
.
%
SN
o
Y il
re € o fo
lo o

My o,

My

rQL' N

i
of
)
i
- i
]1?[_5
o

oxl

O

o o1
o
ﬂﬁl'

R e
3= 0
_?l_ﬂ
rJ
o
2

18523 X9} 71513 Yol disA], XDYo|H ¢
3} I, XNY=go]HA XYool H Bodxatad
o], XY= o| A Hj kA o] o,

313 ENAA A4

<Table 3> TDB&}al 319, TDBE 2743 9] ODB-1&
<Table 4>9} 2} HAA A== 10]2har 34k o 7)ol A] &4
AAE 18 A5 u)gth HaAA L7} 10]2E o] o3
oM AzF o2 ODB-13 ODB-27} 2t} <Table 4>5 &
Aste] EAAN AZ 127 K354 <Figure EEIEAE

32 7
DBetal

2 22 PHPEFE e ERAAS Bof & Blojnk

EdAD 4d 72 74 25 %f& EdASS HE A

2 F& adolth ERAA 928 722 AAshe ol
3]

245

A 1z e EE EdfAE AT} ALbE o] Sl
ERYA Aol le AF 1 ERA MY AR ot} o E

£9], ABC3-2 ABCEH= Ed A A o] AA| o] Euj o] 220 M3
W Ueths onjolt) ERAA Ad T2 o] &35t A
AAEE WEshe W closed F5HF-S A AL 5 9

gl lw| |-
>
<
wn
_|
pe)

Table 4. ODB-1 after scanning Database-2

TID Items Support

ACT

M TR

AMSR

SBlw ||
Rl

AMSTR

<Table 4>0]4] HA] ACTE ¢joiA EdlAA 912 20
ATh ACTE TlE5 7} 30| 22 3- 820 &3}r] E
A FE Lot 2d A ERAAQ MTRS 9ol 3-B2
o)) o]u] ¢Jo] 51 ACT 9} Wz}t o 714 W& ¢

Q= Aol g s, w3} tAdo] = ACT
SRl a};_ dk F EMW o %%7&_%?2}4741
FHEITH

[

F

A
Bk

2

< dt
X rhy 5' rlo F

of oot

mlo —1ov

—

o O rlo 2
g

}ﬂ'r&
—Ll

A

‘;M AR =7} o] v 74]”51

oy o
N
N, m
rlr
>
o
_|
1o
(m
%
2
r
gl
frr
—
©
i_.
<
_|
po]
L
[

21

A ERYLE ¢JolX 4-E50l ¥, o]n] EANAA
A Pz AYE T ERAMLA ACT, MTRY} 2 2 23}
oh AMSR¥} ACTE 1akstH 35385 0] HA| Akt
2 oJu7} gitk 22 AMSRT} MTRS wafat#
o] MRZA] 2L closed 3HE-F %] AA =T 3
F o] Bg 2-B-2d A3t MRS EAAA 4= AMSR
o] EAAA 41)¢ MTRY] EAAM 2)E T3 30] ok
a3 A2 A E 2-E29 MRS 71—:?‘%%@%% MTRZ}

st £ 2-B29 MRL 3-&

[0 ot g

of o}ﬂ
ook oft £
_ll'E] o_?_", 10
o 1



)]
S
D
ol

o kA A4S AMSTRE] EMAA 4= 10] A7FAMSR
< EWAA $71 271 A} 5, AMSR A4l 9] ERAA 4
(1)o AMSTRS] EdlA 451)E Hete Aotk ojwd=
AMSTR¥} ACTE W A3H=H 35350 ATEAN AAHE
7 282 AEly ERAM 4= 271 Ik ATE ACTY}
AZAZ} = AMSTRY} MTRS A E3tA ol B2 H A3}
I MTRE EAAA F2 204 3082 Z7MA71

o714 F & HEMTRZ o] v] AAE o] = MRS A5
Aoz EWAM £5 19 /M= otk MRS
MTRY] REAgto|mz AMSTRY wz mx}e F& §lo]
AMSTRS] EdAA & Hat7|vh ofd dnk &, 94 72
2 Wo| RHIFE WA 357t ZolEA HH AZH]
A= FHFEATY ERAXM Sk A e H o] et
HAS ENYMN A4 F22 TH3HE <Figure 1> 2t} o]
dA = & Wk Fojslz Widolgia spgPorz
<Figure 1>9] Z} B2 9l LE ERAAEL 2T Wit
closed &%) "tk Z 2-FCIE MR, ATo| 1L 3-FCIE
ACT, MTRo]H 4-FCI$} 5-FCI= 72} AMSR, AMSTRo|th
I-FCl= ERNAA A F2oA 78 4= gla ERAM AZ
T29] FCI9} W 1-8H5- 3 9e] AAT& vl aste] gk

EdAA A4 7z EAL EdA AT ERAA Abo] o

L 2 R W L 2 ) W

i rR

he

E

A2 et gol RHLSE wAshe 47t FolEte
Aolth EdYAM A4 FxE 0DB-29] ZE EdM AR
ofet EAAZEE) mtel o ghEojAe A2 EdA
A= T <Figure 1> gl= Aoz @ A4

WA A7) S EFHAAE ERATE <Figure 1> 4]
closed F=F o] HAAAE 15 WE3817] fEo]
A closed =5 gho] Hth ERAR A2 7271 94
A AT HEAA RS vpro] 74 A W closed
e e Ao] Solad:

i
noim F

u|

R

k

oy 0 orr oy
r2

Root

Closed itemsets

: ' 3 24— Block ID
AMSTR1 G~ AMSR2 ACTL . MR

Figure 1. Transaction link structure-1.

32 dagFe |

Aotste Larg]ES FCILINK(Frequent Closed ltemsets
using LINK) 2}l &}, 7 @A 2 Yo Zinh 3 |A) @A of
e ENRYA o EH o] ATDB)E 3 W 2705t 1-9H%
A3 AAEE AL} FAlo o 71 22 AT
QEARE O E F Y Hlo]EH|o|A0DB-1)E A st 7
EWAM ol M o] =59 AE 2 E5 ol o] EAA

m ok

A% -

oy
=
i

AES AEe Gl &4 8 2E oz M 7
FEo] & ERAHNELTID Fo 235 A3t EdA
A AA=E HHT: shhe] FEHE ol EF A
A= 151 dolgHlo] 25 e FAsA get
1-35 e 02 ofd G543 wAE s A7) Al
o] 35 G o2 o At wiRkA R RES oA S &
& 1- AT AAZE o] v] Alte] Ho 37] W&ol 312
344 et

u}2} ODB-1& Yef 011 TDBH.t} Hlo] EfHjo] 9] =
717} ZobA A 1, F012 TDBO| &S shvbvt 8
Aol B&4E Tg|al FufgEo] B ERWYHE] B
2 0% g9 A o|th ODB-1S 2735t HAA AR} 21
AANEE zhe 1S ATES AAsHEA FojeE 47} 22
ARE QExEo 2 A D3 o] DA wEo|Z Hlo]EfH|
©]27} ODB-2°|t}. 578 9] Ho|Eulo] = 2702 TDBE
o} glo]Eujo] 9] Z7]7} 2o} 0DB-2E AU & o] F014]
o2 270 A7ke] ZolET Ul & HolHE Qg HjEe F
stE WAEH7] 913 ODB-2E n-&=F 2 <n<N) tlo]EH|
o]~ F&sih

T A Aol M= 0DB-22 2705ke] 2o EAAA
S 3% E500 AYsted, FEES UEst JdH e
Lo ERAA F5 Aot i-BE(i>3) 02 952 EUA
AL AYFEHFOZA HA (i-k)-EF(1<k<i-2)9 7]E3
ST FEIES 2] A8l wAstaL v g Al o] &
£ gE 7|EE A Attt 1-35 43 vlo] Hul o]
28 WEA 7] W ol -85 A H A Fom wheta 2-
B207 9loj59 ENYREL wate] o] glok B3 2-
E59 ERYHL A2 Y] £ &35 2 ERAAAL T 1
2patA] et F ERAMA S vlwste] S 2 gAA o] H A
Asit), ALIAAE AZFP o2 ¥t wAe 35S
HAEAN T F5 o] o] | F-A| gt

559 AdFgELAF ol (i-1)-E59 7|EFEI T &A
A olw 7| EFEATT Q2 (i-k)-=5(2<k<i-2)9]
71EFEG e 3 HES AR ¥a AdAE BEV|EYE
HEEY ERYA 75 Q=] ESRAA 92 57
St} FEEE2 J oy SHHAXFAAE o] FA) Fat= B4
TAA I FEFEHES FFTHY A A=
S50 A1 A4 ERAA Fof 7| EFE T
EWAL FE it AHE FEFERTY ERYH =2
A & FFFEATS 71EF AT A48 0DB-29
EE ERAAS ERAA Q1 a2l Afedstar 2o b
HAEAAEE 95351 A] £at=closed 3 [ TS Al A Sk

dagFo] Fxat7] A, FHE k-FCI2<k<N)<} ¥l
uk1-3FE2 1S vl wale closure i3 o] Yul e RE B
1= S Adsta - i -85S 9 closed
FEFoZ Aty 5 Ui 1-85 17 A A =ef i
H k-FCI2<k<N)9 AA =7} 2o 7 Wk 1-g= Fgke



EJAR AF F2F o] §T T Closed FF3] 3 vlo]d ¢ F

Wk closed 3R go] & 4= QiTh At
EAAA do]Huwo| 2Rt} 277} &
o2 0DB-29) RE EWAMES closed 2R FO.
2 7b4 38k upo] Y dhtk <Figure 2>9)) A¢tsle L&Y
A7 EEE A Tk

TR

33 FA A4

<Table 5>¢} 2o] wlo]HH|o] 27} FolA Qi LA A=
=28k 7Hd 8k AL HAaAA B Bl Eo] opbd IR ARG
2, AA 10719 EAAA '6‘01]}‘1 27 o] EAA A
Hy st H <Table 552 3 W A705ke] o427}
ARE S EALoZ xg"gzz Zlo] <Table 6>l e}t
TFujgHEo] 2 EMAR L B35 &AM AAEE
u} <Table 5>°1 4 TID 33} 511 ERA ML 22 g
Tt Aol B <Table 6> 4= TID 4o 23 E A}
3t A =g 28k ¥ Aol &5 A B, C,ES I
Hol| F£A3F mMo] F Holghe o u|o]t) wlabA <Table 6>
011*1 TID Fol 257} gle A& AR =70l th
T8} <Table 5> <Table 6>0.2 W33l HA] 7} 812 9] 2]%]
T ALR <Table 7> 1- 35 A3 AAEE Yepd 2
ojth 1-FEH g AA T} BT AL B E <Table 6> =
RS gk s EWMANL TA A ZE=T) <Table
5>of| =& st ?%?‘& Mol G&E 22al 7o
Boll A WY 4= E<Table 6> 9]
A7]& ZAopitt. ODB-l% 228 a&7o Besr] 9
FEA tlol gl o] 22 FE3TE: <Table 6> 4= &

mlI.

r°"

to &t L rlo

OPO A b oxo B x

v

247
2S00 F9is 1 H 57 FY3 2714 e ug
2-3%-313% DB, 3 EX3% DB, 5-FE-%
DBE %33ttt ODB-1S tld o2 HAAAEE s}
upEd RS 1 g3k o] <Table 8>
ODB-20]t}

Table 5. TDB

TID Items

1 ACD
2 BCDF
3 ABCE
4 B E

5 ABCE
6 BCE
7 ACDE
8 DFI1JK
9 FIJKM
10 N

Table 6. ODB-1

TID Items

1 B E

2 ACD
3 BCE
4(2) ABCE
5 ACDE
6 BCDF
7 DFI1JK
8 FIJKM

Input : A transaction database and minimum support
Output : The complete sets of frequent closed itemsets
Method :
1. Scan TDB
1-1. Calculate the support of a 1-itemset

1-2. Generate a sorted database called ODB-1 in terms of transaction size

1-3. Remove infrequent 1-itemsets from ODB-1

1-4. Generate a re-sorted database ODB-2

1-5. Divide ODB-2 into n-itemset databases(2 <n <N)
2. Scan ODB-2

2-1. Insert the transactions of ODB-2 into corresponding blocks in the transaction link structure

2-2. Intersect an entering itemset with other existing itemsets

Case 1. Perfect inclusion relation
- Link transactions with each other

- Add the support of the entering itemset to the support of linked lower itemsets

Case 2. Imperfect inclusion relation
- Link the intersecting itemset to the existing itemset

- Calculate the support of the intersecting itemset by adding the support of the entering itemset to the support of

the existing itemset
2-3. Construct the transaction link structure
2-4. Find frequent closed k-itemsets(2 <k <N)

3. Find the frequent closed 1-itemsets by comparing the discovered k-FCI with the frequent 1-itemsets

4, Exit

Figure 2. The FCILINK algorithm.
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Table 7. The support of 1-itemsets

A | B|C|D]|E F | J K|{M]|N
4 5 6 4 5 3 2 2 2 1

Table 8. ODB-2
TID Items
1 BE
2 ACD
3 BCE
4(2) ABCE
5 ACDE
6 BCDF
7 F1JK
8 DFIJK
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Figure 3. Transaction link structure-2.
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1-FCI : B5, C6, D4, E5, F3

2-FCl : BE4, AC4, CE4, CD3, BC4, DF2
3-FCI : ACD2, BCE3, ACE3

4-FCI : ABCE2, FIUK2

Figure 4. Frequent closed itemsets.

Hldkclosed 1-3H2- 3 g2 <Figure 3>3} <Table 7> ARE-3}¢]
AA =9} LSFAAE FA]ol e shHA wAS) <Figure 3>
o]W closed &+ gto] <Table 7> SAF 1-FEHLES
B3 1;}0i THEA M2 AR oW 2 1-3E
W closed - A o] & &= Qi ol & S0, <Table 7>9
1114_7} 491d], <Figure 3>2] {AC4}$} AR =7} 27]

]-E@alo {A}“ B4}k closed 3 E@ﬂo] o].L]r/].

e
2

i-‘lNé""‘FIO—{EE_
'l‘fl'lia

{ACH)T 3 907 {A}S] AX ErkaThe A & 5 9
w3l AT a7} gl

A& NP- completei %‘E%?q 24 tH(Fabrizio et al., 2004).
Py o] BolXe darelEY £57t B oR REE



An Efficient Algorithm for Mining Frequent Closed Itemsets Using Transaction Link Structure

N

oy N
)
i

HZAATT W FO1 A5 o Be W
ol Wk N FEAYS) Ao) 7] 44 ¥
AR ZA B AR E

=
D

o oot
&&Fﬁ—ol—llﬂ_&ﬁ‘—lm f>
S B g Wb

2eh ]:o 1o
el ok 4y
fo o I N
of -
T
A fm
S
{r
=
2
R
N
)
=
R
oft
rir

T
x

A A7) 59 2T HolH el = B
A 7NN AR S %lt} B ERAA 2717 AR
Lﬁo%é}ﬁu Al 271 = A= BFe] A o=

o
>

=
FU

(I o O [ g% oot ]
H‘.Jz

N
N
b1
mlm
j

gl_,
=)
finj

o

g

O
o
1=
tilo
inss
fo
fu
o
v

% ASs
a”ne ka}ﬂ 3t ‘ﬂ‘?:_} closed f‘z}—!.iﬁ%@ FErojgta &

::Io(é) . zl—i < é}(i) . 21221213(2): 21 . 21: 0(22,)

Hbe] closure 7id& ARS-sto] et o] =5 b Ho
o] 7%-2'70¢] Bidtclosed = A TS /1A 5= QlTk o] AL
oie 212 =7H100% ) AT o] 517 ekt o] v 44
e AwTE 9 & B 2

Akshe duelZe) 452 W] AolkTale 991 2
419 A% 483G 488 £ 0otz x2ay

H =
1, A¥ & CPU 550MHz, W] 2g] 256MBE 7171 7
23 EHY M9 ?9} g&ol 5 Z7MAA B

249

i, HAAAEE vpre] 7HAX A Tk <Table 9>°ﬂ*1 T=
E%ﬂﬁéAﬂ?EUth%%%%JTﬂﬁD
A ejoleuo] 29 A ENYNE) 2 )
Table 9. Database characteristics
Database T | D
T201100D100K 20 100 100,000
T201100D10K 20 100 10,000
T1011000D100K 10 1,000 100,000
T31500D60K 3 500 60,000
T3120000D100K 20,000 100,000
T3140000D800K 40,000 800,000
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Figure 5. Scalability with the support threshold for dataset
T201100D100K.
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