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TOM TAT
Trong bai bao nay, chiing t6i d& xuét giai thuat WIT-TOP-K dua trén ciu tric cdy WIT-tree dé khai thac
Top-rank-k cua cac tap dugc danh trong sé dya trén co sé giao dich ¢6 trong sb. Két qua thuc nghiém cho thay
thuat toan dé xuét thuc hién kha nhanh va chinh xac d6i vé6i cac co so dir lidu c6 kich thudc vira phai véi mic
ngudng thich hop.
Tir khéa: Top-rank-k mining, luat két hop, tap phd bién, khai thac tap c6 trong sb
AN EFFICIENT ALGORITHM FOR MINING WEIGHTED ITEMSET TOP-RANK-K
ABSTRACT

In this paper, we propose an efficient algorithm, called WIT-TOP-K, based on the WIT-tree data
structure to mine the weighted itemset Top-rank-k in weighted transaction database. The experiment results
show that the proposed algorithm performs quickly and accurately with respect to the moderate-sized databases
with a appropriate thresholds.

Key words: Top-rank-k mining, association rules, frequent itemset, frequent patterns, weighted itemsets

1. GIOI THIEU

Khai thac dir liéu duoc dung dé md ta qué trinh tim kiém, chic loc va khai pha tri thic
trong co s dit liéu. Qué trinh nay bao gdm tap hop nhiéu k¥ thuat dwoc sir dung trong tién
trinh phét hién tri thirc va tim ra duoc mdi quan hé gitra c&c mau trong co so dit liéu
(transaction database).

Khai théc luat két hop 1a mot phan quan trong trong quéa trinh kham pha tri thic trong
dir lieu (KDD) [2]. Khai théac luat két hop duoc sir dung dé xac dinh méi quan hé giira cac san
pham trong co s& dit liéu giao dich va diéu nay din dén viéc no chi quan tam dén viéc khéch
hang c6 mua hay khdng mua san pham nao d6. Thyc té, m3i mot san pham cd thé co gia tri
khac nhau. Tuong tu mdi item trong co sé dir liéu giao dich ciing ¢ trong s6 khac nhau tiy
thugc timg co so dit liéu cu thé. Vi vay, viéc khai thac trén loai dir liéu nay mang tinh thuc
tién cao.

Nam 1998, Ramkumar, Ranka va Tsur [4] cling nhu Cai, Fu, Cheng va Kwong [3] da
dé xuat mot mo hinh dé mo ta cac khéi niém vé viéc khai thac luat két hop cd trong sé va dua
trén giai thuat Apriori dé tim ra cac tap phd bién duoc danh trong sb. Tir d6 nhiéu k§y thuat
khai thac luat két hop c6 trong sé duoc dé xuat nhu: Wang, Yang, Yu [6] va Tao, Murtagh,
va Farid [5].

Giai thuat khai thac Top-rank-k bang Node-list tién hanh khai thac Top-rank-k cua céc
tap phd bién chi dia trén co so dit liéu nhi phan chwa tién hanh trén co s& dit liéu nhi phan co
trong sb, va véi viéc dua trén cau tric cay FP cho nén khién cho viéc tim kiém céac tap phd
bién phai quét co so dir liéu dén 2 lan.

Trong bai béo nay ching tdi trinh bay vé thuat ton khai thac Top-rank-k dya trén thuat
toan WIT-FWI. Thuat toan WIT-FWI dua trén phan giao giira céc Tidset dé tinh nhanh cac
trong sé hd tro va dé sinh ra cac ang vién tir cac 16p twong dwong cho truge. CAc tap phd bién
c6 trong sb hd tro thoa diéu kién trong sé hd tro tdi thiéu s& duoc gitr lai, cac tap khong thoa
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s& bj x6a bo khoi cay. Thuat toan WIT-TOP-K ciing dwoc dya trén giai thuat WIT-FWI dé
tinh nhanh cac céc trong sé hd tro, cac tap duoc danh trong sb o kich thudc 12 1 ma trong sé
hd tro cua nd thoa didu kién ngudng Top-rank-k cho trudc s& duge dua vao bang goi 1a Taby.
Tir cac tap duoc tim thiy trong bang Taby, s& phat sinh ra cac wng vién méi dua theo cac l6p
tuong dwong, va str dung dinh 1y 2.1 dé loai bo céc tap khong thoa diéu kién ngudng k.

2. MOQT SO PINH NGHIA VA KHAI NIEM CO BAN

Pinh nghia 2.1. Co s¢ dit liéu giao dich cua tap dugce danh trong s (D) bao gébm: mot
tap hop cac giao dich T = {ty,t5,....,tm} ; MOt tap cac item | = {iy, iy, ...,in} Va mot tap hop céc
trong s6 W = {W1,Wo, ...,wn} twong ng véi mdi mét item c6 trong I.

Bdng 2.1: Trong sé ciia cac item

Item  Weight
A 3
B 5
C 1
D 3
E 5

Pinh nghia 2.2. Trong sé giao dich cia mét giao dich t, dwoc goi 1a tw va dugc nghia
nhu sau:
ZijEtk W]
|ty

Duya vao dir liéu trong Bang 2.1 va dinh nghia 2.1 ta tinh dwoc trong sb giao dich cua
giao dich T; nhu sau :

tw(ty) =

Tacd T, ={C,E} twong tng v&i We = 1, Weg = 5 suy ra ta ¢6 tw(t;) duoc tinh nhu sau:
WetWs _1+5
2 2

tw(ty) =

Tuong tu vai céc giao dich khéc ta co:

Bdng 2.2: Trong sé giao dich cia céac giao dich cé trong D

Transations tw
1 4
3.6
4
35
3.4
3
Sum 21.6

Pinh nghia 2.3. Trong s6 hd trg duoc ky hiéu 1a ws cua mot tap phd bién dugc dinh
nghia nhu sau:

oUW IN

Ztket(X) tw(ty)
ZtkET tW(tk)

Trong d6 T 1a danh séch cua tat ca cac giao dich c6 trong CSDL (D)

ws(X) =
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Tir dinh nghia 2.2 va Bang 2.1 va 2.2, ta bat dau tim kiém tat ca trong s6 hd tro twong
g vai ting tap pho bién. Vi du ta xét item A dé tinh ws(A), ta thay item A xuat hién trong
cac giao dich Ty, T3, T4, Ts vi vay ta cd ws(A) la:
tw(ts) +tw(ty) +tw(ty) + tw(tg) + tw(ty) 3+3.67+4+3+4

Sum 35.33

Dé khai thac cac tap duoc danh trong s6, ching ta phai xac dinh duoc tit ca cac trong
s6 hd tro twong wng vai tirng tap phd bién thoa yéu cau cua ngudng trong sé hd tro téi thiéu
(minws) do nguoi dung dat ra.

FWI = {X € Ilws(X) = minws}

ws(4) =

Pinh Iy 2.1. “Moi tdp con kh&c rong cua tdp phé bién ciing la tdp phé bién va moi tdp
chira tdp khong phé bién déu l1a tap khong pho bién” c6 nghia 1a néu cho X c Y khi d6
ws(X) = ws(Y).

Chirng minh. Theo tinh cac chat caa két ndi Galois[8], néu X < Y kéo theo t(X) 2
t(Y), vi vay ta co:

Degeex) tw(ty) - Depeer) tw(ty)

Yertw(ty) — Xeer tw(ty) = wX) 2w(l)

= Z tw(ty) = Z tw(ty) =
tiEL(X) tret(y)

Dé khai thac cac luat két hop c6 trong so, dau tién ching ta phai tim tat ca cac tap duoc
danh trong sb thoa diéu kién ngudng trong s t6i thiéu minws. Viéc khai thac céac tap duoc
danh trong s6 duoc xem 12 qua trinh quan trong nhat trong viéc khai thac cac luat két hop c6
trong s6. Ramkumar va cac dong su (1998) [4] da trinh bay giai thuat khai thac céc tap duoc
danh trong s dya trén md hinh thuat toan Apriori.

Nhuoc diém chinh cua céc giai thuat dya trén thuat toan Apriori 12 viéc phai quét co s&
dir liéu nhiéu lan dé tim ra cac tap pho bién, dan dén viéc s& phat sinh chi phi lén.

Giai thuat khai thac céc tap dugce danh trong sé dya trén cau tric WIT-tree (Weighted
Itemset-Tidset), c4u tric nay 1a phan mo rong dua trén cau tric cay IT-tree va mdi mot node
trén WIT-tree bao gém 3 thanh phan:

1) X: dai dién cho mot tap phd bién
2) t(x): Tidset tap hop cac giao dich co6 chira X
3) ws: trong sb hd trg caa X

M&i mot nit dugc Ky higu nhu 12 mot bo ba (X, t(X), ws).

Gia tri caa m&i mot nut dwoc tinh dua theo cong thic trong s hd tro (dinh nghia 2.2).
Viéc tinh toan cac trong sé hd tro dua trén cac Tidset. Cac lién két két ndi cac nit & mac thi
k (goi la X) véi cac cac muc thir k+1 (goi 12 Y).

NUt gbc “root” ciia cdy WIT-tree chura tit ca cac nat c6 kich thuéc 1a 1 goi 1a 1-itemset.
Tat ca cac nit & mirc 1 sé trg thanh I6p tuong dwong véi tién t6 1a {3 (hay [@] ). M&i mot nit
trong mirc 1 s& tré thanh maot 16p twong duong mai, va str dung cac item nay nhu 1a mot tién
t6. Véi mbi mot ndt ¢ chung tién t, n6 s& két hop vai cac nat phia sau nd dé tao ra cac l6p
trong dwong mai. Qua trinh ndy s& duoc thuc hién dé qui dé tim ra cac 16p tuong duong &
cac muc cao hon.
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Pinh nghia 2.4. Rank ciia mét tap dugc danh trong sd

Cho mot co so dir liéu giao dich (D) va mét tap A(S I). Rank cua A, Ra dugc dinh
nghia nhu sau R, = |[{wsx|X S vawsy = ws,}| trong d6 |Y] 1a s6 phan tir c6 trong Y

Pinh nghia 2.5. Top-rank-k cua tap duoc danh trong sé

Cho mét co so dit liéu giao dich (D), mot ngudng k va mot mau A (A € I). A duoc goi
1a thudc Top-rank-k mau phd bién khi va chi khi Ra khdng 16n hon k, nghia 14 Ra < £.

Dé tim duoc Top-rank-k ciia mot co so dit liéu giao dich c6 trong sé ta phai tim tat ca
céc tap duoc danh trong s6 ma Rank cua nd khong duoc 16n k.

3. GIAI THUAT KHAI THAC TOP-RANK-K DUA TREN CAU TRUC WIT-TREE

PAu vao: co s6 dit liéu D, ngudng k

Pau ra: Taby, voi cac muc ¢ dinh, mdi mot muc s& chira c4c item cling cp
Ma gia:

WIT-TOP-K()

1.lorger = tat ca cac tap c6 kich thude 1a 1 cung véi trong s6 hd trg
2.54p xép cac nut trong lorger theo thir tu giam dan cua ws

3.Taby = {l thudc lorger Sa0 cho R; < k} va goi tap nay la tap L,

4. Goi ham TOP-K-EXTEND vai tham sé 1a L,
TOP-K-EXTEND (L)

5.Cho mdi node [; trong L,

6. Tao mot tap L bang cach néi I vai tat ca |; theo sau trong L, bang cach
7. Tap X = l.itemset U lj.itemset va Y = t(l;) n t(l;)

8. ws(X) = COMPUTE-WS(Y)

9. Néu ws(X) = trong s6 téi thidu cua k™ trong Taby

10. Chén mot node (X, t(X), ws) vao trong L;

11. L s€ dugc chén vao trong Taby

12. Néu s6 lugng node trong L; > 2 khi d6

13. Goi dé qui ham TOP-K-EXTEND véi bién L;

MO ta giai thuat:

Dau tién cho tap lorger Chita tat cac céc tap duoc danh trong co kich thudc 1a 1 clng voi
trong sé hd tro cua chung (dong 1). Cac ndt chia trong tap lorger & duoc sip xép theo thir tu
giam dan cuaa trong s6 hd trg (dong 2). Khai tao Taby va chén tat ca cac tap ma Rank cia n6
thoa diéu kién ngudng k cho trudc (dong 3) va goi tap nay la L,. Khai tao ham TOP-K-
EXTEND véi bién la tap L, dé khai thac cac tap con dua trén cac tap cha cd trong Taby. Cho
nat I; ¢d trong L, véi cac nat phia sau n6 dé tao cac tap nat mai goi la L; (dong 5 va 6). Bé tao
ra L;: dau tién, cho X = l,.itemset U I;.itemset va tinh toan Y = t(X) = t(l}) n t(l;) (dong 7). Va
tinh toan trong s6 hd ws(X) dua trén ham COMPUTE-WS(Y) (dinh nghia 2.2) (dong 8). Néu
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ws(X) 16n hon hodc bang trong s6 hd trg caa kth (muc k thip nhat trong Taby) thi (I;.itemset, |-
.Ws) s& duoc chén vao L; (dong 10) va L; s& duoc chén tiép vao Taby (dong 11). Néu sé luong
céc n(t trong L; 16n hon 1 (dong 12), thi tiép tuc goi dé qui ham TOP-K-EXTEND véi bién la
L; dé sinh ra cac ung vién khac (dong 13). Néu cac tap con sinh ra ma trong s6 cua né nho
hon trong s cua tap cha va khong thoa diéu kién ngudng K, thi toan bo nat do sé& bi xda bo,
va khong tién hanh khai tao ham TOP-K-EXTEND dé sinh g vién nira.

Ta tién hanh st dung Bang 1, 2, 3, dé tién hanh tim kiém Top-rank-k céc tap duoc danh
trong véi ngudong k = 4.

Bwéc 1: Ta tién hanh tinh toan trong s6 hd tro cta cac tap co kich thudc 1a 1 va khoi
tao tap lorger- Ta €O Ws(A) = 0.69, ws(B) = 1, ws(C) = 0.63, ws(D) = 0.67, ws(E) = 0.86. Ta cod
tap
lorder = {{4, 1345,0.69), (B, 123456,1),(C, 2456,0.63),(D, 1356,0.67), (E, 12345,0.86)}

Buéc 2: Sau do ta tién hanh sap Xép lorger theo thir ty giam dan cuaa trong sé hd tro,
chdng ta co6

lorger = {(B, 123456,1)(E, 12345,0.86)(A4, 1345,0.69)(D, 1356,0.67){C, 2456,0.63)}.

Budéc 3: Khoi tao Taby, va cheén tat ca cac tap thoa diéu kién ngudng k = 4 (tap L) vao
trong Taby. Ta cd céc tap sau:

Bdang 3.1: Taby sau khi chén cac tdp cé kich thwéc la 1 théa k = 4

Rank FWI  Ws
1 {B} 1
2 {E} 0.86
3 {A} 0.69
4 {D} 0.67

Budc 4: Tién hanh khai tao 16p twong duong {}, véi cac tap c6 kich thuéc 1a 1 chira
trong tap L,

{
Bx123456 Ex12345 Ax1345 Dx1356
1 0.86 0.69 0.67

Hinh 3.1. WIT-tree véi cac tdp co kich thwoc 1a 1 trong Taby

Budc 5: Tién hanh khoi tao ra I6p twong duong méi dya trén 16p tuong dwong cii. Vi
du ta c6 B s& ndi véi E, ta cd BE véi t(BE) = 12345 va ws(BE) = 0.86, vi ws(BE) Ién hon
trong sé toi thiéu cua bac k thir 4, nén ta thém BC vao trong tap Lg. Ta tiép tuc tién hanh ghép
BA, véi t(BA) = 1345 va ws(BA) = 0.69 ciing thoa diéu kién ta chén tiép vao tap Lg. Tiép tuc
ghép céc tap véi nhau ta c6 tap Lg = {(BE, 12345,0.86),(BA, 1345,0.69),(BD, 1356,0.67)}.
Hinh 3.2

TAP CHI KHOA HOC CONG NGHE & THUC PHAM SO 09/2016 64



KHOA HOC CONG NGHE

¢

Bx123456 Ex12345 Ax1345 Dx1356
1 0.86 0.69 0.67

BEx12345 BAx1345 BDx1356
0.86 0.69 0.67

Hinh 3.2. Tdp Lg dwoc khei tao

Budc 6: Tién hanh chén Lg vao trong Taby, nhitng muc nao cé cling trong sé thi s&
duoc xép chung véi nhau.

Bdng 3.2: Taby sau khi chen cac tdp cé trong Lg théa minws

Rank FWI WS
1 {B} 1
2 {EXBE} 0.86
3 {AHBA} 0.69
4  {D}BD} 067
Bwéc 7: Sau khi tao ra tap Lg, bai vi s6 lugng cac ndt trong Lg nhiéu hon 1, nén ta tién
hanh goi dé qui ham TOP-K-EXTEND d¢ tién hanh tao ra cac nit con cua tap Lg. Ta ghép
BE voi BA ta cO t(BEA) = 1345, ws(BEA)= 0.69, ta thém tap BEA vao trong tap Lge =
{(BEA, 1345,0.69)} vi ws(BEA) khong nho hon bac k thir 4 trong Taby. Ghép BE véi BD ta
c6 t(BED) = 135, ws(BEA)= 0.53, ta xda bo tap ndy vi ws(BEA) nho hon bac k thap nhat
trong Taby

Buérc 8: Ta tiép tuc thuc hién qua trinh dé tim ra tap phd bién dugc danh trong sé thoa
diéu kién ngudng k = 4. Giai thuat s& dirng lai khi khéng thé tao ra duoc tap phd bién nao
nira. Ta cd Taby vdi ngudng k = 4 (Bang 3.3)

¢

Bx123456 Ex12345 Ax1345 Dx1356
1 0.86 0.69 0.67
BEx12345 BAx1345 BDx1356 EAx1345
0.86 0.69 0.67 0.69

BEAXx1345
0.69

Hinh 3.3. Cay WIT-tree hoan chinh mégi mic k = 4
Bdng 3.3: Taby voi muc k = 4

Rank FWI WS
1 {B} 1
2 {EX{BE} 0.86
3 {AH{BAHEAHBEA} 0.69
4 {D}{BD} 0.67
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4. KET QUA THUC NGHIEM
4.1. Méi trwong thuc nghiém
Thuc nghiém vé hiéu qua cua thuat toan khai thac Top-rank-k dua trén WIT-FWI duoc
tién hanh trén may tinh PC chay Windows 10 professional 64bit, RAM 8GB, Intel(R)
Core(TM) i5-5287U CPU @2.90GHz. Visual Csharp 2012.

4.2. Co sé dir liéu thuc nghiém

Co s¢ dir liéu duoc Iéy tu trang web: http://fimi.cs.helsinki.fi/data/. Cac bo dir liéu nay
da duoc stra d6i bang cach tao ra mot bang dé luu triv cac gid tri trong sb cua ting item (gia
trj trong khoang tir 1 dén 10) cho mdi mét co s dit lidu.

Bdng 4.1: Co so div liéu thec nghiém co chinh sira

CSDL #Trans #ltem Tinh trang
BMS-POS 515597 1656  Pa duoc sira doi
Connect 67557 130  Pa duoc sira doi
Chess 3196 76 b3 duoc stra doi
Mushroom 8124 120 Di duoc sira d6i

4.3. Thuc nghiém vé sé lwong tap

Két qua thuc nghiém duoc tién hanh khai thac trén cac co sé dit liéu chuan & Bang 4.1.
Bang 4.2 trinh bay sb lugng céc tap duoc danh trong sé tim thay (mg véi timg ngudng K,
ngudng k cang cao thi sé luong céc tap duoc tim thiy cang cao va khong tuan theo ti & nao
do s6 lugng céc tap co cling ws trén timg co so dir liéu 1a khéc nhau.
Bdng 4.2: Sé Iweng tdp dwec tim thdy khi khai thac

CSDL Top-rank-k  #WI

1 1
BMS-POS 3 3
5 5
10 10
Connect 15 15
20 20
10 10
Chess 20 20
30 30
30 57
Mushroom 40 105
50 121

4.4. Thuc nghiém vé thoi gian thuc thi

Thoi gian thuc thi dé tim kiém cac tap dugc danh trong sb thay doi tuy theo ting
ngudng k. D& nhan thiy ddi vai cac mic k cang cao thi thoi gian thyc thi cang dai.
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BMS - POS
_ 09 0,013
£ 09 »
£ 0.85 ~
=20 0.786
g °8 ‘/v/
8 0.75
£ o7
2o
0.65
1 2 3
Top-rank-k

Hinh 4.1. Biéu do théi gian khi khai thac Top-rank-k trén BMS-POS

Chess
50 43.115
=
5 40 /‘t
=.
< 30
= /
‘& 20 9728
£ 10 4"7/
=)
0
10 15 20
Top-rank-k

Hinh 4.2. Biéu do thei gian khi khai thac Top-rank-k trén Chess

Connect

o
@

o
(o]
D
n
»
a

Thdoi gian thue thi
=}
N

o
o N
S
e
N
X

10 20 30
Top-rank-k

Hinh 4.3. Biéu do thei gian khi khai thac Top-rank-k trén Connect

Mushroom
0.35 0.287
2 03 0:237
£. 025 /_4
< 02
5» 0.15 0115 o~
E 0.1
£ 005
0
10 15 20
Top-rank-k

Hinh 4.4. Biéu dé thoi gian khi khai thac Top-rank-k trén Mushroom
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Tur nhitng két qua thir nghiém ¢ trén, ta thy duoc thoi gian xa Iy WIT-TOP-K 4 ton
kha nhiéu thoi gian khi xt 1y cac co so dit liéu ¢ sé san pham qua Ién hoac mic ngudng k
I6n. Tuy nhién hé théng xir Iy kha nhanh va 6n ddi vai cac co so dir lidu c6 kich thudc vira va
nho ddi vai mirc ngudng thich hop vai timg co so dir ligu.

5. KET LUAN VA HUONG PHAT TRIEN
5.1. Két luan

Bai bao d nghién ciru thuat todn khai thac Top-rank-k tap duoc danh trong s trén co
s& dir liéu giao dich c6 trong sé dua trén cau tric WIT-tree.

Mot s6 dong gop cu thé nhu sau:

a) Nghién ctu ly thuyét vé cac k¥ thuat khai thac céc tap phd bién nhu cac phuong
phép Apriori, FP-tree, IT-tree

b) Nghién ciu ly thuyét vé co so dit liéu giao dich cé trong s, cac dinh nghia va 1y
thuyét lién quan.

c¢) Nghién ctu vé thuat toan khai thac Top-rank-k tap phé bién bang cach sir dung
Node-lists.

d) Pé xuat thuat toan khai thac Top-rank-k tap dugc danh trong sé dua trén cau tric
cay WIT-tree.

e) Cai dit thuc nghiém dé khao séat két qua cua thuat toan dé xuat: tién hanh khai thac
Top-rank-k trén cac co sd dir liéu chuan nhuw BMS-POS, Chess, Connect, Mushroom.

5.2. Hwong phat trién

Thuat toan dugc xay dung van con nhiing han ché, thoi gian xtr 1y dé tim ra cac Top-
rank-k tap duoc danh trong sé con kha cham khi thuc hién trén cac co sé di liéu 16n hoic cac
ngudng Top-rank-k lon.

Do d6, huéng phét trién tiép theo caa phuong phap nay 1a ap dung cac ly thuyét vé
Diffset,... dé tién hanh tinh nhanh cac trong sé hd tro va phat trién mot s chién thuat dé tia
bot cac nhanh du thira trén cdy dé thu hep khong gian tim kiém. Dua vao d6 dé khai thac
nhanh cac tap duoc danh trong sé gitp cho viéc khai thac Top-rank-k dwgc xir Iy nhanh hon.
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