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ABSTRACT

Bitmap Indexes are well-known method to improve query processing
time for complex and interactive queries in a data warehouse. They significant improve
query processing time by utilizing low-cost Boolean operations and performing predicate
conditions on the index level before accessing to the primary source data.

Encoded Bitmap Index outperforms the best in term of space
requirement, comparing with existing Bitmap Indexes (i.e., Simple Bitmap Index, Range
Bitmap Index, Interval Bitmap Index, Scatter Bitmap Index and Dual Bitmap Index). In
this thesis, we proposed optimization query method to Encoded Bitmap Index using
Data Clustering (Cluster-EBI) to group attribute values that are frequently queried
together before encoding, leading to reduce bitmap vectors to be scanned for
membership query. Moreover, we proposed an efficient algorithm to improve equality
query on Cluster-EBI by making use of low-cost Boolean operations. The comparative
study shows that the performance of Cluster-EBI is better than other existing Bitmap
Indexes for membership and equality queries from the point of space-time trade-off

when indexed attribute values have high cardinality.
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— Scatter Bitmap Index
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Bitmap Index Design and Evaluation
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Using Data Clustering to Optimize Scatter Bitmap Index for
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Optimizing Encoded Bitmap Index using Frequent Itemsets Mining
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2.5 msmeaziiauni (Bitmap Indexing)

AThiawN (Bontempo and Saracco, 2011; O’Neil and Quass, 1997;
Chan and loannidis, 1998; Wu et al., 2006; Stabno and Wrembel, 2009) Lﬂumﬂﬁﬂ%ﬁ\‘i
ﬁmﬂlﬁmmmm@TumiayjavlﬁsmL"S:'; asandnsdufiunisszauia 1w AND, OR,

a KX o

XOR, NOT 5:%’51\11’3@1LLmJnﬂmasfriaumj”’]ﬁa"ﬁa;gmma M lnddszantawlunisdunn

v v = dl o @ A a v a AI 1 Qq;
°11aﬂaLLa:ﬂizmaNamagaﬁmmmzmzmuﬂ‘*ﬂuﬂawauaﬂmmayjaﬂsmmmn gININH

u

o v Ana Cx o & A [ I3 v Aada Aa A A A aa 6
ﬂ?iﬂﬁ@?juﬂ(ﬂLL&Jl]Eldl“ﬁwuﬂéluﬂ’ﬁ’ﬂ@Lﬂﬂ@“ﬁuﬂuﬂi:ﬁﬂﬁﬂ’]w I@]ﬁlLﬁlW’]:ﬁﬂim‘nLLa@]ﬂi‘U’J@
ad,

fenfauadae uispinmanlddnmsiiauamaiamahasiideunduoueng g laun
L @”ﬁﬁﬁmmmmuﬁugm (Simple Bitmap Index)
o nsfluaaashiauud (Bitmap Index Compression)
o nyDuaauwuL Word-Align Hybrid

o nI0udauLUY Run-Length Huffman

o musneuwmdaashiauul (Bitmap Index Extension)
o erhieuuduuuuni (Range Bitmap Index)
o erhiauuduuurad (Interval Bitmap Index)
o erhdauuduuunizang (Scatter Bitmap Index)
o erhiauuiuuugn (Dual Bitmap Index)
o erhiauuduuultnIvg (Encoded Bitmap Index)

U

2,51 arwUALNUUUUNKZIH (Simple Bitmap Index)

miﬁ’wﬁjﬁﬁmmmmuﬁug’m (Bontempo and Saracco, 2011; O’Neil and
Quass, 1997; Chan and loannidis, 1998;) Unkaansdiandasanadawinny ¢ (A1n

\ ) % a & o A @ a & @
uwand9nu) daznaudis ¢ daundnniaas dude 141 Jaundiniaasunu 1 drdaya
(S0,S1,So, o, Sc—1) 108 S, unu Jauntiineesnieveswaanidiainnu v Selu
"o va A , A & A & A A . AL

mMawnwarirualrian i vesdauntianaas S, dadu 1 Adaile ualn i JA1ves

LaaNIHIGLYINNY v
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RID | X S15 | S1a Ss | Sq | S3 | S2 | S1 | So S
1 0 0 0 0 0 1 0 0 1
2 1 0 0 0 0 0 0 1 0 0
3 7 0 0 0 0 0 0 0 0 0
4 4 0 0 0 1 0 0 0 0 0
5 10 0 0 0 0 0 0 0 0 0
6 3 0 0 0 0 1 0 0 0 0
7 2 0 0 0 0 0 1 0 0 1
8 14 0 1 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 1 0
10 15 1 0 0 0 0 0 0 0 0
11 5 0 0 1 0 0 0 0 0 0
12 11 0 0 0 0 0 0 0 0 0
13 7 0 0 0 0 0 0 0 0 0
14 4 0 0 0 1 0 0 0 0 0

(M) waan3tad X @) @”‘*ﬁﬁﬁmmﬂLLuuv{ugwuuuLLamﬂ%ﬁa@i’X (A) MIFBLANN “X=2"

mwisznay 2-11 aridauatuuuiugiwuuteanidae X 1le C = 16

nnandsznay 2-11(n)  waan3dad X Hdmduldla 16 @1 de
01,2,...,15  asnwaridauaduuuiugindsznovdis 16 dJaundianiasine
S0,S1, Sy, ., S1s tapnudardaundiiniaasunuudazdivasnaanitng X 1w Sauuy

6 ' ana 6 Aa ' %

INLADT S, WNUAUAILANITAG X NAAILYINNY 2

AMNANWLITNBY 2-11(T) WA 1 VBILAANTHIR X UA UYL 2 AInu
a 4 a & 8 A | @ \ a A A A a &
dan 1 vesdauntiineas S, wdawviny 1 swdaduniniovesdauntiinieas S,

dl a 1 Qs

W 1 AALyinnu 0

o a 1 1 04 v Aa g = A

fniumIseununpuAnvnARuwariiausduudug wlsdunuda
"X = v" pnefemMIFaUINIILHBLEAN3IOd X waalatnenldarn v msseuanuuwuL
' ] [ v Aa .:"( o 1 A e‘d“v o 6 o 1
avinuwuwaridaunduuuiugusansaildlassuadauatinaasnauwusnuen
v nude Jauadineas S, asuunmssauauuuudniinuuuariiauuluuuiugin

29 fz wuuna lifa
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faay aragINIReUNLLUYINARUUATRTALNLLIUR UM IINNNYIENBY 2-11
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Tauudinnaesnaunusnuudazarludonlauaziandiiun1iassng OR @28819m3
ROUDINUUURNITNUUATRT AN WULARFIU 31NN WL IENay 2-11 d8IN1INIWINUL
waan3tad X uaalathendwinnu {0, 3, 10, 11} asvuaundauutianiaas Sy, Sz, S1o
Wae Sp; MNBUAUABATING OR nwazldunnddweasnaanidadwinnu {0, 3, 10, 11}
Aounan 5, 6, 9 LAz 12

VY L ) n:{”

YafasnshiaunluuuNkgI®

v Aa ‘3’ s Aaa fd'd A ndyc'; '

aridauntduuuiNugiwnaiznvuaanidadniaisauadadn 1gu
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2.5.2 nmsduannzsiiaual
a o v Aa =3 = s 1 a 6 o A
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Hybrid (WAH) 182 Run-Length Huffman (RLH) d518azi88aat

2.5.2.1 mMsiuanazhiaunluuy Word-Align Hybrid (WAH)

wakanslvaaauidauudiuy WAH (Wu et al, 2006; Stabno and

1 A

Wrembel, 2009) fiuwdalunisfiudada szvnsfudadanddinioniuuazagfanulu
udazdauntinniaes wannsbusauuy WAH & 3 Tuaan asb
- utidaundeanidungug az 31 da asdredndaundiiniaasly

mwdsznay 2-12 snunsaudslaids 176 naw URAIAINIWLTENOY 2-12(D)
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' \ AA oA A o a o o A A ' A
- iwﬂqmaaﬂqwmmwmwauﬂuua:ag@mnu’mmamwmﬂqm@m
AILRAIAININLIENBY 2-12(A) I@mn@:wﬁ 1 doyaddauanenanu mﬂlumjuﬁ 2 019 175
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maﬁmsﬁ”ﬁmgmmzﬁ@m”@mLﬂu@iwadﬁmﬁgﬂﬁuﬁﬂﬁa J0 0 &udn 30 daNwaawny
° oA A @ v o o o v A a A a
Swmngungnivdaidndrsnu asnwdsznay 2-12(3) lukaawiiiiaannsdusa
auidanuluuy WAH
fnsunisseunudayainsdiumsisuidsinuasiiauuduuy
& \ o o oA & A o & o A a A ) Ao
WU LmeaomlvxwLLmJL’mmai‘ngnuua@uuﬂamuqamwmumuauﬂumau‘ﬂm

lalatuaadsanunsndiiums e
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(n) matsdiauutinniaasnazyinnmduaadnwin 5456 da

31 31 31
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() usdauntiniaasaanidungus 31 da
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(7) NIunguNdenilounulazagfany
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(9) havaudazngu 1wl 32 da

mwdsenau 2-12 Tuaannisiusaashiauuduuy WAH (Hamadou and Yang, 2008)
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Jafzasnsiuannrilaualuuy WAH

msfiusasridauutuuy WAH lEauilunssaiiuaniuaziaalums
aaumu"ﬁagaﬁaUﬂiﬁ@”ﬁﬁﬁmmmwuﬁugm Waudazfauntinnnasffanndaniu
uazagdanuimanan lasannamaasiianas uazinisle 110 touas

Pa3NAvaIn1sivanarhiausluuy WAH

myfvaaasidaunduuy WAH ldsansadnfiunisassnzunasiile
Togass wonanimnudszdauutnnaasinsnszansvesdia 0 uazda 1 sthsasinaue
ffuﬁaLwiazmiuﬁmﬁ@ﬁl,mn@mﬁ'u ﬁmjwﬁwmuﬁfaﬂﬁﬁﬁmmﬁauﬁmmzagljﬁ@ﬁ'uazi'la

darhag azvi sz AnTnnmsiuaataag

2.5.2.2 mMsiuanarhiauniluuy Run-Length Huffman (RLH)
nsfuaaarhdauuduuy RLH (Stabno and Wrembel, 2009) §1%aah
Ae JTuaauna anaridauuduuuiugIu female waz male @INWLIznay 2-13
a 6 o a dl 1 1 a
- wilasdaundiiniaas lagniswisiwindea 0 nagaznineda 1 aas
16 Lﬁaﬁmmlﬁﬁ@l%Uq@LLazqu@ﬁ@hLmﬁ'u 1 @081t deuNdiniaas X = 2
AIMWLIEnay 2-13 AR eI fadraganuia 1 aansnvasdauudiiniaas X = 2° &
Fwania 0 323900 1 ﬂ”daaaag 0 9¢ & u5u0a 1 gusnnUda 1 AINFaININWIBIA
0 agvznineia 1 ‘ﬁ'\‘iaaaag 5 U0 wazda 1 aangaInuia 1 mﬁq@ﬁﬁ‘hmuﬁ@l 0 ag
2390 1 ﬁ'qaaaag 7 Tadudn asnwanndeuudianiaas asnwdsznay 2-13 azle
o ¢ A & & a & o
NRaWsNSHUasdauNliniaastasnigasdauntiiniaasasnwisenay 2-14
[ dl N ' qu 2 [ 6
- RUAMNDTILARZAININNA NN ITNaY 2-14  laHaANT
LEAININNLTTNAY 2-15
- ANNAN e A1F3I9 Huffman Tree WRAIAINIWLIZNaU 2-16
LWaRN Huffman Code UadldazAN LEadaInwlsznay 2-17
- 11 Huffman Code 7IAIUNWALARZANYAINARNTN LA LT A D1

WIn ﬁ]:"L@TNaé’wfq@ﬁmmaamsﬁué'@@”mﬁﬁ@lLL&J}JLLUU RLH waada9n1wysznay 2-18
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Bitmap for “X=13"
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Bitmap for “X=2"
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Bitmap for “X=5"
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Bitmap for “X=8"
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Bitmap for “X=11"
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Bitmap for “X=14"

Anwisenau 2-13 nMstuaaasiidawudiuy RLH
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Value of Attribute X

112 |3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15

11015 2 10 | 14 | 2 | 14 | 14 4 11 14 | 14 7 9

12| 518 | 10 3 9 9 2 6 4

7 0 1
Mwisznay 2-14 sxazrdTerineie 1 gasde

distance 14 | 2 5 9 0 11| 4 7 18|10 (3|6 | 11|12
frequency | 5 | 3 | 3 | 3 2 1212|222 ]|1]1 1 1

AMwldsznay 2-15 ANUNIIZEEH
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AMWUIznay 2-16 Huffman Tree

Symbol Symbol Code
0 0100
1 0101
2 101
3 00100
4 0110
5 110
6 00101
7 0111
8 1000
9 111
10 1001
11 00110
12 00111
14 000

AMWUIznay 2-17 Huffman Code
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1000 100 0101 00111
8 5 1 12
Result of Encoding Bitmap for “X=0" Result of Encoding Bitmap for “X=1"
0100 100 0111 100 1000
0 5 7 5 8
Result of Encoding Bitmap for “X=2" Result of Encoding Bitmap for “X=3"
101 1001 0100 1001 00100
2 10 0 10 3
Result of Encoding Bitmap for “X=4" Result of Encoding Bitmap for “X=5"

MWTEnay 2-18 AatNINRaNIN lannTHusaashiaulluuy RLH

dmiunisseuninteyadnisdniiunissuideinuasidaunduny
& \ o o va & A o & o A A A ) Ao
AUz n udazdasrilddaundiinieesngnivdanunsuAuganwiauniiounuaaund
] ra @ <K o a v
lalafiuaadsaunsadfinunsia
VY = Qs @ aa
FafzasnsivannsiauNUwuy RLH

(2

a v o Aan a aa & a €a ad
niduaaarhiauuduuy RLH  1wuienuwaanItlianidatanafass

U
=

sunsnaanuilunssaiuaaildunnnidrifaunduuuiugiu uaznisiusadsi
faunduuy WAH uazmyfudaasiidauaduuy RLH - 1Fanlunsseunudayation
niariifauuduuiuguuaznfvdasridauutuy WAH iasiniinisls vo den
N91 WazHIN Huffman Tree ﬁmm@]L§ﬂmmsn1m@mﬁ§%mﬂmmaimé'ﬂvlﬂuluﬂ%l,ﬁm
Sovilimsiiudauny RLH Sdssansnmanndu

AaNanaINITtUdAaTauNULUY RLH

2]
Aa o

=) [ v Aa 1 s aa e‘aid 6Aa A
nyfusearideunduuy RLH luwaiznunaan3tidniaisawasaen
Wasnndaundinnieasiin 1 s1uuunn vilwswiuiea 0 ﬁagjizwmﬁ@ 1 §a90ad
Fwnnuanainunatga1vin v Huffman Tree Jvwialnnigsnasdalsz@niniwnisiuy

AALUL RLH 8083
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2.5.3 N1YVLLUBIAAATHLIALNL

myvensumanudaasidauutidunsvenslassansvasasidauy
dl L4 dq, dl = = v [ =) a a v LU
wialdldiilefilumsdaiiuenas uddiadidszininmluntsseuniudoys naaing
v AaA a v Aa c.i R v 1 v Aa
sridaundlasnisvesuwianudaasiiaoundnladne loud asfidausduuuunn
(Range Bitmap Index) auhiauutuuyus9 (Interval Bitmap Index) ashiauuduuy
N3Ny (Scatter Bitmap Index) aufhdauuiunuann (Dual Bitmap Index) uazazh
JauuduuulthIwa (Encoded Bitmap Index) Liueits

2.5.3.1 ashiauuduuyuunl (Range Bitmap Index)

nsverhdauuduuuund (Wu and Yu, 1998; Chan and loannidis,
1999) vuwaanItIandasaunafiawinny ¢ Uszneusie € —1 deuntiiniaes fe
Ro, Ry, ..., Re—z laufl RY aglugasves [0,)] lunsunudndoyaszinuald dafl i ves
A [ 4 iAo ' a A A . A ana 6 | ! . ' A
Jauwvdiinaas R/ dawriniu 1 Wleuwnan i dervasuaanidadaglugai [0,/] duda

A A | @
ahuaILNINU

RID | X | [Ryq | Rys | Rip | Rur | | Re | Rs | Ra|Rs | Ry | Ry | Ro
1 1 1 1 1 1 1 1 1 1 0 0
2 1 1 1 1 1 1 1 1 1 1 1 0
3 7 1 1 1 1 0 0 0 0 0 0 0
4 4 1 1 1 1 1 1 1 0 0 0 0
5 10 1 1 1 1 0 0 0 0 0 0 0
6 3 1 1 1 1 1 1 1 1 0 0 0
7 2 1 1 1 1 1 1 1 1 1 0 0
8 14 1 0 0 0 0 0 0 0 0 0 0
9 0 1 1 1 1 1 1 1 1 1 1 1
10 | 15 0 0 0 0 0 0 0 0 0 0 0
11 5 1 1 1 1 1 1 0 0 0 0 0
12 | 11 1 1 1 1 0 0 0 0 0 0 0
13 7 1 1 1 1 0 0 0 0 0 0 0
14 4 1 1 1 1 1 1 1 0 0 0 0
(M) Laan3tad X @) sridaunduuuiaiunuaanidag X

Mwisenay 2-19 auidauuUiUULDIUBLANITHI6 X 1ia C = 16
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nmwdsznay 2-19(n) weanstag X Serduduldle 16 déda 0, 1,

2., 15 einueriideunduuuunidsznaudis 16 - 1 = 15 dauudiiniaasaa
Ro, Rl' Rz, ...,R14 . 4
nnawisznay 2-19(3) unaf 1 vasuaanidad X danviniu 2 Tiag

lugrsvasdaunsiinaas Ry, Ra, Ry, ..., Ris satudad 1 vesdauntinnaed
Ry Rs Ry, o, Ry, 39fenvinnu 1 daudadt 1 vasdaundinnaad Ry uaz R, fd
Wiy 0
ﬁméﬁmsaaumumehLmﬁuumﬁﬁﬁmLL;J?JLLUULLmﬁgiJLLuuﬁLJVLﬂ fa
[ R, Ifv, =v,=0
R, ®R, 1 If0<v;=v,<(C-1

X < Rc_z lfvl = Uz = C - 1

'lv < Sv ||=

! ? Ry FO<v, <C—1v,=C—1
sz /fv1=0,OSU2<C—1

\ Ry,,®R, 1 Otherwise

G208719N1IFAUDINUUUAINYINNBUBATHTauuduuuwnl 210
v ! aa € v A | @ A o
mwidiznay 2-19 da9mInauin vuueansiag X warlathediavinny 2 Feaseny
Wanlan 2 (1, = v, =2 uae 0 < 2 < 15) alaireunsandiaeulaan X = 2’
' a = ' & o v
WinAu R,®R; Tsudadutuaauniimdiaay laasi
1) ewmdauntiinass R,
2) swdaundiniaes R,
3) @uiiunIassne XOR dadeiiasznitedausudiiniaasnaansai laain
79 1) WAz 2)
4) faaufla Asanandauudinniaasnaansilaainds 3) wuinda
d' nﬂl A 1 o 1 a di A ] [ = L2 d'd 1 a
WaaM 1 uazunaf 6 dawvinny 1 eaudaduy dauvinnu 0 Felaiuandarveuaans-
a 6 1 [ A A A
TNy 2 Aounan 1 wazunan 7
fMrTunIRaUINNLLLRNSnUMaTAdauNduuuwaIguTan lalag
myamdauntiniaesiaansuasudazaniansudadsdanugauanliasenudonly
WG NHEUATING OR LT% MNANLUIENBY 2-19 GBINTITNIIVINLRLEANIDIG X 4
wanlathendavinnu {0, 3, 10, 11} waawSvainssaunufa Ry + (RzBR,) +

(R11®R,) Hufiaunan 5, 6, 9 uaz 12 LiludraauvadinIIgauny
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v = W oA
YafuaInrhlawNlLuLLa?
o o Aa v A v & o A w ' o o A

AIerRdeuuUuuuLn2 L EN WAl N1TIALALATHEa g NTINIIVIN AT
a 49/ 1 A ﬁq‘ dl = =1 @ v
Jauntunudngiwnadfa swsnsaduilumssaiiuesila ¢ — 1 uszlunssauaiy
LUUALYNN WA lan&aTIaRA LAY 1 Dauyutinnieas

AaNAIRTHIaLNL LWL

lumiaaumuﬁagmmum WinNsLazLUURNNTNUadarhiauuduuuwn?

o @

gigoslUszAntawninashdauntuuuiugin thasannnissauninudaza 1 unash
Jouvduuuuarldnmsdufiunisasingszning 2 dauudnass wdnisgauaiuudazan

uuaridauuluuunugiuaraseuines 1 Jauvdnaasiinnu

2.5.3.2 aBwlauNluuuza29 (Interval Bitmap Index)

n3nepidauuUuuUT9 (Chan and loannidis, 1999) UnLaan3Ha6n
asanadawiny ¢ Usznaudie [c/2] daundianiaas @a Iy, I, o licja1-1 Tagd 1/
atilutasvad [j,j +m] o m = (/2] — 1 lumsunudrazinwnald el i 209

a & i A " @ A a A Aan €d o @ A
dauvdiinieas I/ 4@vinnu 1 LWUaunIn i NQWTQ\TLLQ@]VWU'J@]V]‘H']@T%@Ellu"ﬁ'lﬂ

u

[j,j + m] erwdaduleavinnu o

RID | X L | Ig | Is | I, | Iz |1, | L | I I | I, LA L
1 0 0 0 0 0 1 1 1 0 1 1
2 1 0 0 0 0 0 0 1 1 0 0 0
3 7 1 1 1 1 1 1 1 1 1 1 0
4 4 0 0 0 1 1 1 1 1 1 1 0
5 10 1 1 1 1 1 0 0 0 1 0 0
6 3 0 0 0 0 1 1 1 1 1 1 0
7 2 0 0 0 0 0 1 1 1 0 1 1
8 14 1 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 1 0 0 0
10 15 0 0 0 0 0 0 0 0 0 0 0
11 5 0 0 1 1 1 1 1 1 1 1 0
12 11 1 1 1 1 0 0 0 0 0 0 0
13 7 1 1 1 1 1 1 1 1 1 1 0
14 4 0 0 0 1 1 1 1 1 1 1 0

(M) waan3tad X @) arRdauNUILULTI9UBLEANTTIG X (M) NMIFALDN “X = 27

MWUsenay 2-20 auidauuULULUTIIUBLANIEI6 X 1ila C = 16
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nmwdsznay 2-20(0) waan3dad X dermidwlle 16 ¢ da 0, 1,

=)

2,.... 15 asnnaridaunduuudiedseneudls [16/2] = 8 deaundiiniaaida

Io, Iy, o, I, wae m = [16/2] — 1 = 7 asnwdauudiiniaas I/ unwaueanidag X Nas

©

129 [f,j + 7] 39kd9n

Iy =[0,7], = [1,8].

I, =[2,9], = [3,10],
I, =[411], =[5,12],
I = [6,13]. = [7,14]

NNAMNYTENBY 2-20(0) WaRN 1 Vaswaanitad X Javinny 2 fﬁoayj’
lugrsvesdauutianiaas Io, I; waz I, asvuian 1 vasfauntiinaas Iy, I; Uae I, 29
A @ ' A A A & A a @
faviny 1 saudadununaaluunin 1 Sevinu o

miaaummmumwhﬁ'umaa@”mﬁﬁ@LLmﬂLLuuﬁ’JaﬁgﬂLLumT';"LaJﬁa

(I, ifv=0,m=0
I, ifv=1,C=2
L ifv=1,C=3
"X=v"=< I, AL, ifv<m
L, A\l ifv=m,m>0
Lyy ALy ifm<v<C-1,m>0
\_lic/2j-1V Io ifv=_C-1

nMsraunNLUUAYINNwUnaThIauNULuLTI9 nawdsenay 2-20
v 1 aa 6 = v Aa ' . A o A a
A83INIINIIUNUBLAANILIGN X mmﬂ@mmummmu 2 sﬁmsaﬂmaauvlw 4 (v<m

o

o @, % V@ — 4 | <
uuﬁﬂ 2 < 7) O YT ﬁﬂﬁ@lauaﬁwﬁiﬂ‘imv[,@ﬁnﬂ “X =27 innu 12 /\]3 %GLLUGLﬁWIJu@E]u

e

A o v o
LWE]%’]@YW]E]]JVL@] Jh

1 E]’l%]J(ﬂLL?JﬂL’)ﬂL(ﬂa'i I,

)
2) dwdeuntianees I
3) @iinn1IAIINE NOT ‘nﬂumuuummﬂnmmm
4) @uiun1IaIINT AND um@laummawumLLwﬂLaﬂL@amaaWﬁﬂ"Lmnﬂ

Pad 1) WAz 3)
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1
o =)

v A a 6 %% 6’dl (% % 1 a
5) faau e Wasandaundinaasnaansi ldante 4) wuinia
n:i a 1 R 1 a nﬂ. =Bl 1 o = L2 dld 1 Aaa 6
Wl 1 wae 7 Aduviiny 1 sudadug ddnrinu 0 3sladuaindarveswaanidag
WiNAL 2 AawadN 1 wazwadn 7
fRIUMIROUDNLULFNITNUWAT RO ALY U UUUT9 8 u13nnn lalay
AMIPITALNULINLADINARNTVOILGAREAT LRI NIELAUATINE OR LT 91N
MwUTznay 2-20 @a9nINIIUINUBLEaN3Itad X Juaalatrenfiawriany {o, 3, 10, 11}
naawsedansgaunNfe (IgAL) + (U3 AL + (3 AL) + (I, AT3) wnAaunan 5, 6,
9 uay 12 WudnauvaInNIIFa LAY
WoAVDINB T ALNULULAIS
o v A 1 w;ﬂq’ d‘ [ =3 v A v 1 o - |
nsvasidanyduuurisltNwnlunisaatiuaaitasniinisvinasi
A & ' = & A v & o Aan o & P < A
Jountuuuiugiuann nandssunsnaawuilunissanuasildasmit vudes [C/2]
waz IwMIFa LN BLUA AN BITNNIA L ARNNTIATINE Iz I TauNlneas 2 dauuil

v

6 = = a e A aa 6a €a ad '
LINLAY LLQ:&JIQﬂ']&@I‘S'J’%ﬂ@ULWUG 1 Jauudiniaas WalkaanIdialaiauafdanasnin

wIALYNNY 3
v o > W oA 1
PYaIMNAVDIATWU AN L UDB9
luﬂ’liﬁafIJﬂ’]ﬂJfaQaLLUU@i’]Lﬁ’]ﬂW‘L{,LLazLLUU@N’]‘?ﬂ‘UaG@wﬁﬁﬁ@]LL&JﬂLLUU‘ﬁ’N

% a a 1 o Aa d’r dll aa 6 A 6A nd‘v 1
Jaagdszantaiwndnarhiaunduuuwug1w Wwakaanididiaiaweaduinnin 3
1$899NANNIFALDNNLGARL AW TR T AUV U LUV TAITA I RWAITATINETZNING 2

faundianiaas udnissouninudazdrvuardiaunduuuAugIuasiagauiie 1

Jaundniaasivint

2.5.3.3 arwiaunluuunszaig (Scatter Bitmap Index)

nMs¥narideuntuuunszany (Vanichayobon et al., 2006; Weahama

i %

et al., 2009) Unuaansiadndarsanafawinnu C dsznaudae [2VC] dauntiinaes

=)

1 1 U a C a 1 ~
uwiiaidu 2 nduda ngudautiinaas z (@ [ﬁ] + 1 Jauntniaad) uaznguiauu
nnwes L (J§ [m—2] dauwndiineed) e m = [VC| + 1 lavudazdrvasuaan3id

s v A ea ' ' a v A
mzgnunudisdaundiinieeinaglungu z uazngu L niaanvvzgnunudiodau

1 ' = 1 a
nnmaﬂua%nqu Z LWEIGT’IE\]INL@EI’J
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RD | X | | Zo | 2, | Zy | Zs | Zo | Ly | Ly | Ls | | 2, | L, | | ZiAL,
1 0 1 0 0 0 0 1 0 1 1 1
2 1 0 1 0 0 0 1 0 0 1 0 0
3 7 0 0 1 0 0 0 0 1 0 0 0
4 4 0 1 1 0 0 0 0 0 1 0 0
5 10 0 0 0 1 0 0 1 0 0 1 0
6 3 0 1 0 0 0 0 0 1 1 0 0
7 2 0 1 0 0 0 0 1 0 1 1 1
8 14 0 0 0 0 1 0 1 0 0 1 0
9 0 1 1 0 0 0 0 0 0 1 0 0
10 15 0 0 0 0 1 0 0 1 0 0 0
11 5 0 0 1 0 0 1 0 0 0 0 0
12 11 0 0 0 1 0 0 0 1 0 0 0
13 7 0 0 1 0 0 0 0 1 0 0 0
14 4 0 1 1 0 0 0 0 0 1 0 0

(M) waan3tad X (@) evidauuduuunszansunuaanidag X (A) NMIRBLANN “X = 2"

MWUsenay 2-21 aridauuluuunszasuRkaan3ing X 1ia C = 16

miai*’mﬁmmﬂnﬂmas{miw Z LLazmj&l L s1a13nvinlaasdt tafiinue C

Aa

Aaaniduadavanaanididninanaiasil uaz m fa Swusndnmeluudazngu z
[ a 6 1
massdauntianiaaings Z
1) aedaundiniaes Z, leodwuald 9an @ vesdauntiiniaes
Z, fewinnu 1 Adalla waan i davasuaansiidwinny o saudaduy lwddwviiny
0
2) s daundiiniaes Z; laomwuald dan i 2esdauntinniaas Z;
A ] [ & A . v ~ A . oA Aaa 6 1 s 1 a
Jeuvinnu 1 Adalle j = lﬁj + 1 lagfiuanf i ddwesuaansdadivinny v suda
aug IAGd1YAL 0 wazdim—1 w13 v asduerazinuwaliden i vesdauny
6 A ' o @ ' A A va ' o
nnaas Zj_, iy 1 daw daudadug llawrinu o
2 =Y 6 1
massdauutianiaasngs L
1) mwualw dan i vesdauudianiaas L, Sevinny 1 Adatia wan
i fd1wesweansdrdnirunviesidu v lasdl k =vmod (m—1),v €
{0,1,...,C—1} uaz k #0
mwisznay 2-21(n) waanidad X deaduldle 16 d1de 0, 1, 2, ...,

15 qunuaridauwnduuudisdsznavdae [2vV16] = 8 Jaundinieasdsznauais
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faundianiaasngn z 45 ([ﬁ] +1,m=[V16|+1=5) daunudiiniaas da
Z, 21, Z5, Z3, Z Wazdaundniaesnga L 4 3 (=5-2) dauntianiaas Aa Ly, Ly, L

a%’m%’un’ﬁaaumwﬁagmmuﬁ’] wihrnuuueshdauuduuuntzanrgfansan

=2

leas

Z v NZ v If v mod (m-1) =0

m-1 -k

Z_v 1 NLymoa am-1) Otherwise
(m-1)

NNMNYTENBY 2-21(A) GBININIILI Uuwaansiag X duadlathend

! @ A o A { o &, Y
AYNNL 2 FaasenUdanlaf 2 (2 mod (5-1) # 0) AIUANABLENNITAN laann

"y o= 2" = Z(m17_1)+1 A Lv mod (m—1)
=7 2 AL -
(5_1)+1 2mod (5-1)

=Z1/\L2

%

4 & . &

FantaduaunaurIdaauaIt

1) ewmdauntinaes Z,

2) swdauudiinieas L,

3) MiAun1IasIne AND dadadaseninsdauntiiniaasuaansa baann
78 1) ez 2)

4) faaunla AsanandauudiniaasHaansi lainda 3) wuinda
t:lI a d' = 1 % [ a A = 1 [ =3 LU d'd ' an 6
7 1 wazdafl 7 Gawvinnu 1 dudadug daviiny 0 39lddn uannddwesuaansdag
1 2 ABWDIN 1 WAYWAN 7

FMIUNIIFAUDNLUURNIBNURAT R AN ULUUNTZAN 88T e
TagnisuidauutiniaasNasansUaILdazA NG EUA1IAIINS OR LT 91N
Mwidiznay 2-21 da9nINIUINUBLaan3tag X Junalatrenfiawriany {o, 3, 10, 11}
NAAWSUBINIFOUMNAE (Zg A Zy) + (Z; ALs) + (Z3 ALy) + (Z3 ALy) tiwdaunIn
5,6, 9 LAz 12 WludnauvasnIraunay

¥ A v oaA

YaAVoIATRI AN LUUNTZANY

o > Aa svd?l’ d' [ =3 v A v 1 o o

nsvhershiauuduuuntzanslanunlunisaanuasittagniinisvinasi
AN U WL mmaumu‘*ﬁagaLLuumwhﬂ”umam”fﬁﬁﬁmmﬂLmumzmysl,ﬂi”ms
AUAUNITATINGTEHWIN 2 TauutniaastswaeINUashdauuUuuuLLIT9 waznis
ROUDNLLURINTNVaIaThIauNUuUUNTzanadlan1gaTagauLNegd 1 dauythiniaas

Lﬁaam%ﬂﬁsi”aamsaaummaglflumju Z %38 L 1a8n
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Jdadnavasnnilaunluuunszany

UREE IR GRS TR IRl P R IR TE VR bR TRRIE TS L JR ST IS 1LY
nrnsdapdszinimwnidriifauuunuiugu desnnmiseunundazenuudi
Jountuuunszay ldmaduiiunmaassnzszndng 2 Jauudness udnmssauniuudas

' v dAa d‘ly = Aa 6 1 <
ﬂ?U%Wﬁ%U@ILLNﬂLLUUW%ﬁW% AIROULNES 1 Daundiniaadiniui

2.5.3.4 azilaunluuuan (Dual Bitmap Index)

manesidauuduuugnn (Wattanakitrungroj and Vanichayobon, 2006)
unkaanidianiianiduadairinny ¢ dsznaudae [V2€ + 0.25 + 0.5] dauntiinaes
fa Dy, Dy, Dy, ..., D Tumsunuendayauutaanidadezivualwion i

00 Y1 Y2y VIy20+0.25+0.5|-1 2 ”
vasdaundianiaes D;  fanvianu1 e = r wiej = swie lagh
- -r)(n-r-1 '

r= [\/Z(th —v)+0.24 — 0.5] LaE s = [r -1- [(v - M) mod r” \la

2
o w A

A ' v a ., aa & P n A A o a
v Aeddoyaluunif i uuuaanidaranivheadt uaz i€ = (3) 1la n Aedwrudauny

nneas
rRo | x | | pg|Ds | D, | Ds | D, | D, | Dy| | D3| Dg| | DyADg
1 1 0 0 1 0 0 0 1 1 1
2 1 1 0 1 0 0 0 0 0 1 0
3 7 0 1 0 1 0 0 0 1 0 0
4 4 1 0 0 0 0 1 0 0 1 0
5 10 0 1 0 0 0 0 1 0 0 0
6 3 1 0 0 0 1 0 0 0 1 0
7 2 1 0 0 1 0 0 0 1 1 1
8 14 0 0 1 0 0 0 1 0 0 0
9 0 1 1 0 0 0 0 0 0 1 0
10 15 0 0 0 1 1 0 0 1 0 0
11 5 1 0 0 0 0 0 1 0 1 0
12 11 0 0 1 1 0 0 0 1 0 0
13 7 0 1 0 1 0 0 0 1 0 0
14 4 1 0 0 0 0 1 0 0 1 0
(M waansiad X () aviidaundunugiuuuuaanidad X (M) MIFBUDN “X = 2"

AMndszney 2-22 @ﬁiﬁﬁ@]LL&J}JLLUU@J’ﬁ'uuuLLaw%ﬁ’J@TX \Wa C =16



39

nnmwdsznay 2-22(n) waanstag X Serdudulyle 16 61 do 0, 1, 2,
., 15 esuuaridauwnduuugisdszneudls 7 (=[{/2(16) + 0.25 + 0.5]) dauuy
nnaes fa Do, Dy, ..., Dg TiFUUULNIRITHE usasasmnsznay 2-22(1)

v

E%m%“ummaumwLmumwi’m"’uuu@”mﬁﬁmLLuﬂLLuuﬂﬁuﬂﬁmmﬂ 39

"X = v" = D, A D

o = [\/Z(hiC — V) + 024 — 0.5] hic = (%)

!lﬂ35=[r—1—[(v_(”‘”(2ﬂ)

mod ||

MNMNYTENBY 2-22(A) GBININIIL Uuwaansiag A Juadlathend

o

drdayariiniy 2 azldidmaumaunsamiaan "X = 2" iy D A Ds Saudaiu
WA WNaRIFIAa LA A%k

1) ewmdauntianiaas Dy

2) audauunianaas Dy

3) MLAuNIA33ne AND dadadareninsdauntiiniaasHaansa baann
T8 1) ez 2)

4) feaaunla Asananndausudinniaasuaansi laanda 3) wuinda
d' a d' = 1 % ' a A = 1 % =3 U d'd ' Aan 6
M 1 uazdan 7 Sduvinnu 1 sandadug Jauriinu 0 39la41 waanfiaresnaanit
W 2 AaunIN 1 WazkaIn 7

ﬁm%’umsaaumuﬁayjmmuam%ﬂuu@”"ﬁﬁﬁmLL&J}JLLUU@J’ﬂHmm‘mﬁﬂ"l@T
TagmdauudiineasnaaniuaILdazA1d1a1LHsN1TATINE OR 1T 3NATWUIzNaY 2-
22 dasmInuinuukean3dag X duadlathenfainnu {0, 3, 10, 11} HARNTVBINNT
gaunufe (Dg A Ds) + (Dg AD,) + (Ds A Dy) + (D, A D3) “infaunin 5, 6, 9 uaz
12 iludeavvasnmIraua

v = w oA 1

afvasnrhiaunluuuan

o @ Aa > v A v & o A9 ' o o A

ﬂ’]i‘ﬂ’]@“ﬁu‘i_l(ﬂLL&J‘]JLLUUQﬂ%l"HW%‘ﬂl%ﬂ’]T‘D@Lﬂ‘i.l(ﬂ“]juuaEIﬂ’J’m’]‘S‘YI’](ﬂ"Hu
TALNULUUTIILRLUDUNTZNG LLa:msaaumwﬁagaLLuumwhﬁ'umam”‘*ﬁﬁﬁ@LL&I‘ULL‘UU@]’
AWIAI lETNITENAWNITATINGITNIN 2 danytiiniaasinidaunuasidanayuuuune
PAIILAZUUNTZNE

ﬁ'aﬁﬂﬁ'ﬂwaaﬁ'ﬁﬁﬁmmﬂtmu@lﬁ'n

mmaumm‘*ﬁagaLmumwhﬂ”ml,azl,muamfﬁnmaa@”‘*ﬁﬁﬁmmﬂuuuﬁn"’u

gasddnimwniariiauuduuuiugiu ihasnnmiszeuauidazauuashdaway
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LLUU@;ﬁ% lEmsdiunsasnesening 2 daundiinaes uanmssauanuudazauwash
Taunduuuiugiu asrasauiined 1 Jauntiniaasivinnu

2.5.3.5 arwiauauluuuLdnsvia (Encoded Bitmap Index)

arhdauutuuuitNIia (Wu and Buchmann, 1998; Sainui et al., 2008)

a o > Ana Ag oo & Ao A A o © A o [
duinadiansieridaundnlfibendesnga Gin1siasidaunduouidsvaun
aa {nid [ qu, 1 [ % A 6 A

waanItrania1sauasavianu C tsznauaay [log, C] daunidianiaas ao
Eflog, cl-1- - B2, E1, Eg  launiassnadayaldiimaifisudrainaimsmisifisudn
(Mapping Table) Namwualinuudazdauntiiniaas laglunsunuel e i va9
=Y 6 A 1 [t A &/ 1 1 % aa 6 dl . 1 a 1
Jaundnaesazdenyiiny 0 wae 1 Juagnuddayazaiueanididunii i InAsud

Pasudaziauuliineasasanuenle

Mapping Table

0 0000

RID | X Es | E, | E; | E, 1 0001
1 0 0 1 0 2 0010
2 1 0 0 0 1 3 0011
3 7 0 1 1 1 4 0100
4 4 0 1 0 0 5 0101
5 10 1 0 1 0 6 0110
6 3 0 0 1 1 7 0111
7 2 0 0 1 0 8 1000
8 14 1 1 1 0 9 1001
9 0 0 0 0 0 10 1010
10 15 1 1 1 1 11 1011
11 5 0 1 0 1 12 1100
12 11 1 0 1 1 13 1101
13 7 0 1 1 1 14 1110
14 4 0 1 0 0 15 1111
(M) waan3tid X @) asidaunduuudnsiauwiaanidag X (A) MTABLAN

Mwisznay 2-23 arhianuUiuUENIREUBLAANIEI6 X tha C = 16

nnandsznay 2-23(n)  weanidad X Gadduldld 16 @1 fe

A
f
A
f

0,1,2,...,15 asnuwarhiauuduuuithivialsznauals [log, 16] = 4 daundianiass Ao
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E3, E5 Eq, Ey LL@ia:ﬂ'wamaem%ﬁwi‘gﬂl,mu@hy 4 Saundiniaas %aﬁgﬂuuumsmsﬁa
URAIAINWLTENaY 2-23(T)
fNTUNIFALANNLLLA YN ARUBATRTauNULU LN TAREN NN TAYN b
I@ﬂmsﬁ,’whiagaﬁﬁaamiaaumﬂﬂLﬁsulumiwLﬁwmi@hdﬁLL@iazﬁmLuﬂnmmﬁ
andsdauuyle mnifuﬁﬂﬂmnaauﬁunﬂq worvuaah duadlafdiesanunudd
VL@Tmnmmuﬁﬂumsmnﬂﬁmu,mJnﬂma‘il,ﬁmmifuﬁaﬁmau A18819LTH 27N
MWUIzNaY 2-23 @a9MINIIUIUB Laan3tad X wadlathedarinny 2 saunsavinle
Tasmssnusnmadhsiganannafisudn Seiimsdnsnmdn 0010 (E5E,E,Eo) 3Nt

o R ! a

& o A o o AdAaan &
vnududauvtinnaesiduiarininsamiseunnuaiuuesinddoundiiniess E,
ferinnu 1 wazdaundianiaes Es, E, uas E, daviinu 0 azlaunan 1 wazunan 7
Wudaay

AWITUNIRAUDNN LU LRI ENU BT RO LU UL UL TR EEINITOYN b La g
miﬁngﬂLmumsaqiﬁ'amaoLL@ia:@hm@ﬁLﬁumimsm OR awnﬁua:ﬁwmsmgﬂﬂaﬁ%’u
AR AN AT IWIBTALNUIINLABTNADIATIAFAL G20H19LTW I NATWLIznaY 2-23
faInInTNuUINLLaanidlg X Juarlathsndavinnu {0, 3, 10, 11} lasldarnafisu
A azlowsnswidw ESEE Ey + E5EyE,Eg + EsE3E Ey + E3E3E1Ey aifin baan al

~ 6 o v &L (% a 6 ] ' < A ni
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Mapping Table

0 0000

RID X E; | E, | E; | E 1 1010
1 1 0 1 1 2 1011

2 1 1 0 1 0 3 0001

3 7 1 1 1 0 4 0110

4 4 0 1 1 0 5 0101

5 10 0 0 1 0 6 0100

6 3 0 0 0 1 7 1110

7 2 1 0 1 1 8 1000

8 14 0 1 1 1 9 1001

9 0 0 0 0 0 10 0010

10 15 1 1 1 1 11 0011
11 5 0 1 0 1 12 1100
12 11 0 0 1 1 13 1101
13 7 1 1 1 0 14 0111
14 4 0 1 1 0 15 1111

M) waan3dad X (@) evidauntuuudniviaunuaanitad X (a) anafisudn

MWUsenay 2-24 ariTauN UL SR RUBLEANITIA X I@ﬂlﬁmﬁﬂﬂﬁﬁ]‘"@nﬁjwﬁaga
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. A o @ Aa o e g ol Ao A A v An o @
N&NIAe ﬂ’]i“l’l’]@"]ju?U@lLLﬂJﬂLLUUL“D’]‘S%?(I%W%VI%@EWI@@ W09 NAT B AN U LULLTNTRE
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LUURNITNANEY
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NI aridany U uUUIN IR RAITRINITD AN WA LWN1TIALA LA T
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nmsulssuisununndevasdauntinness uazminesddaunduouidsiaizduuuns
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a g o @ " v a & o o A
U@]LLN‘IJL'JT]L@Iai‘ﬂiﬁﬁaﬂﬂquﬂlaﬂﬂ I(ﬂUVLN@IQG@]TJQQSU‘YJ‘HU@]LL&J‘].JL']ﬂL@]ﬂ? ﬁlzmlmam*n

v
Islunsraunusiasad
16 16 T
@ . @ @
= =14 +- = 14 -
214 L] 512 LI .E 12 * &
g" . g vree 8 e
° ) ° 2 10 B e
:10 » 210 o 0 0 8 8 X : : :
38 + 28 8 B - .
£ + £ + £ L T T I I I AR
6 c 6 - - e e R
E L) : » ,: . & & & & »
© 4 0 4 - R e e
3 . e [} . E LI T
2 . F2 I et S SR
; 2 L] ; e & & & 8 & & & 4 8 8 s g * »
ob-e 0 O b
sU s1 sZ S} S4 SS SE s? sB SQ s1U s11 s12 s13 SM s157 RU R1 RZ RJ R4 R5 RE R? RE RQ R1U R11R‘|2 R13R14 IO |1 |2 |3 I4 |5 IE IT
Bitmap vectors Bitmap vectors Bitmap vectors
(n) Simple Encoding () Range Encoding (®) Interval Encoding
8 16 16
@
i £14 £14
12 =2 2
E E12 ng
210 :10 210
x ] @
s 8 3 3
£ 538 s 8
S 4 % 4 5 4
z, ] S
g ; 2 g 2
0 0 0
Bitmap vectors Bitmap vectors Bitmap vectors
(9) Scatter Encoding () Dual Encoding (®) Encoded Encoding
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1719 2-2 WSsuisudszanianvesasidauund 6 Loy (1We C A Asauada way

k Az SnsIninignaauny)

Anii 1281
o . _ sruudauudineasionasiesey ;
aaih Fuandauuy . o . o
- a muasslumsdiinnsasing
dauni | vnwesniglunig —
v e A NMIRDUDULUUFUITN NMIFDUDWY
RO .
best case worse case LUUAININY
LUy
¥ C kkk-1 (OR) 1:0
WHI U
2k:2k-1
WUUUA? c—-1 1:0 2:1 (1 XOR)
(k XOR, k-1 OR)
. 2k:3k-1 (k AND, k- | 2:2 (1 AND, 1
LUUDIY [C/2] 1:0
1 OR, k NOT) NOT)
UL 2k:2k-1
[2VC| 1:0 2:1 (1 AND)
N3N (k AND, k-1 OR)
. 2k:2k-1
wuudnw | [V2€ + 0.25 + 0.5| 1:0 2:1 (1 AND)
u (k AND, k-1 OR)
k [log,Cl: [log,C] :
WUy
v o [log,C] 1:0 use mapping table | use mapping
LUNTAR
(k-1 OR) table

A a & A4 v & o A = v @ A
INANTN 2-2  LUaNAINTINUNN LT I N1IIAL AU ATHAL LA LA TN A%
faundupuidrsialdiunlunsiaiiuasiitesnga fa 19 [log,C] Dauudiniaes diu
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mmma@L'smﬁlﬁ‘lumiaaumuﬁayaw (Wu and Buchmann, 1998; Sainui et al., 2008)
fWIUMIFEUMNTRALLLANYINAL @”"xjﬁﬁmwmmuﬁugm sANInFIUNNTRYANDL
avinulanass suesidauntuuuunl ervidauntduuute asddaunduuunszans
wazasiidaundunugiuldianlunmssunntayauuudiviiuinnniasidauaduuy
ﬁrug’m LL@iHﬁ%ﬁlumsﬁmﬁmﬁﬁﬁasm’jmvmﬁﬁmmmmuﬁugm (Wattanakitrungroj
and Vanichayobon, 2006) azfifaunduuuidiswaldiaatlunisseuniadayanuudn
whﬁ'umﬂﬁqﬂ ﬁaLLﬁdW@”ﬁﬁﬁ@lLLmJLLuuﬁyungnmlumsaaummﬁagaLmumwhﬁ'uﬁ
ﬁq@ Lm'vl,sjmm:ﬁ'uLLa@ﬂ‘%ﬁ’;@Tﬁﬁﬂﬁﬁuaﬁéga6] mzldRudlunssafiuasiann
(Chan and loannidis, 1999; Wu et al., 2006; Stabno and Wrembel, 2009) Tun19asanu
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f‘mmﬁwufﬁvl,@ﬁauamuﬁuﬂszﬁﬂﬁmwmiaaummTaQaLmuam%ﬂLLa:
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(Data  Clustering) m‘ﬁaﬂl%ﬂﬂi%ﬁﬂéj&l‘*ﬁ’ay]aﬁgnaaunwiauﬁuﬂaumnﬂszi’@ms
saunutoynluada (Query Workload) LﬁamgmmumsaasﬁamaaLL@iazmlﬁmmma@
sruudaundinnieesidasamasey adinsseunuuuuandn
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mﬂﬁﬂmsﬁ]‘"@ﬂﬁjuiaga miaaumuifagaLLuuﬁﬂLﬁﬁﬁ'uuu@”mﬁﬁmLLaJiJLLumﬂTﬁiﬁ'aﬁl"ﬁ
mﬂﬁﬂmii@ﬂ&juﬁaga ﬁatﬁumaa@”ﬁﬁﬁmmmmuLﬁwsﬁaﬁlﬁmﬂﬁﬂmsﬁ'@mjm*’ﬂ"aga
LLa:ﬁaéwﬁ'@maa@%ﬁﬁmmﬂLLmJL?Tﬂi%”aﬁwmﬂﬁﬂmsﬁ'ﬂmiuiaga sondasnsvulagsay

P8932UY URIAININLTznay 3-1

RID X Ey Eq Mapping Table
1 a 0 1 c 00
2 d 1 0 a 01
3 c 0 0
d 10
4 a 0 1
b 11
5 b 1 1
10000 | a 0 1
Table T Bitmap Index

Improving the efficiency of

Encoded Bitmap Index

using Data Clustering

Query Workload

AMwilsenay 3-1 sanda Uﬂiﬁlﬂ(ﬂ 8374V UY

3.1 m‘uﬁuﬂs:aﬂ%mwmaaﬁ‘ﬁﬁﬁmmﬂu,fufuLﬁ"\‘sﬁ'aé'f'aﬂmﬂﬁﬂm‘s{fﬂn&juﬁ’aga
(Improving the Efficiency of Encoded Bitmap Index using Data Clustering)
fuihdunsinianadwaawn il sinsnwvesasidauutuuy
Lfﬁiﬁa@”’mLmﬁﬂmsﬁ'@mﬁuﬁagaLﬁamm}”@mjwLLa:méﬁ@”uﬁwaaLLamw%ﬁaﬁLﬁ'aLﬁu
ﬂs:ﬁw%mwiumsaaumuﬁaQalmé’ﬁa;&aﬂi:ﬂauﬁaﬂ 4 Tuaaunande 1) MIasoY
Ja4a (Data Preparation) 2) N3zUI%NNI3@N{UTBYA (Clustering Process) 3) MIAITHA
f1e9Laan3tlq (Binary Encoding) uas 4) nsaseashiauudluuugingva (Bitmap

Index Creation) u&ada3nMWUIznay 3-2 lasudaztuaaninazduandda Ui
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Query Workload

Data Warehouse

A l
/Y

Step 2: Clustering Process

s N

Create Bit Matrix Table

!

1
1
1
:
1
1
1
1
| Cluster Attribute Values
1
1
1
:
1
1
1
1

( N\
\\ J
\ 4
'd N\
Order Attribute Values

Step 3: Binary Encoding

i c 00 i
a 01
| d 10 i
b 1

! 1
1 1
1 1
! 1
1 1
! RD | X E; | E :
! 1
! 1 a 0 1 !
1
: 2 d 1 0 |
1
: 3 c 0 0 !
1 1
1
Bitmap Index : 4 |a 0 1 i
i 5 | b 1 1 |
! 1
1 1
1 1
! 1
! 1
1 1
1 1
! 1
1 1
| 10000 | a 0 1 !
! 1
1 1

MNUTENaY 3-2 TUAaWNNTNNUILENT AWV aIATHhI AN UL UINTRR

I@ﬂlﬁmﬁﬂmsﬁ'@mjm’hga
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(Attribute Extraction) N9tuna9asidausntuuuitnivaain Query Workload lagnns

& A a [y
NN 1: ﬂ'lsl@liﬂ&lilaﬂa

°ﬂ'u<§1aumsm?awﬁagmﬁwﬁ@aumiaﬁ'@@iw adunaansdadnanla

NITANNRAUDINVBILAANITN @Tﬁag%é'olﬁauvlm Where LWaRINIRIIIANTI9ANUDI

waan3tad aeAvasuaansdiduaasliiiuin udaznssauanuinsrauanudves
waan3didalathe mwuszney 3-3 waaIaI8E1d Query Workload 284uaan3dag X
Warwualiuaanidag X dendwldle 16 d1 fa (A, B, C, D, E, F, G, H, |, J, K, L,

M, N, O, P} Wazav19awadueaniing X fanaann Query Workload WRAIAI

nMwdsenay 34

Q1:
Q2 :
Q3:
Q4 :
Q5:
Q6 :

SELECT * FROM T WHERE X IN {C, D, J, K, L, M, N P}

SELECT * FROM T WHERE X IN {C, E, J, K, P}

SELECT * FROM T WHERE X IN{A,B,C,D, F, G, H, I, J, K, L, M, N, O}
SELECT * FROM T WHERE X IN {A, B, D, F, G, J, K, L, M, N, P}
SELECT * FROM T WHERE X IN {A, B, C, J, K, P}

SELECT * FROM T WHERE X IN{A, B, C, F, G, H, |, P}

mwisznay 3-3 @28¢19 Query Workload 1a9uaan3iag X

Query Value of Attribute X
Q1 C,D,J,K,L,M, N, P
Q2 |CEJKP
Q3 |AB,C,D,F,GHILJKLMN,O
Q4 A,B,DFG,J KL MN,P
Q5 |ABC JKP
Q6 A,B,C,F,GH,IP

MWUIEnay 3-4 a139A1UaILAANIIIG X
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DAADWN 2: NIZUINNIVANGNT YA

1u°ugu@1auf‘tﬁwLauamgu@lauﬁﬁﬁ%m%'m”@néju@iwamamﬂ%ﬁa@Tﬁﬁmi
goun¥lUA28AY (Together) WAZFBLDINIINAY (Joint) %aﬁﬂﬂggﬂuuumimiﬁaﬁ
manzauLRaanswIniauulneefidasnTagey Usznaudis 3 Tunawdasde
1) M38319M1974 Bit Matrix 31na13ndvasuaanidad 2) midangudoys uaz 3) n1s
AAIALANVBILDANTTIR

PUAOUA 2.1 NIFINAIT_Bit Matrix NNATNIATaILeaNn3IIq

Ao URLIUNIIRIIIAN19 Bit  Matrix  31N@NI19A1VBILAANIHIG
@201 % INANTIANVAILAANITIG AINNWLUITENAY 3-4 RINITOFIIIA1I9 Bit Matrix
fawainny Wx € lla W Aadnwiunun1ssauaIundnaa b Query Workload was C
A 1 A nt:? Aaa €t=i o o o A cﬂl 1 v & ] ]
AOAIANTAWORAVAILAANTTIANUINIVINATH TILARZUDILFAILALAWIN LAAZAIT
aaumuﬁmiaaummiaga@hl@ﬁw LLazluLL@iazﬂaé’uﬁuamlmﬁuiwLL@ia:@hQﬂaaumu
lunmssaunulatine drualdaiwaSnddad BitMatrix[ij] (e i Aes1auls Query
Workload 1agi58970 0 619 W-1 uaz j fedunikdauizadiaanitng lassuduann o
a4 C-1 dhddaya gﬂaaumulummaumwﬁ i 22ld73n BitMatrix[ij] AU 1
@18819LT% NN Iznau 3-5 @1 C gﬂaaumuiumiaaumuﬁ1 @1) azlein
BitMatrix[0,2] dewvinAu 1 uaze E laildgnaeunalunsseuniui 1 Q1) azldi
BitMatrix[0,4] HALYINAL 0 NN3&319a1319 Bit Matrix LJunnsanua1sed1vesnaan3Itas
=l &< a o a . . = a
LN UIATILAUILRZRINITOGUAUNITATINCUBANIING Bit  Matrix 1@ laaatad9Lmy
UszANEAWIun1TU 200808 LARWLIUAAINUA LNNITIALALAIIY Bit Matrix 1ladd1142%

Aa

N Umsaaummmzm%uaaﬁm 2IBANIVI (?’TLW&JQG“U%

Value of Attribute X
Query

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

Q1 ojo|1{1}jo0jojOo|jO0|O|1]|1|{1]1]|1]0]|1

Q2 o|of1j{0(1j0j{0j0O|0O|1|1]|]0O|O0O]|O0O]O0]1

Q3 1t1171|11jo0 (11|11 1{1{1}1[1]1]0

Q4 1 110101100111 1 110 |1

Q5 1|/1}j1|0}0(0|O0O|O|O|1|1|0O]O0|0]O0]1

Q6 1|1}j1y0}0}(1{1}|1}1/0]{0|O0O]O0|0]O0]1
Frequency 414153 [1(3[3|2(2|5|5|3[3|3|1]5

mMwisznay 3-5 @1a819613714 Bit Matrix
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M@ Bit Matrix 818150%1AND (Frequency) 28dudazan laanns
BUTWINTS 1 VILARZAT A2a819LT% A1 A U106 1 NINNA 4 0 AIWANNDVAIAT A
YN 4 ULazaNIInMIANNDVIA1DU Y LAIAININLIZNEY 3-5

& A o %
VUADUN 2.2 NTIANKNUDUR

a

& g o ' o A A 'y o
mumaumﬂumiﬁmﬂ@wa;gam‘[amagﬂaaumuvlﬂmunummm:u
éwumm%’aﬁgnaaumwimﬁuﬂaal NANT Bit Matrix ludwsawn 2.1 lasldaanasna

Cluster-EBI L&AIAINNWLTZNaY 3-6 LazTaaulsn it luaanasnu aiaadluaig 3-1

Algorithm: Cluster-EBI

Input: An array of BitMatrix[0..W-1, 0..C-1], Minimum Frequency, Threshold
Output: Clusters of Attribute values
1. Remove Attribute values that have frequency lower than Minimum Frequency
Initial each Attribute value to its own cluster
TJ_Table = buildTJ_Table(BitMatrix[0..W-1, 0..C-1])
minTogether = min (TJ_Table.Together)
maxdJoint = max (TJ_Table.Joint)
if (minTogether = 0)
cluster = clusterByZero(TJ_Table)
cluster = clusterByTogether(TJ_Table, 1)
end if

© © N o g K~ 0D

—_
o

. ¢ = Count (cluster)

—_
—_

. while (minTogether <= Threshold and maxJoint > 0)

12. TJ_Table = buildTJ_Table(BitMatrix[0..W-1, 0..c-1])

13. minTogether = min (TJ_Table.Together)

14. maxJoint = max (TJ_Table.Joint)

15. cluster = clusterByMinAndMax(TJ_Table, minTogether, maxJoint)
16. cluster = clusterByTogether(TJ_Table, minTogether)

17. ¢ = Count (cluster)

18. end while

19. Return cluster[1..c]

Mwisenay 3-6 aana3ny Cluster-EBI
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#1319 3-1 TaguisnlFluaanasnia Cluster-EBI

saands AN

c ﬁhmumjwﬁaga ™ ﬂﬁ]'gﬂ'u ﬂé'amumiﬁ'@mjulmj

a1siudvesngutayangnaauniuludaunu (Together)
TJ _Table

1
v =

LLaz@iwadﬂ@;magawgﬂaaumuiwﬁu (Joint)
TJ_Table.Together ﬂ"maamjwﬁayaﬁgﬂaaumﬂﬂﬁa BN @119 TJ_Table
TJ_Table.Joint ﬂ'waan@;uﬁagaﬁgﬂaaumuiwﬁu lue@1319 TJ_Table
minTogether mﬁﬁaﬂﬁq@maaﬂQuiagaﬁgﬂaaumuvlﬂﬁaUﬁ'u
maxJoint @hﬁmﬂﬁq@maamjwﬁagaﬁgnaaumwimﬁu
Threshold @hﬁmzavlﬂﬁuﬁ;@mwaauﬁ'um minTogether
cluster mgluiagaﬁgﬂﬁ]”@ﬂ@juuﬁa n ﬂq%rgu”u

o AR < addN vo A o v
aanaIny Cluster-EBI Lﬂu"ﬂu@]au’JﬁWvL@u']LﬁuaLwaﬁ]@ﬂ@]uﬂ’]maﬂ
LLa@m%ﬁ’J@TﬁaaﬁJﬂ’l&leﬂﬁ’JUﬁ’uLLazﬁaUﬂ’m‘i’J&lﬁ'u ﬂ’]Wﬂ‘izﬂaU 3-6 LLa@]\‘]aq,aﬂa%ﬁ&l

%

Cluster-EBI U3znaudisuaaun1ivinmu 16 Tuaau uaziduauaiudazuIsiaaadl
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UIINAN 1 Lﬁaﬂ@hﬁagamamaem?ﬁm‘ﬁﬁmmﬁﬁaUﬂdﬁmmnmum

=

(Minimum  Frequency) 88n31n@1314 Bit Matrix 628&1915% fnualranudaudrdan

1 o 1 v { 1 e A v 1 { 091/
Wiy 2 nnwdsenay 3-5 mmaga E uaz O danudyiny 1 detasninanudon

'
o

mﬁﬁmu@vﬁﬁdﬁﬁ@iﬁaga E uaz O 98n91Na1379 Bit Matrix usasasnwisznay 3-7

Value of Attribute X
Query

A|B|C| D|F|G|H|| I |J K|L|M|N]|P
Q1 0 0 1 1 0 0 0 0 1 1 1 1 1 1
Q2 0|0 1 0O [ 0] O 0|0 |1 1 0| O 0| 1
Q3 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Q4 1 1 0 1 1 1 0|0 |1 1 1 1 1 1
Q5 1 1 1 0O [ 0] O 0|0 |1 1 0| O 0| 1
Q6 1 1 1 0| 1 1 1 11000/ O 0| 1

v

AMWUIzNay 3-7 @1319 Bit Matrix Lﬁa@?’ﬂmﬁagaﬁﬁmmﬁﬁaﬂﬂiwmmﬁm”m‘haaﬂ

v

usiafi 2 dnualdnng drvesusanidadidunguuasdaias aan

a ' ' aa 6 o 1
nwdsznay 3-7 uﬂqummamammmmm%m 14 ﬂq&]
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UsIaf 3-9 Lﬁumzumauﬂﬁﬁ‘i'mn@:miwaaLLﬂ@lﬂ%ﬁa@Tﬁﬁmiaaumﬂﬂ
funuLazaaUnNIINAL lagRansandiaasaansiadnie Together LYINAU 0 W&z 1
Lﬁaﬁ'@mjumLLamw%ﬁa@Tﬁﬁmsaaumuw%uﬁumwa WINdeA Together HogRNBAIN
ol ﬂfnjwuaq@hLLaem'%ﬁwTﬁﬂﬁaaumszlﬂﬁaalmﬂ ﬁfuﬁammimyﬂmjﬂﬁﬁ LazRINAAN
Joint UNNRUIBAININ m;jmla\‘l@hLLa@m?ﬁm’ﬁmiaaumuiwﬁumn AufesunInga

ﬂij'lleGTa uRAIAIN WL TEnay 3-8

B Together

O O O ®

Awusznay 3-8 qmauﬁ'ﬁmam'} Together LLazfn Joint

UsINaNn 3 1Jun13831901919 TJ_Table tWadaaLnuen Together Laz Joint

Taa5onlgwWarnti buildTJ_Table() uaasainIwLlsznay 3-9

Function: buildTJ_Table(BitMatrix[0..W-1, 0..c-1])

Input: An array of BitMatrix[0..W-1, 0..c-1]
Output: A structure of array of TJ_Table
1. fori=0 to N-1

2 for j =i+1 to N-1

3 for k = 0 to W-1

4 TJ_Table.Together; = count (BitMatrix[k,i] @ BitMatrix[k,j])
5. TJ_Table.Joint; = count (BitMatrix[k,i] A BitMatrix[k,j])

6 end for

7 end for

8. end for

9. Return TJ_Table

mwilsznay 3-9 Workdi buildTJ_Table
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NN3Y1191% 229N NG buildTJ_Table() LTJun15WNA1 Together uazdn
Joint s'fidﬁLf‘}"auvl.ﬂumiﬁﬁmmﬂumiﬁ]”@ﬂ@;wﬁa Fuausaninmolungad; agawgoaaaﬂsju
fmsondasdumwaruiwyiiny 28 e i =1, 2, 3, ..., [log, C] - 1 §wsunswea
Together snansaw lalagmstusiwinda 1 AinannIeERN13ATINE XOR 5294979
Janniaasvaingutoys gansndwaelaangunisi 1 n1swaen Joint sansanale
Tagmytuswuie 1 Aieannssdinnisassng AND 3z%iﬁaﬁmaﬂma§ﬂ@;wﬁa§a
gusadmmldnaunish 2 waansluduaauiiiannns TJ Table  GaLfuen

Together LLaz@1 Joint Waﬁﬁuﬁa:ﬁuq@miﬁﬁmmﬁaﬂﬁmmﬁﬂiun@;mj”agaLLa”a
T]_Table.Together;; = count_,! (BitMatrix[k,i] @ BitMatrix[k, j]) (1)

T]_Table.joint;; = count!_,! (BitMatrix[k,i] A BitMatrix[k,j]) (2)

Uiiﬁ'@ﬁ' 4 Hun1Innen Together ﬁlﬁaﬂﬁlﬁi{@ (minTogether) Tua1319
TJ_Table tiufia LﬂumimﬂejmhLLa@lﬁﬁa@Tﬁﬁaaumﬂﬂ@ﬁﬂﬁ'umrw‘ﬁq@

usIiafn 5 tunsmen Joint ‘ﬁ'mnﬁq@ (maxJoint) 114@1519 TJ_Table
nuAe Lﬂuﬂﬁmmjmmuaw%ﬁu@Tﬁﬁﬁiwmuﬂ%ﬁgﬂaaummquﬁ'umﬂﬁq@

usiafn 6 1un13esrageauan minTogether ey 0 wia'lal i
ﬁaLﬂumimaﬁ]aauiﬂﬁﬂéjmwamaw?ﬁaﬁﬁaaumﬂﬂ@hyﬁ'u WIDUNT LRZIIUIH
assnmaum Wi ly S9ilsznaudie 2 duaauten fa dwaauwdasi 1 ﬁ?’@m&jmh
yaguaansiaanien Together L¥iNNU 0 wazumoutasf 2 ﬁ]"’@ﬂ&jmhmaal,l,a@m%ﬁwfﬁﬁ
@1 Together ¥iNNU 1 uazdlan Joint mnﬁ'zim

UsIian 7 Lﬂumia“'@mjwmmaaLLa@lﬂ%ﬁa@Tﬁﬁm Together LMy 0 ¥
ﬁaLﬂumﬁ@mimmmaau,amﬂ%ﬁ's@Tﬁﬁmiaaumwwﬁ”auﬁ'uua:ﬁi']muﬂ%lumiaaumu

winnu lasmsisunlawena clusterByZero() waadasnwilsznay 3-10
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Function: clusterByZero(TJ_Table)

Input: A structure of array of TJ_Table
Output: An array of cluster

1. fori=1toc

2 forj=i+1toc

3 if (TJ_Table.Together; = 0)
4 Add member of cluster; to cluster;
5. Update BitMatrix
6 Remove cluster;
7 c =c-1

8 end if

9 end for

10. end for

11. Return cluster[1..c]

MwUsznay 3-10 WIRTW clusterByZero

37191 BININTW clusterByZero() Jumsdangudnvadnaanidad
Afen Together LYiNNU 0 I@ﬂﬁﬂam%ﬂma\‘mﬁju%gaﬂ&aaaanﬁiumsauﬁu NI
AMIBWLAAAINTFOUDNIUA1TN9 Bit  Matrix lasdiiunnsassns AND  s=u3nsila
nnmas‘maaﬂéjwﬁayawﬁaaa LAZARTIIUNNTRNAN mé’wﬂumﬁmauﬁﬁan@uﬁagaﬁ
dnsseunmandanin sasuowludisnu uasdsunasifigeunurintuans WrTui
a:§uq@msﬁwmmﬁaﬂmsmmm&j&m”agau,éh

uyIViaf 8 Lﬂumi'ﬁ'@mjwmmamaem'%ﬁw?ﬁﬁ@h Together LYINAL 1 U8z
ﬂﬁjummaauaw%ﬁaﬁﬁﬁ@h Joint mn'ﬁ'qcﬂ LﬁaomﬂﬂﬁjuﬁwaaLLaw%ﬁa@Tﬁﬁ@h Together
WinAY 1 a:ﬁ‘[amaﬁgﬂaaumﬂﬂﬁamﬁ'umﬂ Tagnsi5enlgwaritu clusterByTogether()
uEAIAINIWLTENaY 3-11
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Function: clusterByTogether(TJ_Table, together_value)

Input: A structure of array of TJ_Table and together value
Output: An array of cluster

1. fori=1toc

2 forj=i+1toc

3 if (TJ_Table.Together; = together_value)
4 if (TJ_Table.Joint; is maximum)

S. Add member of cluster; to cluster;
6 Update BitMatrix

7 Remove cluster;

8 c =c-1

9 end if

10. end if

11. end for

12. end for

13. Return cluster[1..c]

AMwUsznay 3-11 WIRTw clusterByTogether

n13119I%pasWAzw clusterByTogether() Wunsdanguaivas
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waan3daanden Together LYiNNUAN Together value At muald WBENHNAIVDI
waan3faaffden Joint mﬂﬁq@ I@ﬂmiﬁwam%ﬂmaaﬂ%aaamjummuﬁu INTUNNT
anLaAAINNSFaUANIUANII9 Bit Matrix lagdtiiun1sassne AND seninsdaiiniaas
maamjmﬁagaﬂ%aaa LLaza@ﬁwmumjuﬁagaao naanEludnaanias NENAITDY
waan3iaanden Together 1AL Together value s wnaNwazId" Joint mﬂﬁq@
‘V\|u:‘1ﬁ(fuf:ﬁ]z?Tufj@lﬂ’]iﬁ’]x‘l’]%Lﬁaﬁﬁ]’ﬁm’]ﬂﬁJﬂ@;N?j’agaLLﬁ?
U3IHaN 9 §uq@ﬂwsmsaaaauL‘Siau"lmmaom minTogether YNy 0
UssHafn 10 Lﬁumiﬁfm‘hmuﬂéjmhuaem?ﬁwﬁmﬁaaglj'ﬁzmm an
ﬂ%ﬁ;u”u ot luateans TJ Table duanlna
UsIan 11-18 Lﬁ%‘lﬁk@lauﬂ’ﬁﬁ?@]ﬂﬁjwﬁﬂladLLE]GW]%ﬁ’J@TAﬁﬁ’] Together

ﬁamﬁqmmzm Joint mﬂﬁq@
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usIiaf 11 1Jun13a398oueT minTogether iidaanimsawiny
@1 Threshold Airmual3w3elal uazasr9goUAn maxdoint Ideunnin 0 wiald siude
\Junsaraseuidisaniniangudnvauaanitadlaannia lal

usIian 12 1umsaeansns TJ_ Table Iﬁﬂﬁlﬁﬂﬂﬁﬂ;wfaﬂalﬁmﬁaﬁlbﬂtﬁu
@1 Together uaz Joint lagi3anlEwariTi buildTJ_Table() uaeassnwlsznay 3-9

Uiiﬁ'@ﬁ' 13 1dunInnen Together ﬁﬁaﬂﬁq@ (minTogether) Tua1319
TJ_Table ﬁuﬁaLﬂumimﬂ@;mhLLa@lﬁﬁa@Tﬁﬁaaumﬂﬂ@ﬁ ﬂﬁ'umnﬁfg@

usiafn 14 unismaen Joint 'ﬁ'mn'ﬁ'q@ (maxJoint) 14@13149 TJ_Table
ffuﬁaLﬂumimmjmmuaw%ﬁq@Tﬁﬁﬁhmuﬂ%ﬁgﬂaaummﬁuﬁ'umnﬁq@

UsInaf 15 Lﬂumsa‘”@mjummama@ﬂ%ﬁaﬁﬁﬁ@h Together  LvinAU
minTogether Waz¢1 Joint L1YiNNU maxJoint TagmsSanlewantn clusterByMinAndMax()

uRAIAINWLIznaY 3-12

Function: clusterByMinAndMax(TJ_Table, minTother, maxJoint)

Input: A structure of array of TJ_Table, value of min Together and max Joint
Output: An array of cluster

1. fori=1toc

2 forj=i+1toc

3 if (TJ_Table.Together;=minTogether and TJ_Table.Joint;=maxJoint)
4 Add member of cluster; to cluster;
5. Update BitMatrix
6 Remove cluster;
7 c=c1

8 end if

9 end for

10. end for

11. Return cluster[1..c]

mwisznay 3-12 Wertgi clusterByMinAndMax

N151191%2a9Wanisw clusterByMinAndMax() Wunsdanguenves

&aa

waan3d1aNaean Together LYiNAL minTogether Wa=A1 Joint WINALAT maxJoint lagnns
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RNNTNALANAINWLRZARNNEN bal BN
@Taaﬂﬁdms{@ﬂ@;uﬁagamuﬁmau?ﬁmﬁwﬁﬂmlﬁmiw Bit Matrix
MNANYIznay 3-7 aﬁ”wmjm]”aya‘lﬁﬂ”uLL@ia:ﬂ'waqLLamﬂ%ﬁ’s@T LAZRINIONTI
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wazdanniaaizainguetuaaniiag (B) Aa 001111 FwnaanFniviniy 1 nsgesngs
o a o ' o 1 o & ' ° ' ' .
FWIUFNTNTINNWYINND 2 (2) ﬁammaamqummmmwm Together Waz¢n Joint
lasfuinen Together tdannnIdiiunIIaIIN XOR s:ijﬁmnﬂl,@laﬁ‘maamjmh
waan3dnd (A) uazfaniniaesvasngudruaanidad (B) naawinldAa 000000 AN
Budmindandduriiny 1 azladruwindanianvinny 1 n9nue 0 61 aInudn Together
maaﬂ@jummaaLLamﬂ‘?ﬁa@T(A) WAz (B) 9YINAL 0 UazdwI®KIAN Joint l@a1nn1T
o a 1 a 6 1 1 Aaa 6 a 6
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A| B C D F G H I J K L M N P
A 04 | 33|32 | 13|13 |22 |22|33|33]|32)|32]32)33
B 33132 |13 (13|22 |22 |33 |33|32]|32]|32]33
Cc 42 |42 |42 |32 |32 |24 |24 |42 42|42 24
D 2222|3131 |23 |23[03]|03]| 03] 42
F 0383 | 1:2 | 112 | 42 |42 |22 | 22|22 ]| 42
G 1:2 | 112 | 42 |42 | 22|22 | 22 | 42
H 0:2 | 51| 51|31 ] 31|31 |51
I 5151|3131 |31 51
J 0:5 | 223 | 23 | 23 | 24
K 23|23 | 23|24
L 0:3 | 0:3 | 4:2
M 0:3 | 4:2
N 4:2
P

mwisznay 3-13 @191 TJ_Table lusaufi 1
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#Cluster Member Number of Member
1 AB 2
2 C 1
3 D,L,M,N 4
4 F, G 2
5 H, I 2
6 J, K 2
7 P 1

mwisznay 3-14 nudayafiden Together vy 0 lusau 1

eaa

NNAnUTEnay 3-14 ﬁwnéuﬁ"l,ﬁmﬁ'@ﬂ@;mhuaem%ﬁmmm Together
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AMwisenay 3-16

#Cluster Member Number of Member
1 A B F G 4
2 C 1
3 D,L,M,N 4
4 H, I 2
5 J, K 2
6 P 1

mMwilsznay 3-15 ﬂ@;uﬁagaﬁ%‘lmauﬁ 1
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Value of Attribute X
Query

A,B,F.G C D,L,M,N H,l J,K P
Q1 0 1 1 0 1 1
Q2 0 1 0 0 1 1
Q3 1 1 1 1 1 0
Q4 1 0 1 0 1 1
Q5 0 1 0 0 1 1
Q6 1 1 0 1 0 1
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LATANIY Bit Matrix ﬁﬂﬁmnmﬁ@n@iulmauﬁ 2 LRAIAINWLIZNaY 3-19

#Cluster Member Number of Member
1 A, B F, G D,L M N 8
2 C,P 2
3 H, | 2
4 J, K 2

mMwilsznay 3-18 ﬂ@;uﬁagaﬁ%‘lmauﬁ 2

Value of Attribute X
Query
AB,F,G,D,L,M,N CP H.l J,K
Q1 0 1 0 1
Q2 0 1 0 1
Q3 1 0 1 1
Q4 1 0 0 1
Q5 0 1 0 1
Q6 0 1 1 0

AMwisznay 3-19 @179 Bit Matrix 7 lalusaudi 2
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v v A
§313017379 TJ_Table I(ﬂﬂl‘ﬁ@]’]i’]\‘i Bit Matrix 3nnAYWUILNaAY 3-19 o9

NI WY UHAILADINY LEAIAIAIWLTENAY 3-20 Lﬁa@"'m,amﬁag%ﬁwm%aamrm

nue9A1 Together MILaUNBYNAILATOINANEY wUNED9AN Joint LAZLATEIRANY “*

wmﬂﬁ\‘m@;uﬁagaﬁvlm'mmmﬁwmﬁﬁmmﬂﬁ

ABFGDLMN | CP | HI | JK
AB,F,G,D,L,M,N X X
cp 41 | 33
Hl 5:1
JK

mMwilszney 3-20 @139 TJ_Table lusaudi 3

AnMWLsznay 3-20 @139 TJ_Table d61 minTogether LYINNU 3 uas
@1 maxJoint = 3 lusaud 3 ﬁaﬁ'@ﬂ@;umuaw%ﬁaﬁﬁﬁ@h Together ¥innL 3 waziidn
Joint 1NNy 3 (ﬁaaﬁﬁmmﬁuﬁ l:l lunwdsznay 3-20) é’qasmmw,l,mmaqmjmh
waan3dnd (C, P) uaznaanuainguduaanitag (J, K) den Together L¥inil 3 uazd
Joint LY 3 Jsmwmindnvasngudtuaanidng (C, P) uszngudtuaanidad (J, K) a2
ldnduewaanidadae (C, P, J, K) ﬁ]’mifuﬁ’lﬁ@L'Jﬂmﬁmaaﬂﬁjumuaw%ﬁaﬁ(C, P)
LLa:ﬁmfmma{maamjumLLa@m‘%ﬁaﬁ (J, K) adniun1iasinz AND  UAzaUNguen
waan3ing (J, K) aanann@1v19 TJ_Table Naﬁ‘i’wﬁmnnwm‘"@mjwlmauﬁ 2 LEAINS
MWUIEnaUf 3-21  uaz@1I9 Bit  Matrix ﬁ"l,ﬁmﬂmiﬁ]”@ﬂﬁjﬂmauﬁ 2 URAIAT

Mwdseznay 3-22

#Cluster Member Number of Member
1 A B F,G D, L, MN 8
2 C, P JK 4
3 H, | 2

Mwisznay 3-21 ﬂ@;uﬁagaﬁ%‘lmauﬁ 3

a

EY



Value of Attribute X
Query

A,B,F,G,D,L,M,N C,P,J.K H,l
Q1 0 1 0
Q2 0 1 0
Q3 1 0 1
Q4 1 0 0
Q5 0 1 0
Q6 0 1 1

A ° A o o A o A @ A “»
Wﬁ]'ﬁmﬂuw’madmmrm LRAIAININLIenay 3-23 L&Ja@l’JLamﬂagﬂuﬂLﬂiade’m :

=2 ! > = H g A “w,n =2 ! . o kN
RUNLDIA1 Together @]'JL@TV]Q%V\Q\‘]L@]?Q\T%N’]U D RUNYDNAN Joint LLaLaIadnuNg “*

AMwsznay 3-22 @179 Bit Matrix 7 lalusaud 3

8371901779 TJ_Table laglda13149 Bit Matrix annmwdszney 3-22 49

mnﬂﬁamjufagaﬁvmmmmﬁwmﬁmsmﬂﬁ

maamiazmjw"l,ﬁ @”&ﬁfumﬂéﬁaamﬁﬂa"nuﬁ’mﬁmﬂﬁmjmﬁagaﬁﬁaamsmué’aﬂa%ﬁu

Cluster-EBI ugaiadn wiszay 3-24

AB,F,G,D,L,M,N

C,PJK H,l

A,B,F,G,D,L,M,N

C,PJK

H,l

Awulsznay 3-23 91319 TJ_Table Lﬁamumsﬁ]‘”@ﬂ@;ulmauﬁ 4

NNAMWYTENBY 3-23 A lad1 liaIN1sarian Together wazdn Joint

#Cluster Member Number of Member
1 A, B F, G D,L M N 8
2 C, P JK 4
3 H, | 2

Mwsznay 3-24 ﬂéuﬁagaﬁvlﬁﬁnﬂé'anﬁﬁu Cluster-EBI
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PUAAUN 2.3 MIIARIAUAVDILDANITIA

m”u@]auﬁl,ﬂumia”@ﬁm”ummaau,a@ﬂ%ﬁ’sﬁu@ia:mlﬁaglu@mmum
IANIZRUN W NITRR LT WA UN 3 I@ﬂmiﬁnam‘ﬁﬂ‘lun@i&lij’agaﬁmvl,éﬁt,@ia:mjwm
v A 1 o o o A A o ‘[ o A ° A Aa @ i
04389 LT UEN1AUNA0LHaINY LANITIALILIATNINUIRINITANTIUIALNNAY 2
A . o o A Y A A ° A Aa
Wa i = [log, C]-1,..., 3, 2 annannlutiae Iassangudayafitaiaa i wanaangnid
mmmﬂuﬁimm@jmnmnvlﬂﬁaﬂ LLasz'@L‘%’ﬂqﬂq’mTagaﬁmﬁamwﬁwmuam%ﬂﬁﬁmm@
o d' v o o & o 1 aa €dl A 1 ana {d’
Wusrwudannunldtesansian anvuidwaansiidnwae (Frveskeanidaidn
lildidusandnvasngula) andalusdanndoyanidaiioagud drat19gu ngudd
waan3iag annwlsznay 3-24 a]‘;VL@T’j’mq’mTayjaﬁﬁﬁhmuam%ﬂﬁﬁmm@whﬁ'u 2t
unfigada ngutaya {A, B, F, G, D, L, M, N} 789893nda naudays {C, P, J, K} ngu
Y A A AdAs A ° | A Y A A
Jayatindanddiwinaindnidudwiudda ndudaya (H, 1} LLa:"l,mewa;qJ]ammm@
LI IUINA AILBNAANTYDINITINENAUAIUBILAANTTIG Aa A, B, F, G, D, L, M, N, C,
P, J, K, H, | @810 uaztidaiia1uaitaansiianinae iufa E waz O d13aL5u9da
azvlﬁwaﬁ'wfqﬂﬁﬁwaamiﬁ‘i'@L'%'mé’ﬂ@”u@hmamaw?ﬁwﬁﬁu A, B,F,G,D,L MN,C,
P,J, K, H, I, E, O ¢N&1QL

AREDWN 3: NIIAITRAAIVDILDANIUIG

PYUADWNITAITHIAIVILAANTTIG L T UL UABUNIIRITHARANVD I
LL@@ﬂ%ﬁ%@Tﬁgﬂﬁ‘i’@L%'m’anﬂm”umauﬁ 2 @”@LL@i@hiaannauﬁa@hﬁagmﬁq@ﬁw Tag
ﬁmu@lﬁu@ia:@hﬁgﬂLmumsaaiﬁmﬂugmmwaat.amgmaaa (Binary Encoded) 3%

3 1 =3 d! o 1 % v Aa L% [ 4:14:{ a a o >3
AIud 0 D9 C-1 smmvl,ﬂgmsaswmumu,mJLLmJLmimmﬂi:aﬂﬁmwmmumi
aaumu‘*ﬁagmmuam%ﬂLLa:miaaumuﬁas;}aLu_lwhwhﬁ'u AIBUINNAIBENIRIAVAN
aa (n:i %3 = uq: di aa 6 a (= n:?l’ ] L% = L%
maau,ammmmwgnamim"b“lmumau 2.3 Gaaan3iag X dansauafainny 16 29l
a v ' Aaa 6 o o & [ =S 1 v v
4 JalunIaITREATaILaaN3IDIRANEIALAILAAILIN (A) whIfgarny (O) 2zl

NARWTAILEAIIAWL TNy 3-25(2)
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A 0000

RD | X Es | E, | By | E, B 0001

1 N 0 1 1 1 F 0010

2 B 0 0 0 1 G 0011

3 P 1 0 0 1 D 0100

4 F 0 0 1 0 L 0101

5 H 1 1 0 0 M 0110

6 D 0 1 0 0 N 0111

7 K 1 0 1 1 C 1000

8 A 0 0 0 0 P 1001

9 L 0 1 0 1 J 1010

10 C 1 0 0 0 K 1011

H 1100

I 1101

E 1110

10000 M 0 1 1 0 0 1111
(n) éﬁjﬁﬁ@lLmﬂuuuLﬁﬁﬁaﬁi‘*ﬁmﬂﬁﬂmsa”ﬂﬂﬁjufaga () JUUUMIRITAE

Awisenay 3-25 @ﬁjﬁﬁ@lLLm.lLu.n_lLfﬁiﬁaﬁlﬁmﬁﬂmiﬁ?@mjui GER

q? q' v w AaAa v >
RADWN 4: NIFINATRLALNUULULDIIRE
Puaawn1sassashiauuduuuidnsvadwivaauniszssashdeauad
wwuigsalasnslgsluuunisassianndunaui 3 unudzasuaanidadnvinuni
v A 1 A 6 o 1 [ aa 6 =) [ qu, ] [ 1
arhlundasdauntiiniaas a108191 3% waan3tag X Jansawedawinnu 16 uaasin
daslt 4 daundnaaslunmaasiasil ldun E;, E,, E; uaz E, laoiudazdgnassia
{ U a A 1 Qo A 1
lugtuuy E3E,E, B, annwdsznay 3-25 unaf 1 dd1vesnaanidadivinniu N Gaen
N dsdununmsassiadu 0111 @aiuunan 1 vasavitdaunduouidnsizieddeun
nN@es E; winu 0 daundiinaes E, wiinu 1 daundiiniaes E; wihnu 1 uaz
Jaundiiniaas E, 1nnu 1 wazaunsaunuazadiaanidianiiunasiluidazinn

uRAIAININWLIEnay 3-25
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3.2 NMIFIUANTINANUURNNTNUBATHTAUNLRULIT IS

mmaumu%gaLLuuam%ﬂﬁgﬂmef‘i‘auvlmﬁa “X in {vy, vy, ..., VY
wunpds Mysaunuuuwaanidad X Suadlathefidenvinny vy, v,,..., v, &ML
msaaummyagaLmuam%ﬂumﬁﬁﬁmLLmJu,mJLiﬂi%”ﬁﬁl%mﬂﬁﬂmn”@mjmﬁaga
Usznausay n3sud1aunIuaasagannIy nﬂiﬁumgﬂLLuuﬂﬁL‘iﬁiﬁamaaLwia:
AfAFaUIN NIEAUNIIATING OR  T2HINIEIGLTDILARLAN mm@gﬂw}ﬁfumi
L?Tﬂﬁa“ﬂ”aga mysudaundiiniaas u,azehLﬁumsmsﬂzmqu:ﬁﬁ'uﬁvl,éfa@gﬂLL@i”a

ADEILT Y Lﬁa@TaomiaaumwﬁagaLLuuam%ﬂmmfﬂiau"Lwaaﬂw
ROUDNN Q1 luawdsenay 3-3 I@ﬂﬁi’gﬂLLuumsaoW‘”amﬂmwﬂs:ﬂau 3-25()
snansavinlaasil

1) dwmgduuumIadTia

C dgduvumasssvimdu E3E,'E;'Ey” (1000)
D dydununsassiaiilu E5'E,EEy” (0100)
J Gsdupumsasimidu E3E,'E;Ey" (1010)
K fsduuumsasmiaidu E3E,'E B, (1011)
L SyUupumsasviaidu E5'E,E,'E,  (0101)
M Sslunumsasmiaidu E5'E,E.Ey" (0110)
N dsdununmsassiadu E5'E,E E, (0111)
P fswuumsasaviaidu EsE,'E;'E;  (1001)

o 6

2) duiiumIassnz OR (luwnfildsyanmal + unumsdfiunsasing

OR) sewinvgtuuunIassviavasudazen ﬁlzvlﬁqu‘lﬁﬁ'umﬂﬁﬁﬁﬁaQaé’aﬁ
E3E2'E1'EO' + E3'E2E1'EO' + E3E2'E1E0' + E3E2'E1EO +
E;'E,E\'Ey + E3'E,EEy’ + E5'E,E Ey + E3E, E{'E,

(2

o A 5o v 2 o Y v &a A
3) @nLuuﬂqiaﬂgﬂW\?ﬂTuﬂquTqﬂﬂmBHQ 'ﬂva@NaaWﬁ@ﬁu
E;'E, + ESE,’

v ed o 1 v a 6 Aa ' L
"iﬂﬂNﬂﬂWﬁV]vL@LLa@mqf] L9 IR TauNUINIe DI E3 nyaILNINUY
a & Aa @ a & Aa | @
0 wazdauudiiniaas EZ NUANYINNL 1 tazaagaudaLydiiniaas E3 nuaILnNINy 1
a & Aa @ o A A o
wazdauudianiaas EZ NUAUNINU 0 LLAZANLBWBNITATING OR LWarIAIfauvaIN1g
ﬁaﬂﬂ’]“ﬁ Nﬂé/Wﬁi‘ﬂ’]ﬂﬂf]saaﬁJﬂ']N"ﬂvaﬁLLﬂ'Jﬁ 1,3,6,7,9, 10 az 10,000 Lﬁuﬁ’]@]aumaﬂ

MIFALNNN UEaIAINIWLIzNay 3-26
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Es | E; | Ey | Ey Ey |E, | E; | E; (Es" NE) + (B3 AEy)
0 1 1 1 1 1 0 0 1
0 0 0 1 1 0 0 1 0
1 0 0 1 0 0 1 1 1
0 0 1 0 1 0 0 1 0
1 1 0 0 0 1 1 0 0
0 1 0 0 1 1 0 0 1
1 0 1 1 0 0 1 1 1
0 0 0 0 1 0 0 1 0
0 1 0 1 1 1 0 0 1
1 0 0 0 0 0 1 1 1
0 1 1 0 1 1 0 0 1

mMwisznay 3-26 628 Ei']x‘]ﬂ?‘iﬁﬂ‘i.lﬂ’]&l‘l‘raHﬂLLUUNN’]‘%ﬂ

3.3 NMIFDUANTIYAUU AN N RUBABRTAUNLUUUULTIIAE

miaaumuﬂ”agaLLuumwhﬁ'uﬁgﬂquL’f‘fauvl,mﬁa “X = v’ BuNwHe M3
gauouiunteanstng X fuarleteffdniny v miseuaanuua i RuwaTH
ﬁmLLmJLmuLﬁwsﬁaﬁlﬁmﬂﬁﬂﬂ’mmaﬂqu"L@TﬁmTaL@imam”’s@‘hl,ﬁumsmsm (AND L@
NOT) wAnlszansmwmssausuudinwuuesidauuduuugisialisrasiunn
fadl Lﬁaaﬁnﬂéi'w‘hLﬁumimin:l,ﬁuéi'w‘hLﬁumsﬁugmuum%amauﬁame‘ P
sannnulanafuazatuayunmhawannmholszanananilasass MR
UssAnSmwnssauanasuuavinnuuuesidauwnduuuhsnalasldsanasin EE-EBI
(Enhanced Equality Encoded Bitmap Index) anainwilsznay 3-27 uazfienudyansaii
1 lusanasfiuitlduansluang 3-2
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Algorithm: EE-EBI

Input: Specify value of condition query (QUERY_VALUE)
Output: Bitmap vector of answering query (ANS_VECTOR)
1. Initialize all bits in ANS_VECTOR be ‘1.
Find PATTERN from binary encoding.
fori=0to [log, C]-1
if (E; = 1) then
ANS_VECTOR = ANS_VECTOR A E;
else
ANS_VECTOR = ANS_VECTOR A E,
Output ANS VECTOR

©® N o g &~ w0 D

mwilsznay 3-27 aana3ny EE-EBI

@139 3-2 Taeuilsnltluaanasia EE-EBI

I <
nanauds AR
[ qu, aa {d’ o o o A
C Asanaffvasuaansdianinurinash
N WIBUDINIRNA LUAT
QUERY_VALUE drngnaeumuludeuluraunia
ANS_VECTOR Jaundiineasuaans Juuwa N Oa
PATTERN gﬂLmumiL"ﬁ’ﬁﬁmaa QUERY_VALUE dawa [log, C] fia

8ana3ny EE-EBI Lﬂumgumau‘l,umﬂ'ﬂ"uUi:ﬁ?w%mwmiaaumm%Ha
WUUAIYNNBURATRTAWNULUULEN IR E 3NAWLUTENaY 3-27 uwaadaana3ny EE-EBI
Usnaufedunauns¥n 8 Tunan SuasiuauoIldazsIHARI

UINan 1 ﬁmu@lﬁnﬂe} JavasdauutiiniaasHaans (ANS_VECTOR)
Sty 1 ufia ANS VECTOR = (1, 1,1, 1, ..., 1)

USIaN 2 dunisay u,a:gﬂLmumm‘hw‘”amaamﬁaaumwlmﬁiaﬂm
MIFBUAN @IBENILTH NAWLznay 3-25(1) A1 B Jda uazgtuuunsassiadn
0001 ¥iufie PATTERN Jdidu 0001

UsIian 3-7 1unImaaueIn1sRoUNY §1 PATTERN dewvinfy

1 azshiauutniaasandifiunisassnz AND nudauutianiaas ANS_VECTOR uéen
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PATTERN #fwviinu 0 azdasvinisnsuiavesdauudinniaefinienisazsiiun
fMLAuN1IA33ne AND nudauutiiniaas ANS_VECTOR

fr0gn9 T MssouNLuuarnAwiiTawly X = B’ NFUUUUNTRS
IRE aImWUTEnauf 3-25(1) B fgduuumsidnvisiu 0001 (B3 = 0, E, = 0, E; = 0
uaz Ey = 1) FINUNNIRIAN A UBINTTFOLUDN HEN RN sninauuiania e E,
FiiunnsasIng AND  nufeaundiiniaas ANS_VECTOR lalasase uazsindauny
s Es, E, wae E;  anviinsnaudanan wa3eanediiun1sasing AND AU
fauvtianaas ANS_VECTOR azleunaf 2 iiudnay ugasasmudsznay 3-27

Es | E, | Ei | E Es' | E)Y | E{' | E ANS_VECTOR
0 1 1 1 1 0 0 1 0
0 0 0 1 1 1 1 1 1
1 0 0 1 0 1 1 1 0
0 0 1 0 1 1 0 0 0
1 1 0 0 0 0 1 0 0
0 1 0 0 1 0 1 0 0
1 0 1 1 0 1 0 1 0
0 0 0 0 1 1 1 0 0
0 1 0 1 1 0 1 1 0
1 0 0 0 0 1 1 0 0
0 1 1 0 1 0 0 0 0

AMwdseznay 3-28 @ﬁaammmaumm]’agmmumwhﬁmﬁauvlm “X =B’

[ ' o aa [ o A6 ¥ Aa @ .
3.4 °uamuwaamﬁuummﬂuuuLmswa‘n‘lﬁmﬂuﬂmsaﬂnqmam
@”‘*ﬁﬁﬁmmﬂuuuLﬁﬁiﬁaﬁlﬁmﬂﬁﬂmsﬁ?@ﬂ@;uiagmﬁumﬂﬁﬂmsﬁwﬁjﬁ
A Hdg o A v & o Ao A ' a o o @ Ana o o o
SLJG]LLNﬂﬂIﬁW%ﬂl%ﬂ’ﬁﬁl@Lﬂ‘].l(ﬂ"]juuaﬂ‘ﬂqm‘ﬁm(ﬂﬂ’)ﬂfUﬂ’]iW]@“ﬁWLl@]LLlJ‘]JLL‘LIiJL‘IJ’]i%ﬁV]’JVLU
Lﬁaamﬂ@”mﬁﬁmmﬂu,mJL?Tﬁi%"'aﬁlﬁmﬂﬁﬂmsa}”@m&jmTagalﬁwmuﬁmLLmJnmma%‘lu
nIssaridasnitaridauntuuuiugiu eridaunduuuund aridaunduuusos

@ A

ATRhdawNYwuUnNIZINg LL@:@”%ﬁﬁ@LLuﬂLLuuﬁﬂ”u wanaNnheInUszanT A wlunns
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aaummﬁagaLLmJam%ﬂLLazmiaaumwﬂ”agaLLUU@hLmﬂ”u é’fm%’ummaumuiaga
wuasndnlafnmsassiadasuaansiaaninisseuan ldrotuuazgounusaunne
sl,ﬁ”agﬂugﬂLmuﬁmmmamhmuﬁmLLmJL'mL@lﬁﬁﬁﬂWﬁﬁ]ﬁﬂﬂﬁL%ﬁﬂﬁﬂmﬁq@ fRTU
mysaunrnnuuanrinulaleadinnisassnzantioiiudszansawnsseunia
LLuuamﬂ?ﬂLLa:msaaummj”aQmwuml,mﬁ'u lagfnsdnsvadrvasuaansiaananis
aaumuw%”amﬁ'w,l,azaaumm'mﬁ'u‘lﬁagj‘lugﬂLmuﬁmmsna@ﬁhmuﬁ@Lmﬁnm@]a'gﬁ

v v = v d'
maamnaaulmmaua El“/]’sﬁ(ﬂ

v o > @ oA v s ‘:' v a > 1 v

3.5 wamnmam%uummﬂuuuLm‘ma'ﬂ‘l?jmﬂuﬂm‘swnquwaga
Lﬁaamﬂm‘sa%aﬁﬁﬁﬁmmﬂLLmJL?Tﬂi%”aﬁwmﬂﬁﬂmﬁ@mﬁuﬁaga%ﬂ%

Query Workload Lihantislunsianguuazadsvadvasnaanidad asuniniiivanla

NNIFAUDNNA LNLALFEAUDINNI AR LURINITDRATIWIBT AL LI NLA I NG D

mfmaaulﬁmﬁaﬁaﬂﬁq@"ﬁ uanmnﬁlumsﬁ'@ﬂﬁjuﬁaga%’lﬁmiw Bit Matrix LWan

ﬂ&juﬁagaﬁaaumﬂﬂﬁazlﬁ'w,l,a:aaumwi'mﬂ”u FININAIAUDAAVAILDANTTIA NN

¥ o AdAd, & o Y . . oA Y T v A A
grwarhdswinunduesyinldvuiavasasns Bit Matrix uwalnaduarsdalswvuwily

v . R &
NNIFINATIINN Bit Matrix LWNNNVY
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NSILATITHRUALHANITNARDY

FWsUUNANaNAIM e nzmlSsufsudnldenaAsrnuRwAnl e
mMssauiuend frldaafernunaflglwnsseumanuuanngn d1ldaafennuna
Al saaunusuuainT® uazmILaniaguszrinlsAnsnuesnuinuran
(Space-Time Trade-off) vasaafifaunluuuidsvan laanaudu (Cluster-EBI) uazaws
Jaundfinsdunns 6 wuvldun @”%ﬁﬁmmﬂuuuﬁugm (Simple Bitmap Index) @t
fJauntuuuun (Range Bitmap Index) aasdauuduuyusi (Interval Bitmap Index) atth
Jaunduuunszans (Scatter Bitmap Index) arfidauutuuueni (Dual Bitmap Index)
wazarhiauntuuuidnswa (Encoded Bitmap Index)

I@mﬁwmimaaauum%amawﬂmaﬁu Intel(R) Core(TM)2 Duo A7
WILUITNINNANATY 2.00 GHz Wik1pANFIan 2.00 GB 3xuudfU@an1s Window 7
Professional wazldnsndlunsidoulysunsu

iagaﬁlﬁ’l,umiw@aauﬂuq@*’ﬁagammgmmﬂ TPC-H  Benchmark
(Transaction Processing Performance Council, 2011) E%ﬁ%%ﬁ.lmiaaumufagmmu
surBnidenuaansdidfiinunerida1fauedmavany 1,000  S31wINUDITINAL
5,000,000 0" a%m%’umsaaumwﬁagaLLuumLmﬁ'uLﬁaﬂLLamw%ﬁq@Tﬁﬁwmﬁwﬁmﬁd
ASaueRAINAL 50, 150 uaz 1,000 J81IHLDYNTY 5,000,000 1A

1 6l§/| ~ Y ;:{" q'q'Glul a [~ [
4.1 A@1LBALLNLINUABNN LB LWNITIALNUAB W
o Aa ' A o A ' = ) A a
avfidauntudazuuudyluuunsssmiaiuandranudavilvdszansam
MuAnNNMIIaLALaThLandnwaIy ATanjduunTassiavesasidaundng 7
% dll o v 6a Qd‘y aa G’d' o L o A
WUDLRAIAININLTENEY 4.1  Hatnualdansauadavasuaanididnirunansasi
Winnu 16 Usznaudauaundnde {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15} Simple Bitmap
Index lEWuNuINNgada 16 Jaundiiniaaiaaniwidsznay 4-1(n) Range Bitmap Index
l##unasndn Simple Bitmap Index ag 1 daundianiaasae 15 dauwwdianiaaias
. o A 4 4 _ _

AMWUsznay 4-1(1) Interval Bitmap Index MAuduaTIwisnad Simple Bitmap Index
fa 8 dauntinaasasniwisznay 4-1(A) Scatter Bitmap Index 17 8 Sauudiiniaasas
AMwUseney 4-1(9) Dual Bitmap Index 17 fJauntiiniaasasninisznay 4-1(3)

Encoded Bitmap Index 1 4 Saundiiniaasainwilsznay 4-1(a) wae Cluster-EBI 1 4
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PN & o 2 A a _Aa, | @ A o '

faundiniaasasnwidszney 4-1() lasyafiu Aadanddwriinu 1 Gelfunudrves
waanidadlundazdaundiiniaat drat193u 91In3UuLUN1IRIIRETEI Range Bitmap
Index fanwilsznay 4-1(2) daundiiniaes R, ldunudrvanaanidadalugas [0,2]
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Bitmap Index Space requirement (bits)
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Encoded N [log, C]
Cluster-EBI N [log, C]
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LT N1 ﬁﬁﬂimq?ﬁﬁuiu‘ﬁ@nmﬂL’JﬂL@Iﬂgﬁ@qfﬂx‘iéﬁ%LLﬂz’ﬁW%?%ﬂ%ﬂl%ﬂ’ﬁ@i’]Lﬁ%ﬂ’]i@]iiﬂz
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1319 42 naSouisusiwindanudiniaasnaada 1 unacs I wInaIIlwnig
AnfinnIasInysznisdanudiiniaasvasaainiaounlng 7 wuy 1ia k Ao

FUIUFNTANANITROUDNY

Number of bitmap Number of Boolean Operations
Bitmap
vectors scanned
Index
best case | worst case | best case worst case
Simple k k-1 OR
Range 1 2k 0 2k-1 (k XOR, k-1 OR)
Interval 1 2k 0 3k-1 (k AND, k-1 OR, k NOT)
Scatter 1 2k 0 2k-1 (k AND, k-1 OR)
Dual 1 2k 0 2k-1 (k AND, k-1 OR)
Encoded 1 [log, C] k 0 use mapping table, (k-1 OR)
Cluster-EBI 1 [log, C] k 0 k-1 OR

AT 42 uEaIlAFAuIN NIROUINNLULRNNTNATS wInENNEn K
@1 Simple Bitmap Index dadsudauntiiniaas k daundiineas wazdtiun1sassne
OR U k-1 ﬂ‘a% lumtﬁﬁ.aﬁQQ Range Bitmap Index, Interval Bitmap Index, Scatter
Bitmap Index 4as Dual Bitmap Index 1udauuyiiniaasings 1 fauvtinniaafirini
wazbinsiiunsassng 1uﬂifﬁﬁl,w'ﬁq@ Range Bitmap Index, Interval Bitmap Index,
Scatter Bitmap Index L.z Dual Bitmap Index daseudauntiiniaas 2k daundiiniaas
#1190 Range Bitmap Index Un13@uBnn13033ne31wIn 2k-1 (k XOR, k-1 OR) A%
&1%30 Interval Bitmap Index An13@LABN1IATINZINWIW 3k-1 (k AND, k-1 OR, k NOT)
A% §1W3U Scatter Bitmap Index W&z Dual Bitmap Index An13@tinnIasne 2k-1 (k
AND, k-1 OR) ﬂ‘;% @yaifu Range Bitmap Index, Interval Bitmap Index, Scatter Bitmap
Index W&z Dual Bitmap Index 1°ﬁ“nm1umiaaumwﬁa§aquam%ﬂlnﬁlﬁmﬁu LeeIag
l%198137nn31 Simple Bitmap Index &1%3U Encoded Bitmap Index #dnuiudiauwal
nmma{ﬁﬁaaémwmﬁq@ Ao [log, C] k fdauntiiniaas In1sdfiwnnsassng OR
$19% k-1 059 LLa:WmiLﬁﬂmhﬁ'umiNLﬁﬂuﬁ%ﬂuwalﬁnmiumsaaumwﬁagmwu
am%nuué"*ﬁﬁﬁmLL&JIILLUULﬁﬂiﬁaﬂ”ﬂﬂwnmmﬂﬁq@ §1MSU Cluster-EBI  lunydifia
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Bitmap Index f'fjo‘fuag’ﬁ'm.lim”ﬁmaamiaaumuluaﬁmﬁﬁﬁma%dgﬂLLuumiaoiﬁa Wl
ﬁ]:‘l,%naﬂumiaaumuﬁagaLLuuam%ﬂﬁamdﬂ Encoded Bitmap Index
I@magﬂ Cluster-EBI I%LmﬂumsaaumwﬁaylaLLuuam%ﬂﬁamﬂ’h
Encoded Bitmap Index uazdilanalfiaalunissaunmudayauuuaandniesnit Simple
Bitmap Index, Range Bitmap Index, Interval Bitmap Index, Scatter Bitmap Index LA
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#1914 4-3 nmﬁlﬂumsaaumuﬁagaLLuuam%nmao Cluster-EBI ‘].I‘Lla?é(ﬂﬂ’]iﬁ@llﬂ’]llﬁ 1

Time (seconds)
Minimum
Threshold
Frequency (%)
10 20 30
10 12.7556 11.5076 7.8988
20 12.7452 11.5232 7.7896
30 12.8180 11.5700 7.8052
40 12.6568 10.7224 7.4620

MO 4-3 A URRVIIAN LT IWNNTRAUDNNLUUINIENVAY Cluster-EBI
P dounIN laasnwlsznay 4-4

T T
‘ Il Threshold =10 [ |Threshold=20 [ ] Threshold = 30

Time (seconds)
==}
T

10 20 30 40
Minimum Frequencies (%)

mwisznay 44 nnidSoudsunanflunssauauuuusINInUa Cluster-EBI

uu"g@miaaumuﬁ 1

a%m%’uNamimaaamiaaumuﬁagmwuamﬂ?ﬂmaa Cluster-EBI ‘LI‘WI;@]
mmaumuﬁ 1 LLE‘T@]G@‘V&@HTNT?II 4-3 uaznWisznay 4-4 Lﬁiaﬁmu@@h Threshold LYinAL
10 Cluster-EBI ﬁlzlfﬁnmiumsaaumw%ylal,muam‘fmmﬂ LL@iLfiaﬁW%%(ﬂﬂ"] Threshold
YNy 30 Cluster-EBI ’%Zl‘ﬁl’)ﬂ’]l%ﬂ’li&ﬂﬂﬂ’]&lﬁﬂgaLLUU&&I’]‘%ﬂﬁaUﬁIQQ LLﬂsziaﬁ’]%%(ﬂ

ANANNATUEYIINY 40% WazA1 Threshold ¥y 30 Cluster-EBI azldiiangauny
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iagauuuam%ﬂﬁaﬂﬁq@ mnﬂ’%'wLﬁﬂuumﬁl“ﬁ’l,ummaumu"ﬁagaquam%nma\'i
Fafifauuivs 7 LLuuuuq@miaaumuﬁ' 1 UEIRIANTS 4-4 laeidondrnanuioumen
N 40% wazdn Threshold LML 30 & W3 Cluster-EBI wazshdntadguosaanils
lunsgauanuuuuaNEnvad Cluster-EBI 3dsunin laasnwilsenay 4-5

AN 4-4 nmﬁ‘lﬁ'lumiaaumm‘fagaLmuam‘iﬂmam“’mﬁﬁmmﬂﬁ'a 7 UUUUUZANNT
FAUDNN 1

Cluster-

EBI

arkiauail Simple | Range | Interval | Scatter | Dual | Encoded

a1l

MIdAdUNN | 2.1684 | 4.5344 | 3.5356 | 3.5204 | 3.4944 | 12.1836 7.4620
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©
I

Time (seconds)
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I

e
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o ]
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Simple Range Interval Scatter Dual Encoded Cluster-EBI
Bitmap Indexes

mwdsznau 4-5 nWIdIBua UL AN M lunIFaUINULLRINTN

PINTRHIALNUNT 7 wUU uu"gmmiaaumwﬁ 1

ANANTN 4-4 uaznwdsznau 4-5 An a0 Simple Bitmap Index 14
Lamlumiaaumufagmwuam%nﬁaﬂﬁq@ &1 Range Bitmap Index laanluns
§aUDNNNINNIN Simple Bitmap Index, Interval Bitmap Index, Scatter Bitmap Index Wag

Dual Bitmap Index \#a431ndrdayafisaunuiianwuzidutisdoyadruiuiosdavild
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M3 RUNITINEIzRIdauuiInaes s wInann ML Cluster-EBI Lilarwna
cshﬂ'nmﬁmgm‘mumsmmjwifayaﬁaaumu‘lﬂﬁ’sﬂﬂ”%l,l,azaammimﬁ'mvhﬁ'u 40% WAL
1 Threshold t¥inny 30 IGELQm‘lumsaaumwﬁayjmmuam%ﬂﬁasm’h Encoded Bitmap
Index LL@iFL"ﬁnmlumsaaumuﬁay]aLL‘.ULlam%ﬂmnﬂiﬁ Simple Bitmap Index, Range

Bitmap Index, Interval Bitmap Index, Scatter Bitmap Index Liaz Dual Bitmap Index

#1974 4-5 L’Jaﬁﬁlﬂ%ﬂ"ﬁﬁﬂﬂﬂ"lll‘ﬁ/aaﬂLL?IJ?IJ&&J’]“I?T]T@O Cluster-EBI uuﬂg@msaaumuﬁ 2

Time (seconds)
Minimum
Threshold
Frequency (%)
10 20 30

10 31.2936 30.6072 27.7626

20 31.2676 30.7372 27.8883

30 31.2468 30.7840 27.5288

40 33.7428 30.8932 27.6692
40 T T T
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Mwisenay 4-6 anWSsufisunanlElunssauaNULURIN TNV Cluster-EBI
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NMIROUDNN 2 URAIAIANTIN 4-5 LazmwlIznay 4-6 Liannnuad1 Threshold LyinnL
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10 Cluster-EBI ﬁ]x‘l,"ﬁl,mﬂunwaaun’mﬁagaLLuuam%ﬂmnﬁq@ uALda s nua e
Threshold YNy 30 Cluster-EBI az’lfﬁl,';aﬂuﬂ'ﬁaaumuiagaLmuam%ﬂﬁaUﬁq@ e
e MuAFNANNAD WAL 30% uazen Threshold 1inriy 30 Cluster-EBI aslHiaan
aaumu%gmwuam%nﬁaﬂﬁq@ mmﬂ’%‘amﬁﬂunmﬁlﬁummaumu%gmwu
sungnuosaaifauuig 7 LL‘.IJ‘].I‘].IWg@]ﬂ’I‘iﬁanﬂ’]&Jﬁ 1 LEAIAIANTY 4-6  lasidan
A1ANUADIWENTINTL 40% WAZAN Threshold 1¥iNAL 30 #1W3U Cluster-EBI uazth
dnadsvosiafltlunisseunianuusundnuas  Cluster-EBI atdownyin lees

nMwdsenay 4-7

#1314 4-6 L’]ﬂ’]ﬁl“ﬂ%ﬂ’]iﬁaﬂﬂ’miﬂﬂﬂuﬂﬂa&l’]%ﬂ%ﬂd@vﬁﬁﬁ@ltmﬂﬂ”ﬁ 7 Uy U%“I;(ﬂﬂ"li

aaumu‘ﬁZ

AT Cluster-
- Simple | Range | Interval | Scatter Dual Encoded
vauail EBI
AN g
Twns

16.5256 | 19.2370 | 32.7704 | 32.7600 | 32.6820 | 31.7824 | 27.5288
daund
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ANAIT 4-6 UarMWUITNaY 4-7 Aulad Simple Bitmap Index 1%
nmlumsaaumuﬁagmmuam%ﬂﬁaUﬁq@ &% Range Bitmap Index lgtianlunns
§OUDNTBYALUURNITNRDENTN Interval Bitmap Index, Scatter Bitmap Index Waz Dual
Bitmap Index LﬁaamﬂdﬁaQaﬁaaumuﬁé’nwmzLﬁumﬁagm‘hmuum e lvinng
fiunIassneszrisdaundiniaasiinuiudassinald Range Bitmap Index 14ian
sl,umiaaummﬂ”agaLLuuam‘EﬂﬁaUaa@hal §%3U Cluster-EBI Ll nuaf1nnuA DN
1umimﬂ@u%gaﬁaaumﬂﬂﬁaﬂﬁ'uLLazaaumuiwﬁuLﬁWﬁ'u 30% WazA1 Threshold
Winny 30 ﬁ]:’l,%nmlumiaaunmﬁagaLLuuam%ﬂm?{uﬁaUmfﬁ Interval Bitmap Index,
Scatter Bitmap Index, Dual Bitmap Index 8¢ Encoded Bitmap Index udlgiaalunnsg
aaumuifagaLmuam%maﬁﬂmﬂﬂ’h Simple Bitmap Index W&z Range Bitmap Index

Eﬁ;‘lﬂ(ﬂfJﬂ’]Wi’JNﬁ]’]ﬂﬂ’]i‘ﬂ(ﬂaaGLLﬁ@dlﬁLﬁu’jﬁ Interval  Bitmap Index,
Scatter Bitmap Index Uz Dual Bitmap Index lfiaanlunssauniudayalndifoaiu dau
Encoded Bitmap Index I%L’saﬂuﬂ'ﬁaaumwﬁagamﬂﬂ'jm"'ﬁﬁﬁ@memuﬁue] W bun 4
n3tl Encoded Bitmap Index filamialdiaaluniseunintoyaiaunin Interval Bitmap
Index, Scatter Bitmap Index L8z Dual Bitmap Index LﬁadmﬂgﬂLLUUﬂWiLfﬁﬁamadLL@iaz
@iwmiaaummmmma@gﬂ‘lﬁ s litaunlnnineifidesaraseuisiuinies ud
U”\‘lmlfnmmiaa‘].lmmfagamnﬂ’h Simple Bitmap Index 8 Range Bitmap Index
& %3V Cluster-EBI 1ianlunsgauanuntasnin Encoded Bitmap Index waziilanmals
nalunsrauautasnin Interval Bitmap Index, Range Bitmap Index, Scatter Bitmap

. <& q’&’ > a 4 v
Index LLae Dual Bitmap Index mﬁmuagﬂuﬂszmmiaaummﬁl{i‘lumiaiw Cluster-EBI
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@139 47 nUSHusuI I wIndauNUINLeasNaada1% LazIIwINAIIIUAIT
Afinn1IasInyIzniIdauudiiniaasvasaaiiauulng 7 oy Lia C Aa

ansauada
DA IR Anal A lwmIsinnisasing
R ST[ATTE 1) Ay .- .
NNLAaINAIa TN ssuvuaundiniaas
Simple 1 0
Range 2 1 XOR
Interval 2 1 AND, 1 NOT
Scatter 2 1 AND
Dual 2 1 AND
Encoded [log,C] Bit comparisons
Cluster-EBI [log,C] [log,C] — 1 AND, [log,C] NOT

NI 4-7 uFadliiiuin lunssauaNuuUA1YinA% Simple Bitmap

Index dadauiauntiinaasinegs 1 Jauntiinees wazlifinsdfiunsassne adnu
. . 2 v ' P e o i @ Ana A
Simple Bitmap Index 34 kiianlunszauanuuuudwvinnutasninasidauutuuudng
é‘(m%'umiaaummﬁagaLmumwhﬁ'umaa Range Bitmap Index, Interval Bitmap Index,
Scatter Bitmap Index W&z Dual Bitmap Index @adanuiauudiiniaas 2 daundiiniaas
#1130 Range Bitmap Index 4n13@ L A®NNITATINZIIUIB 1 @39 (1 XOR) Interval Bitmap
Index NG HAKNITATINZIIWIH 2 @39 (1 AND, 1 NOT) Scatter Bitmap Index W@
Dual Bitmap Index 4136 1Hun170 3302 AND §1%7% 1 A9 A9t Scatter Bitmap Index
. =< ¥ v P 2
uaz Dual Bitmap Index Fslfiranluntsseunadayaiviiiu uazldiamluniseuna
Foyauvudnyiiulndifusrit Range Bitmap Index Waz Interval Bitmap Index §#3L
Encoded Bitmap Index Wag Cluster-EBI dasaudauntianiaas [log,C] dauud
& . (Y % a ' ° @ '

LINLABS WAZ Encoded Bitmap Index @84liaNTLABUAT F1RTUMTRELDNNLLLAN

' %

w09 Encoded  Bitmap  Index AmsdufiumsidIouiisuzduuuniassviann

a

Jauntiiniaas 39¥19% Encoded Bitmap Index ltiianlun1sgauanuuuuavinnmann

a

Ny 1u°um:ﬁmiaaumwLLuumwhﬁ'waa Cluster-EBI 4n1361t#1N1703702 AND

o

wanlaiiin [log,C] — 1 A9 uazdLiun13assne NOT suwiuwlaiiin [log,Cl A9 34
l#ianlunssauniutoyaiaunin Encoded Bitmap Index
I@Uagﬂ Cluster-EBI I%Laaﬂumsaaumwﬁagamehwhﬁ'uﬁamﬂ'jw

Encoded Bitmap Index LL@iWnaﬂumsaaumufagaLLuumLmﬁ'umﬂniﬁ Simple
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Bitmap Index, Range Bitmap Index, Interval Bitmap Index, Scatter Bitmap Index LA
Dual Bitmap Index lagugadliiiuainuaniinaaad
lumsmaaaﬁmu@’lﬁnmﬁlﬁ’tumiaaumu%gaLLmJ@hwhﬁ'uuu@”mﬁ
faundudazuuutsznaude nalumsswsmdauudinnaaifiaesasagey a1 ln
mssudauntneasiaasansasey narlumisfinmiasinzssnisiaundinniaes
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n.3 Tas9&319@1519 (Table Layouts) 289n133atlSauiisuaassons

udayarasmriallivuifsusnITanzyad TPC-H Usznausiunnad

RR1LANTN bT% 1319 CUSTOMER Lﬁumswﬁlﬁu*ﬁagaLﬁmﬁ'ugﬂﬁ’] @319 PART il

mswﬁuﬁuﬁagaLﬁmﬁ'u%uﬁhwaaﬁ?uﬁw Wudw laudlasiainea1aad

Ta598519@1919 PART
Fouaanidad
P_PARTKEY

P_NAME

P_MFGR

P_BRAND

P_TYPE

P_SIZE
P_CONTAINER
P_RETAILPRICE
P_COMMENT

Primary Key: P_PARTKEY

PUAVINR RUELAR
—_— —_—
Identifier SF*200,000 are populated

Variable text, size 55
Fixed text, size 25
Fixed text, size 10
Variable text, size 25
Integer

Fixed text, size 10
Decimal

Variable text, size 23
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Ta398519601919 ORDER

Fouaan3tag TRATDYR RULNAG

O_ORDERKEY Identifier SF*1,500,000 are sparsely
populated

O_CUSTKEY Identifier Foreign Key to
C_CUSTKEY

O_ORDERSTATUS Fixed text, size 1

O_TOTALPRICE Decimal

O_ORDERDATE Date

O_ORDERPRIORITY Fixed text, size 15

O_CLERK Fixed text, size 15

O_SHIPPRIORITY Integer

O_COMMENT Variable text, size 79

Primary Key: O_ORDERKEY

a [ ~
n4 maesoadagaiiialylunimanas
. ~ a @ A o a a A a @ A o
lugrutiduniaivataya iiaiaoufsudszininwdrunanls
lunsseunudayauuusandn uszmiseuniadayauvudnviinuaseridauning 7
LWUY (Simple Bitmap Index, Range Bitmap Index, Interval Bitmap Index, Scatter Bitmap
Index, Dual Bitmap Index, Encoded Bitmap Index, Cluster-EBI)
fnsuudazuaanidianidenuvinasidauududazuuy azdasdinig
a . 2 &
\Isatoyanuiuaaudaldit
1. @aasldIunsy gawk-3.1.6-1-setup.exe TatdulusunsuaSuiitrolu
A aa A o o o v Aa P2 U
mIdanuaanididndasmatihuyesidaund dexnansaldunlysunsy Ms-Dos lu
szuUUU@ns Window 7 let
2. @461 Path Environment Variable iNalwaansalgdanulysunsn gawk
Niaaandnanntind lasitnlUasd1f Control > System and Security > System >

Advanced System Setting URAININIWLTznay n-2
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Control Panel Home

Systern Properties - —

'E'f' Device Manager | Computer Name | Hardware | Advanced |Systern Protection | Remotel

y -
E’ Remote settings “You must be logged on as an Administrator to make most of these changes.
Fy System protection o e

Visual effects, processor scheduling, memony usage, and virtual memory

% Advanced system settings

User Profiles
' Desktop settings related to your logon
kB
| Startup and Recovery

System startup, system failure, and debugging information

See also

ange settings

i Action Center
Windows Update

Performance Information and
Tools

mMwdseznay n-2 %69 System Properties

3. L&8n Environment Variables... @duaadlunIwlsznay n-2 ald
6N Environment Variables uaasasn wiszna n-3 9 nuuludin User Variables
I¥iden Edit waunludes Variable 13831 PATH lagnisias Path #laaslusunsy
gawk 15 draghaitu duaasldsunsy gawk 139 C\Program Files\GnuWin32\bin 15192

LANIIBMT “C:\Program Files\GnuWin32\bin” 1711w PATH uaaseanwisznay n-4



-

Environment Vanables 2L
|Jser variables for Winzip
Variable Value
PATH C:VappServ\Apache 2. 2Yhin;C: VAppServ. ..
TEMP SLISERPROFILES: \AppDataLocalTemp
TMP %%l ISERPROFILE S \AppDataLacal Temp
Mew.. || Edit.. || Delete
System variables
Variable Value =
05 Windows_NT |
Path C:'Program Files\Common Files\Microsof. ..
PATHEXT ,COM; .EXE; BAT;.CMD; VBS;.VBE;. 15:....
PROCESSOR_A... %86 =
Mew.. || Edit.. || Deete |
[ oK | [ Cancel l

AWUseznay n-3 ®iNE19 Environment Variables

Edit User Variable

Variable name:

Variable value:

PATH

hningw\bin; C: \Program Files\Gnuwin32bin

| ok || concel |
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AwUsznay n-4 RUN6N9 Edit User Variable

4. PNBWRBNRNIZLANITIG Nz s las I TANWEN &
gawk —F “|” “{print $number}” input_filename > output_filename

&

adlulusunsy MS-DOS lasfi | AednutehltaniaazAivaiuaansing
A o @ Aaa ed o . . A oA & Aa aa €
number Aa §1aLVBILAANITIRNABINNT input_filename Aa TalWRaNT19NTuaanItqq
A e . A A €d' Y & 3 A A
Ada4n13 uaz output_filename da TalWanldiiudayafidan
d108191T% gawk —F “|" “{print $5}" part.tol > part_type.txt (Jwn13L8aN

waan3IIAANAUN 5 INAT19 PART UAsLAUHAANS b3 b lnaTe part_type.txt @889



109

W& part.tbl uaaIaINIWUIZNOL N-5 LAzAIBENI N part_type.txt uaaInIN WL I=NaU
N-6(2))

File Edit Format View Help

IL|goldenrod lavender spring chocolate lace|Manufacturer#1|Brand#13|PROMO BURNISHED COPPER|7|JUMBO PKG|¢ *
2|blush thistle blue yellow saddle|Manufacturer#1|Brand#13]|LARGE BRUSHED BRASS|1|LG CASE|902.00|lar accounts
3|spring green yellow purple cornsilk|Manufacturer#4|Brand#42|STANDARD POLISHED BRASS|21|WRAP CASE|903.0
4|cornflower chocolate smoke green pink|Manufacturer#3|Brand#34|SMALL PLATED BRASS|14|MED DRUM|904.00|¢
5|forest brown coral puff cream|Manufacturer#3|Brand#32|STANDARD POLISHED TIN|15|SM PKG|905.00| wake cai
6|bisque cornflower lawn forest magenta|Manufacturer#2|Brand#24|PROMO PLATED STEEL|4|MED BAG|906.00|sua
7|moccasin green thistle khaki floral|Manufacturer#1|Brand#11|SMALL PLATED COPPER|45|SM BAG|907.00|lyly. ex|
8| misty lace thistle snow royal|Manufacturer#4|Brand#44|PROMO BURNISHED TIN|41|LG DRUM|908.00|eposi|
9|thistle dim navajo dark gainsboro|Manufacturer#4|Brand#43|SMALL BURNISHED STEEL|12|WRAP CASE|909.00|iro
10[linen pink saddle puff powder|Manufacturer#5|Brand#54|LARGE BURNISHED STEEL|44|LG CAN|910.01|ithely fina
11|spring maroon seashell almond orchid|Manufacturer#2|Brand#25|STANDARD BURNISHED NICKEL|43]WRAP BOX
12|cornflower wheat orange maroon ghost|Manufacturer#3|Brand#33|MEDIUM ANODIZED STEEL|25|JUMBO CASE|¢
13|ghost olive orange rosy thistle|Manufacturer#5|Brand#55|MEDIUM BURNISHED NICKEL|1]JUMBO PACK|913.01|o
14|khaki seashell rose cornsilk navajo|Manufacturer#1|Brand#13|SMALL POLISHED STEEL|28|JUMBO BOX|914.01|k:
15|blanched honeydew sky turquoise medium|Manufacturer#1|Brand#15|LARGE ANODIZED BRASS|45|LG CASE|915.
16|deep sky turquoise drab peach|Manufacturer#3|Brand#32|PROMO PLATED TIN|2|MED PACK|916.01|unts a|
17|indian navy coral pink deep|Manufacturer#4|Brand#43|ECONOMY BRUSHED STEEL|16|LG BOX[917.01| regular ai
18|turquoise indian lemon lavender misty|Manufacturer#1|Brand#11|SMALL BURNISHED STEEL|42|JUMBO PACK|91¢
19|chocolate navy tan deep brown|Manufacturer#2|Brand#23|SMALL ANODIZED NICKEL|33|WRAP BOX|919.01| per
20]ivory navy honeydew sandy midnight|Manufacturer#1|Brand#12|LARGE POLISHED NICKEL|48|MED BAG|920.02|:
21|lemon floral azure frosted lime|Manufacturer#3|Brand#33|SMALL BURNISHED TIN|31|MED BAG|921.02|ss packa
22|medium forest blue ghost black|Manufacturer#4|Brand#43|PROMO POLISHED BRASS|19|LG DRUM|922.02| even
23|coral lavender seashell rosy burlywood|Manufacturer#3|Brand#35|MEDIUM BURNISHED TIN|42|JUMBO JAR|923.

] D

nwisznay n-5 MatadayalulWia1sng PART (part.tbl)

5. Lﬂﬁmugﬂ@hmaaLLa@m‘%ﬁmﬁlﬁLﬂuﬁ’]mmﬁwﬁ@imﬁaaﬁ'u LSUAILGAAN
0 a3uu Auaanididngnildsududadfia o, 1, 2, ..., C-1 lasn13asng attrgawk G4

1
o ¥ o

Lﬁumﬂu"g@maam‘m%’uLﬂﬁiﬂu@iﬂuvl,w&lﬁaLﬁuvli’luﬁnvLWETﬂﬁa
m”aaamq@@‘hé'ﬂuvlwﬁ attr.gawk

JECONOMY ANODIZED BRASS/ {print 0}
(1/aBuen3n ECONOMY ANODIZED BRASS il 0)
/ECONOMY ANODIZED COPPER/ {print 1}
(ma"wﬁm ECONOMY ANODIZED BRASS (i# 1)
JECONOMY ANODIZED NICKEL/ {print 2}
(1/aBuen13n ECONOMY ANODIZED BRASS il 2)

nnnulillsunsn MS-DOS NaRalAF &Il attr.gawk ¥inawlasRawW

gawk —f attr.gawk input_filename > output_filename
asluldsunsu MS-DOS lasf attr.gawk ﬁavl,W&g@@‘hé;a input_filename

A ¢ o & o Aa ed A . A €A v & o
AalWdnlsinudoyavesuaanidadniian uaz output_filename da lWanlfinudayazas
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aa ed & ~ a o & A & @ o \ &
LaANIUIATILRDN LLatsJﬂ’liL‘]Jaﬂu;iﬂLLUULﬁ%ﬁ]’]%’J%L@&JV}G}aLuaGﬂu @]'Jaﬂ']ﬂvlwa

output_filename URAIAIN WL TznaL n-6(v71)

| part_typeitxt - Notepad =8 =% " part_type2.txt - Notepad o o e
File Edit Format View Help File Edit Format View Help

PROMO BURNISHED COPPER = 86 5
LARGE BRUSHED BRASS 30

STANDARD POLISHED BRASS 145

SMALL PLATED BRASS 115

STANDARD POLISHED TIN 149

PROMO PLATED STEEL 93

SMALL PLATED COPPER 116

PROMO BURNISHED TIN 89

SMALL BURNISHED STEEL 113

LARGE BURNISHED STEEL 38

STANDARD BURNISHED NICKEL 137

MEDIUM ANODIZED STEEL 53

MEDIUM BURNISHED NICKEL 62

SMALL POLISHED STEEL 123

LARGE ANODIZED BRASS 25

PROMO PLATED TIN 94

ECONOMY BRUSHED STEEL 8

SMALL BURNISHED STEEL 113

SMALL ANODIZED NICKEL 102

LARGE POLISHED NICKEL I 47 Y

2 [ 1 [ Ld! =3 1 ana 6 A ;
mMwisznay n-6 (The) er10819 WA part_type.txt GanuA1vasnaan3iag type N laan
IWd part.tbl (127) W@ ldannsidsugduundvasuaanidad type udwanidy

a%m%’uﬂs:i’@miaaumuﬁagaLLm_lam%ﬂiuaﬁmﬁﬁmﬂ%’lumimaa<1
Toaidanuaansiadfdensawadaminny 1000 wazvimsgulszidnsseunudayauuy
FUNTNFIWIB 100 NITBUTATH LL@ia:mmwa%’mzﬁwmsaﬁm‘hmuam%ﬂ (I IUAN
28IuaANITIF MULARENTIUUTATH) LazAtvadLaanIiidudaaza (Judruindu) ﬁgﬂ
gaUnN AN LaTFOUDNNIINAY 28E19UILIANMIFOUDN LRAIAINIWLTENBY N-
7 I@m”al,amﬁayﬂmﬂ%'awmu “  THLARINIIUUTATY K81 ﬁi’m'suam%ﬂﬁgﬂ

FAUDNY LL&:@T@LamﬁmﬁaLﬁu@iwamaem?ﬁaﬁﬁgnaaumw
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File Edit Format View Help

(791) 332 706 725 34 180 866 643 783 89 758 427 544 819 411 723 593 413 648 0 437 329 458 653 874 58 21 4¢

284 775 790 66 815 524 969 157 290 696 336 737 925 307 84 463 968 35 587 363 62 338 111 927 193 313 385 8
258 793

(108) 546 721 276 591 388 720 691 552 533 778 75 830 850 723 199 44 623 210 563 746 782 293 322 225 681 8
(143) 664 843 934 128 645 208 862 65 846 40 715 317 813 414 369 518 638 441 728 310 483 546 73 178 215 36
(364) 876 209 710 178 292 641 452 655 754 235 313 575 631 926 15 664 81 324 515 455 339 282 314 868 315 1
537 228 469 410 781 302 189 36 161 224 440 190 353 808 137 346 870 559 369 851 969 333 507 650 757 445 4t
(664) 481 677 231 185 275 917 621 508 46 713 176 401 157 92 200 874 569 653 620 41 792 552 598 616 326 90
467 179 750 884 490 411 923 993 287 378 500 528 888 834 433 768 502 988 865 651 560 260 492 808 111 901 ¢
530 27 366 480 526 281 688 462 438 362 864 555 857 707 956 160 24 170 472 675 886 283 244 98 566 0 756 87
(318) 520 184 53 656 617 548 926 844 408 103 260 296 593 502 870 824 442 651 864 227 657 402 685 494 764
176 961 472 807 419 465 740 731 207 70 717 269 389 185 900 231 713 125 790 538 760 268 897 512 233 0 86 2
(406) 931 751 227 861 396 300 460 222 133 508 672 172 352 870 414 767 437 942 859 660 130 160 192 189 22t
34 294 653 159 629 906 340 326 183 212 211 748 659 893 823 469 389 374 546 959 877 37 952 323 350 566 33:
(840) 26 384 654 293 440 826 770 36 736 758 554 735 503 917 221 319 437 233 785 983 48 879 138 314 8 872}
192 597 175 281 202 938 34 244 22 762 985 608 50 940 444 65 525 380 781 152 656 587 980 606 198 88 457 97
0273 731 145 109 147 327 470 574 817 61 311 357 114 748 125 452 472 394 187 665 157 264 973 137 563 774
542 40 353 16 447 150 583 876 44 72 334 765 161 392 640 287 628 884 219 135 504 127 254 805 618 642 3154
(89) 563 960 21 68 130 196 463 350 159 752 811 339 56 685 933 411 216 707 356 279 789 637 609 140 865 615
(981) 833 266 120 41 378 876 186 303 877 84 952 773 840 854 813 839 111 987 363 45 482 999 567 349 618 93
38 136 654 825 751 195 670 746 134 681 945 885 940 527 973 305 893 214 60 334 208 311 139 929 620 550 63:
4 285 598 431 754 66 68 797 503 470 257 976 939 816 82 769 306 300 824 61 374 193 262 354 573 198 593 148

« . b

8 303 865 100 456 470 428 986 638 846 542 747 814 335 703 484 388 406 684 146 68 877 762 667 257 325 618 |

amwisznay n-7 et lWsdsiansseuanuluada (Query Workload)

n.5 N3 ﬂufﬂmnsmﬁa'nﬂaaam‘saaum&l'ﬁ'aga HUDENIBALAENITHOUAN

ﬁagaLmu@inﬁ'lﬁ'uuuﬁ'?jﬁﬁmmﬂ

lumn‘ﬁﬂﬂﬂ UNTULNENARDY z%m%’ummaumm]”aga LUURNIBNLAZNIT

saunadayauuudnriiu iunsdeuldsunsudisaaudanisd (C Compiler) lavd

mymrwaa oy aauls werow uaslWssandalui

® AN (Define)

CARDINALITY 1000 {umsimuadnliiuasanasa luilirinny 1000
NUM_RECORD 5000000 Lﬂumiﬁmm@hﬁim’mumﬁaya Tuilfriniy 5,000,000
NUM_QUERY 100 uwnsimuasiwanmasauniy lufitiviany 100

® @7uils (Variable)

number lEmmsuAudwinandnluudaznsaauaiu (1 < number < C)

queryValue @ wIULAUANGBINIRALDNY (0 < value < C)

vector legmtunuatdiauaadiauutiiniaasngasnisatwatNad1innis

AN

6a o o

bitVector legnsuAuadauuliniaasnaiwanawih
ansVector o wIsuinueiaudliiniaasnaantaInmsaiiuassng nawiily

~ 6 o
L°11wm'l%lammumaamsaaunw



o Wanzwn (Function)

MemberQuerySimple(number,queryValue)

MemberQueryRange(number,queryValue)
MemberQueryinterval(number,queryValue)

MemberQueryScatter(number,queryValue)

MemberQueryDual(number,queryValue)

MemberQueryEncoded(number,queryValue)

MemberQueryCluster-EBI(number,queryValue)
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Wt T wdn WiwnIgauaIuTays
LUUENITNUBaThiauuduyy
ﬁ?ugm

W T e SRR ELITHRERTREE
wuuRINSNUnaThauutiLuuLan
Wt T e SRR ELITHRERTREE
LUURNNBNUMATHIauI L LUT
Wt T wdn WwnIgauaIuToys
LUUENITNUBaThlauuduyy
N328

WIn T e SRR ELITHRERTREE
wuusanBnuuasidaunluoudnn
WIn T e WiwnIRaUAINT oY
LUUENITnUBaThdauuduyy
\Tswarialy

Wt T wen WwngauaIuTays

LLuuam%ﬂuu@”mﬁﬁmLLm.ILLm.JLﬁﬁiﬁaﬁlﬁmﬂﬁﬂmﬁ@ﬂ@;wﬁaga

EqualityQuerySimple(queryValue)

EqualityQueryRange(queryValue)

EqualityQuerylnterval(queryValue)

EqualityQueryScatter(queryValue)

Wt T e WunnssauaIuTaya
LAY wunashiauuluuy
*ﬁugm

Wt T wdn Wunissaunutaya
LAY wunashiauuluuy
2P

WIn T e Wunissaua1uTaya
LAY wunashiauuluuy
P

Wt T wdn Wiunissaunutaya
LAY wunashiauuluuy

N3Ny



EqualityQueryDual(queryValue)

EqualityQueryEncoded(queryValue)

EqualityQueryCluster-EBI(queryValue)

WordPerBitmap(NUM_RECORD)

113

o a v

wuaﬁﬁ'ummumsaaumwaga
wuuaNYTNwunashiauuluuy
AN
wyaﬁﬁ'u@‘mﬁumsaaumuﬁaga
wuuANYNNwunashiauuUuuy
\hswarialy
wuaﬁﬁ'mi'nﬁumsaaumuﬁaga
wuuaNYINwunashiauuluuy
L?Tﬂi%”aﬁwmﬂﬁﬂmﬁ@mjuﬁaga
WINTHANLRUNIIRITIWINLI A
(Word) 2asnitsfiauutianiaas o4
Tuiitlw 1 B33arindu 32 (i

Au1avad (Integer)  lwaaula

=1
MG
s .
e w4 (File)
simple.dat WulWsniduerifeuudunuingin
range.dat ulWannueriidauuduuuua
interval.dat W lWanAueuidaulUuuus
{ai =3 v Aa
scatter.dat W lWannuesidauuluuunszans
dual.dat Lﬂuvl,wa(ﬁﬁm”ﬁﬁﬁ@LL;JiJLLiJU@J'ﬂ”u
encoded.dat W lWannuariieuutuuunsnana bl
cluster-EBl.dat W WS N AUAT ATy UL UL TREN T NARANITIA
NANTONA
q Q
ansSimpleMember.dat WulWannudaauY8InNIIFa U NLLUUFNIENURATH
Jauntuuunugiu

ansRangeMember.dat

ansintervalMember.dat

ansScatterMember.dat

W N AUAIA B LTINIIROUDINLUUFNITNUNATT

ST TE R (TSR] IRale)

W WS N ALUAIAaUVBINITROUDINLLUFNITNUWAT T

SR (IS RBIG e

W IWS N AUAIAaUVBINITROUDINLLUFNITNLWAT T

dauuduuunizany



ansDualMember.dat

ansEncodedMember.dat

ansCluster-EBIMember.dat

ansSimpleEquality.dat

ansRangeEquality.dat

ansintervalEquality.dat

ansScatterEquality.dat

ansDualEquality.dat

ansEncodedEquality.dat

ansCluster-EBIEquality.dat
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WA AUAIAaUVaINITROUDI WUV FNURA T
Daundunuenn

WA AUAIAaUVaINITROUDINULU NN FNURA T
Saunduuuithswanaly

Wl AUAaaUUeINITEOL DML NN FNU NG
ﬁmLLmJLLmJL?Tﬁ%”aﬁlﬁmﬂﬁﬂmﬁ@mjuﬁaga
HwlWsmAufasuuesmIsauaaunuu eyt wunas
ﬁmmmmwﬁugm
HwlWsmAufaouresmMIsauauLLDaTNTRUBATT
dauyduuyunn
HwlWsmAufaousasmMIsauauLLLET N RUBAST
Dauuyuuysd
HwlWsmAufaouuesmIsauaaunLuua i wunas
Jauntuuunszang
HwlWsmfusaouuesmIsauaaunLuu Lyt wunas
Daunduuugnn
HwlWsmAufaouresmMIsaUNLLD AN RUBAST
faunduuuitrswanaly
HwlWsmAufaouresmMIsauauLLUaT N wUBATT

ﬁmLL&J&JLLm.JLﬁﬂiﬁaﬁlﬁmﬂﬁﬂmﬁ@ﬂﬁjuiaga
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n.5.1 ﬂ'%mau%%'msﬁ'w'mwaomiaaumm’fagaLmuam%nn%ﬁ'ﬁﬁﬁmmﬂﬁa7

START

Open File Query.dat

Uy

start = clock()

I

MemberQueryRange(number,value)

I

end = clock()

0 < i <= NUM_QUERY

YES

) I
Read number
time = end - start
0 <=j < number m

YES start = clock()
v

/ Read value[j] /
NO l MemberQueryInterval(number,value)
j=jH
i end = clock()
start = clock()
time = end - start

I

MemberQuerySimple(number,value) m

I

end = clock()

I v

MemberQueryInterval(number,value)

v

end = clock()

start = clock()

time = end - start




time = end - start

start = clock()

I

start = clock()

I
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MemberQueryEncoded(number,value)

MemberQueryScatter(number,value)

v

end = clock()

.

time = end - start

start = clock()

I

.

end = clock()

v

time = end - start

start = clock()

I

MemberQueryCluster-EBI(number,value)

MemberQueryDual(number,value)

v

end = clock()

v

time = end - start

.

end = clock()

v

time = end - start

i =i+




N.52 2UAIUIDMIFOUINVDNARULFNITNUBAT AT AU ULLNB T

MemberQuerySimple(number,value)

v

wpb = WordPerBitmap(NUM_RECORD)

v

fpr = open simple.dat

"

fpw = open ansSimpleMember.dat

'

i=0

YES
A 4

ansVector[i] = 0

(set all bits of ansVector to 0) NO
i=i+1
j=0 [
NO—¥ i=0
YES
y NO
offset = valuel[j] * wpb * sizeof(int)
} YES
A 4

fseek(fpr, offset, SEEK_SET)

fwrite(&ansVectorl[i], sizeof(int), 1, fpw)

i=it

}

YES
v

i =i+t

fread(&bitVector, sizeof(int), 1, fpr)

"

ansVector[i] = ansVector]i] | bitVector
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n.5.3 ﬂ'%ma%%%'msaanmuifagaLmuam%nuuﬁ'?jﬁﬁmmﬂuuuu,m

MemberQueryRange(number,value)

v

wpb = WordPerBitmap(NUM_RECORD)

v

fpr = open range.dat

v

fpw = open ansRangeMember.dat

YES
A 4

ansVector[i] = 0

(set all bits of ansVector to 0)

v

— =i+t

QuickSort(number,value)

v

begin = 0, last = 0

YES
h 4

diff = value[j] - value[j-1]

1

18

YES»| last=last+1 [—» j=j+1
NO
h 4
v1 = value[begin]
v2 = value[last]
vli=v28&&v1=0 YES—® vector[0]=0 [~® conditon=1 [
NO
vector[0] = v1
0<v1=v2<(CARDINALITY-1) YES™ [—» conditon =2 [—
vector[1] = v1-1
NO
vector[0] =
v1=v2=(CARDINALITY-1) YES¥| [~ condition = 3
CARDINALITY-2
NO
0<v1<(CARDINALITY-1)
YES®| vector[0] = v1-1 [—® condition =4
&& v2=(CARDINALITY-1
NO
v1=0 &&
YES® vector[0] =v2 [® condition =5
Q<=v2<(CARDINALITY-1
vector[0] = v2
NO————M [—»| condition = 6
vector[1] = v1-1

offset = vector[0] * wpb * sizeof{(int)

v

fseek(fpr, offset, SEEK_SET)
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begin = j
NO—» —» j=j+1
last =

YES YES
h 4

fread(&bitVector[O][i], sizeof(int), 1, fpr)
¥ v

i=i+1 —

ansVector[i] = ansVectorli] |

bitVector[O][i]

condition = 1

NO

ansVector[i] = ansVector]i] |

(bitVector[0][i]*bitVector[1][i])

condition = 2

condition=2 || condition=6

NO
NO . .
YES » ansVector[i] = ansVector]i] |
v condition = 3 YES™ —
(~bitVector[0][i])
offset = vector[1] * wpb *sizeof(int)
‘ NO
fseek(fpr, offset, SEEK_SET) ° condition = 4> YESK ansVector[i] = ansVectorfi] | | |
(~bitVector[0][i])
v
NO
i=0
ansVector[i] = ansVectorli] |
NO condition = 5 YESP —
bitVector[O][i]
ansVector[i] = ansVector]i] |
YES NO———¥ —]
v (bitVector[0][i]*bitVector[1][i])
fread(&bitVector[1][i], sizeof(int), 1, fpr)
¢ i=i+1 i

— i=i+1
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NO END

YES
h 4

fwrite(&ansVectorli], sizeof(int), 1, fpw)

Y

] i=i+1
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MemberQuerylnterval(number,value)

v

wpb = WordPerBitmap(NUM_RECORD)

I

m = (CARDINALITY / 2) - 1

v

fpr = open interval.dat

v

fpw = open ansintervalMember.dat

YES
h 4

ansVector(i] = 0

(set all bits of ansVector to 0)

v

— =i

NO

121

vector[0] = 0 condition = 1
value[j] = 1 and
YES—¥] vector[0] = 0 condition = 2
ARDINALITY =
vector[0] = 1 condition = 3
vector[0] = value[j]
YES ¥ condition = 4
vector[1] = value[j]+1
vector[0] = 0
condition = 5
vector[1] = value[j]
0O<m<value[j] and VESH vector[0] = value[j]-m it 6
: condition =
value[j]<CARDINALITY-1 vector[1] = valuefjl+m-1
vector[0] = 0
NO——» condition = 7

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

offset = vector[0] * wpb *

sizeof(int)

v

fseek(fpr, offset, SEEK_SET)




YES
A 4

fread(&bitVector[0][i], sizeof(int), 1, fpr)

v

i=i+1

condition > 3

YES
A 4

offset = vector[1] * wpb *sizeof(int)

v

fseek(fpr, offset, SEEK_SET)

YES
A 2

fread(&bitVector[1][i], sizeof(int), 1, fpr)

v

i=i+1

condition = 1

NO

condition = 2

NO

condition = 3

NO

condition = 4

NO

condition = 5 YESM
NO

condition = 6 —YESM

NO————¥

122

NO—¥

j=j+

W

ansVector[i] = ansVector[i] |
bitVector[0][i]

ansVector[i] = ansVector|i] |
(~bitVector[0][i])

ansVector[i] = ansVector(i] |
bitVector[0][i]

ansVector[i] = ansVector(i] |
(bitVector[0][i] & (~bitVector[1][i]))

ansVector[i] = ansVector|i] |
(bitVector[0][i] & bitVector[1][i])

ansVector[i] = ansVector|i] |
(bitVector[0][i] & (~bitVector[1][i]))

ansVector[i] = ansVector|i] |
(~(bitVector[0][i] | bitVector[1][i]))

i=i+1 B
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1]
o

YES
h 4

fwrite(&ansVectorli], sizeof(int), 1, fpw)

v

— i = i+




MemberQueryScatter(number,value)

n.5.5 ﬂ'uma%‘i%'msaanmmﬁ’agaLmuam%ﬂuuﬁ'ﬁﬁﬁmmﬂuuunszmzl

©

v

wpb = WordPerBitmap(NUM_RECORD)

offset = vector[0] * wpb * sizeof(int)

y

v

m = ceil(sqrt(CARDINALITY)) + 1

fseek(fpr, offset, SEEK_SET)

v

z = ceil((CARDINALITY/(m-1))+1)

v

fpr = open scatter.dat

Y

YES
v

fpw = open ansScatterMember.dat

fread(&bitVector[Q][i], sizeof(int), 1, fpr) N

v

i=i+1

YES
A 4

offset = vector[1] * wpb * sizeof(int) [«

v

fseek(fpr, offset, SEEK_SET)

ansVectorli] = 0

(set all bits of ansVector to 0)

v

H i= i+

YES
h 4

value[j]%(m-1) = 0

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

fread(&bitVector[1][i], sizeof(int), 1, fpr) [ N

1)+1

vector[0] = value[jJ/(m-

v .

vector[1] = value[j)/(m-
1)+1 1))+(z-1)
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NO™

j=jt1

YES
h 4

vector[1] = (value[j]%(m-

ansVector[i] = ansVector]i] |
(bitVector[0][i] & bitVector[1][i])

¥

%

i=i+1
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YES
\ 4

fwrite(&ansVectorli], sizeof(int), 1, fpw)

v

] i=i+1
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MemberQueryDual(number,value)

¥

wpb = WordPerBitmap(NUM_RECORD)

¥

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

v

hiC = (numVector*(numVector-1))/2

YES

v

v

fpr = open dual.dat

fread(&bitVector[O][i], sizeof(int), 1, fpr) | NO

v

v

fpw = open ansDualMember.dat

i=i+1

offset = vector[1] * wpb * sizeof(int) [«

YES
h 4

v

fseek(fpr, offset, SEEK_SET)

ansVector[i] = 0

(set all bits of ansVector to 0)

!

. i=i+1

YES
v

o )

YES
2

fread(&bitVector[1][i], sizeof(int), 1, fpr) | NO

vector[0]=

ceil(sqrt(2*(hiC-value[]})+0.24)-0.5)

vector[1]=ceil(vector[0]-1-(value[j]-(((numVecter-

vector[0])*(numVecter-vector[0]-1))/2))%vector[0]);

offset = vector[0] * wpb *sizeof(int)

126

NO—|

j=j+1

YES
h 4

v

fseek(fpr, offset, SEEK_SET)

ansVector[i] = ansVectori] |
(bitVector[O][i] & bitVector[1][i])

©

Y

i=i+1
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YES
\ 4

fwrite(&ansVectorli], sizeof(int), 1, fpw)

v

] i=i+1
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MemberQueryEncoded(number,value)
offset = j * wpb * sizeof(int)
wpb = WordPerBitmap(NUM_RECORD) 3
+ fseek(fpr, offset, SEEK_SET)
numVector=ceil(log2(CARDINALITY)) v
+ i=0
fpr = open encoded.dat
v
fpw = open ansEncodedMember.dat
v YES
Y
i=0
fread(&bitVector, sizeof(int), 1, fpr)
YES
NO
2 YES
ansVector[0][i] = 0 h NO
(set all bits of ansVector[0] to 0) ansVector[1][i] = ansVector[1][]] &
# NO bitVector
ansVector[1][i] = Ox FFFFFFFF
(set all bits of ansVector[1] to 1) ansVector[1][i] = ansVector{1][i] & ¢!
+ (~bitVector)
— i =i+
i=i+1
reductionFunction(number,value [
ucti unction(nui value) j=i+1 4_®
t=0
i=0
NO e
YES
v YES
A 4
j=0 ansVector[0][i] = ansVector[O]i] |
ansVector[1][i]
v NO
ansVector[1][i] = Ox FFFFFFFF
NO
(set all bits of ansVector[1] to 1)
YES
— i=i+1
NO YES
t=t+1 [
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NO END

YES
\ 4

fwrite(&ansVector[0][i], sizeof(int), 1, fpw)

Y

— i=i+1
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NyaNa
u

MemberQueryCluster-EBI(number,value)

v

wpb = WordPerBitmap(NUM_RECORD)

¥

numVector=ceil(log2(CARDINALITY))

v

fpr = open cluster-EBI.dat

v

fpw = open ansCluster-EBIMember.dat

YES
h 4

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

¥

ansVector[1][i] = Ox FFFFFFFF

(set all bits of ansVector[1] to 1)

¥

i=i+1

reductionFunction(number,value)

offset = j * wpb * sizeof{(int)

¥

fseek(fpr, offset, SEEK_SET)

YES
h 4

fread(&bitVector, sizeof(int), 1, fpr’

)

YES
v

ansVector[1][i] = ansVector[1][i] &
bitVector

ansVector[1][i] = ansVector[1][i] &

(~bitVector)

¥

i=i+1

l

YES

YES
h 4

ansVector[0][i] = ansVector[0][] |

ansVector[1][i]

¥

ansVector[1][]] = 0x FFFFFFFF

(set all bits of ansVector[1] to 1)

¥

i=i+1

t=t+1




131

NO END

YES
4

fwrite(&ansVector[0][i], sizeof(int), 1, fpw)

v

] i=i+1
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reductionFunction(number,value)

v

Fpr = open maptble.dat

v

rewriteStep()

2

reductionStep()

2

selectStep()

END



NO

rewriteStep()
i=0
YES
v
offset = value[i] * sizeof(int)
i=i+1 fseek(fpr, offset, SEEK_SET)
fread(&pattern, sizeof(int), 1, fpr)
term[i].size = 1
term[i].member[0] = value][i]
NO
term[i].mark = 0

YES

l

term(i].bit[j] = 1

j=0;j<numVector;j++

YES

(pattern>>numVector-j-1)&1) = 1

NO

4

term(i].bit[j] = 0

END
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reductionStep()

v

t = number

num_t =t

flag = 1

YES
v

flag=0
end_t = t-1

start_t=end_t — num_t+ 1

num_t=0

i=start_t;i<end_t;i++

YES NO

j=i+1;j<=end_t;j++

YES

diff =0

k=0;k<numVector;k++

NO YES

term(i].bit[K]] != tem[j].bit[k]

YES
h 4

diff = diff + 1
p=k

YES
v

term[t].bit[p] = -1
term[tl.mark = 0
termlil.mark = 1

term[jl.mark = 1

Term[t].member[] =
term[i].member{]+term[jl.member[]

Term[t].size = termli].size + term]j].size

t=t+1

num_t = num_t + 1




selectStep()

v

numTerm = 0

cnt_new =0

NO

j=0;j<number;j++

YES
Y

markColumn[j] = 1

primeMatrix[i][j] = 0

YES
\ 4

p = position([i]

size = term[p].size

NO

NO YES

k=0;k<number;k++

YES NO

term[p].member[j] = value[k

YES

4

i=0;i<t;i++

term[il.mark = 0

YES

h 4

position[numTerm] = i

numTerm = numTerm + 1

primeMatrix[i][k] = 1
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col = number

NO i=0;i<number;i++

A

YES
\ 4
freq =0
subCol = 0
YES NO
j=0;j<numTerm;j++ NO
YES

YES

newTerm[cnt_new] = postion[row]

markColumn[k]=1 &&

primeMatrix[row][k]=1

YES
h 4

freq = freq + 1

row =j

k=0;k<number;k++

YES

markColumn[k]=1 &&

primeMatrix[row][k]=1

YES
A 4

NO

markColumn[k] = 0

subCol = subCol + 1

col = col-subCol

cnt_new = cnt_new + 1

136



YES
4

max =0
subCol = 0

i=0;i<numTerm;i++

YES

freq =0

j=0;j<number;j++

NO YES

markColumn[j]=1 &&
primeMatrix[i][j]=1

YES

A 4

— freq = freq + 1

YES

h 4

max = freq

row =i

newTerm[cnt_new] = position[row]
oO—»

cnt_new = cnt_new + 1

k=0;k<number;k++

NO YES

markColumn[k]=1 &&

primeMatrix[row][k]=1

YES

Y

markColumn[k] = 0
subCol = subCol + 1

col = col - subCol
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7 1Luy

START

/ Read value

0<=value<=CARDINALITY

start = clock()

I

Y

start = clock()

I

EqualityQueryinterval(value)

EqualityQuerySimple(value)

I

end = clock()

I

time = end - start

start = clock()

!

.

end = clock()

!

time = end - start

start = clock()

b

time = end - start

start = clock()

I

EqualityQueryEncoded(value)

EqualityQueryScatter(value)

EqualityQueryRange(value)

v

end = clock()

!

time = end - start

b

end = clock()

.

time = end - start

start = clock()

b

!

end = clock()

I

time = end - start

start = clock()

I

EqualityQueryCluster-EBI(value)

EqualityQueryDual(value)

b

end = clock()

I

end = clock()

I

time = end - start

STOP
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EqualityQuerySimple(value)

v

wpb = WordPerBitmap(NUM_RECORD)

v

fpr = open simple.dat

v

fpw = open ansSimpleEquality.dat

v

offset = value * wpb * sizeof(int)

v

fseek(fpr, offset, SEEK_SET)

:

YES
4

fread(&bitVector, sizeof(int), 1, fpr)

v

fwrite(&bitVector, sizeof(int), 1, fpw

v

i=i+1
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EqualityQueryRange(value)

v

wpb = WordPerBitmap(NUM_RECORD)

v

fpr = open range.dat

fpw = open ansRangeEquality.dat

YES
v

ansVector[i] = 0

(set all bits of ansVector to 0)

v

i=i+1

YES
h 4

fread(&bitVector[0][i], sizeof(int), 1, fpr)

v

YES®| vector[0] =0 [—® condition =1
vector[0] = v1

[—® condition = 2
vector[1] = v1-1

[—® condition = 3

CARDINALITY-2

i =i+

condition = 2

offset = vector[1] * wpb * sizeof(int)

I

fseek(fpr, offset, SEEK_SET)

I

i=0

offset = vector[0] * wpb * sizeof(int)

fread(&bitVector[1][i], sizeof(int), 1, fpr)

!

fseek(fpr, offset, SEEK_SET)

I

i=i+1

P14
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i <wpb

YES

ansVector[i] = ansVector[i] |

bitVector[0][i]

condition = 1

NO

ansVector[i] = ansVector[i] |

(bitVector[O][i] * bitVector[1][i])

condition = 2

ansVector][i] = ansVector{i] |
NO——— ¥ —

(~bitVector[0][i])

— i=i+1

NO END

YES
4

fwrite(&ansVector]i], sizeof(int), 1, fpw)

v

- =i+
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EqualityQuerylnterval(value)

v

wpb = WordPerBitmap(NUM_RECORD)
‘ NO
m = (CARDINALITY / 2) - 1

v

fpr = open interval.dat NO

v

fpw = open ansintervalEquality.dat

v

value = 0 and

YES—» vector[0] = 0 condition =1 |
m=0

value = 1 and
ARDINALITY =

YES— vector[0] = 0 condition =2 [

value = 0 and
ARDINALITY =

YES—¥| vector[0] = 1 condition =3 [

NO
i=0
vector[0] = value
YES—P| condition = 4 [
vector[1] = value+1
NO
NO
YES value < m and vector[0] = 0
v YES—P| condition =5 [
m>0 vector[1] = value
ansVector[i] = 0
(set all bits of ansVector to 0) NO

O<m<value and
value<CARDINALITY-1

1 i=i+1 vector[0] = value-m
YES¥| I—» conditon =6 [

vector[1] = value+m-1

vector[0] = 0
NO———W [ condition =7 [—|
vector[1] = ceil(CARDINALITY/2)-1

offset = vector[0] * wpb * sizeof(int)

Y

fseek(fpr, offset, SEEK_SET)




YES
h 4

fread(&bitVector[O][i], sizeof(int), 1, fpr)

P4
o

v

i=i+1

condition > 3

YES
Y

offset = vector[1] * wpb *sizeof(int)

v

fseek(fpr, offset, SEEK_SET)

YES
h 4

fread(&bitVector[1][i], sizeof(int), 1, fpr)

v

i=i+1

o)

YES

143

condition = 1

ansVector(i] = ansVector[i] |
bitVector[O][i]

NO

condition = 2

ansVector(i] = ansVector[i] |
(~bitVector[0][i])

NO

condition = 3

ansVector(i] = ansVector[i] |
bitVector[0][i]

NO

condition = 4

ansVector(i] = ansVector[i] |
(bitVector[0][i] & (~bitVector[1][i]))

NO

condition = 5

ansVector|i] = ansVector|i] |
(bitVector[0][i] & bitVector[1][i])

NO

condition = 6

ansVector|i] = ansVector|i] |
(bitVector[0][i] & (~bitVector[1][i]))

ansVector|i] = ansVector|i] |
(~(bitVector[O][i] | bitVector[1][i]))

i=i+1
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YES
4

fwrite(&ansVectorli], sizeof(int), 1, fpw)

v

— i = i+




145
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EqualityQueryScatter(value)
v
i=0
wpb = WordPerBitmap(NUM_RECORD)
m = ceil(sqrt(CARDINALITY)) + 1
YES
z = ceil (CARDINALITY/(m-1))+1) v
Y fread(&bitVector[O][i], sizeof(int), 1, fpr) | NO
fpr = open scatter.dat ‘
— i=i+1
fpw = open ansScatterEquality.dat
offset = vector[1] * wpb * sizeof(int) [«
i=0 ‘
fseek(fpr, offset, SEEK_SET)
i=0
YES
A 4
ansVector[i] = 0
NO (set all bits of ansVector to 0)
i=i+1 —
YES
v
value%(m-1) = 0 NO fread(&bitVector{1][i], sizeof(int), 1, for) | NO
YES
\ 4 — i=i+1
vector[0] = value/(m-
vector[0] = value/(m-1)
1)+1
¢ ¢ i
vector[1] = value/(m- vector[1] = (value%(m-
1)+1 1))+(z-1)
‘ ‘ NO
v
offset = vector[0] * wpb * sizeof(int) YES
v
v ansVector[i] = ansVector]i] |
fseek(fpr, offset, SEEK_SET) (bitVector[O][i] & bilVeClOl’[ﬂ[iD
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YES
\ 4

fwrite(&ansVector[i], sizeof(int), 1, fpw)

v

— i = i+
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EqualityQueryDual(value)

v

wpb = WordPerBitmap(NUM_RECORD)

Y

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

v

hiC = (numVector*(numVector-1))/2

YES
v

fread(&bitVector[O][i], sizeof(int), 1, fpr)

v

v

fpr = open dual.dat

=i+t

v

fpw = open ansDualEquality.dat

offset = vector[1] * wpb * sizeof(int)

l¢-

v

fseek(fpr, offset, SEEK_SET)

YES
h 4

ansVector[i] = 0

(set all bits of ansVector to 0)

YES
h 4

v

i =i+

fread(&bitVector[1][i], sizeof(int), 1, fpr)

vector[0]=
ceil(sqrt(2*(hiC-value)+0.24)-0.5)

v

vector[1]=ceil(vector[0]-1-(value-(((numVector-
vector[0])*(numVector-vector[0]-1))/2))%vector[0]);

v

offset = vector[0] * wpb *sizeof(int)

v

147

o)

YES
h 4

fseek(fpr, offset, SEEK_SET)

ansVector[i] = ansVector][i] |
(bitVector[0][i] & bitVector[1][i])

=i+
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YES
\ 4

fwrite(&ansVectorli], sizeof(int), 1, fpw)

v

— i=i+1




EqualityQueryEncoded(value)

>

v =0
wpb = WordPerBitmap(NUM_RECORD)
v
numVector=ceil(log2(CARDINALITY))
YES
v
for1 = open maptbl.dat ((pattern>>numVector-j-1)&1) = 1
Y YES
A 4
fpr2 = open encoded.dat
i=0
v
fpw = open ansEncodedEquality.dat
v
NO
offset = value * sizeof{(int) YES
v
v bitVector[0][i] = 0x FFFFFFFF
(set all bits of bitVector[0] to 1) NO
fseek(fpr1, offset, SEEK_SET) v
v . i=i+1
fread(&pattern, sizeof(int), 1, fpr1)
‘ —» i=0
i=0 4
NO P19
NO@ YES
h
bitVector[0][i] = 0
YES (set all bits of bitVector[0] to 0)
v y
ansVector[i] = Ox FFFFFFFF || [ = 11

(set all bits of ansVector to 0)

v

i=i+1
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offset = j * wpb * sizeof(int)

v

fseek(fpr2, offset, SEEK_SET)

v

YES
\ 4

fread(&bitVector[1][i], sizeof(int), 1, fpr2)

v

ansVector[i] = ansVector|i] &
(~(bitVector[Q][i] » bitVector[1][i]))

v

] i=i+1

YES
\ 4

fwrite(&ansVectorfi], sizeof(int), 1, fpw)

] i=i+1
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EqualityQueryCluster-EBl(value) @

v =0
wpb = WordPerBitmap(NUM_RECORD)

v

numVector=ceil(log2(CARDINALITY))
offset = j * wpb * sizeof(int)
v v
fpr1 = open maptbl.dat fseek(fpr2, offset, SEEK_SET)

Y

YES
h 4

fpr2 = open cluster-EBI.dat ((pattern>>numVector-j-1)&1) = 1
+ YES
v
fpw = open ansCluster-EBIEquality.dat Zo
offset = value * sizeof(int)
v
NO YES
v
fseek(fpr1, offset, SEEK_SET)
fread(&bitVector, sizeof(int), 1, fpr2)
# ‘ NO
fread(&pattern, sizeof(int), 1, fpr1) ansVector[i] = ansVector[i] & bitVector
I v
— i=i+1
i=0
—> i=0
A
NO
NO P20
YES
YES -
ansVector[i] = Ox FFFFFFFF fread(&bitVector, sizeof(int), 1, fpr2)
(set all bits of ansVector to 0) y
# ansVector[i] = ansVector[i] & (~bitVector)
v
. i =i+
— i=i+1
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NO END

YES
h 4

fwrite(&ansVector[i], sizeof(int), 1, fpw)

— =i+ 1
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Abstract— Bitmap Indexes are well-known method to improve
processing time for complex and interactive queries in a data
warehouse. They significant improve query processing time by
utilizing low-cost Boolean operations and performing predicate
conditions on the index level before accessing to the primary
source data. In this paper, we propose an efficient algorithm to
improve equality query on traditional Encoded Bitmap Index by
making use of low-cost Boolean operations. Our Comparative
study shows that our proposed method is better than other
existing bitmap indexing techniques for an equality query from
the point of view of space-time trade-off.

Keywords: data warehouse; bitmap indexes; encoded bitmap
index; equality query

. INTRODUCTION

A Data Warehouse (DW) is a huge data repository used for
supporting a decision maker. The data stored in DW is clean,
static, time variant and integrated from many different data
sources including operational databases, text files, etc., over a
long period of time [1]. Most of queries on DW are complex
and interactive. Such complex queries could take a several
minutes or hours or days to process because a large amount

data in DW have to be scanned in order to answer these queries.

Performance to find answers of the queries efficiently is a
critical issue in DW.

Many approaches such as parallel processing, summary
tables, and index [1-3] have been proposed to make query
processing faster in DW. Summary tables store aggregated and
summarized data for optimizing queries’ performance, which is
a good approach when used with predicted queries. However,
when unpredicted queries are submitted, the system needs to
access, retrieve and aggregate the actual data, resulting in
performance decreasing. Moreover, summary tables need to
update whenever source data changes and it is difficult to build
all possible summary tables, choosing which ones to build is an
important issue [1].

Indexing is the optimal method that improves the speed of
data retrieval without additional hardware [2-4]. There are

many indexing techniques such as B+ tree, Bitmap Indexes, etc.

The B+ tree is the data structure which represents sorted data
that allows insertion, modification, deletion and retrieval of
tuples. The B+ tree is widely used in relational database
environment but it cannot handle efficiently on large amount of
data which causes memory overhead in complex and
interactive queries. This is often queried in DW. Moreover, the
data stored in DW are read-only and Bitmap Index can take
benefit of this fact [1-3]. Bitmap Index is simple to represent,

and can improve query processing time by applying low-cost
Boolean operations such as AND, OR, NOT, etc., before
accessing to the primary source data. Bitmap Index is efficient
in both space and processing time for an attribute with low
cardinality i.e., sex attribute (the domain of sex attribute
contains only two distinct values). However, the problem is
occurred if Bitmap Index is built on a high cardinality attribute
which requires more space. To overcome this space problem,
most of researchers on Bitmap Index are interested in reducing
index size while improving query processing time on attribute
with high cardinality. Two approaches have been developed: 1)
Bitmap Index Compression, and 2) Bitmap Index Extension [5].

In the first approach, two well-known techniques have been
studied, namely Word-Aligned Hybrid (WAH) [4,5] and Run-
Length Huffman (RLH) [5]. Both techniques can reduce the
size of index dramatically. However, when making a query, the
techniques cannot perform a Boolean operation on index
directly. They need to decompress each compressed Bitmap
Index before making a query, leading to use much query
processing time. In the second approach, the concept of Bitmap
Index is extended in order to use less storage space while
remaining efficient query processing time. In this approach,
each indexed attribute value is encoded with a number of
bitmap vectors. Query processing and data retrieval are
supported by Boolean operation on bitmap vectors before
accessing the data. The well-known techniques are Interval,
Scatter, Dual, and Encoded Bitmap Index [6-9]. In this paper,
we focus on the Bitmap Index Extension because the
performance of this approach in term of space-time trade-off is
better than the compression approach [5,10]. Among extension
approach, Encoded Bitmap Index outperforms other bitmap
indexes in term of space requirement [7-9]. However, its
response time for equality queries is the worst. This is because,
to answer an equality queries (i.e., “X=V”), it needs to spend
time finding the encoded representation of the attribute value ‘v’
from the mapping table and comparing [log, C] bitmap vectors,
taking long query processing time. In this paper, we proposed a
new method called Enhanced Encoded Bitmap Index to
improve equality query performance of traditional Encoded
Bitmap Index.

The rest of the paper is organized as follows. In Section 2
we review the five existing bitmap indexing techniques in the
literature (Simple, Interval, Scatter, Dual and Encoded Bitmap
Index). In Section 3 we present our algorithm to improve
equality query performance of traditional Encoded Bitmap
Index. In Section 4 we discuss our comparative study of five
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Figure 1. Bitmap Index Approaches

bitmap indexing techniques comparing with Enhance Encoded
Bitmap Index. Finally, we discuss our conclusion and future
work.

Il.  RELATED WORKS

Bitmap Index is a technique that improves query
performance by using Boolean operations (AND, OR, NOT,
etc.) in the selection predicate on multiple indexes and uses
efficient storage space for attribute with low cardinality
[1,2,6,9]. Simple Bitmap Index [3, 8-11] consists of ¢ (the
number of distinct values of an indexed attribute) bitmap
vectors. Each distinct value of the indexed attribute has
associated its own bitmap vector. In the bitmap vector,
representing value ‘v’, the i" bit is set to “1” if the value of the
i" tuple on the indexed attribute equal to ‘v’. Otherwise, the bit
is set to ‘0’. Figure 2 shows an example of Simple Bitmap
Index on an indexed attribute X with ¢ = 16. Therefore, Simple
Bitmap Index on this attribute is composed of 16 bitmap
vectors, says {Sy, Si1, S3, S3,...514, S15}, one for each distinct
value of the attribute X. For example, the 1% bit of bitmap
vector S; (representing values ‘3°) is set to ‘0’ since the value
of attribute X of the 1 tuple is not equal to ‘3’ while the 3™
and 7" bit of S, are set to ‘1 since the value of attribute X of
the 3 and 7" tuple are equal to ‘3’. To answer an equality
query, a bitmap vector of the value specified in the query’s
condition is read into memory. Table T in Figure 2 is used as
an example for the rest of the paper.

RID X So| S| 5] S| S, S| Sis
1 5 0 0 0 0 0 ] 0
2 2 0 0 1 0 0 0 0
3 3 0 0 0 1 0 0 0
4 10 0 0 0 0 0 0 0
5 1 0 1 0 0 0 ] 0
6 1 0 0 0 0 0 0
7 0 0 0 1 0 0 0
8 15 0 0 0 0 0 0 1
9 13 0 0 0 0 0 ] 0
10 1 0 1 0 0 0 0 0

1000 14 0 0 0 0 0 1 0

(a) Table T (b) Simple Bitmap Index

Figure 2. Example of Simple Bitmap Index

However, the problem occurs if Simple Bitmap Index is
built on an indexed attribute with high cardinality, requiring
more storage space. To overcome this index size’s problem,
various Bitmap Index techniques have been proposed in order
to reduce storage space requirement as well as improve query
performance [4-9].

An Interval Bitmap Index [6] on an indexed attribute X
consists of [C/2] bitmap vectors, {Iy, I1,..., Ijc/z1-1}, Where
L=[jj+m] and m = |C/2]—1. An example of Interval
Bitmap Index on an indexed attribute X with ¢ = 16 is shown
in Figure 3(a). The Interval Bitmap Index on this attribute
contains 8 bitmap vectors, {I,, I;, I, I5, ..., I;}. To answer an
equality query, the following formula is used.

an ifv=0,m=0
T ifv=1C=2
L ifv=1,C=3
"X:v":< I ATy ifv<m
I, Al ifv=m,m>0
Tyen Ay ifm<v<C-1,m>0

ifv=C_C-1

Scatter Bitmap Index [7] on an indexed attribute X consists
of [2V/C] bitmap vectors. The Scatter Bitmap Index is split into
two groups of bitmap vectors (i.e., Z-group and L-group). Z-

group contains [ﬁ] + 1 bitmap vectors and L-group contains

[m — 2] bitmap vectors, where m=[VC|+1. Two bitmap
vectors represent one distinct value of the indexed attribute.
Building Z- and L-bitmap vectors of the Scatter Bitmap Index
is described below.

Zy bitmap vectors’ Creation

1. If the i" tuple contains value ‘0’ then the i bit of Z,

is set to ‘1°. Otherwise, it is set to ‘0’.
Z- and L-bitmap vectors’ Creation
For each value ‘v’ of the i tuple on an indexed attribute
= |
1= lm—lJ +1,
k=(m-1)modv.

1. If (k= 0) then the i"" bit of Z; and Z;_, is set to “1°.
else the i" bit of Z; and L is set to ‘1.
2. Otherwise, it is set to ‘0.

Figure 3(b) shows an example of the Scatter Bitmap Index
on an indexed attribute X with ¢ = 16. There are 8 bitmap
vectors (i.e., {Zy, Zy, Z5, Z3, Z4, L1, L,, L3 }). TO answer an
equality query, the following formula is calculated.

Zv NZ_ v if v mod (m-1) = 0
(m-1) (m-1)
"X = vll =
Z_v_ 3 ANlymoa (m-1) otherwise

(m-1)
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(a) Interval Bitmap Index (b) Scatter Bitmap Index

Figure 3. Exmaple of Four Bitmap Indexes

Like Scatter Bitmap Index, Dual Bitmap Index [8] uses
two bitmap vectors to represent each attribute value. It consists
of [V2C +0.25 + 0.5] bitmap vectors, {D,,D,, D,, D3, ... ,
Dy zev575+05]-1 ) Each i bit of Dy s set to “1” ifj=rorj=s,
where

r= [ 2(hiC — v) + 0.24 — 0.5]

‘o [““[(”‘w)mm”

hic = ()
and n is number of bitmap vectors.

In Figure 3(c) shows an example of Dual Bitmap Index on
an indexed attribute X with ¢ = 16. The Dual Bitmap Index
includes 7 bitmap vectors, says {Dy, D1, D,,..., Dg}. TO answer
a query, the following formula is used.

"X =v"=D"ADS

Wu and Buchmann have been introduced Encoded Bitmap
Index [9]. For an indexed attribute, the index contains [log, C]
bitmap vectors (Ejiog, -1, --» E1. Eo) and a mapping table. Each
distinct value of the indexed attribute is represented with
[log, C] bits. Figure 3(d) shows an example of the Index on an
indexed attribute X with ¢ =16, which is composed of 4 bitmap
vectors, {Es, E,, E;, E;} and one mapping table. For example,
value ‘0’ is encoded as ‘0000 (for tuples with “X=0". We set
corresponding positions in all bitmap vectors as E;=0, E,=0,
E,; =0, and E,=0). To answer an equality query, encoded
representations of the value in a predicate condition query is
retrieved from the mapping table, and then compared with all
[log, C] bitmap vectors of each tuple. The result is the tuple
that has the same bit pattern as the encoded representation. For
example, using a mapping table in Figure 3(d), if we have the
condition in a query as “X=3". From the mapping table, ‘3’ is
encoded as ‘0101’ (E;=0, E,=1, E;=0 and E,=1). Then, each
tuple (having 4 bits) of bitmap vectors are checked to see
whether it has E;=0, E,=1, E;=0, and E,=1 or not. For the
above example, an equality query could take a long time to
process because the equality query on Encoded Bitmap Index
needs to compare [log, C] bits per tuple.

(c) Dual Bitmap Index (d) Encoded Bitmap Index

and Mapping Table [9]

I1l.  IMPROVING EQUALITY QUERY PERFORMANCE

To index an attribute, Encoded Bitmap Index uses [log, C]
bitmap vectors while Simple Bitmap Index uses ¢ bitmap
vectors, Interval Bitmap Index uses [C/2] bitmap vectors,
Scatter Bitmap Index uses [2v/C| bitmap vectors, and Dual
Bitmap Index uses [v2C +0.25+ 0.5] bitmap vectors (see
Figure 4(a-e)). The main disadvantage of these Bitmap Indexes,
especially Simple Bitmap Index, is that space usage
performance degrades as the cardinality in an indexed attribute
grows. Although the Encoded Bitmap Index can utilize space
requirement efficiently, the complexity of an equality query
retrieval functions is undesirable.

In this section we propose our indexing method, called
Enhanced Encoded Bitmap Index (E-EBI) [10], to improve an
equality query performance of traditional Encoded Bitmap
Index. The method makes use of the benefit of low-cost
Boolean operations. Low-cost Boolean operations are very fast
and basic, directly supported by processor [6].
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A. The Creation of E-EBI

An Enhanced Encoded Bitmap Index [10] on an indexed
attribute X consists  of [log,C] bitmap  vectors
( Ejiog, c1-1, - E1, Eg ). Each distinct value of the indexed
attribute is numbered in ascending order and represented with
binary encoding on [log, C] bits. Figure 6 shows E-EBI on an
indexed attribute X with ¢= 16, which is composed of 4 bitmap
vectors, {Es, E,, E1, Eo}. From binary encoding, for example,
those tuples with “X=07, “X=1", and “X=2" are encoded as
‘0000°, 0001 and ‘0010’, respectively.

B. Equality Queries

The E-EBI algorithm for answering an equality query is
shown in Figure 5 and Table | describes notations used in the
algorithm. The algorithm consists of eight steps. In the first
step, all bits of the result bitmap vector (i.e., ANS_VECTOR),
are set to ‘1. In the second step, the encoded bits’
representation of the value specified in the query condition
(i.e., PATTERN) is calculated from the binary encoding. In
37" step, each i bitmap vector is performed Boolean
operation AND with ANS VECTOR if E; is equal to ‘1’.
Otherwise, each bit in the i™ bitmap vector is inverted before
performing Boolean operation AND with ANS_VECTOR. In
the last step, ANS_VECTOR is output as the final result. For
example, if selection condition is “X=3". From the binary
encoding, ‘3’ is represented as ‘0011°. Therefore, E; and E,
need to be inverted before performing Boolean operation AND
with ANS_VECTOR, while E; and E, can be performed
Boolean operation AND with ANS_VECTOR directly. The
result of the above equality query is the 3" and 7" tuples as
shown in Figure 6(c).

TABLE I. NOTATION USED IN E-EBI QUERY PROCESSING ALGORITHM
Symbol Description
c The number of distinct values of the indexed
attribute (i.e., cardinality).
N The total number of tuples in a table.

QUERY_VALUE | A value specified in the query condition.

ANS_VECTOR The result bitmap vector, sized N bits.

The binary encoding represented QUERY_VALUE,
sized [log, C] bits.

PATTERN

E-EBI Query Processing Algorithm

1. Initialize all bits in ANS_VECTOR to be ‘1’.
2. Find PATTERN using the binary encoding.
3. fori=0to[log, C]-1

4, if (E; = 1) then

5. ANS_VECTOR =ANS_VECTOR AN E;
6. else

7. ANS_VECTOR =ANS_VECTOR AE;
8. Output ANS_VECTOR

Figure 5. E-EBI Query Processing Algorithm

RID X E|E|E|E| |55 ]|E]|E&| | ANS VECTOR

1 5 0 1 0 1 1 0 0 1 0

2 2 0 0 1 0 1 1 1 0 0

3 3 0 0 1 1 1 1 1 1 1

4 10 1 0 1 0 0 1 1 0 0

5 1 0 0 0 1 1 1 0 1 0

6 0 0 0 0 0 1 1 0 0 0

7 3 0 0 1 1 1 1 1 1 1

8 15 1 1 1 1 0 0 1 1 0

9 13 1 1 0 1 0 0 0 1 0

10 1 0 0 0 1 1 1 0 1 0
1000 | ... | 14| .. 1 1 1 0 0 0 1 0 0

(a) Table T (b) E-EBI (C) The result of query “X=3"

Figure 6. Example of E-EBI and its query result

IV. PERFORMANCE STUDY

This section presents experimental results by comparing the
space requirement and query response time of six Bitmap
Indexes (Simple, Interval, Scatter, Dual, traditional Encoded
Bitmap Index and E-EBI) for evaluating equality queries on an
indexed attribute. The experiments were conducted on a 2.00
GHz Intel Core2Duo with 3.00 GB main memory, using
Windows 7 as an operating system. The experiments were
performed on data set from TPC-H [11].

Table 11 shows a theoretical analysis of six Bitmap Indexes.
Simple Bitmap Index is the worst space requirement (uses ¢
bitmap vectors), while E-EBI is the best space requirement
(uses [log, C] bitmap vectors). Traditional Encoded Bitmap
Index uses [log, C] bitmap vectors and one mapping table
while Interval, Scatter and Dual Bitmap Index use [C/2], [2VC|

and [v2C + 0.25 + 0.5] bitmap vectors, respectively.

Among six Bitmap Indexes, Simple Bitmap Index takes
one bitmap vector and no Boolean operation when answer an
equality query. Interval, Scatter and Dual Bitmap Index take
two bitmap vectors and perform 2, 1, and 1 Boolean
operations, respectively. Both traditional Encoded Bitmap
Index and E-EBI use [log, C] bitmap vectors. However, in
order to answer equality query, for each tuple, the first method
must find the bitmap encoding from the mapping table and
then make comparison all bitmap vectors but the latter method
only performs not more than [log, C] low-cost Boolean
operations.

Figure 7-9 highlights the above theoretical analysis. Scatter,
Dual, traditional Encoded Bitmap Index and E-EBI require less
space than Simple and Interval Bitmap Index as shown in
Figure 7. In Figure 8 shows that E-EBI and traditional Encoded
Bitmap Index use less space than Scatter and Dual Bitmap
Index. However, E-EBI requires the least amount of space
usage while traditional Encoded Bitmap Index uses a little
more space than E-EBI due to the mapping table. Figure 9
illustrates the result of space vs. query response time of six
Bitmap Indexes (Simple, Interval, Scatter, Dual, traditional
Encoded Bitmap Index and E-EBI) for evaluating equality
queries on the indexed attribute with cardinality 150. Among
six Bitmap Indexes, traditional Encoded Bitmap Index and E-
EBI outperform all other bitmap indexes in term of space
requirement. Simple Bitmap Index spends a lot of time because
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it performs one bitmap vector but requires maximum storage
space. Interval, Scatter and Dual Bitmap Indexes take query
processing time slower than Simple Bitmap Index because they
perform two bitmap vectors and one low-cost Boolean
operation but require storage space less than Simple Bitmap
Index. Especially, Dual Bitmap Index requires space storage
less than Interval and Scatter Bitmap Index, respectively. The
traditional Encoded Bitmap Index takes query processing time
slower than Interval, Scatter, Dual Bitmap Index and E-EBI.
Moreover, by calculate each rectangular area in Figure 9, our
experimental results confirm that E-EBI is better than other
five Bitmap Indexes in term of space-time trade-off.

V. CONCLUSIONS

Complex and interactive queries are often in data
warehouse environment. They spend a long time to access and
retrieve to find answer for the queries. Various bitmap indexes
focus on finding answer to these queries because they perform
fast Boolean operations on the indexed level before accessing
data source. Several bitmap indexes have been introduced,
aiming to reduce space requirement and improve query
processing time. In this paper, we proposed E-EBI, a new
method to improve equality query performance for Encoded
Bitmap Index. It uses the least number of bitmap vectors and
query time by using the low-cost Boolean operations to
answer equality query. Our comparative study shows that
E-EBI can improve performance to traditional Encoded
Bitmap Index and it outperforms other bitmap indexed for
equality query from the point of space vs. query time.

For future work, a well-defined encoding representation of
each distinct value of an indexed attribute is important point to
optimize other types of queries’ performance i.e., membership
query. Thus we plan to apply data mining techniques, for
example, Clustering and Association Rules. These techniques
could be used to group values’ attribute that are frequently
queried together then we can use this discovery to build a good
encoding scheme to reduce numbers of bitmap vectors scanned.

—4—Simple Bitmap Index

6 | —6— Interval Bitmap Index

—6— Scatter Bitmap Index

5L |~ Dual Bitmap Index
—#—Traditional Encoded Bitmap Index
—&—E-EBI

Space requirement (bytes)

40 500 600 1000
Cardinality

Figure 7. Comparison of Space requirement vs. Cardinality of Six
Bitmap Indexing Techniques (N=5,000,000)

4L | =6~ Scatter Bitmap Index

—Ac— Dual Bitmap Index

35F | =#—Traditiional Encoded Bitmap Index
—&—-E-EBI

Space requirement (bytes)
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|
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Figure 8. Comparison of Space Requirement vs. Cardinality of Scatter,
Dual, Traditional Encoded Bitmap Index, and E-EBI (N=5,000,000)
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Figure 9. Space vs. Time of Six Bitmap Indexing Techniques
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TABLE Il. A COMPARATIVE STUDY OF SIX BITMAP INDEXES
. Space Query response time
Bitl Ind

tmap fncexes Number of bitmap vectors Number of bimap vectors scanned Operations
Simple [2] c 1 -
Interval [6] [C/2] 2 1 AND, 1 NOT
Scatter [7] [2VC] 2 1 AND
Dual [8] [V2C€ +0.25 + 0.5] 2 1 AND
Traditional Encoded [9] [log, C1 + mapping table [log, C] Bit comparisons
E-EBI [10] [log, C] [log, C] [log, C] AND, [log, C] NOT
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C is Cardinality.
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