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Mt s cii tién thujt todn Index-BitTableFI cho khai
thac tap tin pho bien

Improvements of Index-BittableFI Algorithm
for Mining Frequent ltemsets

Lé Hoai Biic, Nguyén Thi Bao Chi, V& Pinh Bay

Abstract: Index-BitTableFl is an algorithm basednhiing chi phi it thuong nhr chi phi tinh toandn,
on BitTable which is very effective in recent (S&8ng viéc lru trir cAcung viéndoi hoi khédng gian B nhd
Yang, 2008). It finds out itemsets based on Bifabl 16n va tinh toanid hd tro cua cacung vién nay it
vertical and horizontal, and also sets up sortimgag  phirc tap. Dé giai quyét van dé nay, thiat toan Index-
and equivalent computing method to fast identifgitTableFl duoc dé xuat, ciu tric BitTableduoc st
itemsets which occur concurrently with represemtti dung theo @ chiéu ngang va clu doc, ar tim kiém
items. Although Index-BitTableF! algorithm reducegépduoc thrc hién va khéng gian tim Em duoc giam
considerablely cost of finding out candidate itetmsedang K.
and computing the support, but if number of Tyy nhien, ngoai ¥c nén d licu BitTable theo
transactions and items is large then intersectioppidy doc ta én nén d lieu theo chdu ngangdé van
computing of vector-bits in BitTable still costmé. dung phrong phap tinh toaniting duong, trong khi &
Besides, finding out frequent itemsets in depthriwds lugng item throng nkd hon it nhidu 1an so i sb
used property of equivalent computing method yet. Tu:qng giao tac. Nit khac thdt toan chra \an dung
resolve this problem, some improvements ffist ¢ tinh chit cia phrong phap tinh toanubng
improving more performance of Index-BitTabIthuong, vi tré trong bai bao nay, ching @ xuit mot
algorithm are proposed in this research. sd cai tién bao gm: khong én luu trit di lidu theo
chiéu ngang, vic tinh toan wong duong dra trén d
lidu doc sin c6,ddng thyi van dung triét dé phueong
phéap nay khi tim Kim céac itemset ghbién theo chiu
sau.

l. GIOI THI EU

Tur khi bai toan khai thac #t két hop duoc dé xuat
vao rim 1993dén nay,da c6 nhéu thuiit toan dugc
phét trén dé khai thac 4p phd bién nhr: Apriori [2],
DCP[5], CBAR[7], FP-growth [4], Eclat [8], V.v...
Gan day, cac #p an dra tréndinh cing dr lidu doc

Il. TAP PHO BIEN VA THUAT TOAN INDEX-
" BITTABLEFI

dugc dé xuit, trong $ nay phii ké dén hai thit toan
la BitTableFI [3] va Index-BitTableFI [6]. ¥ thuat
toan BitTableFl, &u tric BitTableduoc ding theo &
chiéu ngang va cBu doc dé nén dr ligu. Viéc phat
sinh céc 4p trng vién t6 nén nhanh ¢n va vic tinh
toandd ho tro twong ung ding thrc thi hiéu qua hon

so Wi thuat toan Apriori [1]. Tuy nhién trong tinh

hubng wi sb luong I6n tap phd bién, tp nhiéu phan tir
hoic ngrdng H trg nho, thuit toan nay phi chiu

11.1. M ¢t sb dinh nghia

Cho @ s dit liéu (CSDL) D @m tip céc item 13 |
={iy, Iy ..., inpvatapcacgiao tac T ={f b, ..., t,}
trongd6 mbi giao tac t clra mot tap cac item, ngia 1a
t = {ik, Ikseens ki) Trong do i O 1 (1< kj <n).
Pinh nghia 1 d6 hd tro cia mot itemset X, ki hu
sup(X), chinh la&cac giao tac trong D c6 ¢h X.

-30 -



Ca4c cong trinh nghiénu, phat trén vaing cung CNTT-TT

Pinh nghia 2 Cho X la ndt itemset, Xduoc goi la
tap phd bién néu sup(X)> minsup trongdd minsupla
ngudng do hd tro téi thiéu do naroi dung xaadinh.
Nhiém wu chinh @a quéa trinh khai thacip ptd
bién 1a tim it ca cac itemset trong CSDL atf hd tro
lén hon haic king minsup
B dé [1]: Moi tap con @a bt tap phd bién déu 1a &ip
pho bién, moi tap cha éa mjt tap khdng pld bién
ciing 1a ip khong plb bién.
Vi dy: Cho CSDL D ntr trong Bing 1

Bang 1.CSDL D
Tid ltem
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Vi minsup=2, t
tap phd bién.

Q

€O sup(AC)=8minsupnén AC la

1.2. Céu tric BitTable

BitTable & ap cac  nguyén mas hién dién cia
né biéu thi cho cac item. Bu item thr i xuit hién
trong giao tac t thi bit thi cia t trong BitTable &
mang gia tr 1, ngroc lai s&¢ mang gia tr0. Voi dir li¢u
dugc nén, thi BitTableluoc sr dung theo chiu doc.
Néu kich & (sd giao tac) aa item la S, kich& cia @
sG dit liéu 1a Ibn hon kich & W caa b nhd thi kich &
cia ming BitTable § |a: %ﬂ dugc ar dung & luu
trix dix liéu nén.

Bang 3 la btu dién thip phan @a céc item trén
bang 2. Cling han, xét item A (Bing 2), ta c6 day bit
la 11011011,11, ndgh |a é@n 2 bytedé luu day bit nay
trong d6 byte dau chra gia ti la 219 va byte tn 2
chira gia ti 3.

dmV-1, $ 9 (29), thang 6/2013

Bang 2 Minh hoa dr liéu dugc nén vao
bang BitTable
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Bang 3.Bang BitTable
A | B | C|D|E F
219|130| 219| 1 | 190| 130
3 0 31 0] 3 0| 3

[1.3. M dang Index va cach xay gng

Mang Index duoc xay drng dra trén ham sau:
g(X)={t0D | X Ot} Ia tap cac giao tac co da itemset
X.

Vidu: g(A) ={1, 2,4,5,7,8, 9,10}, g(B) =11, 2,
4,5, 7, 8, 9,10}bé tinh g(AB), ching ta dhcan liy
phin giao @a g(A) wi g(B), ngha la g(AB) =
g(A)ng(B)=1{1,2,4,5,7,8,9, 10}{1, 7} ={1,7}.
Pinh nghia 4: Mang Index la nit mang cé kich tlréc
m. Trongd6, m 1a $ luong cac 4p phd bién 1-item.
MJ&i phan tir cia ming |a B déi (item, subsume).

Trongdo :

subsumeitem) ={j 0 1jitem< j Dg(item) 0 g(j)}

j deng sau item

Nghia la: subsumedmn tp cac item j, sao cho j
dung sau item vaap céc giao tac dta item j plii bao
pha céc ép giao tac co aka item.

Thuat toan 1: Xay dwng bang Index [6]
Input: CSDL D, ngrdngdd hé tro ti thiéu minsup.
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Output: Mang Index.

T-TT agV-1, $ 9 (29), thang 6/2013

Nhan thiy c6 5 bit 1 trong candidate

1. Duyét D va x6a nitng item khdng pb bién. 1o1o1 11
2. Sip xép danh sachap phd bién 1-item ting din / l \N‘\
theo sup: aa,..,an. B|[D|[F|[G[A]JCTE

3. V6i mdi phan tir j cia ming Index thrc hién: 0o |0 |0 |0 |9 |0

4.  Gan Index[jl.item =p D

5. Xay dung BitTable tr co sv dir ligu. Bit 1 dau tién trong tng Wi item B, bit 1 thr 2
6. V6i mdi phan tr j cia ming Index thrc hién: trong tng Wi item F, cAc bit 1 &p theo trong tng
7. Gan Index[j].subsume=>. véi cac item: A, C, E. ¥y tinh tr vi tri sau item B ¥
8. Gan candidate ﬂ S di ta c6 subsume(B) = FACE. &i trinh trong tr, ta

tOg(indeX j].item) -~ s "
o ] s¢ ¢O ming Index nlx trong Bing 6.
9. Va&i moi i > j thuc hién
10. Néu gia ti cua bit thy i trong candidate la 1 Bang 6.Bang Index Kt qua
thi B D F G |A|C|E
11. bua index]i].item vao index][j].subsume FACE | AC| ACE | AC | C | 9 | @
12. Xuat mang Index
Vl,qd_/ti XéE CSDLOtrén brjg‘l \G6i minsu@E2, ta co Kt 11.3.1. Binh Iy 1[6]
qua nhrbing 4, lang 5 va king 6. Néu Index[jlitem 1a 48p ph bién va
Bang 4.CSDL D sau khi x6adnhiing item khong sup(Index][j].item)sminsupthi € khéng bn tai item i
phd bién va gp xép ting din theodd hd tro. nao sao cho Index([j].itemi va

Tid ltem Sap xép item
1 |ABCEF| B,FAC,HE
2 |ACG G,AC
3 | E E
4 |AC,D,EGD,GACE
5 | ACEG GACE
6 | E E
7 |A/B,C EF| B,F, A C,E
8 |ACD DA C
9 |ACEG GACE
10 | A,C,E, G G,ACE

Bing 5.Bang Index bantiu
D F G| A C
9 |90 | 0| 0|0

E
@

B
1%}

Budc ké tiép thec hién viéc tim subsume(B). Do
trong king BitTable, &i cot B chi c6 Tid 1 va Tid 7 co
gia ti bing 1,diéu nay c6 ngta ring ch c6 Tid 1 va
Tid 7 chra item B ma théi. ¥y ta hy Tid 1 giao Vi
Tid 7:

Candidate = 010111&1010111=1010111.

idIndexj].subsume(itemié cho (Index][j].itenii) la
tap phd bién.

[1.3.2. Pinh ly 2 [6]

Néu item 1a pln tir dai dién va subsume(item) =
a1,a,..a, khi két hop item i (2%-1) tap con khacdng
cia a, &,.., & thi dd hd tro cia chiang 1a nl nhau va
bang sup(item).

Thuat toan 2: Index-BitTableFlI [6]
Input: Mang Index,minsup.
Output: Danh séachap phb bién.
1. Véi mdi thanh pln Index[j] aia mang Index thrc
hién.
Xuit Index[j].item va sup(Index]j].item)
Néu Index][j].subsume=4@ thi
Néu (sup(Index]j].item) minsup) thi
Depth_First(Index[j].item, t(Index]j].item))
/1 t(Index[j].item) 1& tip céc &ip pho bién
1-phin t

2.
3.
4.
5.
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/I dung sau Index[j].item trong tdng
Index

6.  Nguoc lai thuc hién

7. Vi moi s_itentlindex[j].subsume tinc hién

8. Xuit (Index[jl.itends_item) va
sup(Index[j].item).

9. Néu (sup(Index]j].item) >minsup) thi

10. Gan tail = t(Index[j].item) \
itemdJIindex[j].subsume

11. Depth_First (Index][j].item,tail)

12. Vi modi tap con s_iterilindex[j].subsume
thuc hién

13. Depth_First (Index[j].item] s_item,tail)

Thuat toan 3: Depth_First [6]
Input: Itemset, tail.
Output Xuét ra cac 4p ptd bién va do hd tro caa
chung
Depth_First(itemset,tail)
Néu tail=@ thi return
Véi mdi thanh ptin iOtail thec hign
Gan f_itemset=itemseEi
Néu sup(f_itemsety minsupthi
Xuit ra f_itemset va sup(f_itemset)
Gan tail = tail \ i Mbqi i ra khdi tail.
Depth_First(f_itemset,tail).
Hinh 1 minh ba Kt qu cia thuit toan Index-
BitTableF!| trén CSDL& Bang 1. Co th thiy, do

No ok owbdNE

dmV-1, $ 9 (29), thang 6/2013

subsume(B) = FACE nén taioviéc két hop B V6i cac
tap con @a FACEdé tao ra 16 4p phd bién vsi do hd

trg chinh 1ado hd trg cia B. Chinh nb déu nay ma
nhiéu itemset khdngam tinhdo hd tro nén that toan
tiét kiem duoc chi phi.

.M OT SO CAI TIEN
[.1. Nh an xét 1

Viéc tinh toan Index[i].subsumé thuat toan 1
(budc 7 - 8)duogc thyc hién king cach giaoit ca cac
giao tac cé cia muc dir liéu Index]i].item trong Bng
BitTable theo chiu ngang. Trong trong hyp s lwong
Tid, s item Ia bn thi qua trinh giao céc tid c6 (eh
Index[il.item € mat nhiéu thoi gian. Trong khi &
lwong item thrdng nhd hon rat nhidu so Wi sb lugng
Tid. Mat khac, subsume(itempm nhiing item jding
sau item ¢inh ngha 1). Qué trinh timit ca cac fp
phd bién phii luu trir dir liéu theo 2 dng (ngang va
doc) nhr thé 5 cin nhidu bd nhs dé leu tri.

Giai phap:

« Chi sir dung hing BitTableda dugc nén theo cli
doc dé tim nhanh subsume (item).

« Viéc kiém tra g(item)O g(j) dwoc thec hién don
gian bing cach Kdm tra Tid(item) c6 1a conua
Tid(j) hay khéng.

]

f’mﬂ

]i:l ]Zi:l Fz2
BF:2,BAZ, DA2 FA:2
BC:2.BE:Z, DC:2 FC:2
BFA:Z, DAC:2 FE:2,
BFC:2, BFE:2, FAC:Z,
BAC:2, BAE:2, FAE:Z,
BCE:2, BFAC2, FCE2,
BFAE:2, BFCE:2, FACE:2

BACE:2, BFACE:2

G‘Ti GC:5

GAE4

G AR 8

GE:4 ACE AE6 CE@6

GCE:4 GAC:S

\

GACEA4

ACE:6

Hinh 1. Danh sach ca@p phb bién.
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Thuat toéan 4: xay dwng bang Index_S
Input: CSDL D, ngrdng h tro minsup
Output: Mang Index
1. Duyét D va x6a nking item khoéng pé bién.
2. Sap xép danh sachap ptb bién 1-item ting din
theo sup: aa,..,an.
V6i mdi phan tir j cia mang Index thrc hién:
Gan Index[jl.item =ja
Xay dung BitTable tr co sv dit liéu.
V6i mdi phan tir j cia mang Index thre hign:
Gan Index[j].subsume=@.
V6i mdi i>j thue hién
Néu g(Index][jl.item) O g(Index[i].item) thi
dua index]i].item vao index[j].subsume

© O N O A~

dmV-1, $ 9 (29), thang 6/2013

Saud6 budc thr 12 ki mé rong theo chiu sau
trén danh s&ch tail cho (Index[j].itéms_item),
trongdé s_itenfilindex][j].subsume.

Theo dinh ly 2, ta co
sup(Index[j].item)=sup(Index[j].items_item)
cho nén khi m rong theo chiu sau cho
(Index][j].items_item) trén tail, #ng gidng
nhu mo rong chéu sau cho (Index]j].item) trén
tail. Hai broc nay hoan toan §ing nhau ¢ két
qua.

b. Ddi vai thuat toan 3 (Depth_Fist):

Madi lan kiém tra sup(f_itemset) xem c6 o
minsuphay khéng la @t qua trinh giao tid nén
s3 tbn nhiéu chi phi.

Vi du: véi bang BitTable (Bing 3) ta co:

A | B | C | D E F| G
BitTable | 219| 130| 219| 17 | 190| 130| 88
3 0 3 0 3 0 3

Ta thrc hién phép kém tra nhr dugc trinh bays

Hinh 2.
E F
190 130
3 U 0

Hinh 2. Minh hoa tinh subsume(E)

Néu két qua phép kém tra ladiung thidua F vao 1.

Chinh vi nfiing diéu nay, ngay boc thr 9 cia
thuat toan Index-BitTableF| ta ghi ah lai két qua
nhitng muc di ligu trong tail ma Index[j].item & hop
dugc, dong thoi luu trir lai do hd tro caa n6. Sautd,
dén bugc thr 13 thay vi tim Kim theo chiu sau cho
cac fip con @a Index[j].subsume, ta ttkét hop voi
danh sachédt qua & bugc trén i do hd trg sin cd. Vi
vay, S tiét kiém chi phi tinh toamo hd trg, qué trinh
xu ly s&¢ nhanh lon.

Thuat toan 5: Index_BitTableFI_S

Input: mang Index,minsup.

Output: Danh sachap phb bién.

V6i mdi thanh plan Index]j] aia mang Index thrc

subsume(E). hién
Tuong tr ta tén hanh kém tra E i G. 2. Xgét Index[j].item va sup(Index[j].item)
o 3. Néu Index[j].subsume=@ thi
I1.2. Nh 4n xet 2 4. Néu (sup(Index]j].item) minsup) thi

Vi két qua danh sachap phb bién ¢ Hinh 1 ta c6

nhin xét sau:

a.bdi véi thuat toan 2 (Index-BitTableFI):

« O buéc thr 9, rfu sup(Index]j].item) minsup
thi thuit toan nd rong theo chiu sau (gi

Depth_First(Index[j].item, t(Index[j].item))

/it(Index[j].item) |a tip cac tip phs bién 1-

phan ti

/lding sau Index[j].item trong #ng Index
Nguoc lai thuc hién

Depth_First) trén danh sach talil ché: Vi moi s_itentlindex[j].subsume tinc hién
Index{j].item. 8. Xuét (Index]j].items_item) va
sup(Index[j].item)
9. Néu (sup(Index]j].item) minsup) thi
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10. Gan tail = t(Index[j].item) \
itemdJIindex[j].subsume

11. Depth_First_S(Index[j].item,tail kq)

12. Vi modi tap con s_iterilindex[j].subsume
thuc hién

13. Véi mdi phan tr s_kq trong danh sach kq

14. Xuit (s_iteni]s_kgq.item) va s_kg.sup

Thuat toan 6: Depth_First_S

Input: Itemset, tail, kq.

Output: Xuat ra cac 4p phb bién va do hd tro cia
chung

Depth_First_S(itemset,tail,kq)

dmV-1, $ 9 (29), thang 6/2013

e Tinh tail(G)=E, ta tinh sup(GE)=#rinsupnén
Xuit: GE:4.

Vi sup(GE) = 4, ma sup(G) = sup(GA)
sup(GC) = sup(GAC) nén it1 GAE:4, GCE:4,
GACE:A4.

Két qua qua trinh timap phd bién < nhanh bn va

giam bot s 14n tinh toando hd tro caa ip tng vién.

VI. KET QUA THUC NGHIEM

Céc Kt qua thuc nghém duoc thyc hién trén may
laptop HP, duo core 2.1GHz, 3GB RAM, céacithu
toandéu dugc caidat trén C# 2008.

Khai thac lat két hop dua trén d liéu chi tiét cac

1. Néu tail=@ thi return cuwc goi dién thai va cac ngwn $ ligu arge bd
2. Véi mdi thanh ptan iltail thyc hien sung khac nin cuge thong tin didong, arsc quic t,
3. Gan f_itemset=itemseét i cuéc internet do GPC, VTI va VDC cungptai Vién
4. Néu sup(f_itemsety minsupthi théng Ninh Than.
4.1 Thémiva sup(f_itemset) vao danh sach k. cac thgc tinh chinh trong @ ligu khach hang
5. Xuat ra f_itemset va sup(f_itemset) gom:
° Ga/'/‘l ta','_zta"i?h'v_ . Bang 7.CSDL khéach hang
Oal 1 ra Kho! tal . Tén thudc tinh Y nghia
7. Depth_First_S(f_itemset,tail kq) Ma kh M4 khach hang
So_dt $ dién thaai
Trong d6 kq 1a danh sach dundf luu trir nhitng Ten_kh Tén khach hang
muc di liéu trong tail ma &t hop dugc Index[j].item Dc kh E}a chi khach
. T , — ang
cung i do ho trg trong tng. MA don Vi,
Vi du: Khi xét t%i item G, ta c6 sup(G)=5 va . khach hang
Ma_donvi . Y .
subsume(G)=AC. - thuoc don vi nao
« Xuét: G:5. qun ly
« Két hop G wi tit ca cac 8p con

subsume(G)=AC va ¥itr GA:5, GC:5, GAC:5.

B:2 D:2 F:2 G:5 A8 C: E :8

v v Y T T
BF:2,BA:2, DA:2, FA:2, @ AC:8 AE:6 CE:6
BC:2,BE:2, DC:2, FC:2,

BFA:2, DAC:2 FE:2,

BFC:2, BFE:2, FAC:2, GAE:4

BAC:2, BAE:2, FAE:2, GCE:4 ACE:6
BCE:2, BFAC:2, FCE:2,

BFAE:2, BFCE:2, FACE:2

BACE:2, BFACE:2

GACE:4
Hinh 3. Minh hoa ntin xét
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Céc thic tinh chinh trongliéu chi tiét cudc goi
gom:
Bing 8.CSDL chi tét cuyc goi

Tén thuéc tinh Y nghia
Ma_kh Ma khach hang
So_may $ cha goi
Sm_den 8 bi goi
Huong Hréng i

Datc Ngay gi
Gio_bd Gb bat dau
Gio_kt G két thuc
Timeo Thoi gian gi

. La lién tnh, quc &, noi
Loai
hat ’
. Goi theo truyn thong,

Voip hay 171

Nha cc Nha cungap dich w

T nhitng dr liéu trén tén hanh éng hyp thanh &
lisgu doanh thu khach hangpm mot s thudc tinh
chinh nhr sau:

Bang 9. CSDL doanh thu khach hang

Tén thuéc tinh Y nghia
Ma donvi Khach hang thbc don
— vi (huyén) nao
Doanh thu 8 dung
Cuoc_lt dich w1 goi lién tinh
Doanh thu & dung
Cuoc_171lt dich w1 goi IP 171
lién tinh
Cuoc_internet Doanh thu's dung
- internet
Cuoc dvu Dpanh thu & dung
- dich w
Doanh thu 8 dung
Cuoc_dnk doanh nghip khac
Cuoc_gt tDéoanh thu aéc quoc
Cuoc_171qt DoAanrA] thu a6c 171
quoc t
Doanh thu ‘Bng doanh thu

Chu thich: Ma_kh trong &g 8 la khéa ngo cua
Ma_kh trong Bng 8, Ma_donvi trong &g 9 la khoa
ngai cia Ma_donvi trong Bng 7. Cac lai cudéc £
dugc tinh théng qua cac chiéti cupc goi trong Bang

dmV-1, $ 9 (29), thang 6/2013

va Voip c6 ti biét dugc cupc goi d6 la lién tnh hay
qudc #? c6 & dung dch wi 171 hay khéng? v.v..

Chon ngubn di liéu tir danh sach khach hang va
chi tiét cupc goi nam 2008 va am 2009, trong 6 thang
dau nim 2010, & thang 01/201@ién thang 06/2010,
tién hanh tich bp cac lai cusc thanh @ liéu doanh
thu khach hang.

Tién hanh &i rac hoéa d liéu cho céc théc tinh $
va thupc tinh lang muc dé chuyén vé thudc tinh ding
nhi phan. Bng 10 trinh bay cach tie roi rac héa d
lieu argc vién thong trongié cac thac tinh LT (lién
tinh) la aréc lién inh trong lAing 9, LT171 (liéninh
171) la wdc lién inh co6 & dung dch w 171 trong
biang 9, QTE (qgdc %) la ardc quic t, QTEL71 la
cuéc quic & co sr dung dch wi 171, v.v..

Bang 10.Dit liéu doanh thu sau khi chéry dbi vé
dang giao tac

Tid ltem

1 LT<100.000, QTE<50.000, INTER00.000,
DNK<100.000, 100.066DTHU<200.000

5 LT>100.000, QTE<50.000, DVU>10.000,
QTE171<50.000, DTHY200.000

199 | LT>100.000, LT17£50.000, DNK=100.000,

DTHU>200.000

1587 | LT<100.000, DV-10.000, INTER100.000,

LT171>50.000, 100.066DTHU<200.000

1747 | DNK<100.000, DTHU<100.000

1970| LT171<50.000, INTER<100.000,

100.006:DTHU<200.000

Nhu vay, dir liéu doanh thu khach hang sau khi
chuyén ddi vé& dang giao tac cédng $ giao tac nhr
sau:

Bang 11.S) lwong giao tac d liéu aréc

Nim S6 lwgng S6 lwong
Item mau tin
2008 22 580.588
2009 22 643.050
01-06/2010 22 320.685

Pé so sanh Bu qua coa thuit todn Index-
BitTableF! trrgc va sau khi 4 tién, thr nghiém trén
tap dr liéu arde tai Vién thong Ninh Than, tp di
ligu Accident (hy tir http://fimi.cs.helsinki.fi/data/) ta

8. Ching han: Dya trén thdc tinh So_may, Sm_den c¢ Kt qua nhr sau:
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Hinh 7. Thoi gian thrc thi trén dr liéu accident

Céc Kt qua trén cho thy thuat toan @i tién thuong
hiéu qua hon so Vi Index-BitTableFlI nguyén ity
trén CSDL @dc vien théng. Tuy nhiéngddi voi CSDL
Accident thi that toan @i tién khéng @i thién dang
ké vé mit thoi gian. Diéu nay la do & lvong subsume
cua cac item trén CSDL Accident khodgng K.

V. KET LUAN VA HUONG PHAT TRIEN

Bai bao trinh bay 6t s cii tién aia thuit toan
Index-BitTbaleFl bao ¢m: 1) Ch t chic di liéu
BitTable theo chiu doc dé tiét kiém by nhs; 2) Kiém
tra subsumeon gian bing cach xét xem g(item) c6 |a
con d@ia g(j) hay khéng? Coéng ad nay khong én
nhiéu thoi gian; 3) Gi tién phrong phéap dugt theo
chiéu sdu nBm han cké viéc tinh pln giao gira cac
tid. CAc @i tién nayda duoc thuc nghém trén CSDL
cuéc vién thong Ninh Than va Kt qua twong dbi kha
quan.

Nghién dru céch tlc khai thac Hu qua tap luat la
mot trong nhiing chi d&& s8 dugc quan tam nghiénia
trong thvi gian ©i. Ngoai ra, nghiénteu céch tic cip
nhat lai tap phd bién khi CSDL thayddi ciing la nt
huéng nghién ¢u trong trong lai.

LOI CAM ON

Nghién ¢u nay duoc tai to boi Quy phét trén
khoa hyc va cong ngh quic gia (NAFOSTED) trong
dé tai ma é 102.01-2012.17
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