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- An Algorithm for Cube-based Mining Association Rules and
Application to Database Marketing -
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Abstract

The problem of discovering association rules is an emerging research area, whose goal is to
extract significant patterns or interesting rules from large databases and several algorithms for
mining association rules have been applied to item-~oriented sales transaction databases. Data
warehouses and OLAP engines are expected to be widely available. OLAP and data mining are
complementary; both are important parts of exploiting data. Qur study shows that data cube
is an efficient structure for mining association rules. OLAP databases are expected to be a major
platform for data mining in the future. In this paper, we present an efficient and effective
algorithm for mining association rules using data cube. The algorithm can be applicable to enhance
the power of competitiveness of business organizations by providing rapid decision support and
efficient database marketing through customer segmentation. :
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Hony THEHA ol Bolw HolHEC MFL FEF AEE FEIA HAHI10L

Be HZ Bo AAAY £, FR4dAS gAY, A4FEIE T FHAT ¥
ofo] $&x1 o Z(feeling)E A (fact)Z AN F v THo & FHoz 94
H3o k. ol#d dioly vholdy 1ol 417 B(neural networks), ¥F(classification),
o 777 & (association rules), €2} ® (sequential pattern), &3 ¢ 12 & (genetic algorithms),
3 3Hclustering)%$ ol ACH3,11].
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dolg] vlold 71HE FolA P32 (association rules)& o Eo] A 2AA3A
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U, dhtel Abzde] T AMdE FAEtE AN T AR Asx#AE dehdy. shue]
EAYAE o8] QY FEES(tems)d JFPLE B ol EAYAEC] ue Mo
FoAHW, AFFAL ‘X=Yge FHz EdHY 974 X Y FEEY Aoy o
213 dBTAY guis XE X EYYMAE] Y £3 XgsE F o) Ao Fo|th

g B0 “FHE TYE 1Y FoA 0% nAo] AXE Fo] YT xE ‘B
T EJNAE FolA 5% HFe A9ZS 4 T ok e ARE T
. ArIM 90%E AlF Z(confidence)?t 33, 5%E A A E(support)Ztn HFEr} ABRFI
2 FAle AHEAVE AT HA2AAT H2AHE 2AS UFHsE EE ABRgHS
Fe EAot

= gge F 7k 3y A2 AEsggi4l

HAoAALE o]y AAEE e FEIFE(temsets) S e @A)
FEIAFE It EWAANEY] & duigdn. 7N 3

= € Wld(large or frequent) EFFojet 20, 1 oj9e 7

< vl (small) FEFFoleln o}

W GEAFES o) &5te FHAL PR E TAL. & S, ABCDY ABsF W%

3t

2) ®

FE3gold, “AHE=x2AE(ABCD)/A X E(AB)"S] H &L ANFoEHN “AB=CD'SF ¢ &
ABFHAL AYAZ 5 Uk vl “NFHE>HANE0)W 1 73 PFeh(strong) BB
Holgtm zun ALgadAE FAH AL/ & =z QAP (e] 72 & ABCDI} ¥
Wol7] YEo] HAXATE 7hE Rolt})

dlolg] wlold s A HANAE FAsty LHe OLAP(On-Line Analytical Processing)
£ dloJ8 FE(Data Cube)E °] &3l HEE Y3 A=A E435n dUdse 982 +
P, “‘tAd FEEN)FE g2 FJ¥ = = OLAPE OLTP(On-Line
Transaction Processing)d]l A€ = MEez 283 dolg ojst+2(Data Warehouse)
g A dolg HZ A F23 42 zYFolrtn Utk AHERE BRE BEASE
Al wjastrl g A ol vas I gEolA Fasiojop k. OLAP &700A At
|2 A¥sld RIME G’ 2Ise dAdA "oy disiyoez HrEg BME
[1,17].

AE S0, AY, 432, Adolge M Ade=E FAHY FEI e o, “MeAd
AN gztEo] BEe HAPsE B AN 2 AFolY 4d¥, A4, Hul, AFxol &
olgte /9] AhOo R olFol dolg FEIF FHE w, “Hvr} T4 30 FF L)
TLF FFAFAE ZF R U7 22 AFES ¥¥FHQU OLAPE A & = U

OLAPT HF AMEAZE thakd AR Ay HIshe uigyeoz HRE BHsn oArz
el &3t AFoZA, oo V&3 7/ A5 S AT Aol oA Holg nlo]
B A 199 AAEAE AAH ez AY3te HR 71N dHolE golstsx $An B
7HEel #AE FASHA wAdsa .
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AE7HA A373 TAL 24X %L sales transaction databasesE A2 17}
ES Fe DA 238 9531 vk wepA g g

2 W gugFolA AHEEE join® prune @A

=
2 o | 2
NS ERAST. £@ FE7(tem-oriented) ARFAEL LAWY WE) nAL &4
Abole] Amitd LA gol nAY HR(Gol, 48, Av] §)8 THse] TRPo R vloly
e BeE =BT
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DSS(Decision Support Systems)& FAo& 2oz X7 98 dolg dolss=
g0l THEHI AP, AR AE Tt fEANAT E(oo)E T wiolE deoidts
2o AFE dloHE Z33tn A, 8F AEHE dEXHY E2A OLAP £33 dHo)
B ulolyd Eo] FEuwm Jr}. E3 OLAPE sl diole] HdHel 23e dioje] FHE

A& B H1,2).

B oM e olv] RbEo7 dole FEE OLAPED otuzt d#ta wrd T o] §3)
T s e ANTD oA 2EA, 74:17}11': tiol® FE7F OLAPAI R /\}%5401 FAT
2 =8 $ERW ol A £4E Adoz e dojH FEE 043 HaAE
€ WEE MBEFE(Subcube)E BT TEel, AAHLR A EA Hag ARFHE
ofeld st} 1A A 25tE T dHolewe]=(DB) vtARAY €89 ¢ Eot
1371& ¢

@Tﬁrﬁa‘. A dEH] dngFeol Apriori & Folttd]. o] duFAA ALE3}
EdE vRez 5D dBuAs Fe A7 AYHAJAT 59 FFS nedsAY
5o Age Fe dadFEl MEHUCISIEL = FELY AW MoldE &4
& A7 F7149 Jde e dBHE Fohwrlx JA06,12]

Hole] wiold Eo] ulolEl Ale]g] e FE o FHE & ¥y, OLAPELS UWoHE
gaz2 £43td mz2A Fod gFsts Eolv2l I OLAPH dHoly mlold g &}
e Alagez Fstale AlE7ZF o)FoAm rHYl E# 7EY sAYE E5F o
o nAF(EE TV AFPDE W2 s waMass) PHABOIRAT 8FE 4ba}
L7 g BE F4e ¥z FAdo] ofd Ao Mo TANG(YAL mAL) o
g ATt asA HACHIL

2 ATE §8R 2o TN du. 29 ABFHT OLAPY t@ Ade 49,
3T B A7t Adse doly FRE ol§ste dVFAL BAsE FRAFL =
gth 4%e AAse LuAZE FEse] A shA BHAA AAE GRo Boh 5¥e

2 a7 ZES NEd

21 QBFH
I={iyig, oo im}E FE(tem)olzt Edle EAES IEHT 3kx}. De EdNNEY
FEolx Z+ EWFAL Te TCIA FEE AFolgtn stxt. & EAHAAN Fhste &
9 &2 A @72 hFdnh 19 44A FEE FHGtemset) S Xeh & w X

Told %‘1.1—1]/‘4 T7F X& EEsictetn B3l dBFEHL “X=Y"¢ g2 BAHR, o
714 XCI YCI 2 XNY=@°lth5,13].

% FH3E Dol e ERHAEY %7t Y BT EFFT Yod AnFH X=Y
EHYHES] Y DA MIAE & 72 Jokes Fojrf, Dol s EWMYAE
XUYE 2389 d373 X=2Ys EAQHEY A DA ARE s 7H1A 3 JY&L 9w
FrH4814]. HAXAE ol & ZE YEIAFZL W FEFF @k kil FEE=
olFold WY YRIYFE W k-EIPIY ok W -FRUYEY VUL L o
2, o]E A 98 IR k-FEIFEY IFFE CGEAR Uy FEIRHY o D}
Folg W, S#7E EAE A7 AAF HAAAZ(Minsup.)9 244 8 = (Minconf.)
ol4e] AAESG NIATE e RE UNY FEJIFEI A THE YHse Aol
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dnelFe A WA AYgeHe 0 -FFHFES AA] A& 23] RE 2R

AE goid 7 gEYER AE $E AdTG kk2)HA AFFEHE F A dAE 2

goh, wA, k-DHA Aol dAE W FEHFESA Lerol FE F5AFEL GE T
Q

AA717] 98 Agdd, dgez delguwolart HAMEY CGol e FEEL AR
AAE 3 HAANAEE UESHE Cbe] L2 Ayt

ol&l g Al#l(pass)e] AL WEHO Lik=217t 3] =W dndEe Furdg &
2HEAA 71F F83F BEL joinD prune T 7HA @AZ TR join GANNE, G
2 A7 Y8l Li*Lia(self-join) g AHg3t=d, d714 & dZ(concatenation) A4teltt.
prune @AM E, join dAlNA A" Crol e BE FEHAFE clceCol tidfl cof od
(k-1)-F-EAF0] Lol EAHA o 0 F1B c& AATA4]

2.3 OLAP

OLAP2lE= £o]+ 1993 E. F. Coddell 93] A& Al8€ &2 OLTPS 4dide
olty, OLTP Alz=®& Al dHolg7t 7185 Al&dog ‘Fd(What)dl 238& 25
gAH 7|de +9¢ AYsle wE, OLAP A" o)gA &3 dolHE gAlA%
gasts UL 9359 ‘H(Why)dl el gt5ojzlct. I OLAPE dolg 4lofst
(Data Warehousing)olgte 7@ 3 A@saA thad FEEAS daAdd g d4s &
ANA HAx dojsts2 dolgE BAste 718 71231 2oz Ay n UAoHL17)

oay 2de Yubd o ulolE] FEZ Bo] HIHEH, o A% A9 dHolg FEE
TFAstE F(Axis)oZ A4 F Jok. Z Fo HHo) Pt Aol AdFFo|H. 7 A
de FAsE FLIEE =T A8 UEAAAE FUHE A(Cell) EE A E5FE(Subcube)
2 sle dlelgl7t AREE FotH2,7]. BE 4aHY ol A$ AlFAH oz FdIHE o
#o0, Aoz FAHE UaY ELE diEE 4x9dA 83 oWyt dxtF o1l
<ag 1> E Yo, A}, AFo AT dolE FEG A Xdo] o]FE MEFEL 4
g 2dF3 2]
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Lol = 30CH
B = SIALR

s = A

count == 10

<29 1> HolE FH

B 2udze 298 dolHE /AT 3k Holy FEE qHoE HaAAEE uF
e RE WY AUFEE Y 7 ARFHAE “count’she AR YT olRe] AAE
o Ade WAFS J1E BE AYes FAY WY ARFRE HY 0% ARFEGD 8
A A WL quAne RE 2RARe Wl |



ArdF g e A A 23 A 543 2000 29 31

dg €9, 3344 Holg FEAME 349es olFojza iy MpFHEyL Ao 9w AeFd
o}, 82t wiolE] FEI} FojXW UL R o]FX RIY MBFEI Hg Bl HBRFE
7t @k
31715 & 8o 49

T2 HEg A8 H 3xd e s
LJ K e : 294 (Dimension)
iy, iz, 3 32, 00,k ke, e ¢ A48 E (Member =& Element)

A FEE FAEste A9 F
Cube(, J; K) : &9 1, J, K& 7+4% F18
Subcube(i, i, k) : ALZE { j, kB FAHF HEFE
101 939 4982 &, m: ] 3QyH)e ALYE 5
n: K AdEzE)Y AdYgE ¢, B AMEFEY AFUXmXn)
Minimum support(Minsup.) : F4XAX%E | Minimum confidence(Minconf.) : &A1 x
Dimension columns : 43 A Y&FE HH | Aggregate columns : HoJE 89 AW
a-MEFE  afe] AYEE FAHAY MEFE | a-FEAY : ale 927 e RERY
gk MBEFn  HLNAEE 953 MEFE
Ho B qEFe g A-EFE

(Folx dol8 Fro Ade] o & AFy AYoE ojFojxl qik B FH)
LS9l a-MEFEE A '

AR A 8 FF HolHE o]Fo Holy FEI e

=
= .
Ag W, 2 FRE &9 QawH EH 2 kT y £4(Market Basket Analysis)ol A A
¥ FE %O Z(item-oriented) AYVE TAHL FE Ux, nA9 £A4x mMo] LU FEL
2ol xYPeor FAY £ 9o, nAe ZA(customer-oriented)Ho 2 AYE o
T8 F= AT AXNIE nEF) dF oHllE F st <28 2>% <Y >
It
dimension b=
i columns { J=
N K, K=k,
| iy N
i : aggregate count = 10
. k, _
i K columns sum_age = 430
i, iy Iy iy ks sum_total = 1%
J
<Y 2> guksrst dioly {1 <Y 3> AEfFEe

BREI} Qe AN HEAAEE BEE A W% ARFRE 2
Zole 348 B2 neigt oY F A9 UrE /&S Fold deoly A2 A-A
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BEFEE FAAH FUAE HAAAES BFeA obd A9 4R fIsE Aot F,
dolg] FrRO A-HEFEE FolA &1* 2 A =
ol= Hul uWiw MEFEI e A7 He FHelth

321 o N A BFE(Maximal Large Subcube)E & & A& A4
1) dlole 7Bl FA=] Utk 7R g

= Set Cube(, ], K, -+ )
2) AXAAEE WHete MEFET JYdth. A7jde AT HLAXEE aggregate
columnsell 1E “count”$} ¥l 3}e] “count=Minsup.”$] *‘]Bﬁ'lﬂ_g e, Adgg gl A
BFBe 299 71 Fojd dolg Fre xde o Fow oy ¥E MEFEE F
o Wi quEFeet g
3) FHRA A 8l MBEFB dimension columns® aggregate columns®] W-EE HH H
o2 ez nlio] TN GAY S FBUAAT 424 o|deld AAAHeE & F glon
2 99 HolBgsE Rol FYdn YA FHRe FEII 8 HE dHolEolze &9F
*}%ﬂﬁ}.)

) H) A ABFES a-REATE BT Wdoth(a<A)E FAS AV (A-DA
°J°i FARE Y ARAEE REth oW A4S AAY RAs 4B BAET F A

wHoz A & gt A

@ AHEA7E g2 BY e e AdE dgstd AAE F Ag Aotk FE A
o] e ABRTH TAANANE BAHUE J“}a nEste YHOZA, (A-D7 HeE
o]2o]A HABFHES glaez A AAS YR 4L dis “count”E FAHSTH  wheb
{I=iy, J=i2, K=ka}7} Hdl 91 MEFE|n A A Kas B (I=i1, J=j,, K=all}9]
“count”E TiETh  {I=i;, J=iz, K=al}®l vlE I=i), J=joldA Ko tiside 28 (4%
2g madgdE FEoltd. ZZe Hd ¥y MBFEC s LS sy FaATIEA 1-
REAA7A of AL ¥t BEE T o F /) o]y AdE wie IHE st

o] e EA AAvtE AAF7 dF RE WML MEFEE FE Ut g3, AHEA EE
2 A} A A =} ‘T}E‘r/ﬂ ulolyd A7} @EtA B2 “Partial mining association rules"a]'"’ gttt
£ tgg wHe Hog 9 MRFE 4 dgisled AA bsd BE AHLE ndH3E

Rolch wef, {1—11, J=ie, K=ka}7b Hol 9% MERFEo|H A2 [ ], K- A& Xﬂﬂsﬂ 7t
N RE A% £8 g Rt Z, (=all J=j;, K=k, {I=i1, J=all, K=kd}, {I=is, J=jz,
K=all}¢] “count’& EF AAtsle 2-REJFS Fed 4749 FHd HY MEFH i
AAg A ZAAINBA I-FEIAFAA o] AR S BRI, mEpA o] WYL Fo
FrA FTE F£ Ye RE ¥ NBHFBE Fse AoEE “Full mining association
rules”8t o}

5) FHA HY AHFELHE L1ZA ABY ABFH LA FAo F§se VAEE
a3 2 ol A2ANAERT ZAY Zod Z¥ AnFHolgn @}

322 o v A= -?r‘ﬂ(Maximal Large Subcube)E& #& F 8l 4%

FHE Fro RE A-MEFEI FoiR HAAARE UFEHA R Ffelth o7
Me A 7 B3 & V\]““‘%
1) AHEA7F FAAAEE © 2 .

2) e e 49E 2 E WHoRA 99 321F-AM AE dxueE AN AA
dolth, xe A2AZTE gule AAER(HF, “‘count)F EdTE

lo
=
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3 Udx Uye AUgES AgstE Aojnh Z} AYE AYIEEEZ FAHH A9
Aol Wid AdEgE AFL AXNEE EoA Hed, oF “AdFTE Uy
(generalization)”2}x1 $ttl. o & £9o, Jolets el 20dh, 304, 40, 50w o 7jel A
AFEo 7 olFoA AriA 20~30W ¢}t 40~50t2 AFE F vtk F, AT E FE 4
Aol 2AR Fole Aot E AFE AHor 2= FVelM p g 1, st wtE AER
HA=r ALgEA 28 ANp, q), THA(r, s), PR, wetes Al A AYgFE22 o
gkgiA 4 gleh o2l dANtEE AMERFBEY FE R4 AL A2 & AFAbe]
o A@E AL 7tEEA g

4. o A

41 Al 1

<E 1>& HE z1°u FEAEFA B4 EAAL dloleuol 2otk Fl&el RupTY
EANY G279 BAS selste Aol ohue nAY £4¢ THY ABVAE sholy
sl 17 AEHE B DB Aol o883 Y nhAPE ddaele] Are] A& B

A g AT Y BE °ﬂ L83
<E 1> ERYM dlojgufo]x

ME [olg | Ad [ ol [ AZ | FEl [
1 TEL 52 D T
2 3?;]/\].5@_ 26 g | oo e
3 1}.0&]%7\} 45 r [P SO
4 Zeel 57 T PR .

9e) dlolE & obel <Y 4>t go] dlold FH P2 o%FH UL A
L

Ay e
< L L T

50~59 7 8 9 10
s
40~49 5 3 3 4
L+0l ;
30~39 6 4 B 7 _
s} XE
20~29 0 4 2 0
Zow oA HEax AN P

Al
<2¥ 4> AFA 3ake Eﬂolﬁi TE
Aok 22 P2 4x4X4=64719] HEFEIL FEEH A2

ARz HAXAAEE 3%E A3 300%0.03=9% oldold Wide] ©rk. <2y 4>9] 33
4 dol8 FRANE HAAAEOH)ET AAY 2 AALE e AHFEE0] 452
2 ol dAle A WL NEFEE RS F dE Arolnt. A AT NEJFEUNE FA
P dHol&2 vi FErt <E 2>o] U AL ALg F2AIIEA W 2-HEFHE
gohpzh AFE <E 3>oAM BHojgEo. AFHAM 32189 FnASY ) Aol os 1
1-HEFEE & dztx g, <E DA “all’d] dvie i Ade AFAHA A

F 149 & 30082t

I

dzriQmEix

g2g mastx REve Lotk & AAEst 2099 (FLY, 50~59, allle Aol BT
ol|A tol7} 50 nAL ddmlaid AFL ABUKEE AL THFHE Folh
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<#E 2> H4 gHol&-Fd AL MEFE(LS)
A 1 FFEY ] A L AddA L EAR ] e
L}o] 50~59 | 30~39 | 50~59 50~59 [ .-
FEA - T D o |
A A = 9 11 9 10§ e
<E 3> Wi 2-HBFBE(L)
A4 | 354 all Adgx | SALE | e
L} o] 50~59 | 30~39 all 50~59 | -
& all r D all | e
A A= 29 30 24 18 | oo

o] dAle o wviy MEFHE F&  dve FLddH, 257} 50%018 FoiRle
QAT de (FF Y, 50~59)={r}< 9/29=031(AFAx)olz {FAY, 50~59}={p}
10/18=056(56%)°ltt. 5 Wx A#dF A AIEGEER)IE Fold H2ANHAEGBO%)S st
22 713 AfFF o}

Auvt o2 AT FFE useful, trivial, inexplicable® W &ul[2], usefuld- 71&9)
AR 23 nEAAEA HE715% AROIL trivial® I Eokel A¢i® B o|n
gd#A A 7Aool inexplicabled FEou el AEgE olF Y Ado] Qe FAHE T
o, “oaleld 30dloltt"({ A ={30~39atER] “20tE o =bo]r}”({20~29) ={ 2} }) 9}
22 ABFHL FE(useful)d A&F o] ofuth v E Hldo|x A9 A7 e AR
A dujyl & FE oM Fsor sk T dA 29 oA 3dAE WY AqEFE
E = AP s, GAE N AEFRE ojfsld AT dABTFAL oiAHY &8
e ALHE BoFEo

42 4A 2

= ZAEn e JdEY £%E AYES dRE 9 JMYe 278 AEARES A
o £4, & 174 HRE 4Tt oY <a¥ 5> " AHY &£BE FAY A
W ARE a8 F& FRoL #9 dA 13 Z2& WHoE WY ABFEE FE F4
2o AL dEH s & vk wek {(TA A} =(AFI7 0% AHEE A
g et 2o WAte|HAM AFPg Folstes TANA “oF
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o,

U

]

ot
R
L

=

Wi D
rlo

ANAEe] ystE uuh, N 2 FEF9 BFNA A mA(IADANA FoiEg F UAEE 9
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fle] FrHI FEEFEE AUS TP 4l HPoE FARH Yod (A, &
AL RBE)>(ANEIE) EE (CD, B/‘J%ﬂE, 3 Abgl) = —gwag} o e AnfFHRo U &
= 12 Aol old AS, Aust dPolu YUEL BT LR TYUsE AAIA ANETL
= 71ge dAssAY A Joz BA&7=ER g CDE '1046}@ 23 F93L AFsE 5
ol vARS ¥ 4 Q. E, AEI= A, 2EF AA, d2E "eide A A9 st
ARFHE FH5te WAk Bel(Cross-Selling) & & = At '

43 A 3 ,
<y 6> FUE HIE Buste o= ofFFA A A HEE @2 dHoly #
Bolth, o} dlolg FEE FoAsirizte FE(tem)e LA ¥ 21 FES TUT
A

A5 Aoz (Y4E A BHEAH}. o] dHlojg FERE yiHdo
g (LA}, 2FAA AV (SRS 2 FFFHES TRAAGY, o)
AFHES 1l NESHE 53 Target Marketingdl 884 A&}
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=2 6 107 10 401 8
goga| 9% 7 375 2 A EIHA
BAE B BN B9

A

<a¥ 6> o]F 5 3lAlel HlolH Fx.
<:%} 6>9] HlolE FHo| “PEANR’c|BE nA) 4L TP 434Y FRE FA
of dmYEL AT, (LA 2TAA B, A= {(FFAR g AnFHo] LA
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71l @7 AL EHYH HojgHlo]2 g Yo g i,
OLAPE s%# tﬂ ol FERE 3,

& g 01% 3= duEES AANPY FHO A FHAA
7 2] B

-
)
O{N—?L‘

erlr;,

& R rlr
> O
> o
of

fo 9 o2
S
OL-}E‘J}L
:Nm"
lr Y

o i

Ju = ooy o
JE ox

lo ru we

Lt
o
o & @



36 FEH-ZAY . dlolE] FEE ol 4% Aud BA dudF

(1] =48], 2t x, OLAP Hl2¥ 24, SIGMA CONSULTING GROUP, SEOUL, 1999.

[2] Michael J. A. Berry, Gordon Linoff, Data Mining Techniques, WILEY, U.S.A., 1997.

[3] Pieter Adriaans and Dolf Zantinge, DATA_ MINING, Addison-Wesley, Harlow, UK,
1996.

[4] Agrawal, R., Srikant, R., Fast Algorithms for Mining Association Rules, In Proc. of the
20th Int’l Conference on Very Large Databases, Santiago, Chile, September 1994.

[5] D. Cheung, J. Han, V. Ng, and C. Y. Wong, Maintenance of Discovered Association
Rules in Large Databases: An Incremental Updating Technique, Proc. of 1996 Int’l Conf, on
Data Engineering (ICDE’'96), New Orleans, Louisiana, USA, Feb. 1996.

(6] Han, J., Gong, W. Yin, Y., Mining segment-wise periodic patterns in time-related
databases, In _Proc. 1998 Int. Conf. on Knowledge Discoverv and Data Mining(KDD'98),
New York City, NY, August 1998.

(7] Harinarayan, V., Rajaraman, A., Ullman, ], Implementing Data Cubes Efficiently, In
Proc. of ACM SIGMOD, pp. 205-216, Montreal, Canada, June 1996.

(8] J. Han and Y. Fu, Discovery of Multiple-Level Association Rules from Large
Databases, Proc. of 1995 Int'l Conf. on V arge D Bases (VILDB'95), Zurich,
Switzerland, pp. 420-431, Sep. 1995.

(9] J. Han, S. Chee, and J. Y. Chiang, Issues for On-Line Analytical Mining of Data
Warehouses, Proc. of 1998 SIGMOD'96 Workshop on Research Issues on Data Mining and
Knowledge Discoveryv(DMKD'98), Seattle, Washington, June, pp. 2:1-2:5, 1998.

{10] M. Klemettinen, H. Mannila, P. Ronkainen, H. Toivonen, and A. I. Verkamo, Finding
interesting rules from large sefs of discovered association rules, Proc. 3rd Int’l Conf. on
Information and Knowledge Management, Gaithersberg, Maryland, pp. 401-408, Nov. 1994.
[Ii] M. S. Chen, J. Han, and P. S. Yu, Data Mining: An Overview from a Database
Perspective, IEEE Transactions on Knowledge and Data Engineering, 8(6): 866-833, 1996.
[12] Ozden, B., Ramaswamy, S., Silberschatz, A., Cyclic Association Rules, In Proc. 1998
Int. Conf, Data Engineering(ICDE'98), pp. 412-421, Orlando, FL, Feb. 1998.

[13] R. Agrawal, T. Imielinski, and A. Swami, Mining Association Rules between Sets of
Items in Large Databases, Proc. of the ACM SIGMOD Int'l Conference on nagemen
Data, Washington D.C., pp. 207-216, May 1993.

{14] R. Srikant and R. Agrawal, Mining Generalized Association Rules, Proc, of the 21st
Int’] Conference on Very Large Databases, Zurich, Switzerland, Sep. 1995.

[15] R. Srikant and R. Agrawal, Mining Quantitative Association Rules in Large Relational
Tables, . of ACM SIGMOD Conference on Management of Data, Montreal, Canada,
June 1996.

[16] Srikant, R., Vu, Q., Agrawal, R., Mining Association Rules with Item Constraints,
Proc. of the 3rd Int'l Conference on Knowledge Discovery in Databases and Data Mining,
Newport Beach, California, August 1997.

[17] Theodoratos, D., Sellis, T., Data Warehouse Configuration, In Proc. of the 23th
International Conference on VI.DB, pp. 126-135, Athens, Greece, August 1997.




