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b BHEEOR THER S ok, 2L, SETM[4] &\ 5 SQL(Structured Query Language) Rk &
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XL TIE, 747 AOBRBEBFEE SR 2BV — LV Ot E , BfETF — 4 _—XEHE X7 A (RDBMS:
Relational DataBase Management System) Lo SQL % AV TEERBET B3 H B OV TR 3.
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Mining association rules with classification hierarchies
on a relational database management system
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Abstract

It has been the common practice to use a specialized mining engine to extract association rules, but
the engine comes with the problem of its high development cost and its portability. In response to
this problem, SETM[4], an algorithm programmable in SQL(Structured Query Language), is developed.
However, this algorithm does not take into consideration the hierarchical relations, and the quality of the
resulting rules are said to be unsatisfactory.

In this paper, we propose an algorithm that takes account of the hierarchical relations, and evaluate
its implementation method using the SQL on RDBMS(Relational DataBase Management System).
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1 EFL®Ic

a2 —FERDOELWRRICHEY, S
RYBTHRREBOT —F BT —FN—ABNE
nN3x3ichotk. L L, F—¥2EELET
T, HFRRABER - Z IR LRV, 728,
7 —F DERSIE, A ZABRKE L 2hid2 5%
CEBEAMICAETAZ LBBLIRS. EOLD,
BR2BOF —F 2HFELTNTH, T2 LHET
E T LTERATERV LV IRER LIE LI
EL Tz,

# T, F—¥~A =7 (data mining) DB R
BEBPEDHDE. ZhX, BIROBNTALIY
R ACHRRF —5 & ERFACLEL, 7—F 0
PIREb R TWEABE BETHHRETHS. Th
PEBRTBHEDIC, TAE Y X AREHv =0
TPV RED, e OFERERITORATNS. L
NLERATY IV, V7 MU =T HEBRPEFULIC
tattEm EDbOa R PRFEFICKREL, £
AR~ OB B RV,

B]E, KRBT —F_R—20FBRIBHRT — ¥
_R—ZFHEY X T 5 (RDBMS: Relational Database
Management System) T{THh 2 DR —RIKTH 5.
%7, % RDBMS 27 —# ~— 2 {EEREL L
T SQL(Structured Query Language) 2 £ &h T
WA, ZORREEL, T —F~v A=V TIHRO—45
BCh SN —N v = ZIZBL T, SETM[4]
L), SQLIZ X > TREFMEART VT U X bHE
RIhiz.

AH/XTIX, 2O SETM 2 RE XY, BIaRE%
ZET A LI VEHIh BV VOREOM EE
o7 £T, SQL 2 X > T#EA RDBMS L THEE
ERTHZLERRS.

Fm P R—ZFRY AT AP HEET —F 2=
VP ERTENE, e RFIABEERD. BT,
SQLIZLAERE TH 230 b, BVBHEENELN .
&Iz, RDBMS D357 RESHR, BEEFHL
B FAL T, HERER L FRICEDFIAET S
TERTEDB. ZhbiREoTC, F—F~vA=7
DORIABKELER D LB END.

2 HEEIL—ILOHE

F—b =S ORI, e 2RBITERE
nTW3. fiziEare=x AX M7 T, POS

VAT ALY IRERR - FE - BRESBRENE
WEEENTWS, ZOEEMLELNR DT —F
R—RZF— 22 A = T OERERBTAZ LI
X0, BREBOSH - AT — - WEDHRRE
NBHHTE S, HFLIEARY —URRBRINANL,
RE—VIZEDETHEMERET I LIZLY, R
Lo kE<ERMTEZES .

¥ —)V (association rule) iX, 7 —F <A =
ZTELNBRENRERO—OTH S, W2
LLTIE, (AU EeAZ—2BALEIR, B
TCEILLHAT S &b, [FHELOE, F
REBFOI—FBHVWEREFERIZLBEWN] &
WHHETH S.

Lo, ML —A ORBICRL S, F—F <A
=V TREXRRT - BAENRTH DD, EH
B2 R T ORI EL <, BILORWTAIT Y X
LDOFFERBED BN TN D,

2.1 MBEL—ILOEH

HEL—VERHET AROBNOERET AT A5
LS. LB, TV A —) T43) TF
HEENOK ] [(BREFOI—FRHVE) BT T
HhB.

LITC, TATFLADERI LN FUFIVa T —
FR—RD ERAOEY EHT 5.

I =
D =

{ilai27"'aim} (1)
{T1,T2,..., Tn} (T: CI) (2)

kEOTATADMAER, BS kDT AT 28
& (itemset) L FES. P TP I a T —F_—
ADBBERTHIVNIVFIVav T, 74T
LEATHD.

BB —VIE, RATRBRENB.

X=Y X, YCLXNY =4¢) (3)

FARBN — AT SHEBE (support), FE(EEE (confidence)
D 2ODNRT A—-FEED. ZOMEIC LY, LEBRF
e —nOREEENRESH S,

HEAL—L X =Y OXEE support(X = Y)
i, DABICHL X LY 2EEL NI UYS
avDEATHY, RKATRHLNS.

n({T: | ; 2 XUY})

support(X =Y) = n(D) (4
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ID | item large itemset | support
2000 | 1,2,3 {1} 75%
1000 | 1,3 = {2} 50%
4000 | 14 {3} 50%
5000 | 2,5,6 {1,3} 50%

(a)transaction DB (b)large itemset

# 1. N — R OB (BN XRFEE 50%)

7, Bl B confidence(X =Y) I%, D OHT
X 28BSV Frvarmdb, X &Y BT
I r v arDEETHY, RATRDL
ns. '

n({T; | T 2 XUYY)

n({T; | T: 2 X})

(5)

FBA— L OB L 1T, 2 FIC Lo THE
Stz B/NEEEE (minimum support) & BR/NEE
B (minimum confidence) ¥ 23 5 &£ TDON—IV
FRHIZETHD.

confidence(X =Y) =

2.2 BEIL—IILOHBNE
Z ORBEIRRD 2 BEOLETRD 5.

1. 3—U7 45 244 (large itemset: He/NSTRFE
RHRTBTAT AER) BT TRSITHT.

2. F—UT AT AEAND, BAEEELHRET
BN — VB EET D,

B, R1CRENB IV F I avT—F
A= RIRL T, B NHEEE 50%, B/ MBS EE 50% %
RETHL, RIM)CRENDF—VT AT LES
RRpbhdz iRy, FhbEEIILTROME
Br—n )

o 1=>3 (KX 50%, IEE 66.6%)
o 3= 1 (KEFE 50%, RIEE 100%)

RIS,

ML —VHHAED > 5, 5 2 BBV AE
NeTF =TT AT AERCHLTITHLETHY,
MBS, LrL, B 11BN F I
VF B R—ARGERBETAILETH LD, #
BICEVAEBEELELTD. 20D, B1E
BOWMBOHEIPEETHS.
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INSERT INTO Rj,
SELECT p.trans.id,p.items,...,p.itemg—1,q.item
FROM Ri.1 p, Be-1 ¢
WHERE g¢.trans._id = p.trans.id AND
pitemy = qitem; - AND

p.itemy—2 = q.itemp_2 AND
g.item > p.itemg—y

INSERT INTO Ci
SELECT p.item,...,p.itemi, COUNT(*)
FROM R, p
GROUP BY p.itemy, ..., pitems
HAVING COUNT(*) >: min_support

INSERT INTO Ry
SELECT p.trans.id, p.item;, ... p.itemy
FROM R, p,Ck g
WHERE p.item; = g.item1 AND

p.itemy, = q.itemy
ORDER BY p.trans.id,p.itemy,...,p.itemy

B 1: SETM o SQL &3

2.3 AEEL—-LHHE7ZLIYXA

1994 48, R.Agrawal HIZ &>T 77 Y% (Apri-
ori) ] &\, RN — VIO RN BR T VT
Y XAHBERENE (1] ZhEmicRe 2 HEEV—
N T AT Y X ABFR ST,

¥ 72 1995 %, Park, Chen, Yu {& DHP (Direct
Hashing and Pruning) &\ 5 FEZERL & (2]
T, Ny Ve BRIAT AL R LV ERT AT
LD (R A2) EBD &R, ELIZIF TS
L a v F—F R RN ERDFETHD.

Zhizw L, 1995 4, Maurice Houtsma, Arun
Swami ¥, [Set-oriented Mining for Association
Rules in Relational Databases] & V>3 &3L [4] ©
¢, SETM &5 RDBMS L TREWERRT V
FTYRXLERELE. 20 SQLEIALE 1ITFRT.

RDBMS ETiL, REENBZT—F XY v—ar
EFHSLROBEBRS RITHIEZ2 B2V, SETM T
RIEREN D PET —F Ri% (trans_id, itemy, ...,
item;) DY L— a OB TY— b LTRETS.
Zhizky, R SQLEREEBR L.

Fxix, 20 SETM i, BERFATAIY
AL THB YV aYaq vy OFAEIRICEEL



[Outerwear ] [ Shirts | ] [Tﬁkin Boots]
[ Jackets | [ SkiPants |

X 2: BEfEBROA

THZ LY, A RDBMS Lz BT b EA
BHBTONERTRTHSZ L R LE [3).

3 BSEEEERL =EEL—IL

Z DT, B - UL — L2 BAT
5. BERBRT—FR—ZABEZ ORI, 745
A RBHICOEL, BBOK L RVSAVHTOMH
BEL—NERRTZZLTHS (5]

3.1 WSKEE

IEEAEDORA, TATFT AR LT, BEHARS
# (taxonomy) BARETH 5. #lxiZ, M2D L H
ROBEEZDZLRHKD. ZOMBREEIL, &k
DEIRTEERLTVAS.

o [Jackets| I& lOuterwear] TH 3
e [Ski Pants] IZ [Quterwear] Tdh %
o [Outerwear] it Clothes] Th 3

#i 21X, Jackets & Hiking Boots, ¥ 7= Ski Pants
& Hiking Boots & FRHZE 5 AR EITHIE,
TOuterwear % B 5 Al Hiking Boots % B 5 #7123
HB] EVINL—ABHERENBES S5, Ll
285, [Outerwear = Hiking Boots] &\ —
NOFZFELE, TJackets = Hiking Boots] & [Ski
Pants = Hiking Boots] OXFEEOEFIZIZRE
72V, F#RIZ, Outerwear = Hiking Boots) 7%
EXMRA—NE o L Th, [Jackets = Hiking
Boots} & [Clothes = Hiking Boots] &5/ —
MATRRILU 2N 2835 20, M2 SIEpiE IR
NEEEE R R STV RN, BB IR RS
BRI IRVWERBRERHE16TH 5.

TID | BET A7 A

100 | Shirt

200 | Jacket, Hiking Boots
300 | Ski Pants, Hiking Boots
400 | Shoes

500 | Shoes

600 | Jacket

KL FFUF IV T—F_—RDH

TATIER XFFE |
{ Jacket } 33%
{ Outerwear } 50%
{ Clothes } 67%
{ Shoes } 33%
{ Hiking Boots } 33%
{ Footwear } 67%
{ Outerwear, Hiking Boots } | 33%
{ Clothes, Hiking Boots } 33%
{ Outerwear, Footwear } 33%
{ Clothes, Footwear } 33%

3 BNZFEINDBENDT—VT AT LEA

=) XRE | BIRE
Outerwear => Hiking Boots | 33% 67%
Outerwear => Footwear 33% 67%
Hiking Boots = Outerwear | 33% 100%
Hiking Boots = Clothes 33% 100%

£ 4 R/DREEBE 60%DF/ADRBEN—L DOBF

BIZIE, B2 CRENIOFRBIHLT NS
ProarF—F_—2 %2, B/XRHE 0%, &
IINEIEEE 0% 52 bl b T3, Z 0k, 55—
TATAEENRRK 3, HELV—ABER4L L RDON
5. TZ T, —n [ISki Pants = Hiking Boots
& [Jackets = Hiking Boots) RB/NERELER
LT3, [ Outerwear = Hiking Boots ) 3%
IEFEEHBRLTVWAIERSNE. 20k 5K
TFFONBERBEERT I LItk Y, #kizm
HTE Dol — 2T 22 L BTRERS.

3.2 EZDHE

T—F ORERBHBEN 2, BRLTWRWSS
775 M2IRENBIICHIRT AT AR
L HABEEE . KBTI, SEICBVNT—D
DT AT DEFHEORIZ L >THEL 2T, DAG
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FHEVNT—DOIRELDREAZFIATLIZ LITT 5.

p b c~DOER HIHEELLES, p % c OF
(parent) & FEQR, ¢ % p D F (child) & FES. ET,
HZih b o ~DRBREELESE, & % z 0%
8 (ancestor) & REL , FIRHC 5 % D F 5 (desen-
dant) L RET A, 2T, HIEBERL TWRWVWD
T, &=z LB LIFRV.

T €I THRITATAIZONT, bLzBR TV
FroarTREENTHAD, TREELTVD
7 AT ADEETHBEE, TH ¢ % 3XF (support)
THLEFETEZ. X CITHDXRHLT, XIZE
FNBRTCDTAT LR TIREFSHLTVWIER,
T X #XHTHLRHATD.

SERBYERL HEL—L B R (3) RERIT,

X=Y (X,YCcLXNnY =¢) (6)

LEHEINR. EEL,YRXOET AT
FhbDET B, .

NERB T EBLR2WEE L FRRIC, EELV—V
XK, RESEED 2 2D/3T A—F 2 EZRFKD. b
SyFErvarvEE DO, X LY BXRETS
RSB I ard ch TholuBe, HEL—V
X=2Y X DIRBWTC cDRIEERRLERT
3. %%, FSUFIVarEEDDOIB, XUY
REZTBEIIVF IV arvd sh THokBE,
WEAL—-V X =Y X DIZBNTs DEEEEFH
DEERTS.

4 WHSEEBEERL-EEL—IL
HHO RDBMS FTORIR

WAMEOEAIZRB SN S MBEL—VOEOR

LEeRARTHBN, T4 T LOBBERE T -

Yo vav7F—FEREL, BAEIZHL LS o7 —
2 EOET ALERD 57D, ABATITEICEL
+5. LoT, RERF—F2HERRIERTSHZ
LBEBETHS.

CRETI, BMAMBEEE L - EEL— Vi
T Y ZABNL OHRESN TS [5][8] 7, &
HTIIESREEERL LRV AR E
RDBMS L CHEBERTHFEORNEITS.

4.1 BEEET—42EL7LTUXLOSQL
E30)

BMEMELEATIDIT, 74T LORBER
FERLAEREBRTS. K5 OBBAOHI» LA
REh AEBEREOHEZE 6 IZTT.

BAKBLZE L THEAL— VBT U XA
# SQL TEHMRL 703413 ThHhD. NR 1 TH
BoESETEHLE R0V, BENERE Fxy
JLTCRER NI VT2V a v 2HIBLTWS. ¥
- AR DIERER B AT VT Y XL THE Y
LalaArEEIRETHS.

4.1.1 THEE

9, & TAXONOMY (anc,des) &, &7 47
Azell, FhicdTsE2Togl ¢ OMETTR
LTEE, 2hiklo THBEEBEREL THL.

(tazonomy.anc, tazonomy.des) = (z, £),

veel (7)

COEIL, BAHAHLOATEFIRITbRWEY, R
DAVT v I REERLTBL LEER R LT 3.

4.1.2 NRRA1TCONHE

PDdIZ, ] TAXONOMY & v ¥ ovarF—
HR—R SALES &#E&L, b Iv¥rvavogk
T AT AOHADERY L TR R, #ERT
3 LI TRBETREINSUF IV a VT —F R~
BRI NDHHR B, KIZ, Ry ERELTTA
FAOEEBE, C1 RIEELT B, B&IS, R & O
ERESTBREITI- T, AER IV IV a®
BWENI VPRIV a v F— I R—2 R
YERT B (R 4.1.3 %R 1).

4.1.3 KRR k(k>1) TORE

ETPOBIT, NRk — 1 THERESNT Re1 B
BB T Ry (id, item,, items, ..., itemy) ZER
F3. ZOB, TAT b itemy,items,...,itemidd
R (W EHBIRCHEMENDZ L2 RET I LT
Ty, MEEBRERRLOILTWS., i, FILLE
BRENBITY, €74 T ARFEEREZY—FLTH
MmEh 3.
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FIREZ, SNBSSV I a2 F ey
L, BEBHRE TAXONOMY BB L THEM L+
ROTAT2EmEL bFEOLOEBRETS. 2h
EEBELTVEORE4.1.3/5% kD 1-5%HD SQL
XIEEEND NOT INOXTHD. ZZT, HE
B OBIZONTHRET 5. To 2R

p = (p.id, p.itemq, p.items, . .., p.itemy,) (8)
q = (g.id, g.itemy, g.items, . .., q.itemy) (9)

EREEL,

r = (p.id,p.item,, p.items, ...,

p.itemy, q.itemy,) (10)

EERT 5B EEE XD, AL, ERENB LT
VI a B ENBT AT ADRTOMICEL
THREEREF =y 7 LRITNIZR B2V, LaL,
EFTRRE -1 TERENTE T HFZ7 g0
TRZMEEZERVWILIEEFEBTB L, pitem, ...
p,itemkwﬁeﬁ@%%ﬂ}:’_/w\“ﬂifry 7 OLERRN
TERHDB. KIZ,

pitem; = gitem; (1<i<k-1) (11)

EWIREEFIFBT B L, (pitemy, g.itemy),
(p.itemy, q.itemg), ..., (p.itemy_1,q.itemy) I
WTHF =y 7 DUBERRNZ EBGNS. Lo,
(p.itemy, q.itemy) O 1 T2 F oy ZFHIZ RV,

IHZ, Yb—va ViRt BRICT A T A%
V=P’ BRIEFCELC, BFEOT AT ARSLTT
RDT AT LDRIZKDZ L, 2EVE <z THS
Z EEBREETIUR, BT 1 o T e

D%, NA 1 LRKIZ R, EREBELTTAT A
DYEHE, C #IERT . BBIC, R, & G %
HRTOHBELL-C,RER IV IV a v iR
Wit hSUF I aF—F_—2 R 2 HcE
BT 5 (413 %R k).

EOFIEK 5, £ 6,7, 8, 9IZ5RT.

4.2 SRR LM

BED7rd Yy Xa%, B RDBMS i £2L T
FMEAT-7. BEER 4, 57T, FRALBE
{& Oracle version 7.3.2 % #A3IAA 72 SparcStation
20 (SuperSPARC 50MHz, 192MB) T, k F %2
g U 3000 4, BT AT A8010 1, AR
RO 50 KOV TFNTF —FR— 2 FRALI-.

/* PATH 1 */

- INSERT INTO R;

SELECT s.id, t.anc
FROM SALES s;

INSERT INTO R
SELECT DISTINCT s.id, t.anc
FROM SALES s, TAXONOMY t
WHERE s.item = t.des;

INSERT INTO C,;
SELECT p.item;, COUNT(*)
FROM R; p
GROUP BY p.item,
HAVING COUNT(*) > minimum_support;

INSERT INTO R
SELECT p.id, p.item,
FROM R} p,C1 ¢
WHERE p.item; = g.itemy;

/* PATH k */

INSERT INTO R;,
SELECT p.id,p.item, ..., p.items_1, q.itemy_1
FROM Ry-1 p,Rk-1 g
WHERE p.id = q.id
p.item; = g.item,

AND
AND

p.itemy—2 = q.itemp_2 AND
p-itemy_1 < g.itemi_1 AND
(p.itemi—1, g.itemi—;) NOT IN
(SELECT * FROM TAXONOMY ¢
WHERE t.anc = p.itemy—;AND
t.des = q.itemy_y
)i

INSERT INTO C;
SELECT p.itemy, ..., p.itemy,, COUNT(*)
FROM R}, p
GROUP BY p.item,, p.items, ..., p.itemy,
HAVING COUNT(*) > minimum_support;

INSERT INTO R;
SELECT p.id,p.item,...,p.itemy

FROM R}, p,Ci q
WHERE p.item; = g.item; AND

p.itemy = g.itemy, ;

X 3. g E ZB/ LT LT Y XA
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T3 | 5,13 4 6 T 112 7 1l
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relation SALES 6 8 T |49 T || 6|10
(i [ item 9 | 10 T |69 T, | 1] 4
: 9 | 11 Iy |49 T |16
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% 6: ML — L ORHOF (FIHIIREE) B
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Tid || & T 1]4]09
T 1 T 1 6 9
T 2 Cy T 419110
Loy 4 o | ont R T | 69|10
T, | 6 =3 Tid | & T, | 1] 46
T 7 2 1 i 1 Ty 1 4 9
|9 3l 7 || 4 ol 1]6]09
hoe 4| 3 T, || 6 Ts || 49|10
T | 12
T 1 5 1 T 9 )
Tz 3 6 || 2 T | 10 G
2 7 1 Ta 1 11 | 22 | ¢3 || cnt
oLl 8 | 1 T, | 4 114]6] 2
s o 3 T, || 6 1]6]10] 2
Tz 9 0] 2 . ||l 9
Y 1 1 T 4 R
Tz 14 12 1 T3 9 Tid 21 19 13 ]
T, || 4 181 Ts || 10 T 1]4]6
T | s 4] 1 T, |1]6)09
Ts 9 T, 1 4 9
Ts || 10 T, 1609
T3 13 R = ¢
£ 7. BNV ORBOP] (/32 1) % 9: AL —LOHIMOH (/22 3)
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# of transactions: 1000 - 3000
# of roots: 50
# of items; 10000

execute time{sec]

20 25 30
minimum support[%]

B 4: Be/NSTR BT XY 5 RATREF

minimum support: 2% - 10%
1800 | # of items: 10000 2%
# of roots; 50

execute time[sec]

number of transactions

5 RSP s e BT HYT BEITHER

EITREENT, BaRBEEZR L 2WEE LIZER
BOEERL T D, BNXFEENELT B L,
BB EITREEN BT 5. 7, BREmOER
BLMT 5. I F Iy va vERiox L TERTR
Bzl 5. 2o, b Frva v &
INK RN TN SRR TR HC B L T
WAR, ThidB/hXFEEMiET NI rva
¥ DEB RN D IRNDT, — RO KRBUET —
FR—ZGERTAHEACIEBEC 22w e Bb
nb.

5 fEim

RAFIBMRT — & ~— R BEY AT MIRL T,
SEEYZELEELV— VT AT Y XA E
L. HMARBEBBL RV VT Y XAITHA
T, B SR ERICRBTDEEOET RGN 2

W, BEEREERT ALY AERT—#
FHIBRL , BERT 2B REERL .

411X RDBMS DY FILEA T L 5y, /—F 4
Vg VBRI L 2ROSFIEERIC K D ERER R
L THFge & D TIT & 0.
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