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TOM TAT— Khai th4c tap phd bién 1a bai toan quan trong trong khai thac diz liéu. Bd cé nhiéu phirong phdp khdc nhau dwoc dé
XUdt dé gidi quyét bai todn nay. Trong d6, cdu tric N-list diroe dé xudt boi Deng Véi viéc sir dung huwong tiép can lai giiza cay FP va
cay li¢t ké da dat dwoc hiéu qua dang khich 1é. Tuy nhién phuong phdp nay mdi chi khai thac trén co so dir ligu (CSDL) nh; phéan
truyén théng. Trong bai bao ndy, chling toi dé xuat mgt cau tric mé réng cua N-list [a WN-list (Weighted N-list) @é gidi quyét bai
toan khai thac tdp phé bién cé trong sé trén CSDL trong sé. Pau tién, mét sé dinh Iy dwoc phéat trién dé tinh todn dg phé bién trong
s6 cua itemset, Sau do thudt todan NFWI duwoC dé xudt trén co sé cde dinh Iy dé dé khai thac nhanh tdp phé bién c6 trong sé. CAc thir
nghi¢m trén nhiéu logi co s¢ dit ligu (thwa va day) cho thay phuong phap @é xudt hiéu qud hon S0 Vi C&c phirong phdp khai thdc
tdp phé bién c6 trong sé hién co, ddc biét 1a khi ngieang phé bién nhe.

Tir khda— Khai thac di liéu, khai thac tdp pha bién, tdp phé bién c6 trong s6, WN-list.
I. GIOI THIEU

Tir khi duge dé xuét boi Agrawal va cac déng‘ su [1], khai thac tap phd bién (FI) da tr¢ thanh mot chu ’dé nghién
clru quan trong trong linh vyc khai thac dir liéu. Nhicu phuong phéap khac nhau da duoc de xuat dé giai quyet bai toan
nay, gop phan nang cao hiéu qua khai thac Fl. Cac phuong phap hién c6 co6 thé dugc chia [am 4 nhdm chinh nhu sau:

e Cac phuong phap theo huéng tiép can Aprlorl Huéng tiép can Apriori [2] dic trung béi viéc sinh va kiém
tra cac (ng vién cap k+1 tir cc wng vién cap k thong qua viéc quét CSDL. Nhuoc diém cia phwong phap nay
la t6n thoi gian va bo nhé do phai quét CSDL nhiéu lan.

e Cac phwong phap theo hwéng tiép can sir dung cay FP (Frequent Pattern - tree): Pai dién la cac thuat
toan FP-Growth [3] va FP-Growth™* [4], tiép can theo hudng nén CSDL va khai thac FI trén cay FP [3]. Pau
tién phuong phap niy nén toan bd CSDL 1én cay FP, sau d6 duyét cdy dé khai thac tap pho bién. Uu diém cua
phuong phap nay I tiét kiém bo nhé do nén dugc CSDL trén cay FP, tuy nhién lai ton thoi gian duyét cay FP
dé khai thac FI, dic biét 1a khi s6 nat trén cay nhiéu.

e Cac phwong phap theo hwéng tiép can sir dung cay IT (Itemset Tid-set tree): Pai dién dién hinh 1a cac
thuat toan Eclat [5], dEclat [6] va DBV-FI [7], tiép can theo hudng khai thac FI trén cay IT [5], mot cau tric
luu trit co so dit lidu theo chiéu doc, trong d6 mdi item duoc biéu dién tuong tng véi mot Tid-set (set of
transaction 1D - |a tap tat ca cAc giao dich c6 chira item d6). Uu diém cta phuong phép loai nay 1a chi can quét
CSDL mét lan, ddng thoi tinh nhanh d6 phd bién théng qua xac dinh giao cua céc Tid-set. Tuy nhién phuong
phép loai ndy ton b nhé dé luu trix Tid-set, diéu nay dan dén thoi gian khai thac FI chwa duoc tdi vu.

e Céc phuong phip lai: Dai dién dién hinh I cac thuat toan PrePost [8], NSFI [9] va PrePost+ [10] tiép can
theo huéng nén CSDL trén cay PPC (Pre-Post Code) va tir do biéu didn CSDL va khai thac FI trén cau tric N-
list [8]. Phu'orng phép nay vua c6 uu diém ctia phuong phép theo ho cay FP - d6 1a kha nang nén CSDL trén
cay PPC, vira ¢6 ca uu diém cia phuong phéap theo ho cdy IT - d6 1a tinh nhanh d¢ pho bién dya vao giao cua
cac N-list. Do d6 cac phuong phép lai ghép nhu PrePost, NSFI hay PrePost+ da thé hién hiéu qua vuot troi
trong khai thac FI.

CSDL trong s6 (Weighted Database - WD) 1a loai CSDL c6 nhiéu trong cac ing dung thyc té va trong cc hé
thong thong minh. Khai thac tip phd bién co trong sb (Frequent Weighted Itemsets - FWI) trén WD da duge quan tam
tir rat som [11,12] va dugc quan tim nhiéu trong thoi gian gan day [13,14,15]. Trong do [14] dé xuat cay WIT
(Weighted Itemset Tid-set tree) 1a mot mo rong cua cay IT theo tlep can Eclat, nhung phuong phép nay kha ton thoi
gian do by nhd sir dung chua dugc tdi ru. Mot cai tién gan déy 1a cau trac IWS (Interval word segment) duoc dé xuat
boi [15], day 1a tiép can theo hudng Bit-vector bang viée cit bo cac doan byte 0 lién tiép trong biéu dién Tid-set cia
céc itemset trén Bit-vector dugc biéu dién dudi dang cac word (2 byte). Tuy nhién tiép can nay khong hidu qua trén cac
CSDL day.

Trong bai bao nay, ching toi dé xuét thuat toan NFWI duya trén cu trac WN-list, mot mé rong cua ciu tric N-
list, dé giai quyét bai toan khai thac FWI trén WD. Két qua thyc nghiém trén nhiéu loai CSDL cho thdy thuét toan
NFWI hiéu qua hon céc thudt toan khai thac FWI hién c6, dic biét thé hién 15 & cac ngudng phd bién nho.
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Phén con lai cua bai bao dugc trinh bay nhu sau: Phan 2 trinh bay vé cac nghién ctru lién quan. Phin 3 trinh bay
vé cAu trdc WN-list, cac khai niém, dinh nghia lién quan. Phan 4 s& dua ra thuat toan NFWI dé khai thac FWI trén
CSDL c¢6 trong sb. Phin 5 1a cac thir nghiém trén nhiéu loai CSDL khéc nhau dé danh gi4 hiéu qua cia thuat toan dé
xuét. Va cubi cung 1a két luan va hudng nghién ciru tvong lai dugc trinh bay trong phén 6.

Il. NGHIEN CUU LIEN QUAN

Pinh nghia 1. Mot CSDL trong s6 (WD) duoc dinh nghia 1a 1 b ba (T, I, W) trong do T = {5, t,, .., tn} la tip
cac giao dich, | = {iy, iy, .., In} 12 tAp cac item, W = {wy, Wy, ..., Wy} |a tip CAc trong sb cla céc item trong tép .

Vi du 1. Trong Bang 1 thé hién mét co so dit ,liéu co trong s6. Tap céac giao dich T = {ty, t,, t3, 14, t5, t} (Bang
1A). Tap cacitem | = {A, B, C, D, E, F }. Tap trong s6 cta cac item W ={0.8, 0.1, 0.5, 0.9, 0.2, 0.3} (Bang 1B).

Bang 1. Vi dy vé WD

A B
Transaction Database Item weight
ID Items Item Weight
1 A /B,DE A 0.8
2 B,E,F B 0.1
3 A B, F C 0.5
4 A B,CE D 0.9
5 A/ B,C D,E E 0.2
6 B,C,D,E F F 0.3
Pinh nghia 2. Trong s6 giao dich (tw) ciia mot giao dich t, dwoc dinh nghia nhu sau:
Z'-et wj
tw(ty) = Zhete (1)
|tk
Trong d6: - w;la trong sb ciia item i;
- |t/ 1a s6 lugng item xudt hién trong giao dich t;
Pinh nghia 3. D¢ hd trg trong sb (Ws) cia mot itemset X duge dinh nghia nhu sau:
Mo e tW(t
WS(X) — tret(X) ( k) (2)
ZtkeT tw(ty)

Trong do6: t(X) 1a tap cac giao dich c6 chira itemset X

Pinh nghia 4. Cho mét ngudng cho trude 1a minws. Mot itemset ¢6 ws théa man ngudng minws nay dugce goi
la FWI theo ngudng minws do6. Bai toan khai thac FWI tir WD 1a bai toan tim tat ca caic FWI thda man ngudng minws
cho trudce.

Bai toan khai thic FWI duoc dé xuat lan dau tién boi Ramkumar va ddng sy [11], trong nghién clru nay, céc
tac gia da dua ra mo hinh mé ta khai niém vé luat két hop c6 trong sd, trong d6 dé xuat thuat toan WIS dé khai thac
FWI. Tiép theo 1a nghién ctru ctia Tao va dong su [13] dua trén d¢ do tw duge tinh bang trung binh cong ciia trong s6
c4c item trong giao dich, va ws ctia mot itemset dugc xac dinh bang thuong giira tong cac tw ciia cac giao dich c6 chira
itemset d6 chia cho tong tw ctia tat ca giao dich. Theo cach tiép can nay thi gid tri Ws ciia itemset vira phan anh dugc
murc do xuét hién cua itemset trong céc giao dich, vira thé hién duoc muc do quan trong khac nhau cua cac giao dich,
ddng thoi thoa man tinh chit bao dong giam mot cach tw nhién. Tuy nhién, thuat toan do Tao va ddng su dé xuit dwa
vao viéc sinh (mg vién theo kiéu Apriori nén can doc CSDL nhiéu lan, ddn dén tén thoi gian xtr 1y. Sau d6, V6 va cac
ddng su [14] @& xuét cach thire luu trit trong sé trén cdy WIT, mot mé rong cia cay IT. Do chi phai doc CSDL mét 1an,
cung véi ap dung chién luoc Diffset dé khai thac FWI trén cay WIT, nén phuong phap nay t6 ra hiéu qua hon phuong
phép theo hudng tiép can Apriori trude do. Han ché cia phuong phap nay la ¢ cho t6n bo nhé dé huu trir Tid-set. Gan
day, Nguyen va cac ddng sy [15] ciing vdi tiép can Eclat di dé xuit mot cai tién dé giam bét bo nhd luu trir Tid-set
bang cau tric IWS. IWS loai bo cac doan word "0" (2 byte) ¢ trong biéu dién bit cta Tid-set dya trén tiép can Bit-
vector. Tuy nhién, thuét toan ndy chi c6 hiéu qua trén cac co s dir liéu thua, va khong hiéu qua trén cac CSDL day.

Cau triic N-list dugc dé xuat dau tién boi Deng va dong su [8] dé biéu dién CSDL truyén thong va khai thac FI
thong qua thuat todn Prepost véi hai bude nhu sau:

Budc 1, CSDL dugc loai bo cac item khong thoa ngudng va sip xép lai cac item trong timg giao dich theo ting
dan cua do phd bién. Tung giao dich da sip xép dugc doc va nén vao mot cau tric cdy PPC. Mai nit cua cay PPC 1a mot
bo gdm 5 gia tri (item-name, count, child-list, pre-order, post-order), trong d6 item-name va count 1 tén va sb lan cia
item dugc dang ky tai nut do, child-list la danh sach cac nat con, pre-order va post-order la thir tw cua cac nit khi duyét
cay PPC theo huéng trén- xuong-tral -sang Va trén- xuong phai-sang. Mot PP-code ciia mot nit N trén cay la mét bo 3 gia
tri (pre-order, post-order, count). Quan hé t6 tién ctia hai nat N; va N, c6 thé xac dinh thong qua viéc so sanh PP-code cua
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ching: N; 1a t6 tién cua N, néu va chi néu (Ny.pre-order < N,.pre-order) va (N.post-order>N,.post-order). Vi viy, cac
PP-code ctia cac NGt trén cy phan 4nh toan bd cau tric cia cdy PPC, tir d6 ciing phan 4nh toan bd CSDL.

Budce 2, N-list cta cac 1-itemset s& dwge khai tao, chinh la danh sach cac PP-code cua 1-itemset d6 trén cay
PPC. D6 phd bién cua 1-itemset chinh 1a téng céc gia tri count trong cac PP-code trong N-list ciia n6. N-list ciia mot k-
itemset dugc xac dinh béng cach giao cac N-list cta hai (k-1)-itemset twong Gng. Thut toan giao hai N-list c6 d6 phuc
tap O(m+n), trong d6 m va n la s6 phan tir ciia hai N-list twong (mg. P9 phd bién ctia mot k-itemset ciing dugc tinh
bang tong cac gia tri count trong cac PP-code trong N-list ciia nd. Danh sach N-list cta cdc 1-itemset duge sir dung dé
tao ra danh sach N-list ciia cac 2-itemset va ctr thé, theo cach d6 viéc khai thac FI duoc dién ra.

Trong bai bao nay, chiing toi a4p dung cau traic WN-list, mot mo rong cua ciu triic N-list, dé bicu dién va giai
quyet bai toan khai thac FWI trén WD.

I1l. CAU TRUC WN-LIST BIEU DIEN WD

Pinh nghia 5. (WN-Tree) Cay WN 1a mot céu tric bao gdm mot nut cha 1a "null” va cac nit con, trong d6 mdi
nat con 1a mét bo (item-name, child-list, pre, pos, weight):
- item-name la tén cua nat, chinh la tén cua item dai dién cho n(t.
- child-list la danh s&ch cac nat con cua nut hién tai.
- pre lathtr ty cua nat khi duyét cy tir trén xudng trai sang.
- pos la tha tu caa nat khi duyét cay tir trén xudng phai sang.
- weight la khéi luong cua nit, dwoc xac dinh théng qua tong tw cua cac giao dich di qua nat.
Duya vao Dinh nghia 4, Thuat toan 1 (Construction_ WN_Tree) xiy dung cdy WN dugc tién hanh nhu sau:

e Doc CSDL lan dau dé tinh tw cua cac giao dich, tong trong sb (sumtw) cua cac giao dich va ws cua cac 1-
itemset. Goi I, 13 tap cac 1-itemset c6 ws=minws, sip xép |, theo chiéu giam dan theo gia tri ws cua cac 1-
itemset.

e Doc CSDL lan hai va xay dung cdy WN bang céch sau:
= Khai tao nit cha “null” cho cdy WN
= V¢i mdi giao dich doc tir CSDL, loai bo cac item khong thudc I va sip xép cac item con lai theo thi ty

trong I;. Sau d6 doc lan lugt ting item trong giao dich va chen vao cay tir goc theo cach thuc sau: kiém
tra xem item co la mot trong cac ndt con cua ndt dang xét hay khong, neu co thi chuyen nit dang xét
sang nut con thi cong gié tri tw cua giao dich hién tai vao weight ctia nit con do, néu khong thi tao ra mot
nat con mei c6 weight nhan gia tri tw cua giao dich hién tai va ciing chuyén nit dang xét sang nit con
mai tao, va cir thuc hién nhu thé cho hét cac item c6 trong giao dich.
Vidu 2. V6i CSDL trong Bang 1 va ngudng minws =0.5 sau khi quét CSDL lan d?}u, ta c6 CSDL véi tung giao
dich dugc loai bo bét cac item c¢d ws nhé hon minws va dugc sap xép theo thir tu giam dan cua ws nhu trong Bang 2.
Sau khi &p dung Thuét toan 1, ta xay dung dugc cdy WN nhu trong Hinh 1.

Bing 2. CSDL trong Bang 1 véi ngudng minws=0.5 Null
A B 0,9)
Sorted transaction database I, | l,,t., |
Transaction Items tw Item | ws B
1 B,E,A D 0.50 B 1 = ——
2 B,E 0.20 E | 083 | &3 | .7
3 B, A 0.40 A | 075 W i
4 B,E,A,C__ | 040 D | 058 A A | Di0%
5 B,E,A, D, C| 050 C 0.54 P~ iy &
6 B,E,D,C 0.40 _:r} 11'_ l F3
Sum of tw values (sumtw) 2.40 T

Hinh 1. Cay WN cua CSDL trong Bang 2

Pinh nghia 6. (WN-code) Mot WN-code ciia mot nit trén cdy WN 1a mét bd ba gia tri (pre, pos, weight) cua
nat do.

Pinh Iy 1 [8]. Cho hai WN-code Cy(Xy, Y1, W1) V& Ca(Xz, Yo, W), C; 1a mét td tién ctia C, néu va chi néu x,<x,
Va y;>y,.

Dinh nghia 7. (WN-list cua mot item) Cho mot cdy WN, WN-list cia mot item la day c6 thir tw cac WN-code
cta cac nut dai dién cho item do trén cdy WN, trong d6 cac WN-code trong day dugc sdp xép tang dan theo gia tri pre
cua chung.
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_ Dinh nghia 8. (WN-list ciia mot k-itemset) Cho XA va XB la hai (k-1)-itemset c6 cung phin tién t6 1a X, trong
do A xép sau B theo thir tu trong l;. WL(XA) va WL(XB) Ia hai WN-list twong mg cua XA va XB. Ta c6 WL(XAB) la
WN-list cua k-itemset XAB duogc xac dinh nhu sau:

1. Vi mbi cap Ci(xi, i, i) EWL(XA) va Ci(x;, y;, ;) EWL(XB), néu C; 14 to tién ctia C; thi ta thém (x;, y;, W)
vao WL(XAB).
2. Duyét WL(XAB) va t6 hop cac WN-code c6 cing (pre, post) thanh mot WN-code méi ¢6 trong sé 1a tong
cua céc gia tri trong so6 trong c&c WN-code dang xét.
Duya vao Dinh nghia 8 ta dé dang xay dung dugc Thuat toan 2 (WL_Intersection) thuc hién phép giao giira
hai WN-list v6i @6 phirc tap tuyén tinh.
] Pinh ly 2. Cho X 1a m6t itemset vai WN-list cua X 128 WL(X) = {(x1, Y1, W1), (%2, V2, W), oy (X, Yy Wi) 3. DO
pho bién trong s6 cta X l1a ws(X) dugc tinh nhu sau:
n
i=1 Wi
Ztk €T tw(tk)
Chirng minh: Khong mit tinh téng quat, ta gia sir itemset X = AjA,...Ay, trong d6 A; dimg sau Aj,; theo thir ti
trong I;. Theo cach xac dinh WN-list trong dinh nghia 7, ta c6:

ws(X) = ©))

(a) Véi mdi WN-code Ci(xi, yi, Wi) EWL(X), ton tai mot ndt trén cdy WN c6 item-name = A, pre = X; V& pos =
y; tuong ung vai (X;, Yi)-

(b) w; 1a tong cac weight ctia cac nit c6 item-name = A, trong cdy con thudc cdy WN co6 gbc 1a Ay, trong (a).

Goi T; 1a tap cac giao dich chira X di qua cdy con c6 gdc 1a Ay(pre = x;, pos = Vi), luc d6 mdi T; s& twong g
véi mot WN-code (x;, yi, W) va theo (a) va (b) ta co:

Wi = Teper, w(t) ©
T(X) = UL, T, (d)
Theo cong thire (2), (c) va (d) ta cd:
_ Dterx) tw(tr) _ i=1 Ly er; tW(ty) _ Di=1 Wi
W) =S () T W) Seer (e

Pinh 1y 2 da dugc chiing minh.
IV. THUAT TOAN NFWI KHAI THAC FWI TREN WD

] Chung t6i sir dung cay liét ké (set-enumeration tree) [16] dé don gian hoa qua trinh duyét khai thac FWI. Cu
thé, vai CSDL vi du trong Béang 2, ta c6 cay liét ké nhu Hinh 2.

Hinh 2. Cay li¢t ké cua CSDL trong Bang 2

Van dung cac dinh nghia va dinh 1y da trinh bay ¢ phan trudc, ching toi d& xuét thuat toan NFWI dé khai thac
FWI trén WD nhu Hinh 3.

Thuat toan 3: Thuat toan NFWI

Input: CSDL c6 trong s6 WD va ngudng minws

Output: FWI, 12 tap tat ca cac tap phé bién c6 trong sb.

Method name: NFWI_Algorithm(WD, minws)

Call Construction_WN_Tree(WD, minws) to generate Tree and /1
Scan Tree to generate WN-lists of items in /1

Let FWiI

Call Find_FWI(l1, @)

return FWI

agbrwbdPE
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Procedure Find_FWI(L,Prex)

6. Prenext = Prek

7. fori=Lksize downto 2 do

8. Prenext— Li

9. Lnext=@

10. for j=i-1 downto 1 do

11. WL = WL_Intersection(WL;, WL))
12. if ws(WLj) =minws then

13. FWie {PrexU{L}u{L}}
14. InexteLi

15. if Lnext = @ then  Find_FWI(Lext, Prenext)
16. remove last item of Prenext

Hinh 3. Thuat toan NFWI

Thuét toan NFWI hoat dong nhu sau: dau tién xay dung cay WN va phat sinh WN-list cia cac 1-FWIL. Tiép d6
duyét theo cay li¢t ké va ap dung thuat toan giao hai WN-list dé xac dinh WN-list cua mot k-itemset tr WN-list cua hai
(k-1)-itemset twong trng. Trong qud trinh tinh todn WN-list, 4p dung dinh 1y 2 dé tim va cép nhét tip FWI.

Chi tiét cua thuat toan NFWI dugc thé hién & trong Thuat toan 3. Sau khi xay dung cdy WN va phat sinh tap
cac 1-FWI 1a Iy, thi goi ham Find_FWI(L, Prey) dé bat dau tién trinh xur 1y khai thac FWI. O day, Ly 1a tap cac item
cudi va Pre 1a tap cac tién t6 gibng nhau cia cac itemset thudc vé 16p hién tai. DONg 4 thé hién thoi diém go1 ham
Find_FWI lan dau tién, trong d6 L, = I, va Pre, = @. Dong 6, 8, 9, 14 va 16 1a noi khai bao va tinh toan cc bién méi 1a
Lnext VA Preney, cac bién nay duoc st dung lam tham sé dé goi ham dé quy cho 16p tim kiém tiép theo (Dong 15). O
dong 7-14, thuét toan thyc hién phép giao ciia moi cap WN-lists cua céc k-itemset ¢6 trong |y, sau d6 so sanh gia tri ws
ctia (k+1)-itemset thu duoc véi ngudng, va phu thudce vao két qua so sanh dé cap nhat tip FWI Va Lye, (DONG 13-14).

Vi du 3. Ching ta s€ minh hoa hoat dong cua thuét toan NFWI véi CSDL vi du ¢ trong Bang 2. Sau khi goi
ham Construction_WN_Tree ta thu dugc két qua la cdy WN nhu Hinh 1 véi tap |, = {B, E, A, D, C}, minws = 0.5,
sumtw = 2.4,

Tur cdy WN va |, ta sinh ra dugc WN-list cho cac 1-FWI nhu sau:
WL(C) = {(5, 0, 0.5), (6, 2, 0.4), (8, 4, 0.4)}

WL(D) ={(4, 1, 1), (7,5, 0.4)}

WL(A) ={(3,3,1.4),(9,7,0.4)}

WL(E) ={(2. 6, 2)}

WL(B) = {(1, 8, 2.4)}

Cép nhat cac 1-FWI vao tap FWI:

FWI = {B, E, A, D, C}

Duyét theo cac nhanh cua cdy liét k& (Hinh 2) tir trai qua phai, ta 1an luot khai thac FWI theo tién trinh nhu
sau:

Khoi dau voi L, = {B, E, A, D, C}, Pre; = 9,5, =@
¢ Di theo nhanh C: Pre, = {C}
WL(CD) = {(4, 1, 0.5), (7, 5, 0.4)}
WL(CA) = {(3, 3,0.5), (3, 3,0.4)} = {(3,3,0.9)}
WL(CE) = {(2, 6, 0.5), (2, 6, 0.4), (2, 6,0.4)} = {(2, 6, 1.3)}
WL(CB) = {(1, 8,0.5), (1, 8, 0.4), (1, 8, 0.4)} = {(, 8, 1.3)}

Do ws(CD) = (0.5+0.4)/2.4 = 0.9/2.4<minws = 0.5 nén CD khong phai 1a FWI. Tuong ty nhu vdy, CA ciing
khong phai la FWL.

Do ws(CE) = ws(CB) = ws(C) = 1.3/2.4 > 0.5 nén cap nhat FWI va L, = {E, B}:

FWI ={B, E, A, D, C, CE, CB} )
o Bai vi L, = {E, B} nén goi dé quy dén ham Find_FWI(L, = {E, B}, Pre, = {C}).

WL(CEB) = {(1, 8, 1.3)}
Bai vi ws(CEB) = 1.3/2.4 > 0.5 nén cap nhat FWI:
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FWI={B, E, A, D, C, CE, CB, CEB} ' ’
Thyc hién twong tu v&i cac nhanh D, A va E, ta nhan duoc két qua cudi cung nhu sau:
FWI ={B, E, A, D, C, CE, CB, CEB, DE, DB, DEB, AE, AB, AEB, EB}

V.THUC NGHIEM VA PANH GIA

Tat ca cac thir nghiém trong phan tiép theo déu dugc tién hanh trén cing mot hé théng CPU Intel Core i5 2.5
GHz, bd nhd Ram 8GBs, chay trén h¢ dieéu hanh Windows 7, stt dung ngdn ngir 1ap trinh Visual C# 2012.

Ching t6i thyc nghiém trén cac CSDL Accidents, Connect, Retail va BMS-POS, dugc download tir
http://fimi.cs.helsinki.fi/data/ va bién d6i bang cach thém bang luu trit trong sd cua cac item (ngau nhién trong khoang
1 d&n 10). Ching t6i so sanh thuat toan NFWI véi cac thudt toan khai thac FWI méi nhat 1a WIT-FWIs-Diff [14] va
IWS [15], trong d6 WIT-FWIs-Diff dugc danh gia hiéu qua trén cdc CSDL day, con IWS thi hiéu qua hon trén cac
CSDL thua.

Bang 3. Mot s6 thong s6 vé cac CSDL dung thir nghiém

CSDL Sé lwong S_(") lwgng b dai trung binhciaa | . o
items giao dich giao dich
IAccidents 468 340,183 33.8 Modified
Connect 130 67,557 43 Modified
Retail 16,470 88,162 10.3 Modified
BMS-POS 1,657 515,597 6.5 Modified

Do mirc d6 chénh léch vé thoi gian chay giira thudt toan xép cudi 1a qua 16n so vai hai thuét toan con lai, nén
khi dé chung trong mot hinh thi khong thé hién rd dugc sy chénh léch giira hai thuat toan xép thir nhat va thir hai. Vi
vay chiing t6i tich mdi hinh do thi so sanh vé mit thoi gian chay thanh hinh a va hinh b dé dé theo ddi va so sanh.
Trong d6, hinh a thé hién so sanh giita thuat toan xép thir nhi v6i thuat toan xép thir ba trong 3 thuét toan NFWI, WIT-
FWIs-Diff va IWS. Hinh b thé hién so sanh giita thuat toan xép thtr nhit v6i thuat toan xép thi hai.

WIT-FWIS-Diff  ——IWS ——NFWI WIT-FWIs-Diff
4000 250
200
= 3000 a % 150 b
ﬂg’ 2000 § 100
" 1000 50
| ——a—
0 = 0
60 50 40 30 25 20 60 50 40 30 25 20
minws(%) minws(%)
Hinh 4. So sanh thoi gian chay trén CSDL Accidents
WIT-FWIs-Diff —==g=WS —=NFWI WIT-FWIs-Diff
2500 80
2000 a __60 b
0 )
£ 1500 g 40
.§ 1000 =
500 20
0 —" 0 e i
98 94 90 8 80 75 98 94 90 8 8 75
minws(%) minws(%)

Hinh 5. So sanh thoi gian chay trén CSDL Connect
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WIT-FWIs-Diff ==@=IWS el NFW| e=@=|WS
150 80
40
£ £
0 > = 0
4 2 1 0.4 0.2 0.1 4 2 1 0.4 0.2 0.1
minws(%) minws(%)
Hinh 6. So sanh thai gian chay trén CSDL Retail
WIT-FWIs-Diff =@=IWS == NFWI| =¢=|WS
3000 800
= 2000 a z 600 b
£ g 40
i= 1000 = 200
0 O
08 04 02 008 004 002 08 04 02 008 004 002
minws(%) minws(%)

Hinh 7. So sanh thai gian chay trén CSDL BMS-POS

Hinh 4a-7a cho thy trén cdc CSDL day nhu Accidents va Connect thi thudt toan WIT-FWIs-Diff hiéu qua
hon IWS, nguoc lai trén cac CSDL thua nhu Retail va BMS-POS thi IWS hiéu qua hon WIT-FWIs-Diff. Hinh 4b-6b
cho thay thudt toan NFWI chay nhanh hon WIT-FWIs-Diff trén cac CSDL day, dong thoi ciing nhanh hon IWS trén
c4c CSDL thua. Nhu vay thuc nghiém cho thdy NFWI chay nhanh hon trén tat ca cac loai CSDL (day va thua), dic
biét khi ngudng cang nho thi NFWI cang chiém uu thé so véi WIT-FWIs-Diff va IWS.

Hinh 4b minh hoa trén CSDL day Accidents: v&i ngudng minws= 50% thi thoi gian chay cia NFWI 1a 15.1s
chim hon so v&i thoi gian chay cia WIT-FWIs-Diff 1a 10s, nhung khi ngudng minws =40% thi thoi gian cia NFWI 14
16.2s nhanh hon so véi thoi gian caa WIT-FWIs-Diff 1a 17s. Tiép nita khi ngudng minws = 30% thi thoi gian cia
NFWI chi 1a 17.4s so voi cuia WIT-FWIs-Diff la 45.5s. Trong budc nay, thoi gian cia NFWI tang 1.2s (tang 7.41%)
con thoi gian ctia WIT-FWIs-Diff tang téi 28.5s (tang 167.65%). Va véi nguong cang nho thi mie d6 chénh 1éch cang
tang lén nhiéu lan.

Hinh 6b minh hoa trén CSDL thua Retails: véi ngudng minws = 0.4% thoi gian chay cia NFWI 1a 1.9s, con
cua IWS Ia 5.5s. Khi nguong minws = 0.2% thi thoi gian cia NFWI 1a 2.8s (tdng 47.37%) con cta IWS 1a 22.6s (tang
310.91%). Tiép theo khi ngudng minws = 0.1% thi thoi gian cia NFWI 1a 3.6s (ting 28.57%) con cta IWS 1a 124.4s
(tang 450.44%). Va mirc d6 chénh léch d6 tiép tuc ting 1én khi ngudng cang nho.

Phan 16n chi phi trong NFWI déu ding dé xay dung cdy WN ban dau, con chi phi khi tinh giao WN-list phia
sau la nho, d6 chinh 1a 1i do giai thich cho viéc NFWI c6 thé chay chdm hon ¢ cac ngudng 16n, nhung khi ngudng cang
nho thi NFWI cang t6 ra hiéu qua hon so véi WIT-FWIs-Diff va IWS.

VI.KET LUAN VA HUONG PHAT TRIEN

Trong bai bao nay ching tdi da phat trién cu traic WN-list, mot mod rong ctia cau trac N-lists [8], de biéu dién
CSDL c6 trong sb. Tlr d6 ching t6i xay dung thuat toan NFWI dé khai thac nhanh tap pho bién c6 trong s6. Su hiéu
qué cua thuét toan NFWI thu duogc 1 nhd cac vu diém cia cdu traic WN-list thira ké tir cau truc N-list. Cac vu diém d6
la: kha niang nén dit lidu cao khién kich thudc WN-list nho, d& dang tinh d6 phd bién trong s thong qua quét WN-list
va thuat toan giao hai WN-list chi c6 d6 phirc tap tuyén tinh. Cac thyc nghiém trén nhiéu loai CSDL di cho thiy NFWI
hoat dong hi¢u qua hon cac thuét toan khai thac FWI hién cé.

Trong tuong lai, ching toi s& tap trung vao viéc 4p dung cau triic N-list trong mot s bai toan khai thac dit liéu
khac nhu khai thac tép pho bién tién ich cao hay khai thac tap pho bien trén CSDL tang trudng.
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A WEIGHTED N-LIST-BASED METHOD FOR MINING FREQUENT
WEIGHTED ITEMSETS

Bui Danh Huong, Vo Dinh Bay, Nguyen Duy Ham

ABSTRACT— Mining frequent itemsets plays an important role in data mining. There have been many different methods proposed
to solve this problem. In particular, the N-list structure proposed by Deng et al. (Deng, Wang, & Jiang, 2012) that use a hybrid
approach between the FP-tree and enumerate-tree achieved encouraging efficiency. However, this method operates only on binary
databases. In this paper, we proposed the WN-list (Weighted N-list) structure, an extension of the N-list structure, to solve the
problem of mining frequent weighted itemsets from weighted database. First, some theorems are developed to calculate the weight
support of an itemset, and then, an algorithm is built based on these theorems for fast mining frequent weighted itemsets.
Experimental results on a variety of databases (sparse and dense) show that the proposed method outperforms existing methods,
especially with the small threshold.



