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Tom tit:
hai théc tdp cé thé xéa la mét trong nhitng linh viee thii vi trong khai thdc
K:dpphé bién. Phan tich dit liéu tang cuong tré nén quan trong hon vi dir liéu
hui vi lién tuc droc tich luy trong cac lmh viee teng dung khdc nhau bao gom
cd cdc linh viee cong nghiép. Bai viét ndy cung cap mét phicong phdap tzep can sw dung
Bitmap dé khaz théc cde tdp cé thé xéa trén di liéu tang cwong. Khong giong nhie Y nghia
Bitmap truyén thong cho cac tdp phé bién, mot Bitmap cho tap cdc tap c6 thé xéa duwoc
khai thdc & day biéu thi méi quan hé ma mét san pham bao gom it nhdt mét nguyeén liéu
(ltem) trong mot vt pham Sit dung biéu dlen Bitmap 6 thé dé dang tim thdy cdc san
phdm mong muén dé kiém tra, do dé giam sé lan quét co s dir liéu..
Tir khéa: Khai thdc die liéu, Tap cé thé xéa, Khai thdc ting din, Biéu dién
Bitmap

Abstract:

Erasable itemset mining is one of the interesting areas in frequent set mining.
Incremental data analytics becomes more important as interesting data is continuously
accumulated in various application areas including industrial sectors. This article
provides an approach using Bitmap to mine erasable itemset on incremetal data. Unlike
the traditional Bitmap meaning for frequent itemsets, a Bitmap for erasable itemset
mining here denotes the relationship that a product includes at least one material
(item) in a specified itemset. Using the Bitmap representation can easily find the desired
products to check, thus reducing the number of database scans.

Keywords: Data mining, Erasable itemsets, Incremental mining, Bitmap
representation.

1. Giéi thiéu

Bai toan khai thac tap c6 thé
x6a (EI — erasable itemset) duoc
dé xuit boi Deng va cac dong
tac gia vao nam 2009 (Z. Deng,
G. Fang, va Z. Wang, 2009)
v6i thudt toan META (mining
erasable itemsets with the anti-
monotone property), mot thuat
toan dya vao thuat toan Apriori.
Sau d6, nhiéu thuat toan dugc
phat trién dé cai thién hiéu sut

khai thac (thoi gian, b nhé) nhu
VME (vertical-format-based
algorithm for mining erasable
itemsets) dugc dé& nghi nim
2010 (Z. Deng va X. Xu, 2010),
MERIT (fast mining erasable
itemsets) dugc dé nghi nam 2012
(Z. Deng va X. Xu, 2012), va
MEI (mining erasable itemsets)
dugc dé nghi nam 2014 (T. Le
va B. Vo, 2014) va BREM (TP.
Hong, GC. Lan, MC. Chiang va

J. CW. Lin, 2021).

Niam 2016, Lee et al. da dé
xuat thuat toan IWEI khai thac
EI cho co so dit liéu (CSDL) tang
cuong (G. Lee, U. Yun, H. Ryang
va D. Kim, 2016). Sau d6, mot sd
thuét toan khéc ciling da duoc dé
xuit nhu FUP-ERASABLE (TP
Hong, KY Lin, CW Lin va B. Vo,
2017), LINE (G. Lee va U. Yun
, 2018) va WEIL (H. Nam, U.
Yun, E. Yoon, JCW Lin, 2020).
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Hau hét cac thuat toan nay
déu sir dung chién thuét chia dé
tri, nghia 1a cac tdp muc vdi mot
phan tor duoc xir 1y trude, sau
d6 cac tap muc chira hai phan tur
duoc sur dung, quy trinh nay lap
lai, voi mdi lan 1ap sé phan tir
tang 1én mot cho dén khi dap ung
tiéu chi nao d6. Qua trinh nay tén
nhiéu thoi gian dé khai thac. Mot
sO cAu trac cdy sau d6 da duogc dé
xuit dé giam thoi gian thyc hién.
Tuy nhién cau tric cdy nay phirc
tap hon va can nhiéu b nhé dé
Iuru trir toan bo cay dé khai thac.
Trong bai bao nay, chung t6i phat
trién mot cach tiép can khac dua
trén Bitmap[6] dé giam thoi glan
xtt 1y nhung khong tiéu tén nhiéu
khong gian bo nhd dé khai thac
tap phd bién c6 thé xoa trén co so
dir li¢u tang trudng.

Phan con lai cta bai bao nhu
sau: phan 2. Cac nghién ctru lién
quan va mot s6 dinh nghia dugc
néu trong Phan 3. Thuat toan dé
xuit duoc mé ta trong Phan 4.
Cubi cung, cac két luan va huéng
phat trién duoc dua ra trong Phan
5.

2. Cac nghién ciru lién quan

Bai toan khai thac tap c6 thé
x6a dugc dé xuit boi Deng va
cac dong tac gia vao nim 2009
(Z. Deng, G. Fang, va Z. Wang,
2009), dong thoi, ho ciing dé
xudt thuat toan META (mining
erasable itemsets with the anti-
monotone property ) (Deng
ZH, Fang G, Wang Z, Xu X.
2009), mdt thuat toan dua vao
thuat toan Apriori (R. Agrawal
and R. Srikant, 1994). Sau do,
nhiéu thut toan duoc phat trién
dé cai thién higu suét khai thac
(thot gian, by nhd) nhu VME
(vertical-format-based algorithm
for mining erasable itemsets)

dugc dé nghi nam 2010 (Z. Deng
va X. Xu, 2010), MERIT (fast
mining erasable itemsets) duoc
dé nghi nam 2012 (Z. Deng va X.
Xu, 2012), MEI (mining erasable
itemsets) dugc dé nghi nam 2014
(T.Le va B. Vo, 2014), va BREM
(TP. Hong, GC. Lan, MC. Chiang
va J. CW. Lin, 2021) duoc dé
nghi nam 2021. BREM st dung
phuong phap Bitmap dé khai
thac tap c6 thé xoa trén co so dir
li¢u tinh thay vi dung tDifset (T.
Le, B. Vo, and F. Coenen, 2013).
Tip c6 thé xod trén CSDL ting
truong

Xu ly 1u0ng du’ li¢u dong la
mot vin dé thiét yeu trong khai
thac tap co thé xoa. Van dé nay da
thu hat sy nghién ctru trong khai
thac tap dai dién, khai thac tap
tién ich cao, khai thac tap Top-K.
Ngoai ra, di c6 nhitng nd luyc dé
xtr 1y véi dir 1iéu dong trong linh
vuc khai thac tap co thé xo0a va
hai phuong phap lién quan da
dugc dé xuat. WEPS (U. Yun, G.
Lee, 2016) 1a mot cach tiép can
duya trén cay tap trung vao dir liu
m&i nhit bang cach ap dung mo
hinh cira s6 truot vao khai thac
mau c6 thé xda. Néu kich thudc
ctra s6 duoc cung cap boi ngudi
dung, thuat toan thuong xuyén
chén dir liéu méi vao cira sb va
x6a dit ligu cii. Cau tric dit ligu
dé xur 1y dir liéu ludng duoc xay
dung véi mot 1an quét co so dir
liéu va dugc duy tri thong qua tai
ciu trac cay. IWEI (G. Lee, U.
Yun, H. Ryang va D. Kim, 2016)
la mot thuat toan duya trén cay
hién c6 dé xur 1y dir liéu gia ting,
tuan theo dMERIT + (T. Le, B.
Vo, va F. Coenen, 2013). Nguogc
lai v6i cach tiép can tinh trude
do6, thuat toan xay dung cau tric
cay riéng, cady IWEI, quét co so
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dir liéu mot lan dé xir 1y dir liéu
gia tang dong. Mac du IWEI c6
thé thuc hién cac cong vi¢c khai
thac mau c6 thé xoéa duge tir co
so dir liéu san pham gia ting,
nhung van c6 nhimng han ché vé
hiéu suét vi nhiing 1y do sau:

1) Chi phi xay dung va tai cdu
triic cay phuec tap.

2) Hiéu suét st dung cau tric
cdy thip so v&i chi phi bao tri
cao.

Trong khi d6, thuat toan duogc
dé xudt co thé trich xuit cac mau
¢ thé x6a duoc tir CSDL ting
truong theo cach hi¢u qua hon
thong qua ky thuat dir liéu maoi
dugc dé xuat.

3. Khai thac tip c6 thé xéa trén
CSDL tang truéng
3.1. Cac dinh nghia lién quan

Cho mot CSDL san pham gbc
PDB, = {PL’ P,b,,..., PP} trong
do moi san  pham
P. chira mét tap cac thanh phan
(1temset) va gla thanh (val) dé
san Xudt san pham tuong ing. Va
2 CSDL san pham duoc thém

vao PDB, = {P’, P,P,",... P,P,’}
va PDB, = {P,”, PP,
” .., PPy Viduvé  CSDL

san pham dugc minh hoa
trong Bang 1.

Dinh nghia 1. Mot Bitmap
ctia 1 itemset X 1a mot chudi bit
nhi phan mét chiéu, ky hiéu la
Bitmap ={b,b,,....b,} th¢ hién
moi quan h¢ ciia mot item trong
P.. Gia tri bit thiri1a 1 néu item
do tdn tai trong san pham thiri va
bang 0 néu khong.

Vi du item a dugc chura trong
P, P,vaP, vaitem b dugc chira
trong P, do dai Bitmap ctia mdi
item la la 6 vi c6 6 san pham
trong PDB,. Biéu dién Bitmap
citaala(l,1,0,0,0,1)vabla
(0,0,0,1,0,0).
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Bang 1. Vi du vé mdt CSDL san phidm PDB,
va 2 CSDL tang cwong

PID Items Val (S)
P1 ade 1100 |7
P2 acde 300
P3 cdg 500 _ P PDB,
P4 bd 400
P5 egh 600 .
P6 ag 200 =
— P PDB;
P7 abg 700 =
P8 bde 500 _ P PDB,
P9 cf 300 B
P10 bdgh 600
P11 ghi 500
P12 ef 400

Dinh nghia 2. Cho X 1a mot itemset voi | X | >
= 2. Bitmap cua X dugc dinh nghia la:

Bitmap,=1{bb,,....b }
1X] Xy Xy, Xy
= (ORBY,ORBY.....ORbY ... ORBY),
=1 T j=1 j=1 j=1

Véi [X| 1a sb item trong X. bX 14 gid tri bit thir i
cua item thu j trong X, va lOI‘eb 1[huc hién OR trén
b. XJ gia tri cia tat ca cac 1tem rong X.

Vidu I. Giasu {a} va {b} la hai tdp l-itemset co
thé x6a dugc. Theo quy trinh xur 1y theo cap d, tap
hop 2-itemset co thé x6a mg vién duoc tim thay
tur chiing. Trong vi du nay, mdt tdp hop 2-itemset
g vién 1a {a, b}. Ciing véi biéu dién Bitmap, c6
thé d& dang thu duoc cac san pham bao gom 2 item

mg vién bang cach str dung phép toan OR logic
trén Bitmap cta cac thanh phan. Vi du: Bitmap cta
tap 2-itemset ing vién {a, b} c6 thé dugc tim thiy
bang cach thyc hién phép toan OR logic trén a (1,
1,0,0,0,1)vab (0,0,0, 1,0, 0). Két quala(l, 1,
0,1,0,1).

Dinh nghia 3. Gain cua mot Bitmap biéu dién
BitmapX 1a tong lgi nhuan ctia cac san phdm co gia
tri bit twrong ung la 1 trong BitmapX.

Z (b +Valy)
i=1

Nghia la, gaip cua X dugc tinh bﬁng tong cac val
cua cac san pham c6 chua it nhat mét thanh phan
(item) c6 trong X (vi tri bit bang 1).

Vidy 2. Xét CSDL PDB nhu Bang 1, Bitmap
cua {ab} la (1, 1, 0, 1, 0, 1) nén gain ({a,b}) =
1100 + 300 + 400 + 200= 2000 ($).

Dinh nghia 4. Cho mdt ngudng § va mot CSDL

gain(X) =

san phém P. Khi @6, mét tap X duoc goi la tap co
thé xda ncu

gain(X) = ¥ X Z B..val = MVT
PREP

Vi du 3. Tt CSDL P trong Bang 1, gia su & =
45%, tur vi du 1, ta c6 ggain({ab}) = 2000 >=>
3100 x 45% = 1395 nén ab khong la
tap co thé xoa.

Dinh nghia 5. Bitmap-table. BMT-table 1a mot
ciu triic bang bao gdom cac chi muc (PID) va loi
nhuan (Val) cua cac giao dich P, thudc co s¢ dix
lidu.

Bang 2. Kién triuc chung cta Bitmap-table

PID P P P

1 2 k

Val P,.Val P,Val P,.Val

Dinh nghia 6. BitmapEI-list. BitmapEI-list 1a
mot cau trac dir liéu dé luu trlr thong tin dugc tinh
chinh ttr mét co s¢ dir liéu san pham nhat dinh.

Bang 3. Kién tric chung cta BitmapEl-list

ltem iy
Bitmap b1,b2,...,bz
Gain gain(i,)
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Céc budc xu ly cua thuat toan
s€ nhu sau:

1. Tich liy di ligu (D@ ligu
gbc va dir liéu ting cudng).

2. Xay dung va cap nhat
Bitmap-table va BitmapEI-list.

Khi ¢6 dir liéu duogc thém vao,
thuat toan s€ 1ap lai cac budc
trén.

Sau d6 thuat toan chd yéu cu
khai thac EI tor nguoi dung va
tién hanh khai thac EI dya trén
Bitmap-table va BitmapEI-list da
xay dung Va cap nhat dugc o trén
va cung cap céc tap cé thé x6a
cho nguoi dung.

3.2. Xdy duwng ciu tric dir ligu
ban dau

Trudc tié€n, thuat toan khoi tao
1 Bitmap-table rong va tién hanh
quét CSDL dé xay dung Bitmap-
table. Khi 1 san phim duoc thém
vao, PID va val ciia n6 dugc thém
vao Bitmap-table. Sau do, thuat
toan xay dung BitmapEI-list ctua
tit ca cac item trong san pham
dau tién. BitmapEI-list bao gdm
tén item, Bitmap va gain cua san
pham hién hanh. Gia tri thu duoc
ctia mot EI 1a két qua cua viéc

tich iy gia tri val cua cac giao
dich c6 chira item twong ung. Sau
khi Idp lai cac budc trén, ta thu
dugc Bitmap-table va BitmapEI-
list luu trir toan b thong tin cua
CSDL hién tai.

Vi dy 4. Hinh 1 thé hién
trang thai cua Bitmap-table va
BitmapEI-list dugc xay dung
tir CSDL san phdm gdc PDB,
trong Bang 1. Hinh 1(a) thé hlen
trang thai cua Bitmap-table va
BitmapEI-list khi san phim dau
tién duoc thém vao. Khi tt ca cac
san pham duoc thém vao thanh
cong, ta thu dugc Bitmap-table
va BitmapEI-list nhu hinh 1(b)

Luc nay thuét toan da san sang
dé khai thac cac tap c6 thé xoa.

Xt 1y dir liéu gia ting véi cAu
tric dit lidu duoc dé xuat

Khi dit liéu b6 sung duge thém
vao, thuat toan s€ xu ly ching
mot cach hiéu qua theo quy trinh
sau. Nhu trong truong hop xu ly
dir lidu gbc, dir lidu gia ting bd
sung cling phai duoc xu ly trong
mdt lan quét co s& dir liéu. Ching
t6i kiém soét timg giao dich cua
co s& dir ligu gia tdng da nhap

trong hai truong hop sau. D6i
véi moi item ctia mot giao dich,
truong hop dau tién 1a khi item
d6 duogc chira trong mét trong cac
BitmapEl-list da xay dung trudc
d6. Truong hop thur hai nguoc lai
v6i truong hop dau tién, tic 1a
khi item khong thudc bat ky list
nao. Trong trudng hop dau tién,
thuat toan sira d6i BitmapEI-list
tuong tmg v6i item d6 bang cach
cap nhat bitmao va gain cua nd
thay vi tao moi. Truong hdp tha
2, thuét toan s& tién hanh tao méi
1 BitmapEI-list twong ung cho
item va thém céc thong tin can
thiét vao danh sach.

Vidy 5. Giastr, CSDL PDB, ¢
Béang 1 dugc thém vao, thuat toan
tién hanh xay dung Bitmap-table
va BitmapEI-list. Hinh 2 thé hién
Bitmap-table va BitmapEI-list
sau khi PDB, dugc thém vao.

3.4. Khai thac tdp co thé xéa trén
CSDL gia ting

Néu Bitmap-table va
BitmapEI-list dugc xay dung d6i
v6i dir liéu san pham gia ting da
thém, thuat toan s€ doi yéu cau
khai thac ctia nguoi dung hoac dix

Hinh 1. Bitmap-table va BitmapEl-list khi quét CSDL PDB,.

PID P,
Val 1100

a d e

(1)

(1)

- (1)

1100 1100 1100
(a) Sau khithém P,
PID P, P P, P, P, P,
Val 1100 300 500 400 600 200
a d e c g b h
(1,1,0,0,0,1) (1,1,1,1,00) | - | (1,1,0,0,1,0) | - | (0,1,1,0,0,0) (0,0,1,0,1,1) (0,0,0,1,0,0) (0,0,0,0,1,0)
1600 2300 2000 800 1300 400 600

(b) Sau khi thém P, dén P,
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Hinh 2. Bitmap-table va BitmapEl-list sau khi thém CSDL PDB, va PDB,

PID P, P, P, P, P, P, P, P, P,
Val 1100 300 500 400 600 200 700 500 300
a d e c g b h f
(11000 | | (11110 | | (11001 | | (01100 | | (0O101 | | (0OO10 | | (00001 | | (0OOOO
1100) 0010) 0010) 0001) 1100) 0110) 0000) 0001)
2300 2800 2500 1100 2000 1600 600 300

Hinh 3. Danh séch céc El sau khi thém PDB, (cac tap dwoc t6 mau xam)

PID P, P, P, P, P, P, P, P, P,
Val 1100 300 500 400 600 200 700 500 300
a d e G g b h f
(11000 ) (11110 ) (11001 ) (01100 ) (00101 ) (00010 ) (00001 ) (00000
1100) 0010) 0010) 0001) 1100) 0110) 0000) 0001)
2300 2800 2500 1100 2000 1600 300

N

liéu méi duge thém vao. Néu ngudi dung yéu cau
cac hoat dong khai thac mau co thé x0a, thuit toan
tién hanh trich xuit cdc mau c6 thé x6a hop 18 bang
cach két hop dé quy cac cip BitmapEI-list. Trong
qua trinh nay, danh sach BitmapEI-list dugc tao dé
quy, mdi danh sach co thong tin vé mot tap co thé
x0a duogc voi do dai tir hai item tré 1én.

Vi du 6. Gia st dir liéu hién tai duoc thém vao
bao gdm PDB, va PDB, va Bitmap- table va
BitmapEI-list nhu' hinh 2. Neu ¢6 1 yéu cau khai

thac trngudi dung voi ngudng §§=45%=4600*45%
=2070. Két qua sé& thu cac EI duogc nhu Hinh 3.
4. Thuit toan dé xuét

Dua trén cac dinh nghia trén, ching t6i dé xudt
thuat toan Khai thac c6 thé xoa bang biéu dién
Bitmap (BPEINC) dé tim cac tip muc c6 thé xo6a
trén co so dir liéu tang truong mot cach hi¢u qua.
Hinh 4 mé ta chi tiét ting budc cia thuat toan
duogc dé xut.
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IncDB = {PDB,, PDB,,...} vd mt ngudng §.
Péu ra: Tap céc tap c6 thé xoa Els

[

—_
54

]
| Call Build-PDB(PDB,, BT, BEI)
[3]
[4] Els =9
]
]
]

If a mining request occurs, Then

[5 Calculate T’

[6 For earch item s € BEI, do

[7 EIs = @

[8] If gain(s) < T ,Then EIs’ « s
[9] End For

[10] Els = Els U EIs’

[11] Call Mine BEINC(BT, EIs’, T, EIs, &)
[12]  Provide the user with Els, EIs = @
[13] Endif

[14] Ifainsert PDB; € IncDB occurs, Then
[15] Call Build -PDB (PDB; ,BT, BEI)

[16] End if

c9 gb of hf
011011101{-{011100110{-|011010001|-{011000001 |-| 001111110 | |001011100{-|001011101 | |000110110| [000100111| |000010001
2600 2400 1700 1100 2400 2000 2300 2200 1900 900
cfh
(011010001)
1700 Hinh 4. Thuat toan BPEINC dé xuat
BPEINC

Piéu vao: CSDL gbc, PDB, = {P}, P;...., B,}, CSDL ting truéng

Bitmap — table BT = @,BitmapEIl_list BEl = @, MVTT = 0

o7
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Hinh 5. Ham Build-PDB

Build-PDB
Péu vao: CSDL san phim P, Bitmap-table BT va BitmapEI-list BEI.
Piéu ra: BT va BEI két qua

i~ B

[9] Else

[10] e Bitmap = {b}, b,, ...,by,..b;} Vbk =1,bz=0
[11] gain(e;) = Pr.Val

[12] ei » BEI

[13] End if

[14]  End for

[15] End for

1 For each product P, € P, do

1

2] e.PID = P..PID

3] gain(e) = P, Val

4] BT« e

5] For earch item i, € P;, do

6] Ifei N BEI # @, Then

7] e Bitmap = e, Bitmap @ Py.Bitmap
1

8 gain(e;) = gain(ey) + P Val

Hinh 6. Ham Mine_BEINC

Mine_BEINC

Piu vao: Bitmap-table BT, tdp cé thé xéa Els’, Iéng gain T va ngudng &
Piu ra: Tdp cdc tGp c6 thé xéa Els

[1] EIs”=Q

[2] Cacular MVT:

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

MVT =& X Z gain(e)

e€BT
3] For each item /;in EIs’, do

4] For each item J; in EIs’, do,

5] ep.dtemset = I Item U I,.Item

6] ep.Bitmap = I:.Bitmap @ I, Bitmap
7] For each bitmap z € ep.Bitmap

8] Ifz=1, Then

9] gain(ep) += gain(e,), e, € BT
10] End For

11] If gain(ep) < MVT, Then

12] Els” =EIs” Uep,

13] Els = Els U ep

14] End if

15]  End for

16]  If count(Els”)> 1, Then

171  Call Mine_BEINC(BT, EIs”, T, &)

18] End for
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5. Két luan va huéng phat trién

Trong bai bao nay, ching toi da dé xuat phuong
phap khai thac tip co thé xo6a trén dit liéu ting
cuong dua trén biéu dién Bitmap. Qué trinh xac
dinh k-itemets c6 thé x6a dua trén (k-1)—itemsets
¢6 thé dugc tién hanh nhanh chong voi sy hd tro
cua viéc gilr lai Bitmap cua cac tap muc.

Tiép theo, chung t6i s& tién hanh chay thuc
nghiém dé so sanh danh gia két qua cia thuat toan dé
Xuat so v6i cac thut toan hién c6. Ngoai ra, ching
t6i ciing sé tién hanh nghién ctru phuong phap hiéu
qua dé cap nhat lai Els trén CSDL ludong®
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