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ABSTRACT

Indexing techniques based on bitmap representations are well suited to
a warehouse system. They significantly improve query processing time by utilizing low-
cost Boolean operations and multiple index scans, executing queries by performing
simple predicate conditions on the index level before going to the primary data source.

In this thesis, Encoded Bitmap Index enhancement is introduced.
Encoded Bitmap Index outperforms the best bitmap indices in term of space
requirement, comparing with Simple Bitmap Index, Interval Bitmap Index, Scatter Bitmap
Index and Dual Bitmap Index. To improve existing Encoded Bitmap Index, in this thesis,
we apply a frequent itemsets mining to find a well-defined encoding scheme, leading to
improve query processing time. In other word, we use frequent itemsets mining to find
frequent itemsets of indexed attribute values before encoding, leading to reduce bitmap
vectors to be accessed. The comparative study shows that the performance of Encoded
Bitmap Index using frequent itemsets is better than those found by existing techniques

for membership queries from the point of view of space-time trade-off.
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Encoded Bitmap Indexing for Data Warehouses
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DWA (Data Warehouse Architecture) Lﬂ%IﬂSdﬁ%”]le’]@]‘igﬂ%ﬁl%ﬂﬂU 9
I@ﬂﬁl"svl,ﬂLLa”aﬂé'a*’iTa%laLl,@iazizuumm:ﬁgﬂLLuuﬁ"lm%ﬁauﬁ'uVL@T ialdnunzauny
aaﬁmﬁ?ue] ﬁy'\ifrﬁhuﬂsxﬂamhm nolu DWA '*?'ié’nﬁty uaaIaInwLsznay 2-1 laun

2
¥ @ A

Lma'nTaHa ﬂuamﬁm’faga OLAP Server Uag Lﬂ%ﬂdﬁaém%'mﬂ"ﬁ AIh

Menitoring & Admnisir shion
I

Ilztadata

Ezpostory

Drata Warehonse

E:;t&m;

SCNICES

Cipar aticna
dbs

Data sonrcas
Tols

mwiizney 2-1 aanasnssuvasnasdaya (Chaudhuri and Dayal, 1997)

uWavzaya (Data Source) I@ULmdoﬁaQaﬁﬁwm‘lﬂumm%’maé’ﬁaga
Mﬂ%’]ﬂg’mfl’a;&aﬂﬁﬁ/@mi (Operation Database) LLﬂ:Lmd\‘lﬂ'mﬁlaﬂwuaﬂ (External
Sources) i ssTnannaly %amaﬁgﬂl,l,uuﬁl,mﬂ@mﬁu

m&"zmﬁﬂﬁ’a(ya (Data Storage)  Usznauedly ANITEYA (Data
Warehouse) Ansdayatias (Data Mart) Laz%12830N3AU3 (Metadata Repository) &9
‘vm'nU%‘@mimmjﬁmﬁ’]ﬁ%@Lﬁwﬁa;&aLﬁmﬁ'uLﬂ'%f'aaﬁaﬁlﬂumsmuqm:umé’oﬁa;&a

o ¥ v

LT ﬁmmaa"ﬁaga gﬂLmumaaﬁaya iaaﬁn@maway]a nmﬁﬂ%'uﬂgﬁa%mﬂ%'amq@ vl

v

At
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OLAP  Server  vhwiflunmsdaiaiounmadifsdayaiialinig
a = a & Y o o A o - . =

Uszananaianunaisidsu leun nivinasi m3vin Materialize  View  nsidfsn
sUununIseumwndugen uazndszuianauuuIwIKNaaaIa IR ufInIL
lasassdayaanalduinnii 1 Server

in3aviiod1msug e (Front-End Tools) ysznaudasiadasiialums
a ) . A A o [y A A o [
ANTATaYA (Analysis) LaTaddladnIuFaunN (Query) LATBINERINTLEANTILIY
(Report) uaziarasilalumavinnilesdaya (Data Mining)

TuaawnIaiNAaITaYs 13WINNIAITRYA (Extraction) 3NURAIToYS

& & ° Y . A o

nnuwaziunvinaiuazenadeya (Data  Cleaning)  wazidsugluuudayas
(Transforming) Tzaaadasnsanu hasanunasdayanihuaiadsdayaidudayanan
nnuansunasiuandanu Mlidaysiilasiaiouszgduouiuandraii uazliloamany
v dIA o g; =S v a o dl v v 1 dl
Taganfianaa asnudidasfinnanuazanauazildasugudoyaliadlugdunun
asanw 1w M ldayseaglutrnmnue nsdansnudeyafigywis mavinlidays
Januraaanadn 1uan awnﬁuﬁa‘[mwﬁaga (Load) ingaITaYA fnsumsvinle
v . & £ | @ o o 9o A i [
Toyalni (Refresh)  wuwazluagiunminiuguuadgauansstoyadiwancdranullany

ANMNADINTT

21.5 nsdszgnaldinaluladaaoys

ludagdunudn inaluladadsdayaldgninludszgndldludiudng 9

%

mf: (Chaudhuri and Dayal, 1997)

o umisnaa laun madereRsmyauaiiss MIRBUTUUINEN

® umIn laud ms"’il,ﬂ‘sw:ﬁﬂszi'agﬂﬁw MINATZAIENNTAUM

o dunmsdn laun MAeTeinIensant (Claim) mMsdanzfiany
\§89 MIATIATUNSIING

®  GUMIVUFI LA MIIATITAURZIAMTENUNIAUE

o dumidems laun msdesimitade MInsasumsing

o dunnlfdszlomiliduen ldun mylanzimsliwdsau

L4 @T’lumsgm,aqmnflw VLGTLLﬂ' mﬁl,ﬂ‘swzﬁwas;mmw

2.2 NN158319A %% (Indexing)

Y o oA A PN & o @ AN o a
nssiwarihdunafemaivanuilumdumdayalasilidaade
dlfirela 9 lunainaniawad (ntelligent Enterprise, 1999) lasanfazgnifiulilu
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]
A o

Indndsznaudindd (Key) uazflag (Address) fvihlwausaidhtaisnaiafidasnisle
lanass (Bontempo and Saracco, 2002) awavadanfaziinnindayasdefiiivliunn s

I v X v v ad v A ¥ X v v 1 v
wMIan13tnng 110 vLG]EJ’]ﬂ LWS’]&Q’WVL&I&JG]"E% slum‘smmwagmmaammagalu

A o

g; { v v & a { v 1 a a
aenInNe Linaliladayandasniy Sauduisnduazlufidsz@ntnaw (Chan  and
Bontempo, 1998: Korth and Sudarshan, 2006) a:14l5AaNNNIFIIaTHGaIlTNwNA LY
= e é ] { { v a et et U
mdaiuaril FuduiFasndasfarsanlunsdaasmineinivesgiudaya (Chan and
Bontempo, 1998) MINATHhina183D 1% ATkl B-Tree uazashuuudauuy (Juaw
= R o A .  ~ A | = '
luunfiaznanfsasituuy B-Tree sruaziuvuiauudaznaiisluundald

2.2.1 ABHLUL B-Tree

Qmauﬂ'@ﬁ'ﬂﬂmaaé’%ﬁuuu B-Tree @@ ‘[%mlunn‘[%maﬁimzé’u
a [ Aa ae ~ v & ' o A
W@eanw Innanuluni ¢ A mmmu‘[%u@gﬂ"l,@m%m t+1 TAua uazatnikasNgans
Alnuagn (t+1)2  Inua @ndulnuannuazlnualy) laslnuesndasiilnuagnadng
oy 2 1nua nﬂﬁﬁﬁay;uuiﬂumzﬁmmnﬁazlvlﬂmmml,a:ﬁwamﬁma%mdnﬁET
vau@gﬂﬁL%aummﬂwam@lﬁmaéﬁﬂwaaﬂ'ﬁﬁﬁazﬁaoﬁmﬁayﬂ'j’m'%awhﬁ'uﬁﬂﬁfu %
I%u@@nﬁL%awmmﬂwam@as‘momwaaﬁﬁﬁ]:ﬁaaﬁ@hmﬂﬂdﬂﬁﬁﬁu mmgwaaéﬁﬁ

s YR A ed v ' v o Ao A
WU B-Tree muagﬂummuﬂwmgfy'm‘lmvl,é’l,mmaziﬁu@ D UInALINIRNAAS n

v a

' AA & o A = @ A o 'Y
uazuaazlnuaNag Lo t ag ANNFIVIATHILUL B-Tree Naz¥NAL logn 1NaNNIARM
ﬁagamﬁﬂ%u@ﬁﬁ t A8 Az fanlunIIAuRT t+1 LEUN9 asuumIiumTayauu
auiuuy B-Tree  39ltiianilu Ofogn) @regvaridauntuuy B-Tree  waadad

Mwdsznay 2-2

Downtown | Redwood

v

Redwood bucket

|

Downtown bucket

Brighton Clearview Mianus Perryridge Round

I\ T }

Brighton bucket  Clearview bucket Mianus bucket Perryridge bucket Round bucket

mMwiszneay 2-2 aegaahiauutiuy B-Tree (Korth and Sudarshan, 2006)
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Y A [ - |

2.2.1.1 290 229ABRUUL B-Tree

o A & v v dl o s ¥ K v

aviluny B-Tree lulansadedoysnieanuuuaindmivmadiiisdoya
lasavivuniisanudidrses iu ulndeyauazgrudayaiiivludad Insdanis
A [ oa v ' 1&g a o @ A =3 v a
Aoy 10 6@ Tesznupudeyasinlngiiinsharfiuuy B-Tree Mnfislasainsau
Noguuiug1usa96atuLY B-Tree 111 B+Tree Sviimiaanuuulildszaniniwlums

v 1 U AI &/

saumNtayauuLT ldabau

2.2.1.2 7931MAVDIATRKUL B-Tree

arfuuy B-Tree  ltmanzdmsumssaunaunlanadudan iosan

¥ A v a 6 J < A o ¥ 1 aa ¢4 a
ardpsiinmsaifduaniivmnidunsseuaiufidesnmadoyannanit 1 waniiad ol
. y x ¥ .

anugssnnuazlfianlunmiseumuinnis wenanimivhariuuy B-Tree luinanz

o Aa eda ca cad o
NULLANIVIANNUANIIAUDIRNAG

" v P 1 .
2.3 ﬂq&maa‘!aﬂﬂﬂnguaﬂ (Frequent itemsets)
U
231 REINNBNNUI N
L. ) = A A . o o A

® = {iiy .., i }ANHDI LTAVDITINAWIR LTU LTAVDIRIBNHINID
@87 (Literals) ¥3auan3tIa wasiSonuaasaunTnuad / 31 ltem

® k-itemsets KAUNBDY LTAVDY Items NUIWIENNTN K Items

® Database = { t, b, ... ,t, } Wiudd IudeyadilsznaudsLTaves

NIMUBULTATH (Transactions) WATUAREINIUUTATY ¢ UILNAUAIIRNILLAUNIVLTATH
(TID) waziavad ltem [, C |

e TID ANNBDI RUNBLA/SAEUTEI ARz NI wLTATUA LS N1

(Unique identifier)
! = 2 o o A

® AN (Support) VY ltemset A RUNBDY INWIBNTIBUTATUN

Usznaudae itemset A dangaglugiudoya 1iu d1ainuivad itemset A Lviriu 20%
2 o o o & a o ~ .

WANBDY INIWAUNTIULTATUNIANAE 100 NTIBUTATY 920 Itemset A Usngat 20
NIULDAT

® @1ANNNTUAET (Minimum support) R8T A1ANNDTUEINTNAUA
S o o
Tazgnivualaogly

V@ A ' . =2 o Aa
® ﬂqumagﬂaﬂﬂi’]ﬂguaﬂ (Frequent |temsets) RN ﬂg;ﬂlaga‘ﬂu

ANANNDNINNINRIAYINNUANANN DT UGN TR U
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=

® Candidate itemsets %1899 ﬂéuﬁagaﬁmammﬂuﬂ@uﬁaga

Usnguay

[ a R 1 ¥ a 1
232 aanadnunIninaadayanisngias
@ a ' & & 0o o @
nmamngudaysndnnguesdunngiuuazidudymdrdanylunidu
Data mining luilagtiudsiidanainulummingudayandsnguesdrwinann drat
sanasnunladnsansn leun aana3fn Apriori 8anasiy FP-growth 8ana3fia Closed

o a . A o g
W8y DANAINY Index-BitTableF! NI 18aLDLANI%

2.3.2.1 @ana3na Apriori
Apriori (Agrawal et al., 1993; Agrawal and Srikant, 1994) Huaanadiulu
s a {d‘ a J a v 1 & & s a KR d?
ﬂ’]i‘lﬁ’]gﬂLL‘UTIJﬂ’l’]Nﬁwwuﬁﬂgﬂwwuﬂmuludﬁu’mUE%LL?ﬂ 5 eml,ﬂuaaﬂawuwugmh
2 @ [ ar A a & ad L. 2 ad

NMIANBILREWNAWIDANBINNAY § BNNINNY VUABWITUDI Apriori Wuatuuy
Generation-and-test lagaziSuawNNITAN Frequent 1-itemsets ﬁ]’mm‘séﬁug’mﬁagmau
LWIN LWRZK1 Frequent itemsets luszauna 9 lueannsa3ns Candidate itemsets Nilaa4
817 k+1 MNMITINNUV DS Frequent itemsets A% k Laz¥iNNN3A@ Candidate itemsets
{ 1 { v 1 1 { g; °| v wa g té et [ v
nfidanuddasnitdrianudtudieen lagldquantanugrudlinannisegn 6
k-itemset 1 9 Taiviw Frequent itemsets WR7 Itemsets UUIA k+1 Ml Superset Va3

ltemsets Wb a2 baitdn Frequent itemsets a2l (Agrawal and Srikant; 1994)

(1) L,= {large 1-itemsets};

(2) for(tk=2L,, # ¢ ; k++) do begin

(3) C, = Apriori-gen (L, 4); // New Candidates
(4) forall transactions t € D do begin

(5) C,= subset(C, ,1); // Candidates contained in t
(6) forall candidates ¢ € C,do

(7) c.count++;

(8) end

(9) L.={c € C,|c.count = minsup}
(10) end

(11) Answer= U, L, ;

awisznay 2-3 aanaina Apriori (Agrawal and Srikant, 1994)
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INBANBINN Apriori @I WLIENaU 2-3 & WS L, (Frequent

. [ ' @ &< A A ° o { ' [%
1-temsets) ldannsdugiudeyanisinisuaziinmtudianuivasudas item
ltem lafidnanudunninndaivinnuaianudaudinasidusnnnues L, Aasnuunae

° A A A Al A ! A& o
MM Ly, Ly, Ly, ... L, (18 k ADIW0289 Itemsets Nlngjigafidiud1nnudtud
lun3wn L, (Frequent k-itemsets) s1ansavinlalasnnsashe C, (Candidate k-itemsets)
INMIINNUVEI L,,  SI8WINTW Apriori-gen AINTWLIzNaY 2-4  Uaz¥iInIL
\ A A o v o oA AaA A ' A e A& o o
Annuuey ¢, Natile udaian ¢, nddnnudannniwiaminuaraudawe 1%

usunznuad L,

(1) Insertinto C,

(2) Select p.itemy, p.item,, ..., p.item  ,, g.item ,

(3) FromL _, p, L, q

(4) Where p.item, = g.itemy, ..., p.item, , = q.item, ,, p.item, , < q.item, ,

mwisznay 2-4 WInTw Apriori-gen (Agrawal and Srikant, 1994)

o 6 o . . a > =
s upaINaniTw Apriori-gen lag C, LAeNMITINNUYEY L,
L?au”lf'udﬁam%ﬂnﬂﬁ’sﬁadﬁam%ﬂmﬁauﬁuﬂﬂﬁuéﬁq@‘ﬁw LASRNITNATABINNT
SHIRNAUM Y L% W L = {123}, {124}, {134}, {135}, {234}} 2z l¢ C, = {{1234}, {1345)}
I3 v
L a1t
dmadumimngudayandsinguesdindanaiia  Apriori  UFAIG

MwUsznay 2-5 WamRuaaIANNRTUELTINAL 2 (50%)

Database C,
TID Items Itemsets | Support
—

100 134 1 2
200 235 2 3
300 1235 3 3
400 25 4 1

5 3

(n) meNNNTaILARE Item

mwisznay 2-5 dedwmamngudayanlnnglassdanaanaiiia Apriori




Itemsets Support Itemsets Support
1 2 - 1 2
2 3 2 3
3 3 3 3
4 1 5 3
5 3
() 91 Frequent 1-itemsets
2
Itemsets Support R Itemsets Support
1 2 g 1,2 1
2 3 1,3 2
3 3 1,5 1
5 3 2,3 2
2,5 3
3,5 2
(M) &9 Candidate 2-itemsets wazmIFnANND
Itemsets Support Itemsets Support
1,2 1 - 1,3 2
1,3 2 2,3 2
1,5 1 2,5 3
2,3 2 3,5 2
2,5 3
3,5 2

(¥) %1 Frequent 2-itemsets

AwUsenay 2-5 é’f’sashaﬂ'ﬁmﬂf,jwﬁa%mﬁﬂﬁﬂgﬂamﬁ”’syé’aﬂ@%ﬁw Apriori (§8)




Itemsets Support
1,3 2
2,3 2
2,5 3
3,5 2

Itemsets

Support

2,3,5

(3) &4 Candidate 3-itemsets LazIAIANUD

Itemsets

Support

2,3,5

Itemsets

Support

2,3,5

(*) %1 Frequent 3-itemsets

Frequent itemsets Support

1 2

2 3

3 3

5 3

1,3 2

2,3 2

2,5 3

3,5 2

2,3,5 2

Awlsznay 2-5 é’haammsmﬂ@;uﬁagaﬁﬂﬂﬂgﬂamﬁ”aﬁé'aﬂa%ﬁu Apriori (¢18)

2 o o A .. A : = ' .
YanagyadaanaiIna Apriori 9 NIIRIANAINNUNVILGERE Candidate

(B) Frequent itemsets NINUG (Liv Lyv Ly)

18

itemsets  9zdasrnIdugIudayannas iNaliled Frequent  itemsetsluszauda’ly

2
o o =3

v v ' o o & a A = '
mum:mﬂmmaamug’mmaa&aﬁnmu k @33 (148 k ARUUAVBN Itemsets ‘Yll%fy‘ﬂ’sj@]

R REUSIE S Vel Ve R IN I REUSTESSIC I )

Lﬁ@@]ﬁ?ﬁ]&@ﬂﬁ?&ﬁrﬂ&%%ﬂlﬂd
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Candidate itemsets lasiawizilagudoyainnunuwiuiusesdayags wislisuwou

Frequent itemsets 41N

2.3.2.2 @ana3na FP-growth

aana3Na FP-growth (Han et al., 2000; Goethals, 2003; Song, 2006) 41l%
5aﬂa%ﬁuﬁ1ﬂﬂim§’m°ﬂ'ayaLL‘lJlJ FP-tree (Frequent Patterns Tree) Tunsmn Frequent
itemsets  lag'lidasase Candidate itemsets  iniloudanaSiin Apriori Neasaig
Candidate itemsets 31W2%3N %aﬁﬂﬁl,ﬁ@ﬁagmﬂam@ (Bottleneck) Lilasanndasgnu
gwwfagwmﬂﬂ% Fadnanmslunafindsedansan 3 m@ﬁmé’mﬁammﬁﬂtymﬁa
(1) MITaAY Itemsets lugLluuy FP-tree FaDiRes ltem AEMENANUATHET uazlnue
Afdrenuann wxdlomadulnuasiuunninluuafisidienuitos iansnassns
éﬁugﬂu‘*ﬁagagﬁﬁmmau ) lifinsaie Candidate itemsets (3) lEinafian1suud
dauﬁaga (Partitioning-based) %38 Divide-and-conquer method lasnIm Frequent
itemsets fifiAL1MN ¢ 31NN Frequent itemsets fidunaniBondaniu e
FBITUMIVENLAIVIFIUTOYS ANz T8aaLa 1NN TN Frequent  itemsets
laann

N13¥1 Frequent  itemsets  ene@anasfiy FP-growth  Usznauais 2
TunauAe

1) 8379 FP-tree ﬁnﬂgm"im&aﬁﬁmu@ Gu8ane3fiu Create FP-tree
asmilaznay 2-6 laplnsdugiudaya 2 A33 eail

1.1) Eimgm“ﬁagaﬂ%ﬁ 1 1ilotiudianuAvasuda Item
lugudaya nRNWINIER Items 7 likusaaidudiaan udh tems Minda
W3sdaumueanuivasudas items anannldes lduaswiidu Head Table
aanwdsznay 2-8(n)
1.2) émg’mﬁagaﬂ%ﬁ 2 iiaa$s FP-tree lasnnzaing

Inuamnued FP-tree waziwuacliidu nuir dnduudaznuusatulugiudayali
[dan Items AikuANAUATUEN (Frequent items) LasFmaSeedeLaNaInNaRaN
vnldies  newmadindnlulundulddrowWestu InsertTree() 2898ana3718 Create
FP-tree @288119M38319 FP-tree L% angudayanwilsznay 2-7 FUNTOUFAITUADY
339 FP-tree lefeanniszney 2.8 iamvuasanufiaudirindy 2 (50%) WA

AURVNRRILAIDIRNY 7 BUNBD9 @hmmﬁmauwiazhm
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Algorithm : Create FP-tree

Input : A database Database and a minimum support threshold é:

Output : FP-tree

(1) Procedure CreateFP-tree

(2) scan Database once to collect the frequent items and their support them sort in support

descending and create the header table

(3) FP-tree is null

(4) for each transaction t, in Database

(5) select and sort the frequent items in ¢, according to the order in the header table
(6) call InsertTree(FP-tree, t)

(7) end for

(8) Procedure InsertTree(root, tran)

9) for each item k. in tran

(10) if root has a child N that N.item_name = k,

11 increment N's count by 1

(12) root =N

(13) else

(14) create the new node k; is the child of root
(15) link the header table to node

(16) end if

(17) end for

ANUsznau 2-6 aanasna Create FP-tree (Han et al., 2000)

TID Item (Orders) Frequent Items
100 134 31

200 235 235

300 1235 2351

400 25 25

mMwisznay 2-7 3udaya T9ABANINNIINEA UEAY Frequent items NITBIEAUAY

ANANDANAN LD VB ILGARZNTILTATU
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Header table

Item Head of node-link

(N) Header Table L&z lMuasn

J I/g

(V) LW&I Items {3,1} 37n TID 100 L‘W&J Items {2,3,5} 371n TID 200
(9) LW Items {2,3,5,1} 91N TID 300 (@) LW Items {2,5) 97N TID 400

MNUTeNay 2-8 A18819NNIRINY FP-tree
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Header table

Item Head of node-link
I R
3 (- e
B | cme oo
1 ................

(a) duld FP-tee ianysnk

MwUsznay 2-8 A1aE1INIFTN FP-tree (68)

2) W1 Frequent itemsets 31N FP-tree faeldmasanaifiu FP-growth

asnwisznay 2-9

Algorithm: FP-growth

Input : FP-tree and a minimum support threshold cf

Output : The set of all frequent itemsets

(1) Procedure FP-growth(Tree, )

(2) if Tree contains a single path P

3) for each combination of nodes (denoted as ﬂ) in the part P

(4) Generate itemset ﬂ U & with support = minimum support of nodes in ,B
(5) end for

(6) else

(7) for each a,in the header table of Tree

(8) Generate itemsets ﬂ =a, U a with support = a.support

9) Construct [3's conditional pattern base and conditional FP-tree 3
(10) end for

(11) if Tree B # @

(12) Call FP-growth(Tree 3, [3)

(13) end if

(14) endif

Andsznau 2-9 aana3nu FP-growth (Han et al., 2000)
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Y
a< o

Ndanasiiu FP-growth  danual £ wanefs danulizudifitimue
a U189 ltemsets lug’mﬁaa&a WAz £ K89 ltemsets 1 Conditional pattern base
Uad @ (z's conditional pattern base) lasnImn Frequent itemsets ﬁ]zﬁlwﬁﬁn‘iquﬂ
Frequent item ﬁagﬁﬁuﬁhwad Header table W@az ltem {n13&319 Conditional pattern
base 8z Conditional FP-tree Lfia Conditional pattern base RUNBDITAVDY Item ‘ﬁLﬁ(ﬂ
w3ow Item unluudaziduns uwaziwualinn item Senanudrinueiainuives item
14 LU FP-tree eanwilsznay 2-8(a) (aRansan Item 1 9z1fuing 2 1dunefidl
ltem 1 dsngag ldud (3:1, 1:1) uaz (23, 32, 52, 1:1) Lﬁﬂﬁﬂﬂ‘*ﬂﬁﬂg’ﬁﬂ%%é’d
AS0anang “7 waneiedenud  §unsusnuaasliiinin @, 1) U3ng) 1 asalu
3wiays wasiduwmefigasasfini (2, 3, 5, 1) Usngag 1 A%y (AAW3aY Item 1 LNEd
1 a%9) essiwazldimaued ltem Afiansan ltem 1 @0 {(3:1), (211, 3:1, 5:1)} Gai3onin
1’ Conditional pattern base ﬁnﬂifua%{’m FP-tree U% Conditional pattern base f‘: 3unNIN
Conditional FP-tree @sifinannnisindranufivasuaas ltem Tunnidunsanmunuuas
Aonlamne ltem  AHIBANANNADWAN 910 Conditional  FP-tree 10 llads Frequent
itemsets faly §31aN FP-tree s9nmwisznay 2-8(a) 3¢1@ Conditional pattern base
W8z Conditional FP-tree 2adU6ias Item  URAIAINIWLTEZNOU 2-10  UAZRINITORD

Frequent itemsets NIRNA LoaINWLzNay 2-11

item Conditional pattern base Conditional FP-tree
1 {(3:1), (2:1, 3:1, 5:1)} {(3:2)}] 1
5 {(2:2, 3:2), (2:1)} {(2:3, 3:2)}| 5
3 {(2:2)} {(2:2)} 3
2 ¢ ¢

AW1senau 2-10 Conditional pattern base Laz Conditional FP-tree 2aduas Item

o o o AR A ' o o Aa '
Janagyasaanasiia FP-growth Ag "mem:ﬂugmmagammm@‘lmy
LLa:ﬁmsmzﬁnﬂgo LNT2sY N IR A T9839 FP-tree  @admINwWniIgaA1Iud 01N 393
NN A NARANITAAUMIAUES FP-tree LT% H-mine (Pei et al., 2001) LNalw

o ' o Ao oV omd X
mmmmmuuu‘mmﬂmwmﬁﬁnﬂ@%ﬁmmu
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Frequent ltemsets Support

1 2

2 3

3 3

5 3

1,3 2

2,3 2

2,5 3

3,5 2

2,3,5 2

nwUsznay 2-11 Frequent itemsets NIRUA

2.3.2.3 @ana3Na Closed

Ak A o A

ganaifiu Closed (Pasquier et al, 1999) \dusanasnunwamiuie
[y a Aa K . . Ad o a ] v & A [ '
LLﬂﬂfy‘ﬁwaaaaﬂaimJ Apriori Iuﬂimﬂ@md&lﬂ’]ia’mﬁ’]%ﬂlE]ﬁﬁla‘ﬁﬂ’lﬂﬂix‘i I@Umaaﬂmiag
41 61 Closed itemsets 2u1@ k la 9 TaiiDu Frequent itemsets A7 Closed Itemsets
2UNA k+1 Mdn Superset 1aJ Closed itemsets nuazludn Frequent itemsets A
A oA @ = o . A & I . Y
WIANANBNUYRUIIN 01 Closed itemset N1 Superset LU Frequent itemsets U7
Closed itemsets fidwsutraazidn Frequent itemsets A28 LA LUAVDI Frequent
itemsets 18719N§AYNALLITATES Frequent closed itemsets Nitnfga lasnaidenld
lavsafdayaininzauiiasansliniisanuimanlunisdaiiudayalidanas

PYUADUNITNNINUYDIANEINY Closed LFAIAINTWLTENAY 2-12 2-13 WAy 2-14
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(1) Generators in FCC, <— {1-itemsets};

(2) For (i <= 1; FCC, .generator # @ ; i++) do begin
(

(

11) End
12) Answer FC <— UJZ™ {FC,closure, FC, support};

3) Closures in FCC, <— ¢ ;

4) Supports in FCC, <— 0;

(5) FCC, <— Gen-Closure(FCC)) // Produces generators closures

(6) Forall candidate closed itemsets ¢ € FCC.do begin

(7) If (c.support = minsupport) then

(8) FC, < FC U {c};

9) End

(10) FCC,, <= Gen-Generator(FC); // Creates generators of iteration j+1
(

(

AMwUsznay 2-12 8ana37u Closed (Pasquier and Bastide, 1999)

(1) forall objects o € O do begin

(2) G, <— Subset(FCC.generator,f({o}) ; // Gen. that are subsets of f({0}))
(3) forall generators p € G, do begin

(4) if (p. closure = @) then

(5) p. closure <— f({o});

(6) else p. closure <— p. closure 1 f({0});

(7) p.support++;

(8) end

(9) end

(10) Answer <— U{c € FCC, | c.closure # ¢ };

Awusznau 2-13 WenTu Gen-Closure (Pasquier and Bastide, 1999)
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1) insertinto FCC,, .generator

(
(2) select p.itemy, p.item,, ..., p.item, g.item,
(3) from FC.generator p, FC.generator q

(

4) where p.item, = g.item,, ..., p.item,, = g.item_, p.item, < q.item,

(5) for all generators p € FCC,,,.generator do begin

(6) for all i-subsets s of p do begin

7) if ( s & FC.generator then

8) delete p from FCC,,.generator,
9) end

11) for all generators p € FCC,,.generator do begin

I

(
(
(
(10) end
(
(
(

12) S, <= Subset( FC.generator , p); // Generators that are subsets of p
13) forall s € Sp do begin

(14) if (p C s.closure) then

(15) delete p from FCC.,.,.generator;

(16) end

(17) end

(18) Answer <— U{c € FCC_}

AwUsznay 2-14 WIRTw Gen-Generator (Pasquier and Bastide, 1999)

9ndanaifiu Closed Aryanwal FCC, wanufawauas Generator 71
AN k WRT FC, WuNBDILEa Frequent closed itemsets U89 Generator fifiannuen
kK mM3iupaInenT Gen-Generator  A&1BNUNNIEIIY Candidate itemsets b
§ane3fin Apriori lay FCC, \inannmIsaanues FCC,, lasfidawluiaini Foc,
la 9 doslaiduduizaves FC,, unzamndnnndadaadusundnlu FC,, dan

é'haammimmjwﬁagaﬁﬂﬁﬂgﬂam‘ﬁﬂé'aﬂa'%ﬁu Closed L&AIAY

AMndsznau 2-15 Wafnuad1anudIwEILYinny 2 (50%)
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TID Item
100 134
200 235
300 1235
400 25
(n) Database
Fcc, FC,
Generator | Closure | Support Generator | Closure | Support
1 {1,3} 2 1 {1,3} 2
2 {2,5} 3 2 {2,5} 3
3 {3} 3 3 {3} 3
4 {4} 1 5 {2,5} 3
5 {2,5} 3
() ¥ Closure Ua3l§inz Generator (a) Banuniilidudranuidudnaan
wazenaUiivadudaz Closure
FFC, FC,

Generator | Closure | Support Generator | Closure | Support
1,2 {1,2,3,5} 1 . 2,3 {2,3,5} 2
1,5 {1,2,3,5) 1 - 35 {2,3,5) 2
2,3 {2,3,5} 2
3,5 {2,3,5) 2

(3) $" Closure Uadugas Generator @) Banunafilsrudrnnuiaudiaan
wazFAMURadLdaz Closure
Frequent Itemsets Support
3 3
1,3 2
25 3
2,3,5 2

() Frequent closed itemsets NIRUG

mwisznay 2-15 dredmamingutayanlnnguesdinaanaifia Closed
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v 9o o A A . A v
Zanagyadaana’inad Closed Aa Frequent itemsets v lada Frequent

closed Itemsets wiangudoyaniivuwialnaigawiiu lisunsnmauisadus (Subset)

o

2.3.2.4 8ana3Ny Index-BitTableFI

§anasfia Index-BitTableF! (Song et al., 2008) wusana3fiufdnisiia
UszanSanlasn1sans1wiuvadniIaind Candidate  itemsets NAAIINGBINTT
wWiauuazaaIafilElunnsiie S'i'%ammmﬁ’mu‘lﬁaﬂﬁaﬁﬂszaw%mwﬁum
fagaﬁﬁmiﬁmu@@hmmﬁﬁm‘i‘wﬁafJ 9 uazlinnunwuiuasgatoysgs lasmaiy
Tayalugduvudaundianiaed Suniiaad BitTable 'ﬁ*iaﬁmiei’mg’mim&aLﬁmﬂ%y'u?]m
18 $19A1319 BitTable 2881981319 BitTable  ugasean wlsznay 2-18(1) 3w
Frequent itemsets ﬁ;umﬂm‘im Frequent 1-itemsets ANMIBuIIwInde 1 vasudas
ltem wazidaniamnz ltem APAIANNANINNIMEBTNALANANNATUENTAARUA 31NTH
%1 Index array ¥83u@as Frequent item lagldaana3finainiwydsenay 2-16 waziin Index
array Al Frequent k-itemsets @atl laadana3sfinn13nn Frequent itemsets LaAI6

nwdsenay 2-1
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Algorithm : Computing index array

Input : database, minimum support

Output : index array

1) Scan database once. Delete infrequent itemsets;

2) Sort frequent single items in supports ascending order as a,, a,, ..., @

(
(
(3) for each element index][j] of index array do
(4) index{j].item = a;;

(5) Represent the database with BitTable;

(6) for each element index[j] in index array do

7 index{j].subsume = @ ;

(8) candidate = (M\_g (index( j].item) t;

(9) for each j > j do

(10) if the value of the i-th bit in candidate is set then
(11) index[jl.subsume <— index[j].item;

(12) end if

(13) end for
(14) end for
(15) Write out the index array;

AMwUsznay 2-16 aana3nulunIm Index array (Song et al., 2008)

M3 Index array Vadudas ltem &1 l@lasnIBwAaIR (N)
senhadauntinniaesuemmuisatudl item ﬁ?uﬂsmgagjéguwi@‘mmuwaa item vl
N9V L% INA139 BitTable asnwdsznay 2-18(%) ¥ Index array a3 Item 2 e
MNMIBwaafTasnIndauulaneaswes TID 200 300 waz 400 aaud tem 2 'l
Maamnasil 111111101 lduadwiidu 101 Sefia 1 Usngag a duntiiaad item
2 I3y Item 5 ﬁd‘lfu (2,5) \Jw Index array Va4 Iltem 2

@T’Jashamimﬂéjm'?agaﬁﬂﬁﬂgﬂaméﬁﬂé'aﬂa%ﬁw Index-BitTableF|
LEAITINWUTENoU 2-18 LilafnruasaNuRTWENTL 2 (40%) ‘[@m'mgmiagaﬁa
mwisenay 2-18(n) L’%lmnﬂmiéjmgmiaga%ﬁaﬂ%Lﬁaaﬁ”nmsw BitTable L&I%1
AAnuivaIndas ltem  waziden ltem  #AliruenANAdTUdIaN INTtWEBIEaY
ltems luan319 BitTable auenanudanitasllunldnaaniasnwisznay 2-18(2)
MNUUM Index array  vadudas ltem lénadwieasnwlsznay 2-18(q) garnewl

Frequent itemsets #288aNa37% Index-BitTableF! laNaansasn1nysznay 2-18(9)




Algorithm : Index-BitTableFl Algorithm
Input : index array, minimum support

Output : frequent itemsets

(1) for each element index]j] of index array do

(2) Write Out index[j].item and its support;

(3) if index[j].subsume == @ then

(4) If (sup(index(jl.item) > min_sup) then

(5) Depth_First(index][j].item));

(6) end if

(7) else

(8) for each element s-item C index{j].subsume do

(9) Write Out index[jl.item \U s-item and its support;
(10) end for

(11) if (sup(index[j]).item) > min_sup) then

(12) tail <— t(index[j].item)\items in index{j].subsume;
(13) Depth_First(index[j].item,tail);

(14) for each element s-item C index|j].subsume do
(15) Depth_First(index[j].item U s-item, tail);
(16) End for

(17) End if

(18) End else

(19) End for
(20) Procedure Depth_First(itemsets, tail)

(21) if tail == ¢@ then return;

(22) for each i € tail do

(23) f — itemset <—itemset U i

(24) if sup(f — itemset) = min_sup then

(25) Write Out f— itemset and its support;
(26) tail <—tail \ i;

(27) Dept_First(f — itemset, tail);

(28) end if

(29) end for

AMWUsznay 2-17 8ana37u Index-BitTableFI (Song et al., 2008)
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TID Item TID 1:2 2:3 3:3 5:3
100 134 100 1 0 1 0
200 235 200 0 1 1 1
300 1235 300 1 1 1 1
400 25 400 0 1 0 1
(n) Database () #1374 BitTable
item index array Frequent Itemsets Support
1 (1,3) 1 2
2 (2,5) 2 3
3 3,0) 3 3
5 (5,0) 5 3
(M) Index array 1,3 2
2,3 2
2,5 3
3,5 2
2,3,5 2

(¥) Frequent itemsets NINU

mMwisznay 2-18 @1a819MIAN Frequent itemsets aR88ana3Ny Index-BitTableF|

2 o o as ; & A A,
anagpasaanaina Index-BitTableFI  @a 1laliuin items  lu
Judayauinnialdiuiu tems luudazninuusaduuin sz ldidonailunisaine

@134 BitTable  uazlunsdindwan tem  lTugrudoysaiunudanunuwiuinluud
o Ao o va A A , o & o
nuuTatuinasazildiFaianluniisanuinduiiwinann
o a’ A o A @ ak A a AV o
wananaanasnuaunnaINgIioanasnudn g anunnune Ale
N IAnE e IuaawITNNUsEENTA I WEaRILUIIBH 11U Bana3NN Transaction
Mapping (Song and Sanguthevar, 2006) gana3fiy Eclat (Zaki and Gouda, 2003;
Goethals, 2003) aanasNy dEclat (Zaki and Gouda, 2003; Goethals, 2003) aanaINy
Bit-AssocRule (Lin et al., 2003) 8ana3fiy Boolean (Ying and Leu, 1999) 8ana3fy
Bitmap Based (Gardarrin et al., 1998) \Judu lasudazAtnensuaaniuuiNaaaiian e

ﬂ'ﬁﬂizﬂnaNaLLE\]S:g(]ﬂdﬂiz%ﬂ%ﬂﬂWl%ﬂﬁiﬁ?dﬂ%Lﬁ ammju"ﬁa;&aﬁﬁaomi



unn 3
azuuudaunl (Bitmap index)

o A A & A add . P = ) @
arfluuudaunthiunafiaiintolunmadnenuilunsdunidaya
Wasannanansadiiunsszaudaitu AND OR NOT uaz XOR szninidauutiiniaas
ﬁauﬁaﬁa;&aﬁa ﬁﬂﬁﬁﬂsz%w%mwiumsﬁumﬁa;‘J]amezaﬁumgumsﬁ’mmmaa
& & g o @ Ana o A a a A A A v & o A
15wl wenanninmsineridaundgefidszinsainlusasiunlunisiaiiuasdi
% Aaa eaa [ fﬁtﬂyel A v o a o - |
lasaniznuuanitraniianasanasaad neunnlednmsiiauamafianisvinesi
~a ' P ] A A o . A ' [
Jauuduuuedn 9 Avaula $98i7dunun138939a (Encoding scheme) fiwanenoniu lu
unfaznannaunaiamsiaridaunduuuans q ash
o ariiauuduuuNug % (Simple Bitmap Index)
o aridaunduuuiyuee (Compression Bitmap Index) Usznauaag
O nmsfudauuy Word-aligned Hybrid

O n30udaLUY Run-Length Huffman

o ariifauutuuuliiusa (Uncompression Bitmap Index) Usznauaae
O avideuuduuyusid (Interval Bitmap Index)
0 avhisuuduuunszang (Scatter Bitmap Index)
O erfiauutuuudnu (Dual Bitmap Index)

0 drfifauntuuuitnsvanaly (Encoded Bitmap Index)

3.1 azidauniluuunngin (Simple Bitmap Index)

MIYehdauuUiuuA%g % (Wu and Buchmann, 1998; Chan and
loannidis, 1999; Wu et al., 2002; Vanichayobon et al., 2006; Wattanakitrungroj and
Vanichayobon, 2006; Stockinger and Wu, 2007; Elizabeth and Patrick , 2007; Stabno
and Wrembel, 2007; Koudas, 2000) ukan3idniaisauasaaivinnu € Usznaueis C
PN 0 1 2 -1 < o P ¥ o A
foundineasfa s, s, s, .., 7 unde evdideunduuuiugiuly 1 Jauwuy

6 1 v A i a eaA aa &€ 1 v . o
nniaatda 1 ATaya loof S unudauntinneasnidrvasuansiidwinny j deluns
wnudraziualifon i vesdauntionees ¢ Jdndu 1 Adalounini - Jervag

Aaa 6 [ . dl . g a Aaa {d‘ o o o A 1 a ;ﬂl A g
wan3dadwinny j Wa i WDusudnvadwenstidninunvinash srudaduliianiu o
dragnisaridausduuunugiuainindsznay 3-1 iunisiasidannduuy

32
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d? aa 6 aa 6 % a A

Auguunuenitog X ve9@sw T lasuanidad X Usznaudlwsundn fe

{0,1,2,3,4,5,6,7} wufaliasauasaawinny 8 39in1slt 8 Daundiinees lewndauuy
0 1 2 3 4 5 6 7

nnees s, s, s, s,s,s.S,S

RID X s s § § s § s g
1 1 0 1 0 0 0 0 0 0
2 2 0 0 1 0 0 0 0 0
3 0 1 0 0 0 0 0 0 0
4 7 0 0 0 0 0 0 0 1
5 0 1 0 0 0 0 0 0 0
6 6 0 0 0 0 0 0 1 0
7 3 0 0 0 1 0 0 0 0
8 3 0 0 0 1 0 0 0 0
9 5 0 0 0 0 0 1 0 0
10000 4 0 0 0 0 1 0 0 0
(M N T () é"’ﬁﬁﬁmmmwuﬁugm

nmwisznay 3-1 daagansinaziiauuduuuiugiwunuenitag X 28901519 T

fWILMIEAUNNNTBYALDUALYINAL (Equality query) vadaniiiauul
ry . - o L L 4 a o X
wwuiuguildlesanaseudauudianiaasiunuaiu 9 Seligduouesii
“X :j’” = S/
dratensseumutayaffiduanidod x=3" murinayasevldain
=) U =Y { ~ { =) 3
Jauntiinaas S° anawdsznay 3-1 aglainden 7 uazdeah 8 vasdauutiinaas S
deuidu 1 usasiunan 7 uaz 8 Uewasuanidngd x=3" damiumsseunudayauuy
&U13N (Membership query) fnlalas@iiuniassne OR  szwinsdauutiinaasves
A e I A (2 A « . 5 o 6
ffdasmMIsauay [wladasnszauanuaudawly “X in {0, 3, 5, 6} HaaWSVaINT
0 3 5 6 {49 oo o o {
gounwAa S +S +S + S (lunilisuanwol + unu OR) Hufa unIN 3, 5, 6, 7, 8

uaz 9 LudeauvainIgaunIY



34

L 1 @ Aa 49,
LANYDIATRATAUNIULUNHF 1%
o Aa & ° o A ana €4 o o @ AA
aridauuduuuiugiweziiulad iakanidadniwnvinasilen
[ =Y t:‘nn:%/;: 1 Aana 6 A:l'd 1 [ {ndy ' > A a
Asanaiaad 1w wanidadine NilA1a1TauasanYinny 2 Ao INATISLAZINART S
a v A a [ o A o v d? d' % =3 o A )
il 2 daundineaslunisaieenis inlvaanunlunsaaiuasiilaan
oL (% @ AaaAa 494
JaAae2aIATRIauNIUULINBEI%
dl €A {n::t:? Aan €dl o o [ - | cg/ o a (d‘
Waaniduaitavasuanidadnianthaziigedu Swudaundiniaeid
[ v A dv J 2 L % 6 a 6
Itlunssseariidaunduudnginazaniudqs uazdslrdszloaiandaundiiniaas

& d' ) azaq’ A dgl/ d'd' > =3 o A
Lat@un vinlvauidfasnunlslwn1saatiuani

2 ,_-3’ a v dl = o v Aan o =< [ [~3 d'
mEJm@;ummamﬂmnumim@“ﬁuu@LLmemumﬂaogoﬂsszuvlﬂﬂ
o A dl' v o @ Aa aAa {d‘d A {ng 2 L

NINAVBINA TS L‘wal%mmmmwﬁuumLLN‘iJuuLLa‘Vlim@ﬂum‘s@uaia@lgﬂ@ RZEIA
Udnimwlunsseumudaya annsdnsinafiansaaumeasiuiildiiu 2 35 da
watanin1sdudaawih (Compression bitmap index) (Stockinger and Wu, 2007;
Elizabeth and Patrick, 2007; Wu et al., 2002; Stabno and Wrembe, 2007) waztNARAN
lasinsivoaeoi (Uncompression bitmap index) (Wu and Buchmann, 1998; Chan and
loannidis, 1999; Koudas, 2000; Wattanakitrungroj and Vanichayobon, 2006;
Vanichayobon et al., 2006) &iuluiuiduiazsstsziduldfinmaniinlaisinsduy

v A o A o A a A a A @ ' o
26 LhadnmIabunInIInegzaulauniauudninisiu a@vLstmiﬂVHvL@ﬂ@U(ﬂN

v ) L . A
3.2 arhiaunduuuiluan (Compression Bitmap Index)
a @ o dAan A = o ' a 6 > Aa
nstuaaashiaundae nsdudaudsrdauudiiniaeivesaridawuy
wuuiNugw tnadtansdudaf lavinnisdanslawn msfusauuy WAH  wsz RLH - &

=1 Q dQ/
IUNZLDUANIU

3.2.1 WAH (Word-aligned Hybrid) Compression

wadansduaadeuutiuy WAH (Stockinger and Wu, 2007; Elizabeth
and Patrick, 2007; Wu et al., 2002; Stabno and Wrembe, 2007) fuuwifalumsfudada
'ﬂ:ﬁﬂmi'ﬁu5@11’3@1‘*7553'@1’1mﬁauﬁ‘uuazagj@@ﬁﬂuu@ia:ﬁmmﬂnm@]a% laidnazduda 0
wiada 1 wannsdusauuy WAH 3513 3 4uaan (Stabno and Wrembe, 2007) 6a%
“lq]:u@lauﬁﬁ‘ﬁ;dL‘ﬂ%ﬂ’]iLL‘Lidfl@lLLNﬂaaﬂLﬂuﬂ@;&l (Group) nqwas 31 da  evaladsdauu
nnaeilunwdsznay 3-2(n) sansauddeanldidu 176 nduasnwdszney 3-2(v) lu

°1Tu@1auﬁaaaﬁ]:Lﬂumﬁmnémaamjuﬁﬁmﬁmmﬁauﬁ‘uuazagji@@ﬁ‘u‘lﬁmﬁmﬁmmju
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' %
a v A 1 A '

Wenasuaadlunndsznay 3-2(A) Immjm} 1 Towaldrdauandrens (Insde 0 uaz

U
A A XK A

fia 1) mulungy nguf 2 89 175 Sdrdamleunudada 0 Jadnsmaliidungudsad

Farwwdavinny 174*31 Oa mumjwﬁ 3 mﬁauﬁu*’ﬁagamjuﬁ 1 @8 YAdanana1ani
& A Y A

& =] s v ' oA a ae o s v oA
mumauwmmuﬂumsuua@lv\Lmazﬂ@'w 32 Ua (1 1339) I@ﬂuﬂaﬂﬂ"liﬂa ﬁ']“ﬁ‘i‘.UﬂE:]]NYl

]
1 =

fedauandranwlwaudea o VL’S”maﬁWE’mq@ E%m%'umjwia;gaﬂLﬁm’mﬂ’mmﬁ‘u%mzl

D

nay hadanndadamdaunwlwiduia 1 ndeduae wazdanauniuarvasdan

9 9
=} o A

& a dl a dl =) o A a < a nﬂ' a n:ll =) o A a
anduaaaa twia 1 LN@U@I‘Y]Qﬂ‘UUQ@]ﬂaU@ 1 uaztdwie 0 L&lﬂﬂ@]“flgﬂﬂﬂ@@]ﬂ@ﬂ@l 0

2

. a A

8% 30 danmdaltiNaunwiwiwnannanuaatneIont asnwlsznay 3-2(9) 1w
q a

6 v A

Naﬁ'Wﬁq@msml,ﬁm'mmiﬁué'ml,uu WAH

100000....00000111000011 1| bOOOOOOOOOOOOOOOOOOO ........... OOOOOOOOOd I()Ol 11111111111...1111011111

31 bits 5394 bits having value “0” 31 bits
(n) an example bitmap being compressed (5456 bits)

31 I 31 | 31

group 1 group 2 group 176

() dividing the bitmap into 31-bits groups

31 | 174*31 bits I 31
group 1 group 2-175 group 176

(M) merging adjacent homogeneous groups

0100000...0001110000111| | 10000...0010101110 | |00011111111...1111011111

(¥9) group encoding by means of a 32-bits word

mMwidszney 3-2 Iwaann 13DUaALUL WAH (Stabno and Wrembe, 2007)

ém%’ummaumu‘*ﬁagaﬁfu ANNIA LA UNTIT WA LN VA TR AN YUY
dq’ 1 v o va fd‘ = Q 1 g; Q A 1 A Q dl [-%
WUgI% LLm:@laaml‘ﬁwLLmJnﬂmaiwgnuuaﬂaguu nauAUgFN WL aUNLADUNLY

lai'lddnsduda (Decompression) J9aunsaduiinnsdns o e
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L 1 e Aa = [-%

YaIAwYaIAT RN Ui vaauuy WAH

lfﬁuﬁluﬂ’liﬁ'@Lﬁué"ﬁﬁuazwmmsLumsaaumam”a;ﬁlaﬁaUﬂdﬁé’f"ﬁﬁ
a d}‘ dl' 1 a 6 A A:l' =1 o a >3 o 1
TaunUuuunugIu malmma:umu,mJL’mmasuumﬂmuauﬂuag@@ﬂummumﬂasm
AMWUsznay 3-2(N) HesnnYIIAaTHhanad wasin1Ilt /0 Wasad nudsmanziaziy
@ an eda ea ea
paunuanIdianiianiaueiangs

¥ o e Aa a o

YanagyaInThinuNUIUaaUY WAH

o A o Aa aa A o ' °

NIAIBUNIIATINZURATHIALNUNTNTTUAA LU a8 TavIN Lo la e v
panNBENLaacdauyUin1snTza1020906 0 way 0a 1 8 19RNLEND AR
Biadandananadnanis ﬁL%%@ﬁiﬂmuﬁaUﬁﬁmﬁ@lmﬁauﬁ‘uua:agj?mﬁ‘uasi’mimﬁad
UszanTnnaesnsiuanaziiasas InmMInaasdluuidauvad (Stabno and Wrembe,

2007) wui ldwnnzazfudauunensiianiasauasaniasnin 20

3.2.2 RLH (Run-Length Huffman) Compression

wakanstvaaauidauudiuy RLH (Stabno and Wrembe, 2007) &
ad A o Aa & o & A A
A5M3fe NnarkdaunUiuuiNugIn female Laz male AINWUIzNOY 3-3 TUABUNAL
wiasdauutianieaslasnisniswiuie 0 ﬁagizmwﬁ@ 1 gadda Wadnualida
L‘%N@Tuua:ﬁmq@ﬁ']waaﬁ@LL;JﬁJL’JﬂL@]ﬂ%ﬁ@hLﬂ%ﬁ@] 1 @rad1917% dauvdinniaas
female @3N wUsznay 3-3(n) azmwIdalsuaunuia 1 Dausnvesdauutiiniaas
female Riwnde 0 szni19de 1 vamasag 1 Ja uszda 1 dausniuia 1 ANwaId
wanda 0 agrznineia 1 ‘ﬁaaaaagj 0 4a tudn aanwandauniinaasad
mwilsenay 3-3 azlanaansaasnisudasdauutinneasiduiiwiuia 0 ﬁa;}sz%’m
a g; a 6 o g: L= ai ] 1
a1 vasnigaddauudiinieasasn indsznay 3-4(N)  MNBUBRLAMNDVBILARZAN
g; & v > >
NIRNA TINNAWUTENBL 3-4(n) laHaanTasnwlsznay 3-4(2)

finGueu dagae fiosudy dngare
1 |0111000110001110111 | 1 1 [{1000111001110001000 |1

(n) bitmap for sex = ‘female’ () bitmap for sex = ‘male’

nmwisznay 3-3 ariauuunugiuundunievisdidine
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female male

1 0

0 3

0 0

3 0

0 2

3 0

0 0

0 3 distance frequency
1 3 0 13

0 3 5

0 1 2

0 2 1

(n) the modified run-length (v) frequencies of distances

AWUIznay 3-4 The modified run-length encoding (Stabno and Wrembe, 2007)

duaantaliifunyae Huffman tree 1iiawn Huffman code BasuAazen
i I wiaznay 3-4(3) azgnidsialasld Huffman algorithm |6 Huffman  tree
WRAIAININUTLNBY 3-5 WAzAN Huffman tree @ Huffman code @9Awusznau 3-6
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é’atfmz"l,@i”waé'wﬁq@ﬁwwaamsﬁué’mmu RLH @smwdsznay 3-7

B

- /.\ symbol symbol code
0 0
; 1

2 111

Amwisznay 3-5 Huffman tree Awisznay 3-6 Huffman code
(Stabno and Wrembe, 2007) (Stabno and Wrembe, 2007)
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compressed bitmap for sex = ‘female’
[110 0 0 10 o|[10 0 0 110 0[[0 0 |

T oeeooonoeon

(1 00303 00 1 000)
the result of modified run-length encoding for bitmap sex = ‘female’

compressed bitmap for sex = ‘male’
lo 10 0 0 11/{o 01010 ||

IRIRIRIRIE RN

(03 002 003 3 J
the result of modified run-length encoding for bitmap sex = ‘male’

mwisznay 3-7 Daunlfldannmsiusauuy RLH (Stabno and Wrembe, 2007)
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3.3 arndauaduuuliivan (Uncompression Bitmap Index)
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2

& A
WHN 13I8
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avhbauwnd | frwindanudianiaain R ¢ A
Fwanasslwnmadiivnsasane

llunsaseash — —
NMIFOUMNULLALTINAY NMIFDUNNULLRNNTN
Lmuﬁugm c 1:0 k: k-1 (OR)
, 2k : 3k-1
WUDT9 [Cr2] 2:2 (1AND,1NOT)
(k AND, k-10R, k NOT)
WUUNTZANY rZ«/C—I 2:1 (1AND) 2k : 2k-1(k AND, k-10R)
TG |_«/zc +0.25 + 0.5—| 2:1 (1AND) 2k : 2k-1(k AND, k-10R)
k|rlog2 C—I:
- [1og, C |
WULLININR Irlog2 C—I use mapping table
use mapping table
(k-1 OR)

NANT 3-1 LUANTDNANWNN LT IUNTAALALATH xLRWINATHT AN
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1 U v U é 1 aaAa {
ﬂmaﬁammma@naﬂumiﬂumma;&a%mﬂ Falun1snidvasnanitadnanig
sauDINGIBAulast ImuIkleaianmswingudayanitsinglas (Frequent
itemsets mining) TI8luNTIARIAUAVRILENIDIARBWENTRRINEF 1IN TN BL
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MITIAE Immﬁ’]mﬂﬁﬂmimmjuﬁayaﬁﬁﬂﬂgﬂam (Frequent itemsets mining) %1%
Elumsmﬂ'wamaw%ﬁaﬁﬁﬂmﬂgﬁaﬂﬁ'm_iaﬂmﬂq@ﬁa;&amiaaumﬂuaﬁ@ (Workload)
o sRaanaasnanstidin dldmaunsasaswiudauadinninasidasasasouiiie

INIFaUMULULRINTNAI8NH
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Fl Processing

1 aa J
NINTUBILLBNTUIA

A 9 (Z H
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SBaq

AR VAVDULONT U

xapu| dewiig papoau] ajeaid

Encoding

Binary encoder
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a 00
01
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RERNNIIGIGE

MNUTENOY 4-1 TUAaUNIANUTEENTAMNATHD AN UL TR &

Jwaawn 1 : Attribute Values Extraction

Attribute Values Extraction \{uiuaawnmiafafwasuansiiduuwwans
Trddaulaszshanaesafianmssaunumsnue (Workload)  lagn1snansananuasd
LLaw%ﬁa@Tﬁagﬁﬁdﬁaﬂm Where %38 Having lanaansilluaisnsdraanensing 1u
A1319A1084  WaNIDIALRAILALAUIILARZ NI ULTATH RIBUARTATFALDINENNT
FAUNNATVDY warstrdunwansiadntunaeasidalatng nwisenay 4-2
LEPIG18819 Workload LaznIwLlTenay 4-3 LRAIRI8819AN519Am8ILaTSTe X fana
91N Workload Twnwiszney 4-2 iaswualiuenstng x dszneudiosu@n 16 &2
fa {A,B,C,D,E,F,G,H,IJ K L M N, O, P}
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Q1 : SELECT * FROM T WHERE X IN (A,C,E,G,0,H,J,K,P)
Q2 : SELECT * FROM T WHERE X IN (B,D,F,l)

Q3 : SELECT * FROM T WHERE X IN (A,C,E,G,0,H,J,K,M,N)
Q4 : SELECT * FROM T WHERE X IN (A,C,E,G,0,H,J,K)

Q5 : SELECT * FROM T WHERE X IN (B,D,F,I ,M,N)

mMwdiznau 4-2  aradenemIgauna (Workload)

1 aa 6
Query ANYAILLANIUIA X

Q1 ACE,GOH,JKP
Q2 B,D,F,l

Q3 A,C.E,G,OHJKM,N
Q4 ACE,GOH,JK

Q5 B,D,F,I ,M,N

MWUIENaY 4-3  @18819a1T9A1WaILaNIHIG X Nanaann Workload

¥ 1
RGN 2 : FI Processing

FI (Frequent Itemsets) Processing Lﬂui}y’m}aumsmmju%yaﬁﬂﬁﬂg
1ag luﬁﬁ%mUﬁaﬂ'wamaw‘%ﬁ's@?ﬁgﬂaaumuﬁaﬂﬁ'uﬂam Lﬁaﬁﬂﬂgmniﬁﬁaﬁm%'u
geaaisuaaaisnaasiwiuiauudiniaesidasaaseuiefinsaunia
LLUFANEN Tuaeudl 2 Tuaautasie msmm\juﬁagaﬁﬂmﬂgﬂamm:mﬁmﬁwé’um

PaIanItag

& A v A '
Twaanil 2.1 : MIINFNTayailngliasy
suaanidunamdiaswansiadnlsngaranutasanaisediues
wanidadngnatelusuneun 1 lanlddanaifin EncodedBitmapFi danwisznay 4-4
a [ s {;ﬂl Ej ndd‘a‘ v d'
wazfenusyanwoinliluluaawish ugadlaninnsen 4-1
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2aNa3NA : EncodedBitmapFI
ifay‘mif'\ - AN319ANVBILENITIGUAZANANNDTUEN (Minimum Support)
Jagaaan: Avsswavsidndsninganutes (F, k=2,i=1,2, .., |_|og2 C—|-1)

' ' aa =] & { o . .
g1uaNI9A1 LN TIARAIATI N E19A T BitMatrix

1)

2) WA (Support) UBILGARY Items Tagmituswandaiidean 1 vasusas Item
3) 389819 Items T@a1519 BitMatrix audrnudanteglUann

4) RONAWTE ltems AfldnanuaunnnivtainAumanuATwEN AT MRe
5) For (k=21""°T"" k>2: k = k12)

6) While(N > k)

7) pointer= N -k ;

8) While (pointer > 0)

9) Delegate,.item,, .~ Gen_Delegate(ltem,, . );

10) If (Delegate,.item,,.... # ¢ )

11) F.= F, v Delegate,.item,, .

12) Remove Delegate,.item, .. from BitMatrix table;
13) N=N-k :

14) Exit Loop;

15) Else

16) If (Support.item, ;... > MinSup)

17) C,item,, .., = Gen_Candidate(item,,,,.. ,tail)
18) If (C,.item e, # $)

19) F.= F, v Citem .. ;

20) Remove C,.item,,.. from BitMatrix table;
21) N = N-k ;

22) Exit Loop;

23) End if

24) End if

25) End if

26) pointer = pointer — 1;

27) End while

28) End while

29) End for

30) Return F,

AnUsznay 4-4 8ana3nu EncodedBitmapF|
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AT 4-1 AenuFanwoinliluaana3iia EncodedBitmapF|

ltem Apaduanidog
ltemsets Aasuarsdianysngaianudias
pointer FILPAUIVDI Item NFEIRINTM 1a8 0< pointer<N
nll o @ A
1O ey ltem NHINRINAITIN
N F1u2u Items 1uan319 BitMatrix o Ja91iu
Delegate, .item,,,, | \1AV83 ltems Qud ftem,,,,, \Dudwldndaingwiow stem . uazat
NINV8Y ltem,,,. AT BitMatrix o Ta91in
C, Candidate itemsets I41a k
F, Frequent itemsets I41a k
tail Items NINUANDENIVINVO ltempgne, LA BitMatrix 14 Taqiin
. : P
Support.item, ... | A1ANNDVRY ltem ..,
MinSup AANUDTUANTNUA (Minimum Support)

THABWNFININVDISAND TN EncodedBitmapFl 31nawilsznay
4-4 §571981B HAVDIRALUTTNANITE

ussrafl 1 dmenssenvasuansiidwniliesiifiaai1ea1sns BitMatrix
G108191T% NANTIANILENIDIRAININYTENAY 4-3  E1NNTRIIATS BitMatrix
l&asnmwisznay 4-5 18aan319 BitMatrix S1w1a R x € lagf R fa s1wiwmIsauny
vawualu Workload ua C de snensauasanuasuenidadiinunaiioes Soudazuna
LLa@olﬁLﬁudﬁmiaaummTa%m Qi Amssauaudivaduanididlatng uasluudas
Aaauttuaasliiiuid tem anseuawlunmiseunnulatg lay BitMatrix(iyj] ey
1 MAN8ANNIN QF IMIREUAY Item, (Lﬁa 1<i<RUWAZ 0<j<C—1) MagulTh 90
mwdsznau 4-5  BitMatrix[3,0] He1vinnNU 1 Manaanudn Q3 Inssaund ltem A
WaY BitMatrix[3,1] Rawvinnu 0 nansanui1 Q3 ludimsseuau item B Uszlomivas
M38$19a1519 BitMatrix @8 M3enwaN AT ILen3iafiResnsadsalunwidves
warfdfnngdmetudasuwa k fldinafiafiiandan 1w sana3fiu Apriori azds
BUNAEIUANTIANBILETZTNG K a3s naasane3Ti FP-growth 2@ adLRULIANEW
ANTANVEILOYSTNG 2 Ass u,a:'mmsmi']Lﬁumimsmszﬁuﬁmlumimmjwﬁagaﬁ

Unngues Fadumatiudszininwlumsdszaianadneas
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1 aa 6
ANYdILLDNIUIN X
Query
A|B|C| D E|FIG|H|I |J|/K|LIM|N|O|P
Q1 1 0 1 0 1 0 1 1 0 1 1 0 0 0 1 1

Q2 0 1 0| 1 0 1 00| 1 ofo0ojojo|fo0o|o0)|oO0

Q3 1 0|1 0|1 0|1 1 01 1 0|1 1 1 0

Q4 1 0 1 0 1 0 1 1 0 1 1 0| 0] O 1 0

Q (o l|1]0|1|l0|1]0]O0|1|l0]|O0]O|1|1]0]0O0

nMwUsznay 4-5 1881961374 BitMatrix

UTINAN 2 WIANANNDVDILERE Item laamInusIwInda 1 vaduday
ltem 21NN BitMatrix @2887196T% INNNNLUTZNAY 4-5 Item A J1a 1 NInua 3 0@
Aanudaed ltem A F9YINAU 3 LATRINITARIANANNDVDI Item DU 9 UEAI AR

MwUsznay 4-6

Item | A B|C/ D E|F|G| H|I |J| K|IL|M|N|O|P

support| 3 | 2 |3 |2 |3 |2 |3 |3|2|3[3|0|2]|]2]|3]1

MNUITTNaY 4-6 ANANNDVDILGART Item

UsIiaf 3 13898160 Items 1ue1319 BitMatrix enwenanudainiasly
AN EWSU ltems  NRAANNEINARIRSBIAUEIRURIENES G20819LTH NS
BitMatrix 69nWi3znay 4-5 Lia3098aU Items auaNuavasudas Item 2 nvos'ly
Iz lanaantugadasnwilsznay 4-7 Lﬁaﬁuamﬁagﬁﬁaméammﬂ “r YD

ANANNDVAI ltem i
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ANYDILBNSTII6 X

Query

P:1(B:2|D:2|F:2|1:2 | M:2|N:2|A:3/C:3|E:3|G:3|H:3|J:3|K:3/0:3
(o) 1 0 0 0 1 1 1 1
Q2 0 1 0 0 0 0 0 0
Q3 0 0 1 1 1 1 1 1
Q4 0 0 0 0 1 1 1 1
Q5 0 1 1 1 0 0 0 0

ANWLUTENaY 4-7 @1979 BitMatrix LA WNNITLIRNAUANANANNDVAILGARE [tem

o A & A, a9 P d& ¢ do
UIINAN 4 1adN ltems NAAANNUDUDLNINAIANUDNIUAINNAUABAN

NG9 BitMatrix

A108191T% LHanua lAaIANN AT WAL 40%

11N

mMwisznay 4-7 a2 lanaantasuaasluwnInlsznay 4-8 azLARINGAN Item P gmaaﬂaaﬂ

dl' A ad . o A s o ] A
LaIANNUAIAMUALNINY 1 W38 20% TIHBLNINAIAMUNVUATINNIAUG

1 aa 6
ANYILLDNIUIGN X
Query
B:2 D:2|F:2 | I:2 |M:2|N:2|A:3|C:3|E:3|G:3|H:3|J:3|K:3[0:3
Q1 0 0 0 0 0 0 1 1 1 1 1 1 1 1
Q2 1 1 1 1 0 0 0 0 0 0 0 0 0 0
Q3 0 0 0 0 1 1 1 1 1 1 1 1 1 1
Q4 0 0 0 0 0 0 1 1 1 1 1 1 1 1
Q5 1 1 1 1 1 1 0 0 0 0 0 0 0 0

AMNWLTnau 4-8 @19149 BitMatrix tUalRan Item NUANANNDRBLNINAIANNDIRAaEN

uIThan 529 ummnngudeyanunnguesuwa 2' 1la i = 1, 2,

...,(Iog2 C—|-1 WA INNA0EITAWLENIDIRNININETIATRIAT C LYINAL 16 Q9%

ﬂﬁjwiagaﬁﬁaamiﬁa ﬂﬁjwiagamm@ 8, 4 UAL2 ANAIOU laamnuaai k 1SN

WA 2

[ eaze |1

BB ﬁaamsmmjuﬁagamm@ 2

[ eoze |1

W ua1aULIN
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U3INaN 6 1Twn1I9T98aUI U Items 1461379 BitMatrix o ﬁfﬂ'gﬁ'u
A ' oA \ A @ A LA & '

W01 N INAININNIIRIaiInU k w3e bl BuAatdun1InIiagaudl nNa1Id
. . o v { o ) A2 '
BitMatrix o4 9917 Alamawngudanauia k Aidasnslaniell Sensdl N Te
YINNINRIYINNY Kk LLamdﬁﬁiamammjwﬁagamm@ k N@aInTla wddn N Tenay
N1 k medﬂ&iﬁiamamﬂ@:wiaa&amm@ k NaaInTle axdaalfunan k 1w 2 uan

AT bAal

ussnan 7 ilumamduniead item  NaziSuRasoien F, lag
frualAdunils (pointer) 284 Item Tu@13149 BitMatrix He1a9uad 0 519 N-1 Lladunu
A o A A A A o A ° ' AA A A Aa
Sudunazgniiasaniiem F, N689ns fAa duniazad ltem Nlidanudunngand
Tamam F,la udia Item o @unsia N-k Tua1319 BitMatrix

uItaf 8 1umiasaamaud pointer nadluvauiuangndasnialil
lasinuali 0<pointer<N

usInaN 9  LIun1In1 Delegate  1w@ k- V89 ltem  ANNRININTIN

(tem ) lagi3onltWenTu Gen_Delegate()

pointer:

151119 %Ya9Wei T Gen_Delegate() \Hlun13diiinnsasang AND
wwindaundinnieeszasmnmisaunin (MnTuusatu) luad BitMatrix i Item 7
Masdasandnngas TauiFudniumsassnz AND aauddunis ltem AdaRanson
Huenldnspan waawszasnisdiiunisasinz AND tdevad item  lafidndun 1

WNIBAIININ Item witdusuBnlu Delegate,.item nstnsIwInENnln

pointer

Delegate, item_, = Sunnidwawrinny k 1¥iRanifiss k ltem wansdnswinaundnlu

pointer

Delegate I%aunin k I Delegate,.item, ... Aewviniuiaadng (Delegate,.item ... # ¢)

pointer

usInan 10 Wuwniamasauin Delegate, item . A uilwoainmie L

pointer

wuda 1JunIaT198auINEINITANT Delegate VWA k Va4 Item NiaIRINTIN laviIa bal

]
=

u3shiaf 11 iunsih Delegate, item,,,, Wilusundnvaingudayad

pointer

[ . o ' 2 Py [
§@JIN17 (Fk = Fk V) Delegatek./tem ) D LLﬁ@]\‘i'ﬂLi’]ﬁ’]ll’ﬁﬂ%’]ﬂq&lﬂ]ﬂ%lﬂﬂ@] ﬂ\‘]ﬂqivl(ﬂ

pointer:

ussnian 12 umaien items iiluaudnlu Delegate, item . aon

pointer
1NN BitMatrix o ﬂagﬂ'u Lﬁaaa’mlm@Taamsmmjuﬁagaﬁﬁmam%ﬂhjﬁ’]ﬁu
aenumIlian items NiusanBnvaingudayafinildudroanaina1ang BitMatrix azviy
v 1 v Idl v a [l :’ L= [ v dl U Q (=1 dl
1%ﬂ§311°11ayjal%u‘ﬂm"l,mlam*’rmvl,wmﬂmqwayamﬂﬂmvl,@ uazgadunisaaa Nl
mimmjwﬁagaﬁ@"lﬂ INTE Item  ATANNINTIMNDLEI VUWIAVAIANTIS BitMatrix 1

AARIAIE
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ushan 13 umaminuadiwiu items  Aflagluanma BitMatrix

Tagtiulnd hasanndniaiian items 8ananan4 BitMatrix (MnfasluuIviaf 12)
o A =3 o o A
uIsriafl 14 usastianmisanangd lasminszlaaluviinu o usvian

6 ﬁfuﬁaLﬂumimﬂ@@"l,ﬂLﬁalﬁ%ummjuﬁa;&aﬁ'@iﬂ

A e

o A & A a . \
UIINGN 15 tUUNILRNNI Delegatek./tem AAUNINULDTNING

pointer

UsIiaf 16 1 wmMIaTageuaanunved ltem AmasRansaninden
unninenanudduenviell asandienanuiues ltem AfaIRNTINTAYNAL
dnanudd et 13 liddudasrineuludimasietamu Gen_Candidate() BIn3FN9%
Tug un i h Gen_Delegate() ﬁl,ﬁmwaﬁazuaniﬁdﬂ&immmmmjuﬁayamma k 7
F29m13971 ltem AfAIRTENGALE MIvnusnisadunItisanamslszulans
e

UsIiaf 17 1Jun19w1 Candidate itemsets WA k Vad Item 7irNag

Wason (Cltem, ) lasFunloWaridu Gen_Candidate()

pointer:

o 6 o . & o a
N3N I%VDININ D Gen_Candidate() WwnIdiwn1IaIINe AND
1 a 6 v 1a 6 Ao v a a PN 1
321N k dadudiiniaay vL@lLLﬂ']J@]LLﬁJ‘LIL’)ﬂL@]@??]BG ltem NNIRIWINIUWINY Items 7]6%]
N13VINVaN Item AMRINITIMDN k-1 fl(ﬂLL&ll]L’]ﬂL@]a% LRZATIARDLAIANNAN

a & v ed o o A Aada a o " A&
faundiniaasnaansn lalasmsiudmwinie 1 nidnlsanudiesniidianudo
i W C.ttem,,,, I viiuimadng mahnuaslsiduilazaugaiiia C ltem,,,,, d¢

pointer pointer

Vo @ ' A A A = o

lavinnuisaing mawmsmwmunﬂLsﬁ@mmmmLﬂuvl,ﬂ"l@

o A = ' A v @ ' A '

usIan 18 (dumsanaseuin C.ltem,,,, g lavinnutradnenialy

nuAoLdun1InII988UINRINNIANN Candidate itemsets VW9 k Va9 Item NANRININTIHN
v A 1
1evivalal

uysriafl 19 (dumsh C ttem,,,,, IWidusannvaingudoyanidainis

(F,= F,u C,.ltem

usInan 20 WWuwnsiden items MluwsaunGnlu C,.ltem

pointer

& 1 1 v d ¥ ¥
D LLammmmmsnmmiwa;&aﬁ@ ?J\‘lﬂ'ﬁv[,@

pointer)
oner 8ANAINAII
BitMatrix b a91i% iU vuluusiian 12

UsIniaf 21 1 umIsunasinin ltems ﬁﬁag’lumsw BitMatrix i
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n.1 nMse3gndayativalglumsnaaas
Tayafltluniimasaadudayaniasgiuain TPCH Benchmark
(Transaction  Processing Performance  Council, 2006) G9iduaiatlSauifiay

UrzAnTawnsdszaiananissauaunTutauluszuuaiy mgumiﬁ@%uk} (Decision

support)
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=| part.tbl - WordPad g@@

Fil= Edit View Insert Format Help

hed Sl A B

1l|goldenrod lace spring peru powder|Manufacturer#l|Brand#13| PROMO EUENISHED COFPPER|7|JUMEC A
2 |blush rosy metallic lemon navajo|Manufacturer#l|Brand#13|LARGE BERUSHED EBRALSS|1|LG CASE|9C
3|dark green anticgue puff wheat|Manufacturerfd|Erand#dz | STANDARD POLISHED BRASS|Z1|WRAP CAZ
4| chocolate metallic swmoke ghost drab|Manufacturer#s | Brand#34| SMALL PLATED BRASS|14|MED DRI
G| forest blush chiffon thistle chocolate | Nanufacturer#l | Brand#3z | STANDARD POLISHED TIN|15|%
6| white ivory azure firebrick black|Manufacturer#Zz|EBrand#Z4|PROMO PLATED STEEL|4|MED EBAG|9C
7|blue hlanched tan indian olive|Manufacturer#l|EBrand#11|3MALL FLATED COFFER|45|3M BAG|307.
8| ivory khaki cream midnight rosy|Manufacturer#4|EBrand#44|PROMO BURNISHED TIN|41|LG DRUM|9C
9| thistle rose moccasin light floral|Manufacturer#d|Brand#43 | SMALL BURNISHED STEEL| 1Z | WRLP
10| floral moceasin royal powder burnished|Manufacturer#S|Brand#S4|LARGE BURNISHED STEEL| 44|
11| chocolate turguoise sandy snow misty|Manufacturer#Z | Brand#Z5| STANDARD BURNISHED NICKEL| <
12 |peru ivory olive powder frosted|Manufacturer#3|Brand#33|MEDIUM ANODIZED STEEL|Z5|JUMED (
13 |ghost hlue olive sky gainshoro|HManufacturer$s|EBrandf#s55|MEDIUM EURNISHED NICKEL| 1| JUMEC F
14| linen seashell burnished blue gainshoro|Manufacturer$#l|Brandf13|3MALL POLISHED 3TEEL|ZS|
15| navajo dark sky turgquoise roval|Manufacturer$l|Brand#15|LARGE ANODIZED BRASS|45|LG CASE|
l6|deep brown turgquoize dim papava|Manufacturer#d | Brand#3Z | PROMO PLATED TIN|Z|MED PACK|916.
17 |burnished navy orange dodger cresn|Manufacturer#d|Brand#43|ECONOMY BRUSHED STEEL|16|LG E
15| spring indian forest khaki midnight|Manufacturer#l|Brand#11|SMALL BURNISHED STEEL|4Z|JU
19| dodger forest floral creaw black|Manufacturer#? | Brand#23|3MALL ANODIZED NICHEL|33|WRAP E
Z0|khizsque salwon dark hlanched linen|Manufacturer$l|Brand#12|LARGE FOLISHED NICKEL|4&|MED E
21| lemon acuamarine firebrick floral almond|Manufacturer$#3|EBrand§33|3MALL BURNISHED TIN|31|
22 |medium floral bheige cornsilk olive|Manufacturer#4|Erand#43 | PROMO POLISHED BRASS|19|LG DE
23| firebrick bisgue slate rose blanched|Manufacturer#3|Brand#35|MEDIUM BURNISHED TIN|4zZ|JUr
24| zaddle dim white honeydew spring|Manufacturer#S|EBrand#Sz | MEDIUM PLATED STEEL|Z0|MED CASE
2G| |klush forest wagents metallic turgquoise|Nanufacturer#s|Brandf55| STANDARD BRUSHED COPPER| .

< >
For Help, press F1

nmwisznay n-1 MedadayalulWa part table (part.tol)

mﬂﬁf’uﬁﬂﬁ"g@mé"ﬂu file.awk inowlaglEanas
awk -f file.awk input_file > output_file

Tagdi file.awk Ao Vl,w&q@ﬁﬁé}'a input_file fia %avl,wﬁﬁiﬁﬁuﬁagamaaLLaﬂ%ﬁa@T‘ﬁLﬁaﬂ LAY
output_file @8 %aTWﬁﬁlﬁLﬁuﬁagamaaLLaﬂ%ﬁa@TﬁLﬁaﬂﬁﬁmuﬂ‘é"wgﬂlﬂuﬁhmmﬁmﬁ
daifiasiu dranslng outputfile ugasasnwlsznou n-2 (lsdun)

éh%%'u@@msaaumwﬁﬁmﬂ‘*ﬂumimaaa Tuudazuansdadfidanan
a%waé’mﬁﬁlzﬁﬁﬂﬁfiwmmsaaumm‘hmu 2 PANIFRDUNY I@mwiazﬂ;@msaaumwﬁ
F1UI% 100 NITHUTATH LL@iazmmufm"ffm:ﬁflmsq;ﬁ‘hmuam%ﬂ (F114 Items luud
RENIIUUTATH) UazananItIauaaza (Husruiuau) ﬁgnaaumuﬁwﬁu TRLHARE
ATFALAINURAINININYTENOU N-3 LAUAUAVAILTA I ULARZNIIUUTATUANIDT
ﬁwu’suam%ﬂﬁgﬂaauﬁ’aﬂﬁuslmwiazmmwﬁﬂﬁ'u LLazéhLamﬁmﬁmﬂumﬁgﬂaaumm
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File Edit Wiew Insert Format Help

D && &M &y DE=E & #4 Gk,
PROM2 EURMNISHED COFPPER Lo =31 5
LARGE ERUSHED EBRASS B 30 B
STAWNDARD POLISHEL EBRASS 145

SMALL FPLATED BRASS 115

STAWNDARD POLISHED TIN 149

PROMZ PLATELD STEEL 93

SMALL PLATED COPFPER 116

PROMO EURMNISHED TIN g9

SMALL BURMNISHED STEEL 113

LARGE EBEURNISHED STEEL 35

STAWNDARD EBURNISHED NICEEL 137

MEDITUM AMODIZED STEEL 53

MEDITUM EBEURMNISHED NICEEL B2

SMALL PFPOLISHEID STEEL 123

LARGE ANODIZEID» BREASS 25

PROMO PLATED TIN 94

ECONOMY ERUSHED STEEL =

SMALL EURNISHED STEEL 113

SMALL ANODIZED MNICEEL 102

LARGE POLISHED MNICEEL 477

SMALL EBEURNISHED TIIN 114

PROMZ POLISHED BRASS 95

MEDITUM EBURMNISHED TIMN 543

METTITM PLATET STERT bt 55 hd

For Help, press F1 Faor Help, press F1

£ U s 1 é ~ 1 aaAa { s
mMwdsznau n-2 (@udne) @889 IWR attr_type.txt TaAUa18IUaNTTG type Nana

ldfan part.tbl waz (duean) Wdnldannaisugddrvasuanitag type Wuduwan

I3
LAy

File Edit Yiew Insert Format Help

Dl &0 # &

hl 17 34 100 119 124 758 108 112 14 5 95 31 27 61 41
44 112 57 a7 109 23 141 79 28 16 35 140 42 138 106 40
30 27 =1 23 36 71 a5 74 22 1z0 129 7 123 147 12 136
a7 7 137 3 33 a5 ==l 109 g 71 138 122 48 56 130 63
89 125 62 5o 110 3 19 11 138 51 39 105 73 5z 85 32
127 2 49 i 75 43 124 73 122 11 g1 103 132 105 143 131
79 75 55 42 147 149 [ 61 127 17 141 29 40 %] T4 51
110 71 105 104 3G 46 =l 149 93 130 1z0 145 a7 ie g3 35
24 130 115 1 91 29 10 95 123 35 127 132 106 39 13 105
21 g3 [ 53 45 [ 1=] 125 76 28 a 45 9 43 3g go 1]
126 [33] 16 126 137 g1 14 140 136 21 112 64 59 15 52 23
a7 43 13 1 a 78 11 100 =] 9z 104 119 g1 15 17 143
142 43 52 111 &0 54 40 147 85 79 55 141 42 10 49 128
35 =l 19 145 53 140 79 49 5 41 61 131 5z 33 a7 14z
121 iza 53 39 105 258 29 =1 62 35 57 45 138 1z9 a3 =l
a 17 56 105 131 112 119 25 31

94 141 103 g5 15 100 19 122 133 g3 125 4z a 104 8 135
130 24 93 132 103 61 40 12 107 147 101 123 67 53 16 g3
43 115 27 119 7 o1 41 64 123 15 122 7 85 (=14 107 9 3
145 36 a3 21 124 o7 76 104 119 105 27 43 115 [13] 102 35

< | >

For Help, press F1

AwUsenau n-3 @ﬁ'fsasmvl,wgﬁ@ﬂ’ﬁaaumu (Workload)
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n.2 MmsdsullsunsaianaasssouaIunuLAIENBnUREL DAL
Tumsdsulusunsuienasasdumsidonldsunsudradwdansnd
Compiler) lagfmstwuafifiena dauds Worfdu uaslWsnadmaodeluil
® MsfBWAAIAT (define)
CARDINALITY 150 \Humsivuasldioasauesaa luitiwindu 150
NUM_RECORD 1000000 umaivuadinwmuuniteys Tuiiiivindiu 1,000,000

NUM_QUERY 100 Hunsimuasiwinnsseuans luifivindy 100

®  auils (variable)
number  lFEwSuiuswnanEnluidaznszauany (0 < number < C)
value g wiuifudfdasnsgounin (0<= value < C)
vector & miuiiudsauvesdawnlinnaeiidasmismaniedifiinnisassns
bitsvector lFdmsuifivadauutinnasinewldanasaasi
ansvector 1@ nsuinuadauntiiniaasuaantannnisdinnisassne newiinly

a 6 o
] Uuﬂ\‘]leﬂﬂ’]@] auVBINIIRUNNA

o Hanzn (function)

QuerySimple(value,number) Wensudiunissevanvvwerhiaunduuy
ﬁugm

Queryinterval(value,number) WINTUG LA IFO U NLUATHD ALV LLUT4

QueryEncoded(value,number) Wensudiunissevanvvweridaunduuy
INIRE

QueryScatter(value,number) Wenguandunisravanvvnarifauwnduuy
n323"¢

QueryDual(value,number) Wandudiunsseumuuwasidauuduuuedn

QueryEncodedFl(value,number)  W4ATuG L RUNAIIFOUDINUMAT AT auN Uiy
v = dl U 1 U dl 1
vhsianlingudayandangian
a o a o a ﬁ
WordPerVector(NUM_RECORD)  Wariguatiumsmndnwiuiisa (Word) ednitg
=) & { A6 v a ] 1 Q
Jaundiineas sslunild 1 135afidnvinny 32
(Winnuwwavad Integer luaandanm s @nls



o v (file)

simple.dat

interval.dat

encoded.dat

scatter.dat

dual.dat

encodedFl.dat

anssimpleMember.dat

ansintervalMember.dat

ansencodedMember.dat

ansscatterMember.dat

ansdualMember.dat

ansencodedFIMember.dat
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Wulwsnnuaridaunduuudugin

1w lWanAueridauuUuuusig

1w lWa N AU arid ol uUUTNTRR

W lWaninuaridauuluuunizany
LﬂuvlwﬁﬁLﬁuﬁwﬁﬁmmﬂLmuﬁﬁu

I A = v Aa ) o Aq o o ~
LﬂuvLWE\]‘Y]Lﬂ‘LI@‘I%u‘LImLNﬂLLUUL‘UW?%&Wi“EﬂQN‘Dm&aYI
Usnguay

I ed & o o Aa
WulWanAudiaauvaInIIga U NUBATHI ALY WU
&

WU
WulWanAudisauvaInIIga U NUBATHI ALY WU
P

W WANLAUEI9a U0 INIIFAUDINLWATHI AL UL
NIAR

& {ai =3 o v A
WulWannudiaauvasnissaua N UBaThiaLy U wuy
N3z

& ed & o o Aa '
Lﬂu"LWamﬂum@awaamsaaumuuuwuummﬂLLUUQ
N
WulWanAudisauvaInIIga U NUBATHI ALY WU

v a dl v 1 v dl 1
L‘Uﬂﬁ%ﬁﬂlﬁﬂq&l‘ﬂﬂﬁﬂ‘ﬂﬂi’mgﬂ?JFJ
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N.2.1 ABADBIDN I TIWKRANVAINITHAUANNBUUFNIBNUBATHL A NN

6 TG

START

Open file workload.dat

0< q <= NUM_QUERY

No STOP

Yes

v

Read number

0<=i < number

Yes

Read value[i]

No &

i=i+1 —

»  start = clock()

——

QuerySimple(value,number)

3

end = clock()

o

time = end - start

o

Print runtime

start = clock()

v

Querylnterval(value,number)

v

end = clock()

v

time = end - start

v

Print runtime

—1

start = clock()

v

time = end - start

v

Print runtime

\{\

start = clock()

v

QueryDual(value,number)

QueryEncoded(value,number)

v

end = clock()

v

time = end - start

v

Print runtime

\{\

start = clock()

v

v

end = clock()

v

time = end - start

v

Print runtime

—1

start = clock()

v

QueryEncodedFI(value,number)

QueryScatter(value,number)

v

end = clock()

v

end = clock()

v

time = end - start

v

Print runtime

\{\
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n.2.2 Inaanisnisdaunianuudndnunazdauaduuunngin

QuerySimple(value,number)

v

wpv = WordPerVector(NUM_RECORD)

v

fdr = open simple.dat

v

fdw = open anssimpleMember.dat

v

i=0

Yes

v

ansvector[i] = 0
(set all bits of ansvector to 0)

v

i=i+1l

Yes

v

No———»

offset = value[j] * wpv * sizeof(int)
(Find position of vector of valuel[j])

v

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector of value[j])

Yes

write(fdw,&anavector[i],sizeof(int))
(write 32 bits per time to anssimpleMember.dat)

i=i*1

v

z—>

Yes

v

i=i+1

read(fdr, &bitsvector[i], sizeof(int))
(Read vector of value[j] 32 bits per time )

v

ansvector(i] = ansvector[i] | bitvector[i]

No END
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N.2.3 IBAAWIDNTFOUDINLUUANIB NUBAT L AN WUIT9

Querylnterval(value,number)

v

wpv = WordPerVector(NUM_RECORD)

Yesp vector[0]=0 —» Condition =1’

v

num_vector = ceil(CARDINALITY/2)

v

m = (CARDINALITY/2) -1

value[j]=1 and

CARDINALITY= Yesk|  vector[0]=0 | Condition =2’

¢ No

fdr = open interval.dat

value[j] = 0 and

CARDINALITy=3 > Yes»l  vector0]=1  —» Condition="3

v

fdw = open ansintervalMember.dat

No

i=0 vector[0]=valuelj]

Yes—» vector[1]=value[j]+1 —» Condition = ‘4

vectorl0I=0 |\ congition = 5

Yes vector[1]=valuel[j]
v
ansvector[i] = 0
(set all bits of ansvector to 0)
¢ No
0<m<value[j] and vector[0]=value[j}-m I
L i=i+1 aluej]<CARDINALITY- Yes  ectortvaegrm-1 [ ®  Condition =6
=0 « No tor[0]=0
Ly| vector(0}= % Condition =7

vector[1]=ceil(CARDINALITY/2)-1

offset = vector[Q] * wpv * sizeof(int)

(Find position of vector 1th of value[j])

Yes ¢

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector 1th of valuel[j])




Yes

read(fdr, &bitsvector[O][i], sizeof(int))
(Read vector 1th of value[j] 32 bits per time )

v

i=i+1

Yes

offset = vector[1] * wpv * sizeof(int)
(Find position of vector 2sd of valuefj])

v

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector 2sd of value[j])

Yes

read(fdr, &bitsvector[1][i], sizeof(int))
(Read vector 2sd of valuelj] 32 bits per time )

v

i=i+1

107

i=0
No— j=j+1
Yes
Condition = ‘1’ Yesw  ansvector|i] = ansvector(i] | bitvector[O][i]  —

Condition = 2’ Yeshk|

ansvector[i] = ansvector[i] | (~bitvector[0][i]) —

No

Condition = ‘3’ Yesk|

ansvectorli] = ansvector[i] | bitvector[0][i]] —

Condition = ‘4’

ansvectorli] = ansvector[i] | (bitvector[O0][i] &
(~bitvector[1][il))

No

Condition = ‘5’

ansvector(i] = ansvectorfi] | (bitvector[O][i] &
bitvector[1][i])

Condition = ‘6’

ansvectorli] = ansvector[i] | (bitvector[0][i] &
(~bitvector[1][i]))

ansvector[i] = ansvectorfi] | (~(bitvector[O][i] | | |
bitvector[1][i]))

i=i+1 l—!
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Yes
v

write(fdw,&ansvector]i],sizeof(int))
(write 32 bits per time to ansintervalMember.dat)

v

— P=i+1
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N1.2.4 THAaWISNITHDUNNUUVENIBTNUBATHIAUNUUUULTISREN 1)

QueryEncoded(value,number)

v

wpv = WordPerVector(NUM_RECORD)

v

num_vector = ceil(log(CADINALITY))

v

fdr = open encoded.dat

v

fdw = open ansencodedMember.dat

v

i=0

Yes

ansvector[0][i] = 0
(set all bits of ansvector[0] to 0)

v

ansvector[1][i] = 0 x FFFFFFFF
(set all bits of ansvector[1] to 1)

v

L i=i+1

Reduct_function(value,number)

offset = j * wpv * sizeof(int)
(Find position of j of value[j])

v

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector of value[j])

Yes

read(fdr, &bitsvector[1][i], sizeof(int))
(Read vector j th 32 bits per time )

Yes

ansvector[1][i] = ansvector[1][i] & bitvector[0][i]

ansvector[1][i] = ansvector[1][i] &
(~bitvector[O][i])

v

i=i+1

!

j=j+1

t=0
.FN
Yes
v
i=0
¢N
Yes
Yes

Yes

v

ansvector[0][i] = ansvector[0][i] | ansvector[1][i]

v

ansvector[1][i] = 0 x FFFFFFFF
(set all bits of ansvector to 1)

v

=i+

t=1t+1
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N

i=0

Yes
v

write(fdw,&ansvector[0][i],sizeof(int))
(write 32 bits per time to ansencodedMember.dat)

v

L i=i+1




N.2.5 IBAAWIDNITFOUDNLUUAN B NUBATHIARNLBUUNSZaNY

QueryScatter(value,number)

v

wpv = WordPerVector(NUM_RECORD)

v

num_vector = ceil(2*sqrt(CARDINALITY))

v

m = ceil(sqrt(CARDINALITY)) +1

v

fdr = open scatter.dat

v

fdw = open ansscatterMember.dat

Yes
v

ansvector[i] = 0
(set all bits of ansvector to 0)

v

— i=i+1

e N

Yes

value[j]%(m-1)=0
No

|

vector[0]=value[j]/((m-1)+1

Yes

vector[0]=value[j)/(m-1)

v v

vector]1]=(value[j)/(m- vector[1]=(value[j]%(m-
1))+1 1))+num_vector-m+1

ey NS

offset = vector[{0] * wpv * sizeof(int)
(Find position of vector[0] of value[j])

v

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector[0] of valuelj])

Yes

v

read(fdr, &bitsvector[0][i], sizeof(int))
(Read vector 1th of value[j] 32 bits per time )

v

=i+

v

offset = vector{1] * wpv * sizeof(int)
(Find position of vector[1] of value[j])

v

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector[1] of valuel[j])

Yes

v

read(fdr, &bitsvector[1][i], sizeof(int))
(Read vector 2 sd of value[j] 32 bits per time )

v

=i+

v

Yes
\ 4

111

Nob-

i=i+1

ansvector(i] = ansvector|i] | (bitvector[0][i] &
bitvector[1][i]

v

i=i+1
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¥

Yes
v

write(fdw,&ansvectorli],sizeof(int))
(write 32 bits per time to ansscatterMember.dat)

v

— i=i+1




QueryDual(value,number)

v

wpv = WordPerVector(NUM_RECORD)

v

num_vector =
ceil(2*sqrt((CARDINALITY)+0.25)+0.5

v

fdr = open dual.dat

v

fdw = open ansdualMember.dat

Yes

v

ansvector(i] = 0
(set all bits of ansvector to 0)

v

i=i+1

Yes

v

vector[0]=ceil(sqrt((2*value[j])+2.25))-0.5

v

vector[1]=value[j]-(r*(r-1)*0.5)

v

offset = vector[0] * wpv * sizeof(int)
(Find position of vector[0] of valuelj])

v

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector of value[j])

n.2.6 il'uma‘vﬁ'ﬁ'msaanmuLmnam%nuuﬁ%ﬁﬁmLtuﬂttun@:ﬁu

i=0
<«
Yes
v
read(fdr, &bitsvector[0][i], sizeof(int))
No (Read vector 1th of value[j] 32 bits per time )
i=i+1 —
Lyl offset = vector[1] * wpv * sizeof(int)
(Find position of vector[1] of value[j])
Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector of value[j])
i=0
<«
Yes
v
read(fdr, &bitsvector[1][i], sizeof(int))
No (Read vector 2sd of value[j] 32 bits per time )
i=i+1 —
> i=0

Yes
A 4

113

ansvector(i] = ansvector]i] | (bitvector[0][i] &
bitvector[1][i]

j=j+1

v

i=i+1
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N

i=0

Yes
v

write(fdw,&ansvector]i],sizeof(int))
(write 32 bits per time to ansdualMember.dat)

v

L i=i+1




115

N.2.7 THEOWISNITHOUATNULUANIBTNUBABHTOUNUUUULDITREN 12

1 L d' 1
nawmamaﬂﬂiﬁngnay
9q u

QueryEncodedFI(value,number)

v

wpv = WordPerVector(NUM_RECORD)

v

num_vector = ceil(log(CADINALITY))

v

offset = j * wpv * sizeof(int)
(Find position of j of value[j])

v

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector of value[j])

fdr = open encoded.dat i=0
fdw = open ansencodedMember.dat
-«
i=0 Yes
read(fdr, &bitsvector[1][i], sizeof(int))
(Read vector j th 32 bits per time )
Yes
ansvector[0][i] = 0 Yes
(set all bits of ansvector[0] to 0) No
¢ No
No ansvector[1][i] = ansvector[1][i] & bitvector[0][i]
ansvector[1][i] = 0 x FFFFFFFF
(set all bits of ansvector[1] to 1)
¢ ansvector[1][i] = ansvector[1][i] &
(~bitvector[O][i]) <
L i=i+1 ¢
i=i+1
Reduct_function(value,number) A
# > j=i+1 4—@
t=0
v N I T 0 .
Yes
* 4
j=0
Yes
° N ansvector[0][i] = ansvector[O][i] | ansvector[1][i]
4-No
No ]
Yes ansvector[1][i] = 0 x FFFFFFFF
(set all bits of ansvector to 1)
¢-No
i=i+1
Yes
L t=t+1
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Y

i=0

Yes
v

write(fdw,&ansvector[0][i],sizeof(int))
(write 32 bits per time to ansencodedMember.dat)

v

L i=i+1
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n.2.8 ifumaw’?'ﬁ'msaﬂgﬂﬁaﬁ%’%nﬁitﬁ’ﬁﬁaﬁ’agau%ﬁ?jﬁﬁmu.meJtu

v o @& v AAa v > d' L 1 L q' 1
L‘ﬂ’l‘i‘lﬁa’“{l’ﬂﬂLLR&G]’Ii%fIJGILLN‘iJLL‘U‘ULﬂﬁi%ﬁﬂi%ﬂquaﬂaﬂﬂi’lﬂguaEl

Reduct_function(value,number)

v

fdr = open maptbl.dat

v

Rewrite_Step()

v

Reduction_Step()

v

Select_Step()

End



Rewrite_Step()

47

—_.—
= O

Yes

v

No

offset = value[j] * wpv * sizeof(int)
(Find position of vector of valuel[j])

v

=i+l
t=t+1

Iseek(fdr,offset, SEEK_SET)
(Move fdr to first bit of vector of value[j])

v

read(fdr, &vmap, sizeof(int))
(Read vector of vmap 32 bits per time )

No

term[t].number=1
term[t]. member[0]=valuelj]
term([t].mark=0

Yes

v=0;v<numvector;v++

Yes

(vmap>>(numvector-v-1)) & 1 =1

No

v

term([t].bitstr[v] = 1

term[t].bitstr[v] = 0

End

118



Reduction_Step()

v

sub_t=t

k=0;k<numvector-1;k++

Yes

No old_t=t-1
start_t=old_t-sub_t
sub_t=0

i=start_t;i<oldt;i++

Yes

J=jt1i<=oldt;j++

Yes

dif=0

v=0;v<numvector;v++

Yes

v

term[t].bitstr{v]=term([i]. bitstr[v]

term[i].bitstr[v] != term[j].bitstr[v]

Yes

v

dif=dif+1
p=v

Yes

term[t].bitstr[p] = -1
term[i].mark=1
term[j].mark=1

trem([j].member][]
term([t].number=2*term[i].number

term[t].member[]=term[i].member[] +

t=t+1
subt=subt+1

119



Select_Step()

count=0
new_t=0
chknum=0

No Yes

Yes

j=0;j<term[i].number;j++

Yes

v=term[i].member(j]

leNo chkmember|v] I= *

Yes

— count = count+1 [

term[i].number = count

Yes

bitstr[new_t][]=term[i].bitstr[]
new_t=new_t+1

j=0;j<term[i].number;j++

Yes

v

No . .
v=term[i].member(j]
chkmember[v]="*
> chknum=chknum+count

No

Yes

Yes

count=0

j=0;j<term[i].number;j++

Yes

v=term[i].memberf[j]

chkmember[v] 1= *

Yes

v

4—No

count = count+1

Yes

v

bitstr[new_t][]=term[i].bitstr[]

v

new_t=new_t+1

120

t=new_term <

End
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Abstract

Indexing techniques based on bitmap
representations are well suited to a warehouse

system. They significantly improve query
processing time by utilizing low-cost Boolean
operations and multiple index scans,
executing queries by performing simple
predicate conditions on the index level before
going to the primary data source. To optimize
existing Encoded Bitmap Index, in this paper,
we apply a data mining technique called
association rule to find a well-defined
encoding scheme, leading to improve query
processing time. Our comparative study show
that in the best case the performance of
optimizing  Encoded Bitmap Index using
Association Rules is better than those found by
existing techniques for membership queries
from the point of view of space-time trade-off.
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Q1 : SELECT * FROM T WHERE X IN (A,C,E,G,0,H,J,K,P)
Q2 : SELECT * FROM T WHERE X IN (B,D,F,I)
Q3 :SELECT * FROM T WHERE X IN ( A,C,E,G,0,H,J,K,.M,N)
Q4 : SELECT * FROM T WHERE X IN ( A,C,E,G,0,H,J.K)
Q5: SELECT * FROM T WHERE X IN ( B,D,F,I , M,N)
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Abstract

Indexing techniques based on bitmap representations are
well suited to a warehouse system. They significantly improve query
processing time by utilizing low-cost Boolean operations and multiple
index scans, executing queries by performing simple predicate
conditions on the index level before going to the primary data source.
To optimize existing Encoded Bitmap Index, in this paper, we apply a
data mining technique called frequent itemsets mining to find a well-
defined encoding scheme, leading to improve query processing time.
Our comparative study show that in the best case the performance of

optimizing Encoded Bitmap Index using frequent itemsets mining is

560

better than those found by existing techniques for membership queries

from the point of view of space-time trade-off.

Keywords: bitmap index, frequent itemsets mining
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313898191 Ttems TUA1319 BitMatrix A1 Support 31n1ie8 11/
WNLAzIENIANE Ttems 1) Support IR MFeIARY
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4.For (k= 2™02¢H k> 2 k=k2)

5. While(N > k)

6. pointer = N-k;

7. While (pointer > 0)

8. Delegate.itempomr: Gen7D61egate(ltempoim);

9. If (F1WIUANFNUDA Delegate.item | =k )

10. F, =F, U Delegate.item_ . ;

11. Remove Delegate.Item .~ from BitMatrix table;
12. N=N-k ; Exit Loop;

13. Else

14. If (N-pointer) > k 1@ Support.item , > MinSup)
15. C. = GenﬁCandidate(Delegate.itempmnm Jtail)
16. If (Support.C, = MinSup)

17. F=F UC;

18. Remove C, from BitMatrix table;

19. N =N-k ; Exit Loop;

20. End if

21. End if

22. End if

23. pointer = pointer — 1;

24.  End while

25. End while
26. End for
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04 : SELECT * FROM T WHERE X IN (A,C.E,G,0,H,J,K)
05 : SELECT * FROM T WHERE X IN (B,D,F,I ,M,N)
a. workload
Query AvBIBN3 DA X
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02 |1 |1]|1|1|ofo]ofjo]jo]|ofofo]o]o
03 |ofofofof [t 1|11 ]1]1
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0 0 0 0 0 0
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Abstract—  Indexing techniques based on  bitmap
representations are well suited to a warehouse system. They
significantly improve query processing time by utilizing low-
cost Boolean operations and multiple index scans, executing
queries by performing simple predicate conditions on the index
level before going to the primary data source. To optimize
existing Encoded Bitmap Index, in this paper, we apply a data
mining technique called frequent itemsets mining to find a
well-defined encoding scheme, leading to improve query
processing time. Qur comparative study show that in the best
case the performance of optimizing Encoded Bitmap Index
using frequent itemsets mining is better than those found by
existing techniques for membership queries from the point of
view of space-time trade-off.

Keywords-bitmap index; frequent itemsets mining

L INTRODUCTION

The data warechouse (DW) is access through an Online
Analytical Processing (OLAP) application [1]. The
information stored in a DW is obtained from many different
sources. Such sources might include Online Transaction
Processing (OLTP) or legacy operational systems over a
long period of time. Requests for information from DW
usually are complex and ad-hoc queries. Such complex
queries could take several hours or day to process because
the queries have to search through a large amount of data.

There are many solutions to speed up query processing
such as summary table, indices, and parallel machines.
Indexing is the method to achieve without adding additional
hardware [1]. There are many indexing techniques such as
B'-tree, R-tree, and bitmap index. Bitmap index is useful in
processing complex queries in decision support systems
[2,3,4]. Tt is simple to represent, uses less space and is more
CPU-efficient than row ids when the number of distinct
values of the indexed attribute is low. The index improves
complex query performance by applying low-cost Boolean
operations such as AND, OR and NOT in the selection
predicate on multiple indices, thereby reducing the search
space before going to the primary source data.

Simple Bitmap Index [2-8] was first introduced and
implemented in the Model 204 DBMS. It consists of C (the
number of distinct values of the indexed attribute) bitmap
vectors each of which is created to represent each distinct
value of indexed attribute. A bit i in a bitmap vector,
representing value v, is set to 1 if the record i in the indexed
table contain v. To answer a query, the bitmap vectors of the
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values specified in the predicate condition are read into
memory. If there are more than one bitmap vectors read,
Boolean operations will be performed on them before
accessing data. Simple Bitmap Index is efficient in both
space and query processing time for an attribute with a low
cardinality. However, the sparsity problem occurs if the
Simple Bitmap Index is built on high cardinality attribute,
which then requires more space and query processing time to
build and answer a query. To overcome this size problem,
much of the research on bitmap indices has focused on
reducing index size. Two following approaches have been
developed: bitmap index compression [3,5,8], and bitmap
index uncompression [2,4,6,7], aiming to reduce space
requirements as well as improve query performance. In this
paper, we focus on the bitmap index uncompression because
Boolean operations on compressed bitmap index are often
slower than on uncompressed bitmap index.

Encoded Bitmap Index [4] outperforms the best bitmap
indices in term of space requirement. However, its response
time for equality queries is the worst. This is because it needs
to spend time finding the encoded representation of the
attribute value v from the mapping table, comparing
[log,c] bitmap vectors. Furthermore, to answer a

membership queries of the form “Xin {v|, v, ..., v,}”, it has
to find the encoded representation of each attribute value v;
and perform Boolean operation OR n-1 times, requiring
more response time. Therefore, in order to minimize the
number of bitmap vectors which need to be accessed in
answering a membership query, a well-defined encoding
scheme is an important key of Encoded Bitmap Index. In this
paper, we apply a data mining technique call frequent
itemsets mining to find the well-defined encoding scheme,
leading to improve queries processing time.

The rest of the paper is organized as follow. In Section 2
we review Encoded Bitmap Index and frequent itemsets
mining. In Section 3 we present the optimizing Encoded
Bitmap Index using frequent itemsets mining. In Section 4
we discuss our comparative study of five bitmap indexing
techniques (i.e., Simple, Interval, Scatter, Dual, and Encoded
Bitmap Index) against Encoded Bitmap Index using frequent
itemsets mining. Finally, in Section 5 we discuss conclusion.

II.  RELATED WORK

A.  Encoded Bitmap Index
An Encoded Bitmap Index [5] was introduced by Wu
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and Buchman in 1998. It consists of [log, C] bitmap vectors,
$ays { Efiog,cl1E2.E,Eo }, and a mapping table. Each

distinct value of the indexed attribute is encoded with
[log, C] bits (as Huffman encoding). Each of which is stored

in a bitmap vector. The mapping table stores the mapping
between each attribute value and its encoded representation.
Fig. 1 shows an example of the Encoded Bitmap Index on
attribute X with C=8. The Index is the collection of 3 bitmap
vectors, { E,,E,E, }, where ‘a’ is encoded as 000, ‘b’ as 001,

and etc. For those tuples with X = ‘a’, we set corresponding
positions in all bitmap vectors as £, =0, £,=0, and E,= 0;
for those tuples with X = ‘b’, we set corresponding positions
in all bitmap vectors as £, = 0, £, = 0, and E,= 1; and so
on. To answer a membership query, the encoded
representation of each attribute value is found. Then, the
Boolean operation OR is performed on them to get the
result. For example, by using the mapping table as shown in
Fig. 1, if we have a query with the selection condition X in
(a,d,f,g) and let E; € { B, , B, }; B, = 1, B, = 0, the retrieval
function to answer this query will be B,BB, +B,BB,

+B,BB, +B,BB, , which cannot be further reduced.
However, if we build a query with the selection condition X

in (ab,c,d), the retrieval functions will be
B,B,B, + B,B,B, + ByB,By + By BB, , which can be reduced to B,
(only one bitmap vector is needed to be accessed).

B.  Frequent Itemsets Mining

Frequent itemsets mining is the most fundamental and
essential problem in mining association rules. A association
rule is an association relationship of items in transaction
database. It consists of two phases. In the first phase, the set
of all frequent itemsets that satisfy the minimum support is
discovered. In the second phase, the strong association rules
are generated from the frequent itemsets found in the first
phase. In this paper, we apply frequent itemsets mining to
find the set of frequent attribute values in the workload of
queries.

There are many algorithms to find frequent itemsets. For
example, Apriori [9] is the best known previous algorithm

RID X E, E,| Ey
1 b 0 0 1 Mapping table
2 c 0 1 0 a 000
3 a 0 0 0 b 001
4 h 1 1 1 ¢ 010
5 a 0 0 0 d 011
6 g 1 1 0 e 100
7 d 0 1 1 f 101
8 d 0 1 1 g 110
9 f 1 0 1 h 1
10 e 1 0 0
(a) Table T (b) Encoded Bitmap Index

Figure 1. Example of Encoded Bitmap Index (C=8).
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that uses the frequent itemsets on a current level to construct
candidate itemsets on the next level and requires multiple
database scans. FP-growth [10] is the well-known algorithm
that uses the FP-tree data structure to create all frequent
itemsets without generating candidate itemsets and requires
two database scans. Closed algorithm [11] finds only the
largest closed frequent itemsets. Index-BitTableFI [12] is the
algorithm that uses BitTable structure to reduce the cost of
candidate generations and to support counting. However, in
this paper, we want to create 2'-frequent itemsets, where i =
1, 2, ..., [log,C]|-1. Therefore, we propose the efficient

algorithm to find frequent 2™-itemsets, which is explained in
Section 3.

II1.

In this section, we present the process to optimize
Encoded Bitmap Index. This process consists of three
phases: Attribute Values Extraction, FIM Processing, and
Binary Encoding.

OPTIMIZING ENCODED BITMAP INDEX

A. Attribute Values Extraction

In this phase, the attribute values are extracted from the
workload of queries to create attribute value table. Fig. 2(a)
shows an example of the workload and Fig. 2(b) shows the
attribute value table, which contains values of attribute X
extracted from the workload, where the number of distinct
attribute values of attribute X is 16 (C=16), and X € {a, b, c,
d,e, f,g h1i,j,k 1, mn,o,p}.

B.  FIM Processing

There are two steps in FIM Processing. In the first step,
the EncodedBitmapFIM algorithm is presented to discover
the frequent itemsets of the attribute values of the indexed
attribute in queries. Then, frequent attribute values are
ordered in the second step.

1) EncodedBitmapFIM Algorithm : Table 1 describes
the notation used in the EncodedBitmapFIM algorithm and
Fig. 3 shows the detail of this algorithm.

EncodedBitmapFIM algorithm consists of 27 steps. In
steps 1-3, one database (i.e., attribute value table) scan is
needed to create an initial BitMatrix table. The BitMatrix
table is a R x N table, where R is the number of all queries in
the workload and N is the number of the frequent 1-itemsets.
Each column represents the items of the indexed attribute in
query Q; and each row represents a query Q; having the
items. BitMatrix[i,j] takes on bit 1 if the i query contains j®
item. Then the number of bit 1’s of each item is counted to
get its support value and sorted in ascending order. The
initial BitMatrix table is built after removing the items that
have the support value below minimum support. Fig. 4
shows the initial BitMatrix table, assuming that the
minimum support is equal to 2. The number after “:”
indicates the support value.

Steps 4-26 generates F;, where =20 = 1, 2, ...,
[log,C]-1. Step 5 checks a number of items (N) in the

BitMatrix table; if N 2 k (where k is the size of F;), the
number of items in the BitMatrix table is enough to create
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: select * from T where X in (a,c,e,g,0,h,j,k,p)

: select * from T where X in (b,d,fi)

: select * from T where X in (a,c,e,g,0,h,j,k,m,n)
: select * from T where X in (a,c,e,g,0,h,j,k)

05 : select * from T where X in (b,d,f,i,m,n)
(a) Workload
Query Attribute Values
01 a,c,e,g,0,h,j,k,p
o2 b,d,f,i
03 a,c,e,g,0,h,j,k,m,n
04 a,c,e,g,0,h,j,k
05 b,d,f,i,m,n
(b)  Attribute value table

Figure 2. Example of workload and values of attribute X extracted
from the workload.

TABLE 1.
NOTATION USED IN ENCODEDBITMAPFIM ALGORITHM

Item Attribute value.

Itemsets The set of attribute values.

pointer Starting position, 0 < pointer <N.

Itempginter Item at starting position

N The number of item in BitMatrix table

Delegate. The set of Itempiner and items that occurs at the same
Itempginter time with Itemyiner and located after Itempoiner.

Cy Candidate k-itemsets.

Fx Frequent k-itemsets.

tail All items after starting position except Delegate.

F;. Step 6 finds the starting position (i.e., pointer) among
items to create F;. Step 8 generates Delegate of itempgineer by
using Boolean operation AND on all bitmap vectors of
queries containing iteMpeiner. For example, in Fig. 4, let
itempginer be item ‘a’ which appears in Q1, O3 and Q4.
Starting at position item ‘a’ is located, from left to right,
bitmap vector Q1 is 11111111, bitmap vector Q3 is
11111111, and bitmap vector Q4 is 11111111. After
applying Boolean operation AND on these three bitmap
vectors, the result is 11111111. The first bit 1’s corresponds
to item ‘a’, and the next bit 1’s corresponds to items ‘c’, ‘e’,
‘e’, ‘h’, 9°, ‘k> and ‘o’, respectively. Thus, the set of
Delegate of item ‘a’ is {a,c,e,gh,j,k,0}. Step 9 checks
whether the number of items in Delegate is equal to £ or not.
If it is, Delegate is F;. Then, all items in Delegate are
removed from the BitMatrix table (step 10-12). If it is not
and the condition in step 14 is true, C; is generated in step
15 by Gen_Candidate function. The function generates C; as
described in [12]. After C; is used to generate F, in step 17,
it is removed from the Bitmatrix table in step 18.

To show the EncodedBitmapFIM algorithm, we use the
BitMatrix table in Fig. 4 to describe the steps 4-26, where
C=16. In the first main loop, Fg= {a, c, e, g ,h ,j .k ,0} with
support=3 is generated. We then remove the items in Fg
from the BitMatrix table. Therefore, the remaining items in
the BitMatrix table is {b,d,f,i,m,n}. In the second main
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attribute values

1.Scan attribute value table once to create initial BitMatrix table.

2.Count a number of bit 1’s of each items to get its support value.

3.Sort support value (single itemsets) in ascending order and
remove infrequent itemsets.

aFor (k= 22 k20 k= k)

5. While(N 2 k)

6. pointer = N—k;

7. While (pointer 2 0)

8. Delegate.itempoine= Gen_Delegate(Itemyoincer);

9. If (a number of item in Delegate.itempginer = £ )

10. Fc=Fc Y Delegate.itempointer ;

11. Remove Delegate.Itemyinier from BitMatrix table

12. N =N-k; Exit Loop;

13. Else

14. If ((N-pointer) > k and Support.itempineer > MinSup)

15. Ci = Gen_Candidate(Delegate.itemyinter ,tail)

16. If (Support.Cy = MinSup)

17. Fk = F/( o Ck 5

18. Remove C; from BitMatrix table;

19. N =N-k; Exit Loop;

20. End if

21. End if

22. End if

23. pointer = pointer — 1;

24, End while

25. End while

26.End for

27 Return F; and Support of each F

Figure 3. EncodedBitmapFIM Algorithm

loop, Fs={b,dfji} with support=2 is generated. After
removing items in F, from the BitMatrix table, the
remaining items in the BitMatrix table is {m,n}. The final
main loop generates F, which is {m,n} with support=2.
Thus, the result of all F; is {a,c,e,gh,j,k,0}:3, {b,d,f,i}:2,
{m,n}:2 (the number after “:” indicate the support value).

The advantage of EncodedBitmapFIM algorithm
requires only one database scan, and needs only the Boolean
operation AND and COUNT. It reduce frequency-checking
and generates a few candidate itemsets.

2) Ordering Attribute Values : After discovering the set
of frequent attribute values, we line them in a descending
order of frequent itemsets followed by the remaining items
(i.e., infrequent attribute values). For example, the set of
frequent attribute values, in the descending order, found in
the first step is a, ¢, e, g, h, j, k, o, b, d, f, i, m, n. The
infrequent attribute values are 1 and p. Therefore, the final
result of this step is ordered as a, ¢, e, g, h, j, k, 0,b,d, f, i,
m, n, 1, p.

C. Binary Encoding

In the last phase, we encode each of distinct attribute
values using binary encoding. The result in this phase is a
well-defined encoding scheme (i.e., mapping table) that
leads to improve performance of response time in answering
membership queries. By using the result of ordering
attribute values in FIM Processing phase, the mapping table
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Attribute value of X z 0000 : 0000
Query 0001 0001
b:2|d:2|f:2 |i:2 (m:2|n:2|a:3|c:3|e:3|g:3|h:3|j:3 |k:3|0:3 ¢ 0010 ¢ 0010
d 0011 g 0011
ot l[ojo|lo|ojofo|[1 |11 1]|1]1]1]1 e 0100 h 0100
o2 | 1|1 |1]1]oflo|loflo|lo|oflo|o|o]o f o101 J 0101
g 0110 k 0110
o3 oo jo o[t [t ]| 1 ]t 1 |11 ]1]1]n1 h 0111 0 0111
i 1000 b 1000

o4 [ofojo|oflofo| 1|11 |11 ]1]1]1 -
J 1001 d 1001
os |1 |1|1]1]1|1]of]o|lofo|ofoflo]fo k 1010 f 1010
1 1011 i 1011
Figure 4. The initial BitMatrix table m 1160 m 1100
n 1101 n 1101
. . . . 0 1110 1 1110
is created. Fig. 5 shows the mapping table created by using P 111 p 11
frequent itemsets mining (Fig. 5(b)) comparing with the (a) the mapping table without (b) the mapping table

mapping table created without using frequent itemsets
mining (Fig. 5(a)).

Iv.

This section presents the results of comparing the space-
time performance of six bitmap indexing techniques
(Simple, Interval, Scatter, Dual, Encoded, and our Proposed
Encoded Bitmap Index). Table II shows space requirements,
and a number of operations used to answer an equality
query and membership query of each bitmap indexing
technique. Encoded Bitmap Index (both traditional Encoded
Bitmap Index and Encoded Bitmap Index using frequent
itemsets mining) outperforms all other bitmap indices in
term of space requirement and Simple Bitmap Index is
worst. For answering equality query, Simple Bitmap Index
takes 1 bitmap vector and no Boolean operation. Interval,
Scatter and Dual Bitmap Index take 2 bitmap vectors and 2,
I, and 1 Boolean operation, respectively. Traditional
Encoded Bitmap Index and Encoded Bitmap Index using
frequent itemsets mining take [log, C| bitmap vectors and

PERFORMANCE STUDY

use mapping tables. For answering membership query,
Simple, Interval, Scatter, Dual, and traditional Encoded
Bitmap Index create a bitmap vector representing each
distinct attribute value. Then the Boolean operation ORs is
used to get the final result. Encoded Bitmap Index using

using frequent itemsets mining.  using frequent itemsets mining.

Figure 5. The mapping table

frequent itemsets mining may take i bitmap vectors if the
number of distinct attribute values in the membership query
is 2Me2CH =1 2 Nogy -1

We choose query 02 and Q4 in Fig. 2(a) to show the
performance different between the traditional Encoded
Bitmap Index and Encoded Bitmap Index using frequent
itemsets mining. Q2 has the selection condition X in (b, d, f,
i) and 04 has the selection condition X in (a, c, e, g, o, h, j,
k). By using the mapping table in Fig. 5(a), the retrieval

function to answer Q2 and Q4 will be BBB, +
BiBB,+ ByB,BB, and BiB, + B3B,B,B, + B;B,BB,
+ B, ByB, By + BB, B, By, respectively. However, the retrieval
function will be B,8, for 02 and will be By for 04, if we
use the mapping table in Fig. 5(b).

V. CONCLUSIONS

The ability to extract data to answer complex, iterative,
and ad-hoc queries quickly is a critical issue for data
warehouse application. Various methods of bitmap indexing

TABLEII. A COMPARATIVE STUDY OF FIVE BITMAP INDICES
Space Time
Bitmap Index Number of bitmap vec{ors Number Qf bitmap vectors scannea'/ :
used to represent an attribute Number of low-cost Boolean operations

value Equality query Membership query

Simple [3] C 1:0 k: k-1 (OR)
C ) 2k : 3k-1

Interval [2] [?—‘ 2:2 (LAND,INOT) (k AND k-10R k NOT)
Scatter [7] 2 V'] 2:1 (1AND) 2k: 2k-1( k AND, k-10R)
Dual [6] [V2C+025+05 | 2:1 (1AND) 2k: 2k-1(k AND, k-10R)
Traditional Encoded [4] I_log2 C-| |—10g2 C—| :use mapping table k|—10g2 C—| :use mapping table, k-1 OR
Encoded using FIM (logz C—I |—1°g 2 C—| ‘use mapping table 1:0

C is cardinality, k is a number of attribute values to answer in a membership query
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have proven time-efficient for answering data warehouse
queries because they perform fast binary operation the index
level before retrieving base data. This significantly
improves query processing time. Several variant of bitmap
indices have been introduced reduce storage requirement
and speed up performance.

Encoded Bitmap Index (both traditional Encoded Bitmap
Index and Encoded Bitmap Index using frequent itemsets
mining) outperforms all other bitmap indices in term of
space requirement. Therefore, it can be built on an attribute
with high cardinality. An important key of Encoded Bitmap
Index is a well-defined encoding scheme. In this paper, we
apply a frequent itemsets mining to find frequent itemsets of
indexed attribute values before encoding, leading to reduce
bitmap vectors to be accessed. Our comparative study shows
that, in the best case, the performance of Optimizing
Encoded Bitmap Index using frequent itemsets mining is
better than those found by existing techniques for a
membership query from the point of view of space-time
trade-off.
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