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Join Index to Speed up Complex Queries

in Relational Data Warehouses

An Hyoung Geun'

- Koh Jae Jin™

ABSTRACT

As the size of the data warehouse is large, the selection of indices on the data warehouse affects the efficiency of the query

processing of the data warehouse. Indices induce the lower query processing cost, but they occupy the large storage areas and induce the
index maintenance cost which are accompanied by database updates. The bitmap join indices are well applied when we optimize the star
join queries which join a fact table and many dimension tables and the selection on dimension tables in data warehouses. Though the

bitmap join indices with the binary representations indu

ce the lower storage cost, the task to select the indexing attributes among the

huge candidate attributes which are generated is difficult. The processes of index selection are to reduce the number of candidate
attributes to be indexed and then select the indexing attributes.

In this paper on bitmap join index selection problem we reduce the number of candidate attributes by the data mining techniques.
Compared to the existing techniques which reduce the number of candidate attributes by the frequencies of attributes we consider the

frequencies of attributes and the size of dimension tables

and the size of the tuples of the dimension tables and the page size of disk. We

use the mining of the frequent itemsets as mining techniques and reduce the great number of candidate attributes. We make the bitmap

join indices which have the least costs and the least stor:

age area adapted to storage constraints by using the cost functions applied to the

bitmap join indices of the candidate attributes. We compare the existing techniques and ours and analyze them in order to evaluate the

efficiencies of ours.

Keywords : Bitmap Join Index, Frequent ltemSets,
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A IO 2A0fstA0l STot Zolo| Mol =8 SasS IS HIEY ZQl QlE|A MENQ| Ztsh o457 3
rid eid name gender age dept rid male female
1 101 kim male 25 prod 1 1 0
2 102 lee male 22 prod 2 i 0
3 103 sohn female 32 zale 3 0 1
4 104 mun female 35 sale 4 o 1
= 105 kang male 41 research 5 1 L¥]
6 106 noh female 47 research 6 0 1
7 107 choi male 33 account 7 1 o]
employee table bitmap index on gender
(32 1) gender ZZo Hel= HIEY olu~
nd eid name gender age dept age
1 i01 kim male 25 prod 25
2 102 lee male 22 prod 22
3 103 sohn female 32 sale 32
4 104 muin female 35 sale 35
5 105 kang male 41 research 41
] 106 noh female 47 research 47
7 107 chai male 33 account 33
employee table project index on age
(O8 2) age ZEol| MoEl Z2MM oldlA
HE Zgtolx Y25l Z2AM Qldx ¥ A9 Z2 QExE AEH dolguo] 2o gol Z&Eon,
7] & HE JERE WASL olyg HE g 24EE olF #AY delH sk thE HolE x<l dHE~
Agstol Qe 2w @t 53 FAY Hd ANE & 2 ST #AE veold dofshe-29 AR H o] &
cu &8k 285 mgh FejsE H dolHe W g HERY 21 Adxe AR Hol &R AT A4
& Aoy H gelel dig ¥ 2= tE A9 HJE o] £l Qleo Z el 7234 wE I
o o g3Folt) oty (29 3)& ZRAMA ddEx # HE®D 291 dlAe o5 HolE x4 Qld2ojn do]
employee Ho] &2 Uo](age) AHo] st HE Hlo]x H dofsh-2olA wol AHEHE HEW e s Z2l v
QElzo] o & HolFa glrt |5 Fo7] Sste] S8 A9 zoln oy gofsh-2
Z9 Qlexfel= 7 e HeEoldE Aol &2 Azt o} 22 Aol Ao dojuA] e Aol Adteit HE
S g I3 Fojth £ ddxeE 2 S5 o) 9 29l ddlaE AR Elo] &) Zb ridell disiA sEEE
A F e HolEEE xRk, 2 F Y] HolEEY] 2 "HolEo V&7 gs HEW JdEx FHE 2dS
e ZRAE 3 Ayt drh 29 dgas 2909 F ey HEY 29 AYaE oY wide FEEA xd
A9 HolEERTH wAHE FEES Zed AHEETH o] Hu, o]z wjde] P& AN HolEY rid B|~Ee|x
| e age dept age bn-1 b5 | b4 | b3 | b2 | bl | bD
1 25 prod 25 0 0 1 1 0 0 0
2 22 prod 22 0 0 1 0 1 1 0
3 32 sale 32 ] 1 0 Q 0 0 0
4 35 sale I::> 35 '::> 0 | 0 0 a i 1
5 41 research 41 o 1 0 i 0 0 i,
6 47 research 47 0 i 0 1 1 1 it
7 33 account 33 0 i 4] 0 0 0 i
employee table bit-sliced index on age
(22 3) age T HoIH H|E 2to|2 oA
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orderars orders Bitmap join index on prodsite
rid orid | name | gender | address rid orid itid stid amt rid seoul | busan | daegu
1 1 fit male seoul 1 11 101 1001 10 1 1 0 0
2 12 gag male | seoul 2z 11 102 1001 20 2 1 0 0
3 13 iii female | busan 3 11 104 1002 30 3 0 1 0
4 14 1l female | busan 4 12 105 1003 40 4 0 0 1
5 15 il male | daegu 5 12 107 1003 50 5 1 0 o
6 12 103 1004 60 6 0 1 0
7 13 106 1005 70 7 0 0 1
stores 8 13 101 1005 80 8 1 0 0
rid stid name | address | space g 13 102 1002 a0 g 1 0 0
1 1001 aaa 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 cec dasgu |medium 12 14 105 1004 120 12 0 0 1
4 1004 ddd | dagjon | large 13 15 106 1004 130 13 0 0 1
5 1305 gEE suwon | =mall 14 15 107 1005 140 14 1 1] ¢}
15 15 101 1001 150 15 1 0 0
16 11 102 1002 160 16 1 0 0
jterns 17 11 103 1002 170 17 0 1 0
rid itid name | price |prodsite 18 12 104 | 1003 180 18 0 1 o
1 101 mmm | 1000 | seoul 19 12 105 1003 190 19 0 0 1
2 102 N 900 seoul 20 13 106 1004 200 20 0 0 1
3 103 000 1200 | busan 21 13 107 1004 210 21 1 0 0
4 104 ppp 2300 | busan 22 14 101 1005 220 22 1 o o
5 105 aqq 1500 | dasgu 23 14 102 1005 230 23 1 0 0
g 106 415 2600 | daegu 24 15 103 1001 240 24 0 1 0
7 107 Ht 3200 seoul 25 15 104 1001 250 25 0 1 0
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CREATE BITMAP INDEX oi_idx
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CE 1) OlA| EBZM T|0|E{H|0|~(TDB)

TID items frequent items ordered frequent
(query) | (attribute) items
1 abcde abcde dache
2 acd acd dac
3 abdfg abd dab
4 bcde bcde dchbe
5 abd abd dab
6 bcdfh bcd dch
7 abcg abc ach
8 acde acde dace
9 acdh acd dac
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= Zo® 7lesdth 1714 minsup® A-F
ARSE &Y IR V&S 9ujgt, E gE £A4<
cust_gender®] 749 R 3147} 20|t} 1222 minsup?)
39 gkell wAA Febo] vl WIEEy] wiiEe] SALESS}
CUSTOMERS Atole] HIEW %<l AUAZ = AL A &

=
(m
i)
BN
ro,
-0,

<,

(T

of HV1% @k EANEG e e
HE Qlez Aol glof wlelite] A7], fFEel a7, v
a Ho|x =7 59 wWARES nese, vEW ]

¥

2 7lesta ole wE Faste] gia e dAE 1
B3tk 3 A, eFP-Trees ol&3t] A2 7Hsdh T8
45 AAs, F wA, dgse) AT A vEY 2
o QEAE Mddn, Frhgoz Qs Heo] glo] 7t
Hlol &) A7), el A7), "gaa Aol A7) 55
Mz ugdin, webd, daese] J43& 571 918kl

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 S.cust_id, avg(S.quantity_sold) from SALES S, CUSTOMER C
Where S.cust_id = C.cust_id and C.cust gender = ‘F
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NKAi®] 18] ZWoln, j= a9 r7h Totaa Qe B Algorithm for Candidate Attribute Itemsets(eFP-Tree)

[ . Input :
e o 15 7o = =
THE gngdn A& 59 o A5E HKA_I {da, dc, ac, TDB : Transaction Database;
ce, de}el T WA 84 ko(do)olAd F WA FES ou]s m : Minimal Support Threshold;
T A} kp={c}7} B} KAi : Key Attribute temsets;
o ' o _ - Output :
7] &4 &5 A BACd = FEAR AE 4 CA : Candidate Attributes;
ato] KAi={dab, cb}ell 3t 7} impact gk& sk 1 2 Method :
- . . _ Compute FIS and FIS transaction list;
Zo| A HAx 7+0. Zola o} FEO : > L
7 FelA Az impact #2 3tk i_ Ad Fae AR Compute KAi, nKAi transaction list;
[16]. 1714 impact &< KAIE 233t 9= nKAiel A Compute border itemset of KAi, nKAi;
Axg A4F HEA(weigh)s T3 F FEES 71EA for Eaen Mk do
A o o = . o a1 Compute nKAilk and wi(r) where rienkAilk;
AA oz 38 F gl u% 7}77(]? KAi¢}t nKAie| Initialize C(C is the set of removing candidate of X);

A AAEE fA87) AglTh KAiel AA FRFEE k unti(supp()<m) do
)= = = . . Find ui=(T;, %) such that I(u)=Min {I ck
2 8, wir 2 neEnKAile] A @rhe impacti o g

(T, ky) = Zwir)ek 2ol AN 5 3t o374 Tie 7] Update w(r) where r=nKAilk;
S PR IGE TP Ut EANRL B AEAE W
AA AGset MAEE AR osix T Astete] gk Update database TDB;

Al
Jett 7k ol 93 impact #to]l <45 nKAi

&2 Qutput CA;
o] HxgsHu AA @ FTEol ¥ KAVl He FHolth (72! 10) B &A1 S=EE MM 2g|E
[16]19] Aol A impact #k= 317 Y% nKAI &5H% r
9] ZhEA(w(r)= oFef 2ol oA T3zl @ 7t 159 A wh)E ANS T, g0 7 gEw
impact I(T;, k)& 7Axksich
if Psupp(r)>(m+1) then // m(H& AA= AAZ D 1A wE T
w(r)=supp(r)~Psupp(r)+1 / (supp(r)-m); - W(rl:(da:6)=(6-6+1)/(6-3)=1/3
if 0<Psupp(r)<m then - W(2:(de:6)=(6-6+1)/(6-3)=1/3
w(r)=n+m-Psupp(r); // 0<n<co(n : Yo & A+ C WE3s(ac5)=(5-5+1)/(5-3)=1/2
- W(r4:(ce:3))=n+3-3=n
1714 A TDBeIA nKAie] @543 ref A== - W(r5:(de3)=n+3-3=n
supp(r)elal, 44 AHg 9 TDBE PTDBo|#sl, i 4EA wir) AT F:ee] impact [T, kS
Psupp(r) = PTDB«] A A Eolt}, impact Fol o3 TR &% T3
4 4RI HHE AT FaATE o (28 109 2 - I(T1, d)==w(da)*w(dc)+w(de)=1/3+1/3n
71 <3 3>e] KAQ, nKAi HIE S| dlelEat (19 10) - I(T1, a)==w(da)+w(ac)=1/3+1/2
o] dugEs ol&ste] AA FEor KAS A HA 7 ~ I(T1, b)== null
Al FEZQ {dab}E AdlZ H&1A} 3 - (T3, d)==w(da)=1/3
- (T3, a)==w(da)=1/3
D 7 $A4 k9 5 k(dab)S ¥3els ERAA glx - (T3, b)== null
EE 3ty A3= T, T Ts ©lth - I(T5, d)==w(da)=1/3
@ 7t T¥ r, J2EE Far) - I(T5, a)==w(da)=1/3
Tiir, o1 1515 13:11 Ts5:n - I(T5, b)== null

{ A ze }

kij | KA TL | T2 | T3 T4 | 75 | T6.| T7 | 78 | T9 |supp(k)

ki | dab 1 1 1 T I 3

k2 cb 1 1 1 5 4

rij nKAi TL | T2 | T3 | T4 | 75 | T6 | T7 | T8 | T9 | supp(r) |Psupp(r)
rl da 1 1 q 1 1 6 5
r2 dc 1 % 1 1 1 1 6 5
r3 ac 1 1 A 1 1 1 5 4
r4 ce 1 1% : e 1 3

5 | de 1 I i 1 3
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@ @9 impact I(T;, ky) A3 FlA 7 2 (T, d),
I(Ts, a), I(Ts, d), (T, a)3F s A=)

® Impact o] ®L3 A= A4 EddA A7}
Ae *MEM *Lxﬂ%h:} Ed A VA 7

E
caan w& Augc @4 AnlAE Ed
g a

Aol A7)7h AWA WS FE ko] AA w7}

Ts A& 2HA & gyt

Tsol A d& AR 3 718A wn)g F45a, EA
A4 dlolg o] ~E FA AT

—

@ KAi9 AA=7 JA oteizt 4 wizbA OFE W
B gt

42 ME|H|8 M=o e odA 5 ME)

HE MEWY 29 A9Ag A9y A A TR
£(CA)ELS 43 34 (context matrix)S AFE3Ch A3t
g4 dool59 HF Q={Q, @ ..QnIH AE 2 Thsd
S5 A3 A=A, Ay .. AJSERE FASt A
gHo A P& HejofES ‘%E}lﬁ 48e A4S Uy
Wtk Ao AbgE &4 WEG 185 xdst 1 9= 0
o gtox mdEHTE o HoA AAG dolH AEE o] &

vy Z4Zke] dHlols JitdelEE  [CUSTOMERSI
500000, [ISALESI| = 1626033, |ICHANNELS|| = 5, 7} H|¢]
E 729 ZA7]2 LCUSTOMERS = 24, LSALES = 36,
LCHANNELS = 24, tj==9] #o]#] & P = 65536°]t}.
ot <i& 4>¢ A% FE FAHE A 7] st (2d
8)¢] Aoolo A AT EAES thEH o] BTk
SALES.cust_id:A;, CUSTOMERS.cust_id:A;, CUSTOMERS.
cust_gender:As, CHANNELS.channel_id:A;, SALES.channel
_id:As, CHANNELS.channel _desc:As. Aj, As, Ay, AsolA A
g £4& T HeolEe 7] £4E50H Ay Ase 2 H
ojEelA 717} opd &A 5ot

(4 Zolo| 2 de W

a4
A9 © Al A2 A3 A4 A5 A6
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
Q5 1 1 1 0 0 0
support 2 2 2 3 3 3

E =fdAe BEY 2 uxe ME ZAQ wA
e Fo)7] 98k [81317]9] CLOSE ¥¢xg&S WA
3lo] sBJI(selecting Bitmap Join Index) ¢iz]&S #¢Hsh
th HER 291 Qg o] He FA9] &4 IS Fo|7]
A3 4 g4 nfit(X)E ol et 2ol gt

nfit(X)=(suppX/IDyl| + suppXIIDyll ..... + suppmX/IDyll) / m

o714, X& FE £42 Wi gE3eln, me XA

717} obd £X4E = & =

-1 o] &9

minsup”} 9] u} nminfit(minimal fitness number):
A

A
ofelsh grol Aol At

o Mg, suppis= A4 AY AAEo

nminfit = minsup X ([Dyl[+[IDyll .... [IDwll) / m

ol <X 4> 43 PERFEH T 9 C={A;, A,
As), Co={Ay, As, Agtot 22 disjoint 35330 ‘3”54‘3}
minsup”} 3¢1 A% & 2=
AREEE A9 Y AEE wRSRE &7 gl Gt
Aelo] Fo]A Aglchannel_desc)oll thdt H]
27F A=W, CHANNELS H|o]E9] channel_desc Zkol
utekA] CHANNELS Ho]E£¢] #RZE=53 SALES H|o] &9
AIEgol 2A¥E= Folt),

2 =il e disjoint FEFAF FolA 717t ofd FA
o daixl EHolEe] A7), FE 7], H&a #HolA] A7)
59 WANSE 1Este AR F nfitDE AASER,
)% minsupel e S A = w9 7)EE Aok
Atakel AAdE ddeth 9 W FEFINC, CydlA
5

A 7k nfit(X)9] g o}

)
S
LN
o,
-

& Ay shfel7] witel
nfit(Cy) = (supp(Ag) X [[D4ll) / 1 = 2 X 50000 = 100000
Col M 717F obd £A2 Ag dhitol 7] wizel
nfit(Cy) = (supp(Ae) X IDell) /1 =3 X 5 =15

Cioll A 717} ol &4
3)

a8)3, H4 AAE minsup’t 39 4$ nminfits
nmmﬁt = minsup X (IIDyll + [IDoll ... + [IDll) / m
= 3 X (ICUSTOMERS|| + [ICHANNELSI|) / 2
=3 X (50000 + 5) / 2 = 750075

FolAe A g5 9 7E Ak Apgke] wjsE S
st A¥=Z mminfit2t} A3t 294E A7)
Ell = ]% Cl9 A3& HIEY % 9~

M we ad L
fo do

!



2 ME $4e A WA SHom Adsn 48
Ame? B CASl $4ES 259 74 &4 gEl Aol
Jelq eBAEon AAF Ten FuES A% &
% A RS WEsn dolof el Hge] gart s
@ 5ok CA T £4 AddA 279 £4 74 A
o wEHoR AL &4 PA AP Ba4e

Ao)5e A W aa do)x

(new COST, nCOST)S AH&-3)
W2 Qdlze] HFad AY S Alteic) uEbA
nCOST &9 #2 29 v &(query cost)®t #7 &% H]
&(storage cost) FE< AFoltt. ofy (1¥ 12)2 HEWY

291 Qs Helg 9% B]l 2uelFe Fo RS 7]

>
it

%

ix
o
rgt
=
o

fa

@,

Algorithm for Bitmap Join Index Selection(sBJI)

Input :
SCA : Sort Candidate Attribute /* ascending sort */
Q : Query(TDB)
S : Storage
Output :
outBJI : selected Bitmap Join Index
Remark :
BJI, : a bitmap join index defined on attribute A,
Size(BJIs) : storage cost required for Bll,
begin
SCA = SORT(call eFP-Tree);
outConfig = Bllnin
S := S - Size(BJlImin);
SCA : = SCA - Aniny
WHILE (Size(outBJ) < S) DO
FOR each next element A, in SCA Do
IF(nCOST[Q,(outBJIUBIL)] < nCOST[Q,0utB))
AND (Size(outBJIUBJL,) < S) THEN
outBJl := outBJIUBIL;
Size(outBJI) := Size(outBll) + Size(BJl,);
SCA := SCA - A, /* remove A, from SCA */
end
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oo duglEs #7e] sl Windows2008
Server =4 AA|, 2GB 22|, MS-SQL tlo]eHo] =5 o]
|t 7)Ee] SR Hla Ak e, [8]¢]
AT Ao} 22 dolg AES 40719 OLAP do& A&
sto] A3l HolHRE o] &ttt & AFel dolE 4o
st shuel AR ElolE SALESS thAl Afel a4l H)
o]& TIME, CUSTOMERS, PRODUCTS, PROMOTIONS,
CHANNELS G2z F45Ath dolg fojsh$-2 ym=
of ek Fr= ofgf <& 5>9 Zrh

AdeE T L ®Hrhes ves FOHE ddeR A
gatark. A WA, AAZe] wE JAgag AdEsk=d 3§
ol Ba% v Aol F WA, LA AA L] wE
71 g B84, vgd AAR wE A & |
s} Soltt

(E 5 Mg "otol AR2EH FtCI g
Table number of rows
SALES 16,260,336

CUSTOMERS 50,000
PRODUCTS 10,000
TIME 1,461
PROMOTIONS 501
CHANNELS 5

51 X|X|zof whE v|8 "ot

71% <¢12]F(CLOSE, CLOSE+, CLOSET)¥ #|¢tats
eFP-TreeE ©]&3t= &aglE(sBJD tigh A9 vlo]H
2 Foy7 <3 5>9 dolE AE, minsup ®3} gk, 40719
OLAP A9E A& Agste dAHE H&S nusgi)
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