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A Study on Selecting Bitmap Join Index to Speed up Complex Queries
in Relational Data Warehouses
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0 HEXessl=2X D 19D M1=(2012. 2)

.M B8

golg fojasas Be 7199 28 dolHES
ARs1, 719 B5L A4 23 A8 A A
dch. dolg slojdt$aEs 28 A7|vk(star schemas)t
Ax9Ed o] A7 vk(snowflake schemas)$t Z& #7
8 27|08 Argstd AF 299 Fo. @ 28 =
Fluke sbe] 2 AR elo] E(fact table)st ofE e} &
9 o] &(dimension table)SZ FAH L, A HolE
= F)(primary key)e A #olEe 9 7|(foreign
key)Z AAHT AQ HolB& A Holgd Haf A
Hoz Aow A9 Jdo|ESA Ferh 28 270
A Adolg 2e 23 A o|(star join queries)e 3t
e A HolBH o7 A ALY EHolEE Aol
0% go]2 2 (multi-table join)o] BasHch o F
st 7t 49 "o|8 & M& %4 (descriptive attribute)
o tig 3 A9 &of(multiple selection predicate)& %
i ok

dolg dlojats-2d dig Ao 719 &5 Ao A
A4 AYe 4% Rol7] W WE §F A%HE AR
g ghoF BE SPATE A% EeAQ HAHst 7Nl
Aod Fe Ast AT 2 § A7l bl H2de
HA3 7149 Beyol gFHm gon, BFstn Aol
wo| Agl oA 24 A4 oo diH] At EE
Holz Aas 2eld A (physical design) 7ol B3}
A HcH1) £§ dolg flolag2dA Ao 4y 7t
4 288 Foje st A HolEd g4 A AU H
o|2 Apole] zslojth, = AL HA A% 7|EE
o =7 WE2 FZ(non-redundant structure)$} F& TE
(redundant structure)2 WF glok H]FE FE 7|HoR
= nested loop, sort merge join, hash join 7I'§ F°l Tt
HZE FzE 29 HolEd V7L A¥HL T 712
gol& Abo)e] zQlQl Age] xEHolth AT dHolH
dojatg-2ole AgstA grke wdel o2l A §
(materialized view)t} %<1 1d2(join index) 2 F%
2zE o Ho]BE Ato]d] 2 4% woltd £&A
oji dolg dolatg2e AdxE HAHssied HRY
NgoltH3). AT, FB F2E AF 993 FARFY
27140 u]go] Wasrte wAol Atk wA HA3
712e dolg slojstszold @ & glon oF AR
Ado] Adgre] Fgolth, AY2rE HolE FEE EE
Az tatd A9 & & 9l7] B e HH3 7Y
s 4% € & Aok

weA, B =2oAE dolg fojsts2 At A
£ #1237 915 Az gae 7)&sE, dolErtel
Y 7] e o]8% HEY 2 Q429 ddd FHS F
1 71eaaR g =29 FAL 13 A8 o, 23
A BadTE delg fojstg2dA AgHE dgs
ol el st A, vEY 2 A92g [qo

g vloj el 23 WY FEYYH FP-4% ¢ndE<
gate} uly F2AHL s P distd 71, ¥

@ F B eRold Agse WY IR A4
9|3 eFP-Tree® 27)8h 330X oAl HolE HES
olgate] 29 Ao APA A2 Hge| FAR st
of A9tz 4o E B =R Adse d92 FR
we FE2AE Adste IndFS Adzyd fE ¥E
9 2ol uxg AY gneFEe 274 o F 58N
Akt agdEs o ATE A% B 7jdd
A3 BES A9 oA Y 63004 Fed FF ATE
71edn.

2, #g oY

2.1 tiolgf flofjsteAc YA T

golg goiats2ol tE Qg2 g Hol¥ A=
(single-table index)$} ©% #lo]& <€ 2(multiple-table
index)2 Y & Atk B9 HolE g2t 3 Hol
ol & 7} EE Y SASE Ao d¥2oy dF
gol& Qdak T /| EE 1 olAd Hojgd BT
. 9 F 259 ddzd Fie AFez doH 9
o ro WF-22EAY2(value-list index), HIEY
old) A (bitmap index), Z2#4 <192 (projection index),
HlE &#to]2 919 A(bit-sliced index), 2 AH=(join
index), MERM %< e 2(bitmap join index) T& AA
a3 IoH4-6).

WE- g AE Q¥A[4)E F¥ E(valance tree) TES}
9% A7)(mapping scheme)3 Zo] F FEo2 FAHE.
gy Az EgTFze 9 ksd FRHA A92 €
oo BEEEL 7tk WP 2Yde F FRN AT
ALY, s 72 #9% 24 7] gl AFE ridrow
identifie) 52 745 R, F WALt vEY AY2E AHE
o, vEY AdrE 7 &4 Fattribute value)dl thato]
Sud AdEe, 72 daceig shie HEE B3t
A9 d=cst 2 $4 &e 23 Jed 18 o™ 09
WE e AFsd vEY d¥gsE o 2 (column)d
e e shridelEl(low cardinality) & e ZF A&
&1] Boolean @AM (and, or, not)} count AHAE e
Aololo] ELHoITH6]. otz (2¥ 1)& employee HolE
o) A (gender) A0 B HEY Agxe] 4F HojF
i ok

zzAA AdA[lE ol (2Y 2% 2o Holgy
A3 ddrd FAFE A 5, A9 @ BHE <
g gohd 89 HolBolA ridel &A%t dAse HH
(g2 AY)e e AUz AR FAE o X
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TS OIOIE fl0jsiRA0 SET 2o HMel =2 SHE 210 HIEY ol oldA M) 28t 957 3

1 101 kim male 25 prod 1 1 0
2 102 lee male 22 prod 2 i 0
3 103 schn female 32 sale 3 0 1
4 104 mun female 35 sale 4 0 1 .
5 105 kang male 41 research 5 1 0
6 106 noh female 47 research 6 0 1
7 107 choi male 33 account 7 1 0
employee table bitmap index on gender
(33 1) gender ZEol Mo HIEY Qlb|A
1 101 kim male 25 prod 25
2 102 lee male 22 prod 22
3 103 sohn female 32 sale 32
4 104 mun female 35 sale 5
5 105 kang male a1 research 41
6 106 noh female 47 research 47
7 107 choi male 33 account 33
employee table project index on age
(33 2) age ZO| Holel =2HM oldA
HE &glola Qdxb]es Zz448 da | HY9 29 Y2 AEAQ dolguo] 2o Fo] BEEoH,

7] & HE REZ WAL o HE e 2ZER
Agso Q922 g 30 53 gAY JF ANE 3
ed #8384 ¢85y =3, Fe2H € dolge HE
& Ay H& Heel i A9 e g 42 F&2
2o o g3Ho|q. ot (1Y 3)2 A4 e~ g
employee E|o|E2] Uo|(age) B oj HE Filo]x
Qg e o8& BAFa gt
ZQ QA6 F /e FHOHE Alelg 2
vE] Y% ’q"]ﬂr =9 gg2re = & %"ﬁ
T 9 HolEEZ =93x, 2 F 9 He
< Z24E @ @347]' g =9
olBEERRY uIHE

nlin_L. r&
o o rx

Bt %l
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FEES #Zod AEE
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7]
A
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Aol H

olF #AR doly doj3t¢29 gF HolE £ ddgx
2 3D 848 oy dojstg29 A HojEd
g HEY 29 A2 A Holgd 2UAY A4
o1& Y9 ZH 712FHAH TS

HEY 22 Jdd2E gF HolE £ ddzoln dlo]
g flojsty2olA Eol AL HE HEY ddie =9 ¥
§2 Fo7] fAdte] $4% ddzoln, volg gojshe2
g 2& B9 A dojuA &= 874 Ao vE
P =29 A9EE A HolE9 7 rido] WA AZHE
A ol 7]E7] ghe HEWY QY2 JH=E FHS
g HEY 29 Addae oAy wde FuH2A B
o] Huj, oA ude P2 A4 Ho| L9 rid 22Eoln

id | ... | age dept age bn-1| .. | b5 | b4 | b3 | b2 | bl | bO
1 25 prod 25 0 0j1]1]0]0]0O
2 22 prod 22 0 011]0]1]1f0
3 32 sale 32 0 110]J]0]J]0)]0]| O
4 35 sale C:> 35 E:> 0 1100} 0 1 1
5 41 research 41 0 1(10]1]0)]0]1
6 47 research 47 0 16111} 1la
7 33 account 33 0 1({0]0]0)]O0][1

employee table bit-sliced index on age

(32l 3) age ZEol| HoE HIE g2jo|2 yA



4 FEME=Z=2X D H19-DH H1=(2012. 2)

orderers orders Bitmap join index on prodsite
1 11 ft | male | seoul 1 11 | 101 | 1001 | 10 1 1 0 0
2 12 | ggg | male | seoul 2 11 | 102 [1001]| 20 2 1 0 0
3 13 iii | female | busan 3 11 | 104 [ 1002 30 3 0 1 0
4 14 ii | female | busan 4 12 | 105 | 1003 | 40 4 0 0 1
5 15 I | male | daegu 5 12 | 107 [ 1003 | so0 5 1 0 0
6 12 | 103 [ 1004 | 60 6 0 1 0

7 13 | 106 [ 1005 | 70 7 0 0 1

stores 8 13 | 101 [ 1005 | =0 8 1 0 0
fid | sid | name |address| space 9 13 102 | 1002 | 90 9 1 0 0
1 1001 a3a seoul | large 10 14 103 1003 100 10 0 1 0
2 1002 bbb busan | small 11 14 104 1003 110 11 0 1 0
3 | 1003 | ccc | daegu |medium 12 14 | 105 [ 1004 | 120 12 0 0 1
4 | 1004 | ddd | daejon | large 13 15 | 106 | 1004 | 130 13 0 0 1
5 | 1005 | eee | suwon | small 14 15 | 107 | 1005 [ 140 14 1 0 0
15 15 | 101 | 1001 | 150 15 1 0 0

16 11 [ 102 [ 1002 | 160 16 1 0 0

items 17 11 103 1002 170 17 0 1 0
nid iid | name | price 18 12 104 | 1003 | 180 18 1] 1 0
1 101 | mmm | 1000 | seoul 19 12 | 105 [ 1003 [ 100 19 0 0 1
2 102 | non | 900 | seoul 20 13 | 106 [ 1004 [ 200 20 0 0 1
3 103 | ooo | 1200 | busan 21 13 | 107 | 1004 | 210 21 1 0 0
4 104 | ppp | 2300 | busan 22 14 | 101 [ 1005 | 220 22 1 0 0
5 105 | qaq | 1500 | daegu 23 14 | 102 [ 1005 | 230 23 1 0 0
6 106 | sss | 2600 | daegu 24 15 | 103 [ 1001 | 240 24 0 1 0
7 107 | tt | 3200 | seoul 25 15 | 104 [ 1001 [ 250 25 0 1 0

(38 4) HIEY

d& A "ol 7|E &4 gro] drh wef, ol )
dolA it do] HAsHe FEe] 12 AFHo| glon 1
Ao #AFste A Hol &9 § HI=s 2AdTE 9
uloln, zt 3} do| Ztz A HolEH A HolEY
oL 3= fgHEeAd dF HFro|/|E &} o
(28 )& A9 HolE(orderers, stores, items)¥ A}
o] E-(orders) 7+9] H|EY] %9] oldlx9 & HoZET)

22 H|EY =9l olejAo| ME

£ =204 BHE 7R E HEY 29 Adxe] AL
d& Ro|7] Y8t (2¥ 49 FAY dolg o2
9] A Hlo| £ orders, 2+ Elo] ¥ orderers, items, stores
of ofdl (2 59 #& AAYTE EF3}E OLAP 29
ol& A&z g}

SELECT Count(*)

FROM orders od, items it

WHERE it.prodsite = 'seoul’ and ititid = od.itid;
(3% 5) Count &8 EE&Sk= OLAP Eo

9 (2d 5% Zo] dlolg flojshe-2 BAA g A
85 OLAP AYoME £ Adto] W3t A€
olfE £UAL A EHlojE 71E J19 A HolES] 9
g 71§ F WP FYdrt. dojE Hojsh¢ B4
A A Hlol B3t A4 HolEe] 27]7F vj¢ =2 2

Aelu]go] v Ach =g OLAP Ad: B4 A9
g A= g8t AATFE WA AHE T ol F
AAZTE A HolEd A4 HeolE 7he] 2 Fo A
gHoAH, A 4 g A% AH HolEd gl
£ F4 ol gk "gA § (29 59 ZFool& A3t
871 fl8lM items9] prodsite £Adel thE AR HolE
orders$} A+ EHo]E items Alol9) oi_idxEe H|EY Z9
A 2E ofef (¥ 6)3F Zol AT,

CREATE BITMAP INDEX oi_idx
ON orders(items.prodsite)
FROM orders od, items it
WHERE od.itid = it.itid;

(2! 6) bitmap join index(oi__jdx)2l AAd

919 A4 WFole Ade] A (2¥ 59 items.
prodsited] g HER 22 Qldxr} M4, o] Ay
(2 5)9 Aol AYPsA Aol HH7|:= items
orders& Z3HA ¥, (2% 6)9 HEY 2 Ag2g
AH8-8te] prodsite7} ‘seoul’ & YEM = ZHol #2E = H
Eqg A3 weA, (29 59 2 e A3A ¥
Efl 2 AYAE ASE A% o Z&A] doE AL
RelZa g,

471 dAeINE 7Had OLAP Fog Bidh 3w,
dlole glojdte2os ulg- B HolHZ AFHER 9



A CIOIE, R0istRA0 SES Zolg Mel 28 oS 2T HIEY Zol 2ldA MED)

MEARL A% BFsn BAAQ doE9 AHeg s
22 dolge H2s ook gk webA dolg fojst=
oM AlgAte] 87E W2A HYF F Qdojof o= F
2% 9uE 7X 2 o 53], dHolg o2 #7d
A S A HWEHA AHEEE JARS € Q1L 7R
Aol #A Akl AMe(select), ZEAE(project) A4tHE
22 29 Hgo] ZDE o|F HIF QY2 M| AFE
of ¢ 23 dlojE dlojshe-29 AY AKFARF, &
) 873 dolM aFHAHQ F9 AHYE Astd A¥x Y
S A5Hog Adse A £§ F2F o7t Hz I
(7. @AY dolg dojsts29 Arle A AlzdoA o
g 719 ZYPL e B HolEE FAHY ofF W
o QdAE ME O HolEe ZIPo2REH Hodr.
71E Add2 dFE dd gHolE Ad9x Mg g Ao
2ol oF HolE Add2 He o] iy 2 ¢ H
= A77F ULH8l

£ dFdAE g5 HolE 92 Hgd 4L 7ML
o diE d3E 083 2 94 F gAE o8stn
k. A WA BAE FR £459 A4, F HA ¢
AdA agy dudF 2 A8 Z2ad49) danEFH 2
& FE2Y duFE AHLEY HF A9x FAHE AY
e Zolt HF Hdsold ddx e FHL U9
A ¥R &40 B HE FYES AAs] A%
7} A7) (pruning) SAll &Es T 7] B dgx F
B g el A A 7|8 4% guEFe 2 SQL Server
e Fo47 92 F4H9 +58E 2As7] Hsto H
A3l v|4 FA7E AEsE e gnUFE AT
ATHIL A, A7) 7€ 4FEY FAL dYx HY 7
AN FR £49 F5 71 @o] AHEGE Aol
o HIos olF A A% SHoz 93 HUFE
AR olgdtn YA wlold HAAA 7R A7|(EY
8 5 AARS F71 AA3} Fu]gHA AL 7}
A gt o]F MAEI] St B =ReMe HEY =
ol Qld2g Meg Fy uly FE(F| Y4} Fu
E4E F97] 91§ FP-AZ(FP-Growth) &igF7|iHe]
g4 i gHEz(extended Frequent Pattern Tree,
eFP-Tree)& ©|83t4] dlelgjrte]y 3t Wi g A¢gtch

23 H|EY oldlA Meyg 9|3 o|o|e{ojold HHY

A% Eiy, 2 - inte AZ 02 mAl 559 A8 (set)
olt}, 2 Zojo AlLEE HolE9 #HH(column)o]w,
& (attribute)S 97| 3hch 53 Flitemset) X& AT 1
o] FERF(subset)d] FEES EYoln, XcIE v
. X9 Z(FEA5)E KileEtd K-35 8elz fok

& E°] X=liy, i, D)2} FE9] 57t 30|22 3-FE
Agto] €t EWRAM do] € W] o] 2(Transaction Database)
TDB=(T), Ty, * To}E EWAAHES] Aol 24 EdA
A Tie 3% 125 A4 F589 F£A%e £
1 gt FERF X9 AAE(support) Ee TANE
(occurrences frequency)= TDBolA 3EFF XE ¥ 3}

e

s o1 5

1 9E ERYAY AF(supp(X)E Lo wg HE o
o]y TDBe| Uehd o8 FEJE X9 AAx7t F47
H2: AAE YARMmEG IAAY ZE Hgdg g
(supp(X)=m)ol2t 3lo, ol2g FEIEE WL FEJ§
olgt gt o wlodelA 5 AMgshs Wl T &
ye F dAAE #3E /X3 e Aprion ¢ FY
T3 vlo]doti10].

Apriori €12FE n¥A FEIF0] n+19A FEZIE
S s A% dagsiE APHE s HIUSE AHS
gl Apriori ¢3125e k-3E5ATe] 9% WA AL
A =Ho ol Aol EEaF FR HfEE Bol] A
Ag 2ok olle AAE FE FEAFE FolA wiE g
ER3E zolhyy] Y v AFHoZ diFe EWAAHM
& 2ol sER £t =@ F #8HA RFAeH
A%x 2 FFAe] dF FAZ AZHUAT ol HF FH
£A49 A7]E Fol7] A 2@ HEg FEFH(Closed
Frequent Itemset)® o] ¥1% 323 $H(Maximal Frequent
Itemsets)& ©| 8@ 7}X|X17]2 FP-Tree& ©|4% FP-4%
A7 A3 ATH11,12].

23 i g5 FEIAFEY AAE FH &4
glo] A9 FHL AL Utk 23 FZAFo|F &
3% X9 ERFFE0| o= Ak X9 AF3| L AA
E FHEEE A @e A4S 53 Xv 29dddx
Aolata ACHI3] wef FEF7e] 288l a3 AR X7}
H2AAEmEDG ZAY Zod 1 FEIFL Nd 29
FEZgolet g}, wd 27 FEIPEL FEHE 99
THEY AR E AAsE o fFdsic) et d@wE X
Yol EAlsta, X7t X'9 FEAFel2 Y7h Y'o FEAF
o2 d# 73 X'>Y'o] EAsEA FF FHE o
F AAxe} A ert FYshd, A# 73 X-YE TR
g}, ol 2% wef uid 93l FEFFE w3 A4
of AHEHE 1Y FEHE FHE5E AA4HA g=vh o
o] A WY FEAFPE F oW A 18 IFE =
A% 22 FYF AAE JLEE 712 5 g7 WE
o R Hg ¥ FEIFES @FUuEs Ao, o¢
Ze Wy se Ay FEAF AAE viojdd F g g
2% 54T AAEE 2t FEATE EF Zeol AA
gof ste AdFHAFY o g3 Adg FE A9 dHS
Bolx 9t}

Ao EJAH dlojEuo]2E F Wik =
Yeg Fohil= FP-A4%F dxnesEs 53 &
FP-TreeS 4%4 Wyoz gasto vy F2AJES
Aste Weldh & =&elMe FP-47 7lute] &3 wd
3¢ E&](extended Frequent Pattern Tree, eFP-Tree)E ©|
£3to] HY FR OFEIFS AAstE WEE g
eFP-Treet: T3} o] 7]& 1 745 ) ofgf <X
1> TDBE A% I={a, b, ¢, d, ¢, f, g, h}%} Zo] 879 &5&
54 F oY ERHA(FA)ER TAH Aok wid FF
< 2 AAE dAMm)E H53= FE(supp(X)=3) 9|
o 29 i FEEE dHAE AEE 5500



6 FEAMel=2=2X 0 A19-DA M1=2012. 2)

(& 1) OlA| E2iMM G]0[E{H|0|2(TDB)

1 abecde abcde dacbe
2 acd acd dac

3 abdfg abd dab

4 becde becde dcbe
5 abd abd dab

6 bedfh bed deb

7 abcg abe ach

8 acde acde dace
9 acdh acd : dac

eFP-Treet FP-Tree® 443l #A43 43tk 19
U EgE FA5a e ==& FP-Treest #o|E Bt}
eFP-Treed == 74L& #5937 <T, K, RO F@€0h
4714 Tie T ¥5L ¥Fgsin g EAHN YzE
5, A9 Y2E(T), Ty TS Yvists eFP-Tree A4
4 F g g2 xsd 7SE0 K AMEHo B A9
Hol&e ofe7|st F7] £49 42 & A 5ol o)
Eq 21 92 MdoMe AAY 50 €tk RE K
o} A3 WAE /A E 5L gujEi AAE FEoE
7t=ojo} fith. eFP-Tree®] dAlE (29 7)3% 2o, A
T 32 7|1F02 <E 1>9 494 TDBEHEH A=
eFP-Tree =+ AMEE A9 AR 7] £4 Ay, 719 4
#e $4 PREZ FAST Q7] YFol HEY =2 Qg
29 Fy £48 JAsicd o ERAA Yo|Euo| 28
e 2% a7t gide 43& 7K1 gl

o]d A+ CLOSE ¢x2&(13]e 23 WY 3L
sk ¥ F9 dhvol, Apriori ¥xe|E3 Zo] 5
A A Siske g dsle 95 AIYPE AHgE

root
Item header d<12345689>
table evenpnd
d |- 2<123589>
k12,r12r31
=
C c<1289>
322
b —
be<l>
e |~ k13,k22.r32.042
e<l>
r23

b<3,5>
k13,r32,r42

CLOSET¢} CLOSET+ %12 F{14]& FP-TreeE o] 4%
4 Ez gasjve] FP-4% ¢nzEE AHgwch ¥
old daglFo] dlolf mlolgd HF& sy AF
3 71eolAT W dolg AES @ A= YA
d g A3 e FEIF ALY e 2o

3. 71 979 HEY =9l elyA ME| BEHH

EY 2 duxe dolg dojsts2dA A4 8
83} oj2) 719 AQ HolBE e AL AN Re
HuZEE HuA st =5 o Y 717 ohd 2
Holgsl 4489 halA Bo€ct. AL wol¥ D9 .
Y 2 Y2 & & e 4 AZd A92E DAR
Ehd 4 9lov, WHERE 2889 DA 0 3’9 o] -
. &714 ok HAAWA(, < >, <=, >=DE T
A={A;, Az ... AJIA AS HIEY 2 Q92F A%
d2d Fu 489 YPoloy, & 189 S48
£ HEY 2 929 F5d AsE 210 20 9.
F54 k=49 4% 15719 992 7Hs47t 7. ok
A vEY 2 AUa 5 $E kol 98 NHFEA.
2 ke AE ¢ 47 A ¥ 24 PN 9
o ¥ YEAFEY vEY 2 Ad2d AFE 27
o] gt A2 FEF k=4 3§ 2532768471 €t ¢
Be 49 23 Fu $4 ARAA vED 29 dY2
% EE $25¢ Udsd 9 £ flon 7 Fa
HEY 2 Qux A9 v]gg FAFHo2 AMYTHE
€ dolg slojsex FRME E/hsR dolk
A 499 Agze BEAUA A A9 A g
HagsEe AU A5 HolEe £48 Ropd A
£ o] ey 29 Ad2 PE R FAG,

a<?>
31

c<l>
k1
c<4,6>
k21,22

b<7>
bh<4,6> L k22,32
k22,r42

| e<d>
"l s A= -
r23

(38! 7) oflA| TDBS| eFP-Tree



DAY CIOIE Y0isIRAL S&S Aol Mol =8 HAS U UIEYW T pieA MEjo] st B3F 7

HEY 29 AddA Mg A= &3 Zo] AR F
et dlolg glojdhe-2dM A4 HeolE ¥ D=,
D; .. D3t AH HolE F, 28la ZYoE9 Y
Q={Q, @ ... Qu}, AF £F AY Atdo] SY W HEY
Z9 gdA Ad BAle] B RE 5 FEH S4E
9 ug ANdd FE AY FoM AZ £F A% ARE
gtEsEA Aol A v & Hisse HEY =¢U ¢
g2o AYE FE Aotk oA A ZAHe=
HEW %9 ddgxg Mess AL UYx 7t A4S
o A% AZ disjoint 21Fo2 e Aoy g =
E 7158 $48Y 2RES AMSA @ T £4 1
59 PEIFL ANFe2ZN dHolg wmlo]ge] 7]z
e AT 2y olEF WHEE dsH Ze
T 7N F2 APz At AgHA ¥z, o
yag £4 AFE Yehles AEsw asdd F7H4
o2 B =RoAE & ddx HY A3E A7) A
fEs oz HESgt usA ¢gn HolE 27|, 74
FE9 =7, g3 sojx g 27] 5& AH3T

HEW zol oldxol gy FHE F4dE [8]9 A+
HEF F FAHE Hol7l sl F /e A HolE
CHANNELSS} CUSTOMERS# #hi}e] AMA Ho]& SALES
2 FAY 28 27|vke] YRES A2 fct Z HolE9
FidelEle] /e ISALES|=16260336, ICHANNELS|=5,
ICUSTOMERS|=500000] i o} ¥lWid}A AgHe HF o
A JRe] Aol o} (2¥ 8)3 Zth

ol (2 8)9 AoloME t&H 2L H4o] He
8% F /9 2 94L ¥ & § o 1 ¥ S
ofgfs} 2ol +¥ + Stk

Ji ¢ SALES M CUSTOMERS cost of J; = 16260336 x
50000
J2 : SALES M CHANNELS cost of J» = 16260336 x 5

ad&dtA 9 5, RelA A Helge JddzlE F
(CUSTOMERS : 50000 instance, CHANNELS :@ 5
instance)T+g HlwatE T Jio] LRt Eoe A& ¢ F
ot tgez Hy 349 HA4LAAL YAAE minsupzt
81, AF HOE 30] FoHL o WY AFE J|WoE
&= (819 AT #HAHOZE channel_desc £4E AHE3}
o] CHANNELS$} SALESe] HEY =21 d92E A3
= Aoz 7]1&89d 94714 minsups] Z$E Aol
ALRE &49 ud 71FEE Uit £ g £44
cust_gender®] 7$ ®l 3147} 20|tk 2 E 2 minsup?
39] ol mAA £t v wwsy] wEe] SALESS
CUSTOMERS A}ele] H|E®] z¢l oldgjA2& #ts]A] &
on 1 Az L] HH3 & Aot H Wi o]
g dooA wg £4E oz e A A2
o] AurAQ Ao AR AF :A Yol AT A 4
o] §71% g EAMEL AFsy] A £ =RoME
HZE A9~ Add glo] HolE9 27|, FEY 7], H2
3 o]z 27| 59 vhEFE ngse, HEY =
g2 Ado] glo] ¥ Fha) Qo AEE A% FE &
Aol £8 H43 sed 548 Fu Utk

4. eFP-Treell 0|28t HIEW =@l QI A9 MY

B =Rt AAAA 29 A v 4 A2} 2
EZA AYzAE wEae vEY 2 92§ Adg
7] §iste], 71&9] A9x e HI PARAAM duHe
2 71gsz e $Ee Fndeg g g2 dAE 1
gdch A WA, eFP-TreeE o83t dd2 7H5d Fi
£4¢ A4S, F AA, Ad29 AF 74} vEY =
A QY2E AP, 7142 AdA A9d 3o 7
Hol&el A7, {FE A7), d&3 #HolAY A7 F&
sz nefdc gy, 2ndFd A2¢ §71 Aisk]

Group by S.channel_id

Group by S.channel_id

Group by S.channel_id

Group by S.cust_id

Group by S.cust_id

(1) Select S.channel_id, sum(S.quantity_sold) from SALES S, CHANNELS Ch
Where S.channel_id = Ch.channel_id and Ch.channel_desc = ‘Internet’

(2) Select S.channel_id, sum(S.quantity_sold) from SALES S, CHANNELS Ch
Where S.channel_id = Ch.channel_id and Ch.channel_desc = ‘Catalog’

(3) Select S.channel_id, sum(S.quantity_sold) from SALES S, CHANNELS Ch
Where S.channel_id = Ch.channel_id and Ch.channel_desc = Partners’

(4) Select S.cust_id, avg(S.quantity_sold) from SALES S, CUSTOMER C
Where S.cust_id = C.cust_id and C.cust gender = ‘M’

(5) Select Scust_id, avg(S.quantity_sold) from SALES S, CUSTOMER C
Where S.cust id = C.cust_id and C.cust gender = 'F

(28 8) RIS M¥sks Mg HFT Folof
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A4 HolEE9 AL (D), Dy ... D), A HIOJES F,
[ITIIE delg T siddale AR(T : fact table,
dimension table), LTS Hlo|& T FZ Ze], [TIE Hlo|
£ T7F 982 s a3 Helx Fg o9 [T=(ITl
X LT) / P2 Jepd F glen, o714 P& ta3 wo]x]
2718 ¢@

41 gletst &8 HEEF MM

HEQ 22 Ad2E AR HolE3 A4 HolE Abod
717 obd A9l HelEY £A4d 7z AL, 2
3Nl FEAf e A4 HelE 7] £4 T A Ho|
29 9#7] B& TS Je FHEe RE YEEL 4
Asta, 2 g 717} ofd £4E R 7] $4ES B
2t e ASE 717t obd £HEEY FH £402 F
gt olgl o] 23l WY FEFES ARH HEY
Z4! QA7) ghEojxz] YEE T A4 dAdA 2
2 HFH £49 37§ F4F¥ olgF 7] £A3% 77t
old £4& Fdsle ® & AA FYHHe Fasiy
Adg Ny FEIFE FAA 7] £4E 71 FEIIT
& AARGE AL AFAHY Q92 Fu FEIF] 23
g & 471 vk Apriori e|[15]0] oj3td whefo] 353
o] Hlwsld 2R BE FRFA[E 9G4 ulgsopst @
Z, #53%el 71 $4¢ 7HAA ddd 23 & 2s}
BEE 5L 7 £4& 1R 538 939
#AE 7ML 7] WEN FR SAHAA AAFjoF &
o @2, 9 doMe & =RdA Adste FP-4%
714ke] eFP-TreeE o|g3le] Wi FEAPESS A4sin
olFeA 7 £43 dfd FEAYFS AAse PHE 7]
&3tnA gt

g <E 1> oA TDBoIA ¥l 53%e] EgatA ol
4g ZAHlattice) T2 okl (2 9 Zeon H4
el 9] B&EAH (dab, deb, cble 71 £4& 71 FEIE
(key attribute itemsets, KAi)o|t}.

9 (2¥ 99A KAigk ¢4 EgaAel de F=53%
& {db, abloln] HMe| BlgoE EAFHT FHAH AAE
t 5ol 717t obd FE3F(non key attribute

fr 2

itemsets, nKAi) {da, dc, ac, ce, de}= 7] £43 ¢4 =%
A4 QA g FEIYeIt nKAIE KAI #5383
A #AE Frtst FR AN AAY dige] €
. FEATES dF BAE Frsrl st AA
(border)E o|-§31%cH15]. KAidlA {dcb)e <E 2>¢ 2
o] {chist M2 EFFAA A7l W B2 dddA A
=1 7] &4 Fo| B7t dide] He FE5HY KAi={dab,
ch}7} ®ch

(B 27| &3 S| EUYM 2|2E

dab 3 Ty, Ty Ts

dch 3 Ty, Ta, Te

cb 4 Ty, Ty, Te, Tr
4

dab 3 T, T3 Ts

cb 4 Ty, T4, Te, T

(E 3 KAI%H nKAI2| E3iM HIE TiH H|o]&

kij KAi [Ty | T2| Ts|Ts|Ts| Te| T7| Ta| To supp(k)
ki| dab | 1 1 1 =)
k2| cb 1 1 1 | ¥ 4
1 |nKAi | Ty | T2 | Ts| Ta| Ts| Te | T7 | Ts | To | supp(r)
n| da 1111 1 111 6
| de 1|1 1 1 11 6
3| ac 111 1111 5
ry| ce 1 1 1 3
r5) de |1 1 1 3

7101 B4 8 KAi% nKAI 23S ¥83tx gle
EYUAHE HE sfHog FHF HolEL <X I 2o
9, k= KAig §5el8 7] £4& 714 35348 9
gk 94714 i KAiY 249 k9 &deld, j& k7t
¥Pstn Qe FE g ouigd dF E° ke FFE
KAi={dab, cb}e] R WA 82 k(abd)olM F HA F5&

(23 9) Yy SSHE AR



DAE GIOIE 0istRA0 &S Folo Ml 8 Sa2 S HIEY T2 oIsA MEjQ| 2ts!

st A kp={b}7} ©r}. = nKAig #F5AFIH, i
£ nKAi9 19 £9eld, j& A% 7t T Ae #FF
cHE ou|itt. & 59 »9 4%+ nKAi={da, de, ac,
ce, de}e] ¥ WA 24 kido)lM F HA FE5E Jv|d
I A3 kp={c}7} B4

7] £4 F23 4@ FAd de FEFIRY AAE A
8to] KAi={dab, cb}ell ¥t B7} impact #& 73t 2 2
3 FoA H4 impact & FolA #HF FEL AATH
[16]. %714 impact &< KA ¥#31 3lE nKAif] A
AEE A8 HEA(weight) S 73 F FEEY 7154
A ez 78 & don, 715AE KAI% nKAio] dd
A AAEE A7 et KAig AA FREES K
2 832, win)e 2 nenKAil® 72 ¥4 impacts
I(T, ky) = Zwr)sk 2o] A & Atk 94714 Tie 7]
&4 2 k& ¥sta g EAHAL o sMFAE
AA ZAAE AAHE ARAE ga|A thA] Aitse
ek 7FFA ol o3 impact Ftol 2E5F nKAI &4
ol JasHn AA 2 FBo| ¥ KAl HE ot
[16]1¢] @FIA impact &S T37] $1%¥ nKAI FEIE r
9 7}FA(win)e oke] = 2s|A T3z

if Psupp(r)=(m+1) then // m(#F4& AAZ A7)
w(r)=supp(r)-Psupp(r)+1 / (supp(r)-m);

if 0<Psupp(r)<m then
w(r)=n+m-Psupp(r); // 0<n<co(n : 99 & AF)

o714 AAE TDBIA nKAi¢l FE5HE rd AAEE
supp(r)el®, 4% Az F< TDBE PTDBo|#3}1,
Psupp(r)= PTDBS A|AEo|t}. impact gtoll &g Fx &
A FEAT AL AT GnPdFL ofd (€ 107 2o

9 <& 3>9 KAi, nKAi ¥|E A€ Heol&d (29 10)
o] ¢uFL ol g3 AA FFo= KAio A HA 7
A FEARQ (dab}E A2 H &4 gt

@ 71 £4 k9 #5 k(dab) e EFsle EHA g2
EE 3@ A% T, Ts Ts ook
@ 7z T n S2EE T3

Tiimrr st T3:n Tsin

Algorithm for Candidate Attribute Itemsets(eFP-Tree)

Input :
TDB : Transaction Database;
m : Minimal Support Threshold;
KAi : Key Attribute emsets;

CA : Candidate Attributes;
Method :
Compute FIS and FIS transaction list
Compute KAi, nKAi transaction list;
Compute border itemset of KA, nKAj;
for each X,€KAi do
Compute nKAilk and wii)) where nenkAilk;

Initialize C(C is the set of removing candidate of X);

until(supp(r)<m) do
Find u=(T, %) such that I(u)=Min {Iu)jueCk
Update C=C- {TX[T=Ti;
Update w(r) where nenkailk;
end
end
Update database TDB;
Cutput CA;

(3% 10) ¥2 &8 2SEE 4y €025

® & nEd 71FA wh)g AR ¥, 59 4 52

impact I(T;, ky) & Al4tgd

i) 7154 wn)g 78t
- W(rl:(da6))=(6-6+1)/(6-3)=1/3
- Wi(r2:(dc:6))=(6-6+1)/(6-3)=1/3
- W(r3:(ach))=(5-5+1)/(5-3)=1/2
- Wi(r4::(ce:3))=n+3-3=n
- W(r5:(de'3))=n+3-3=n

i) 7154 win) 2%E #2389 impact I(T; ki)

T3t
- I(T1, d)==w(da)+w(dc)+w(de)=1/3+1/3+n
- I(T1, a)==w(da)+w(ac)=1/3+1/2
- I(T1, b)== null
- I(T3, d)==w(da)=1/3
- I(T3, a)==w(da)=1/3
- I(T3, b)== null
- I(T5, d)==w(da)=1/3
- I(T5, a)==w(da)=1/3

- I(T5, b)== null

| WABR |
k| kA [ [ T2 T3 T4 T6.| 77 | T8 | 19 [supp(®)
K| dab | 1 1 b | 3
k| b 1 1 1|1 4
ij | nKAi | TL | T2 | T3 | T4 6 [ 77 [ 18 | ™ | supp(r) [Psupplr)
| da 1 [1]1 1] 1 6 5
2 | de 5l I sl 1 1 1] a 6 5
3 ac 1 1 E 1 1 1 5 4
M| ce 1 1 = ! 3
B | de | 1 1 | Wienes | 1 3

(38 1) g5 A W ot ¥ didE dn



10 B=2X2/ES=2X D H19-DA AZ(2012. 2)

@ @9 impact I(T;, ky) 23 FIAM 7k 2H& 1Ty, d),
I(Ts, a), I(Ts, d), I(Ts, a)5 3 S A€

® Impact @°] Y& A $E $4 EJHRA a7 2
Ae Ao At EPHN A 2NAA 2L
A% 02 kel AT} & AL, E O e BFge
EJFH eAdz A4 A AgeNs EAA
Aol A77h adA R FE kel AAxs &
I(Ts, )& AAE F3%d

® T4 d& A% F 7154 wn)E £33z, EH
AR dolgHo] 28 $A%,

@ KAi® AAZ7E dAG obf7t 2 wW7x OFE ut
B 984,

42 Mz|e[& HYz=Hof me ol o My

HF HEY 29 JA¥2E Adsr] 93 449 F2
£A4(CAIEE 4% 3 H(context matrix)& AMEFT) A3
YL Aooj59 AT Q={Q, Q ..Qu}TH VY= 53
£459 AT A=A, A ... AJOERE FAR 43
P A P2 FAoojgg Yehln AP L $HEE Jg
dict, Aoo] AHgE &40 HEFR 1& EFS 2 9= 0
9 goz HEET & dAA AAF dojg HEE o]
3t} Z}zte] HolE 7ldEE]2  |ICUSTOMERS| =
500000, [ISALES|| = 1626033, [[CHANNELS|| = 5, Z Ho]
& FE9 =Z7]2 LCUSTOMERS = 24, LSALES = 36,
LCHANNELS = 24, tj2=39] Ho]A 4& P = 65536°|t}.
ol <E 4>9 4% dF FA4E 44 ] 3o (2
8)e] AojojoA AT £HES YS 2ol AW
SALES.cust_id:A;, CUSTOMERS.cust_id:A;, CUSTOMERS.
cust_gender:A;, CHANNELS .channel_id:As, SALES.channel
_id:As, CHANNELS.channel_desc:As. A1, Az, As, AsollA A
gd £4& 9 HeolEY 7] £A4E0H A At 7 H
o] BelA 717} ehd &4 Eelt,

CE ) Zooj| mE s 8

53 Al A2 A3 Ad A5 A6
a9

Q1 0 0 0 1 1 1

Q2 0 0 0 1 1 1

Q3 0 0 0 1 1 1

Q4 1 1 1 0 0 0

Qb 1 1 1 0 0 0
support 2 2 2 3 3 3

2 =fdAMe HEY £ d929 A9 EAA B4
e €071 A% [81317]9 CLOSE ¥x2Fe 74
8t sBJl(selecting Bitmap Join Index) ¥2FE& AU
o HEY 2 9z HE FAle] g4 FHE Fo)7)
AgA 54 A nfitX)E ol 2ol At

nfit(X)=(suppiXIIDill + suppXIIDyll ..... + suppmXIIDll) / m

q71A, X FE £$49 9% 2500, me XA
717 obd £A4E9 JAF, Dl 7171 ok $4 AE 2
A4l Holge F&E9 AF, suppiv £4 A9 AA el
minsup7t #6182 ), nminfit(minimal fitness number):
ofzig} Zo] Ho| AAtsit}

nminfit = minsup X (I[Dill+/IDall ... IDall) / m

%o <E £ A% gA=EE F A9 C=(A, A,
Az}, Co={Ay As, Agtt 22 disjoint FEAF o] AAHL})
minsupZt 3% AS @3] [8le =F wWozs Ad
AHESHE £49 HY AEE dARSER 87 dEd Gt
Melo] 5ojA Ag(channel_desc)el]l 3+ v]E® =9 9ld)
27F A4 Ev, CHANNELS €lo]£2] channel desc %ol
w24 CHANNELS H|o]£€¢] #Z2=53} SALES Ho] &9
YIREEo] 2AHE Rolt)

£ =8dME disjoint EAY FoA 717} ofd £4
of tisliA Heol&e 7], FEY A7), g2 Ho|A] A7)
9 viA¥FE neEstd AR @ nfitX)E A4S,
Fo|Z minsupel i@ FS AMNG F g 2 slE A
Aol HPYE wdsic § Y FEAJGC, CoA
APA & ofit(X)9 & olet go] 78 & YUtk

CiollM 717} obd £4& A; dhto]7] ujio

nfit(Cy) = (supp(As) X IDsll) / 1 = 2 X 50000 = 100000
ColAM 717} obd £42 Ag shelr] wlEol

nfit(Cy) = (supp(As) X IIDel) /1 =3X5=15

a2x, {4 AAE minsup?t 3¢ ZF nminfits
nminfit = minsup X (IDyll + [IDall .... + |IDgll) / m
= 3 X (/ICUSTOMERS|| + |ICHANNELSII) / 2
=3 X (50000 + 5) / 2 = 750075

£ =844t ug g2 2 Je Al Algke] siAESs
& A43 4%2 nminfiti o} A3ss 232 407 o
Fol 23wk 2% Clo AL HEY =9 gld¥x
&4 o AEsyd HAHILE Fr

43 Mtz=o| e s|EY =ol oA Me| 2ma|E(sBlY

HEY 2 A929 HF T 93] AT A=
o33 2. 414 HEY 29 d929 HF T4
de® F2 £4 CAE UEU% HF T4E 9% SBII
gaelFd e 45 () ALY dole P AL Hol
B2 7AE 28 279 2) 299E9 I, Q={Q, Q
o Qu), Q) CA 1 R SHEY A, D S: AF 8% A
o A Folth sB]l ¢nelEF CAY & FAo disfA
Bod v EY AY2E 7HA 2 AFF CAd £ £4
£9 e 47 §7] Wi Hg Ae e



LA CIOIE Hosie20 S&E 2o M2l =8 g

FE 7HAE £4¢ A dHH $4oz Hddan o
AminZt BTk CAY £4EE 159 74 §4 #s9d /5
oM egawoz APt g dndFe AY &
F Ak AHgS st Aojo] A H|Ee] #ATt b
3 B¢ CA9 o £4& A4y 2719 £4 +4 A
g wBzxoz AYPAL &4 FA AR EEAHL
Z2A317) 9i3te] Aol Hoeg AYPF o d23a HolA
A2 AF(F, 429 &S Adse AzE v 2
(new COST, nCOST)E AH&3lch =3 H]§ Rde HE
W 29 ddxd gad AF L£FT ALIT. gA
nCOST #<9] gt Ae| vl &(query cost)9} AF &F H]
$(storage cost) #E9 Zgelt ol (2¥ 12)& HEHY
ZQ Y2 Hddg A% Bl ¢uFe F8
&3t Qi

D o

o
=

222 7|

Algorithm for Bitmap Join Index Selection(sBJI)

S-CA : Sort Candidate Attribute /* ascending sort */
Q : Query(TDB)
S : Storage

outBll : selected Bitmap Join Index
Remark :
Bl : a bitmap join index defined on attribute A,
Size(BJl)) : storage cost required for Bllx
begin
SCA = SORT(call eFP-Tree);
outConfig = Bllmn
§:= S - Size(Bllua);
SCA : = SCA - Apin
WHILE (Size{outB)]) < S) DO
FOR each next element A, in SCA Do
TF(nCOSTIQ,(outBIIUBII,] < nCOST[Q outBJT])
AND (Size{outBJIUBJL,) < S) THEN
outBJl := outBJIUBIL;
Size{outBJ]) := Size{outBJ]) + Size(BJL.);
SCA := SCA - Ay /* remove A, from SCA */

H

(32 12) HIEY =9I oltA Mef &7z

ﬂlH

g oI5t HIEY X0 SIHA MeHg) S 6T 1

5. &# "It

® dye d3Fs #Hkstzl $isA Windows2008
Server £, 2GB w22, MS-SQL Hlo|g#o] A& o]
g8t 7|&9 <dnFBH vz dPsA =%, 89
Ao A9t 22 dojg HES 40719 OLAP A& AME
gto] Ago] dojg= o] gart B AF9 dolg 4o
3425 dhte Al HolE SALESS oAl 719 A4 H
o] TIME, CUSTOMERS, PRODUCTS, PROMOTIONS,
CHANNELS 522 FA=HA dlolg slojsh¢-2 yriA
of tigt AHE ofd] <& 5>9 Zth

AYE 53 va ik e F HHE ges A
gatgick A A, AAEe] @ ddag Adse 3l
o] 4og ngo Axel F WA 1A AAxd oE
7198%9 &4, OYF AAR BE AHF §F9 ¥
3} §olth

(& 5) MY Hoio| ARZEH 7ICIE2]E|

Table number of rows
SALES 16,260,336
CUSTOMERS 50,000
PRODUCTS 10,000
TIME 1,461
PROMOTIONS 501
CHANNELS 5

51 X|X| o w 6| HIt

7]& <18 &(CLOSE, CLOSE+, CLOSET)3} Al¢ts}=
eFP-TreeE o| 43t dagF(sBJDo| tigt 489 dlolg
2 Fo|z < 5>9 dHeo|H AE, minsup ¥} g, 40719
OLAP Z9E A& 483l wA4= v &g vl
vl Ad= (2¥ 133 2ed minsup] #te] 0.17571A)
£ 7189 ¢udEH usd v 85 BAsd A5 A

12000000
10000000 /,,7' r
8000000
o / )(—n—n—)(—n—n—/ —*—CLOSE
n / ;
6000000
3 =8~ CLOSET+
——CLOSET
1039000 =h=cBJl
2000000
0

IS I

@d’&gﬁ’ é'ngf’ g‘?gf? @4"&‘4‘5’ minsup

(32 13) #AXX|zof o2 H|E(cost) H|m
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& #AA Z&HA T, minsup?] gkel 0225914 077+
o 9 delMe £ =2dA Agse sBll ¢xngZo|
old gnFHY YiEE BE AAE FelM M=
£ A& ¢ 7 A% 22U minsup 7 059 07014
sBJI €1elEL Y& minsup FolAe vling 232 &
S Zolo] H]§ T2 A5 EAE 2F Ho Fo
u, oA dmzF v 43 Aol§ el AHE AL B
@ 71 dAh °lF minsup FIME gEE HAFHQ u)
£ TAFE & F7F AT

52 X X|zof wE ST A "It

=29 4gdA AAG dolg MES AL HolE
432 31217MBoIth A MA minsup=0.05 7|Fo ot
sB]l ¢xng]Fo2 AAE vEY =9 Addx g o
14688MB A% &3S "oz sz g} o] £33 Al
HolEd vy w A7) F 58S ¢ 47} stk sBJI
dueFo] AAste £ L ofE JEY LngF
F= AHgste s ol ookslr] wRd] @
minsupl A€ £ §FE HoAY P §3 UF &

44 ZHgA9] T84 L e ARE HYJ o]E ¥
7Fst7) f18te] minsup®] % 0.050] T £%F e AL
3led o] dne]Fe wwaen ZAd: oY (29
14)¢} Z},

A A 2 SFIME A9 HxE 5L 7HA oA
gugEFde v, Hrhslrl g FEE QAo 8IMB
e ARTH ojd dnFH: =39 ¥sd S B
o sBJl ¢n2F A%el AU Aoz B £7} At o]
Y 8F AL AA d2ag &4 438 Y 4
Avte E3E 7HAE Aotk minsup=0.059) &% FELA
A%E 7o O%F minsup ol ©E B EWY %9 9
g2 A% Ade £33 Aue ofg (29 159 2

minsupd] @& A4 &FE ojd mAFEog Foy
9 &3 wE Te&A FudME 3¢ ¢ AFA
AR Bttt sBJI ¢S minsup=0.7°] He AAH5H
= A4 B3] Bl AMEL LS & 7 Yk o] 2
% sB]l ¢85 minsup’t F71ESE A4 43S F
olEon FEAH FHJME OE oAy duZFudg
M= & 4 Qo

minsup=0,05
. [ F—~—
E —*—CLOSE
% f#’j —+—CLOSET
el
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