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KHAI PHA HIEU QUA TAP MUC THUONG XUYEN
VOI TRONG SO THICH NGHI TREN DONG DU LIEU

Nguyén Hung Long, Nguyén Thi Thu Thiy
Khoa Hé théng Thong tin Kinh té, Truong Dai hoc Thuong mai

Tém tit. Bai bdo dé xudt thudt toan SWFI-miner cho bai toan khai pha tdp muc thudng
xuyén v6i trong s thich nghi trén dong di liéu. Trong bai bdo nay, chiing tdi xem xét lai
mo hinh khai pha tip muc thudng xuyén véi trong sb thich nghi trong co s& dit liéu tinh va
mo hinh khai phd tdp muc thudng xuyén véi trong sb trén dong dif liéu bang céch sit dung
mot do do méi dé tia cdy SAWFI-tree va cic cdy diéu kién hiéu qua hon, va md rong viéc
khai phd TMTX véi trong s6 thich nghi hon trén dong dit liéu. Qua phan tich va danh gia
cho thiy thuat toan SWFI-miner that su hiéu qua trong khai pha tip muc thudng xuyén véi
trong s6 thich nghi trén dong di liéu.

Tir khéa: Khai pha dit liéu, tip muc thudng xuyén, trong sd, trong sb thich nghi, dong
du ligu.

1. Mé dau

Trong nhitng nim gan day, khai pha dif liéu ngay cang trd nén cap thiét cling v6i su xuit hién
clia cdc ung dung mdi trong thuc tién. O d6 cac di lieu duge xu 1i khong con la di liéu tinh, ma
la cdc dit liéu dong, lién tuc va c6 thé coi nhu 1a v han (khong bi chin) [1,3,4,6,9-12,14,15]. Céc
dit liéu dén nhu vay tao thanh dong dit liéu (data stream). Mt sb ting dung trén thuc té sit dung
dong du li€u nhu: phan tich luu lugng mang (network traffic analysis), phéat hi€én xam nhap mang
(network intrusion detection), hay phan tich giao dich truc tuyén (on-line transaction analysis),. . .
C6 ba thach thiic trong khai pha dong dit liéu: Thit nhdt, d€ phat hién ra cac tip muc thudng xuyén
(TMTX) can phai tim kiém trén khong gian 12 mot hAm mii. Thit hai, dit liéu dugc cAp nhat lién
tuc va khong bi chin dan dén nhiing han ché cho khong gian nhé d€ st dung. Thif ba, can phai c6
thuat toan khai pha hiéu qua d€ xt 1i dif liéu cang nhanh cang t6t, dong thdi thuat todn chi dudc
phép quét dit liéu mot 1an trén dong dit lidu.

Gan day, trong [5], Chowdhury F. A. v cong su da dé cap dén van dé trong s6 thay ddi theo
thdi gian (trong s6 thich nghi) trong cd sé dit liéu (CSDL) tinh. Céc tdc gia cong trinh di dé xut
md hinh va thuat toan AWFPM (Adaptive Weighted Frequent Patterns Mining) khai pha TMTX
v6i trong sb thich nghi trén CSDL, theo nghia trong s6 clia cic muc c6 thé thay déi theo thdi gian,
tu 16 giao tac nay sang 16 giao tac khac cia CSDL. Tap muc dudc goi la thudng xuyén vdéi trong
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s6 thich nghi néu c6 téng do hé trg vdi trong s6 trong céc 16 16n hon ngudng da cho. AWFPM st
dung ciu tric ciy FP-tree (Frequency Pattern) d€ Iuu trit cdc thong tin nén cic giao tac ctia CSDL
1€n cdy. Viéc tia cdy dudgc thuc hién bﬁng cach st dung trong sd cuc dai toan cuc va trong s6 cuc
dai dia phuong. Trong d6, trong sb cuc dai toan cuc 1a trong s6 16n nhit ctia tit ca cac muc trong
CSDL khai pha, con trong sb cuc dai dia phuong 12 trong s6 16n nhat ctia cic muc trong mot CSDL
diéu kién. Tuy nhién, viéc st dung trong s6 cuc dai toan cuc va trong s6 cuc dai dia phuong dé tia
ciy chua that sy hiéu qua. Bdi vi, mdi 1an tinh cic trong s6 cuc dai nay phéi xét t6i toan bd cac
giao tac ctia CSDL can khai phd hay CSDL diéu kién.

Trong [13], Tsai P. S. M. da da dé xuit mot quy trinh méi cho viéc khai phd dong dit liéu
dugc goi 1a mo hinh ctlia s6 trudt vé6i trong sb (Weighted sliding window model). Md hinh nay cho
phép ngudi st dung 4n dinh s6 cira s6 cAn khai phd va kich thu6c ciia chiing. Tuy nhién, tit ca cic
muc trong 16 lai dudc gan cho cing mot trong s6. Tsai P. S. M. da dé xuit hai thut toan WSW
va WSW-Imp. Han ché ctia hai thuat toan WSW va WSW-Imp 1a xay dung theo kiéu Apriori [2],
& d6 st dung tinh bao déng xudng (downward closure property) cia TMTX: "Néu mot tap muc
la TMTX thi moi tp con clia n6 ciing 1a TMTX"). Nhu vy, cdc thuit todn phai quét CSDL rat
nhiéu 1an d€ sinh ra va tia cac tdp muc ting vién néu né chita bat ki mot tip con nao khong phai
la TMTX.

Trong bai bdo nay, chiing t6i xem xét lai mo6 hinh khai pha TMTX véi trong sb thich nghi
trong CSDL tinh ctia Chowdhury F. A. va cong su [5]. Chung tdi cling xem xét va phat trién mo
hinh khai phd TMTX véi trong sb trén dong dit liéu st dung cira sd trugt ctia Tsai P. S. M. [13]
theo nghia cic trong sb cia cac tip muc sé 1a thich nghi theo cic 16 trong dong dif liéu va dé xuét
thuat toan cai tién SWFI-miner. Thuit todn SWFI-miner c6 mot s6 déng goép sau: Thit nhdt, st
dung mot dd do mdi cho phép tia cdy SAWFI-tree va cic cdy diéu kién hiéu qua hon, & d6 chiing
toi chi tinh trong sb 16n nhit ctia cdc muc theo tiing 16 dudc xét. Thit hai, md rong viéc khai pha
TMTX véi trong s6 thich nghi (trong s6 thay ddi theo thoi gian) trén dong dif liéu hiéu qua hon,
nhiam ddp ting cac ting dung thuc tién.

2. Noi dung nghién ciru

2.1. M5 hinh bai to4n khai pha tip muc thuong xuyén véi trong sb thich nghi
trén dong du liéu

Sau day ching t6i dua trén cich tiép cin mo hinh khai pha TMTX vdi trong sb thich nghi
trén CSDL tinh ctia Chowdhury F. A. va cong su [5], va md hinh khai pha TMTX véi trong s6 trén
dong dif liéu ctia Tsai P. S. M. [13] d€ phat trién, dé xuét bai toan khai pha TMTX véi trong s6
thich nghi trén dong di liéu.

Cho I 1a tap cac muc, I = {iy, i, ...,7x } . MOt tdp muc con X C I, gdm k muc phan biét
dugc goi 1a mot k-tdp muc hay tap muc do dai k. DE don gian, thay vi viét {iq, iz, . .., 4, }doi khi
ta viét i1y . .. i,; chang han, tap muc {a, b, c}dugc viét ngin gon 1a abc. Mdi giao tac 1a mot bo
t = (TID, X) trong d6 TID la mot dinh danh va X 1a mot tap muc.

Mot dong dur li€u giao tic (CSDL giao tac) DS la mot day cac giao tic, DS =
{tih tio, s bimy - - - }, trong do ¢;;,71 =1,2,...;5 = 1,2,... la giao tac dén tai thoi diém thi i.

Mot 16 giao tac (hay mot 16) 1a tip cac giao tic nham phan 4nh thuc té quan 1i (tuy thudc
ngt canh) theo mot don vi thai gian (ngay, thang, quy, nam, ...).
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Mot ctia s6 W trén dong dit lidu giao tac dugc xem 12 mot tap cac 16 xét tai mot thoi diém.

Gia st tai thoi diém 7; (i = 1,2,...), clia s trugt W dugc chia thanh K 16 B;; (i =
1,2...;5 = 1,2,...,K) va mdi muc trong mdi 16 dudc gdn mot trong sb riéng biét, 1a sd thuc
khong am.

Dinh nghia 1. Do hd trg v6i trong sb thich nghi clia tap muc X 1a dai lugng AW supp(X),
xac dinh béi

K
AW supp(X) =Y T W(X, j) x F(X, ) @.1)
j=1
Trong d6 W (X, j) la trong s6 ctia X tai 16 thi 7 dugc tinh bi”lng trong ) trung binh cta cac
muc trong 16 thudc X, F(X,7) 1a tn sb xult hién ca X trong 16 thi j tai thoi diém T;.
Pinh nghia 2. Do hd trg véi trong s6 tdi thi€u trén dong dit liéu DS, tai thai diém T;, xdc
dinh béi:

K
& = minsupp X Z |Bij| x Wi; (2.2)
j=1
Trong d6 | B;;| 1a sb cdc giao tac va W;; trong s6 ctia 16 thi j tai thdi di€m T;, va minsupp
12 d6 ho trg tdi thiéu cho dong dit liéu DS.
Pinh nghia 3. Tap muc X dudc goi 1a tip muc thudng xuyén véi trong sb thich nghi trén
dong dit liéu DS néu do hé trg vé6i trong sb thich nghi ciia X khong nhé hon ngudng do hd trg véi
trong sb tdi thiéu &, nghia 1a:

AWsupp(X) > ¢ (2.3)

Khi d6 ta ciing néi tdp muc X thda &, trudng hgp ngudgce lai tip muc X khong thda €.
Dinh nghia 4. Khai phd TMTX vdi trong sb thich nghi trén dong dit liéu DS st dung md
hinh cira s6 trugt 12 tim tip AWFI chia tat cd cic TMTX véi trong s6, tiic 13 tim tap:

AWFI = {X /X C I, AWsupp(X) > ¢} (2.4)
Gia st Ty, ¢6 12 giao tic, 316 Byy, B1a, B13 Vi trong s clia cic muc tai c4c 16 trong Bang
2 va d6 hd trg tdi thiéu minsupp 1a 30%.
Tai thoi diém T :
D hd trg véi trong s6 t6i thidu trén dong dif liéu la:
Wi =0.6; Wia =0.7; Wiz = 0.6;
Nén ta dudgc:

K
¢ = minsupp x Y |Byj| x Wi; = 30% (0.6 x 4+ 0.7 x 34 0.6 x 5) = 2.25 .
j=1

Do hd trg véi trong sb thich nghi clia tip muc "e" 1a:
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Bing 1. Dong dit liéu tai thoi diém T,

Lo |TID| Giao tac
T Tl | ae
Crra g0 W T2 bed
(Biz- Bi1) By | T3 | abe
T4 | cd =
T5 | bede &
T6 | cde S
n By | T7 | bed E
T8 | de
T9 | be
B T10| ade
" IT11] bde -~
L T12| abcd \7

Bdng 2. Trong s6 cdc muc theo 16 tai thoi diém T,

Cic trong sb
Ld

a b c d e
Bis 0.5 0.8 0.7 0.7 0.3

B 0.9 0.7 0.7 0.8 0.4

Bn 0.8 0.7 0.6 0.5 0.4

AWsupp(e) = 0.3 x2+0.4 x 24+ 0.4 x 2 =2.2;

Vi AW supp(e) = 2.2 < & = 2.25, nén tap muc "e" khong 1a TMTX véi trong sb thich
nghi trén dong dit liéu, hay néi cach khac "e" khong thoa €.
Do hd trg véi trong sb thich nghi ctia tip muc "de" 1a:

AW supp(de) — 0.7—;—0.3 W1+ 0.8 —;— 0.4 ‘24 0.5—;—0.4 X 2 = 2.6:

Vi AW supp(de) = 2.6 > & = 2.25, nén tap muc "de" 1a TMTX vdi trong sb thich nghi
trén dong dit liéu, hay ndi cach khac "de" thda &.

Nhdn xét, qua vi du ta thly TMTX véi trong s thich nghi trén dong dif liéu dugc dinh
nghia nhu trén khong thda man tinh chit Apriori. Bdi 1€, "e" khong 1a TMTX véi trong s6 thich
nghi trén dong dit liéu nhung tap cha ctia né 1a "de" lai 1a TMTX véi trong sb thich nghi trén dong
di liéu.

Dé c6 dugc tinh chit Apriori, chiing t6i dua ra khdi niém TMTX véi trong s thich nghi
cuc dai va sé chi ra néu mot tap muc 1a TMTX véi trong s6 thi trudc hét ching phai 14 TMTX véi
trong sb thich nghi cuc dai.

Dinh nghia 5. Tai thoi diém T}, cho dong dii liéu DS gobm K 16 va X 1a mot tap muc. Khi
dé, sb do
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K
MAXAWsupp(X) =Y MAXW (j) x F(X, ) (2.5)
j=1

dugc goi 1a do hd trg véi trong s6 thich nghi cuc dai ciia X trén dong dit liu DS. Véi 1a
gid tri trong s6 16n nhét clia cdc muc trong X tai 16 thy 7.

Vi du: Xét dong dif lidu tai thoi diém 77 nhu Bang 1 va trong s ctia cdc muc theo 16 Bang
2. Tacéd, K =3,

MAXW(1) =08, MAXW(2)=0.9, MAXW (3) =0.8;

tan sd xuat hién ctia "bd" trong 16 1, 2 va 3 1an lugt 12 2, 1 va 2. Nén

MAXAWsupp(bd) = 0.8 x 2+ 0.9 x 1 4+ 0.8 x 2 =4.1;

Dinh nghia 6. Tai thoi diém T}, cho dong di liu DS gdm K 16 va X 1a mot tap muc. V6i
ngudng £ tinh bdi (2), X dudc goi 1a TMTX véi trong sb thich nghi cuc dai néu

MAXAWsupp(X) > ¢ (2.6)

Ménh dé 1. TMTX véi trong sd thich nghi cuc dai c6 tinh chit Apriori, nghia 1a néu X
12 mot TMTX véi trong sb thich nghi cuc dai thi moi tip con clia n6 ciing 12 TMTX véi trong s
thich nghi cuc dai trén dong dit liéu DS.

Chiing minh. Tai thdi diém T;. VY C X, tacé F(Y,j) > F(X,j),j =1,..., K.

Suy ra

K K
> MAXW(j) x F(Y, ) ZMAXW ) x F(X, 7).
j=1 j=1

Hay MAX AW supp(Y) > MAX AW supp(X).

Do d6, néu MAX AW supp(X) > ¢

Thi ta cing c6 MAX AW supp(Y') > &

Ménh dé 2. Tai thoi diém T}, cho dong dit liéu DS va X 1a mot tip muc. Néu X 1a TMTX
v6i trong s6 thich nghi thi X phai 1a TMTX vdi trong sd thich nghi cuc dai trén dong dit liéu D.S.

Chitng minh. Tai thoi diém 7;. VX C I,taluéncé MAXW (j) > W(X,j)Vj=1,.., K.

Do d6, néu i W(X,j) x F(X,j) > & thi ciing c6 f MAXW(j) x F(X,j) >¢&

j=1 Jj=1

Cac Ménh dé 1 va Ménh dé 2 trén day cho thiy cac TMTX véi trong s6 thich nghi cuc dai
c6 tinh chét Apriori va chiing 1a nhiing ting vién cho cic TMTX véi trong s thich nghi trén dong
dit liéu. Do d6, dé khai pha cac TMTX vdi trong s thich nghi trén dong dif liéu, trong thuit todn
SWFI-miner gém hai cong doan chinh:

Thit nhdt, tim tit ca cic TMTX véi trong sb thich nghi cuc dai trén dong dit liéu.

Thit hai, tit tip cac TMTX vdi trong sb thich nghi cuc dai, 4p dung (1) d€ x4c dinh tap cic
TMTX véi trong s6 thich nghi trén dong dit liéu.
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2.2. Khai pha tap muc thudng xuyén véi trong s thich nghi trén dong dit liéu
2.2.1. Xay dung chu triic ciy SAWFI-tree

St dung kiéu xdy dung ciu tric ciy FP-tree [7,8], SAWFI-tree bao gdm mot ciy va mot
bang dau muc. D€ xay dung chu triic cdy SAWFI-tree thuat todn chi cin quét toan bd dong dit liéu
mot 1an.

Cay SAWFI-tree

Gom mot niit gbe goi 1a nit "null" (ki hiéu 1a ) va mot tap cac ciy tién t6 1a cdc cay con ciia
nit gbc. Cac giao tac ctia mdi 16 trong CSDL sé 1an lugt dudc chén 1én ciy theo thif ty tir dién clia
cdc muc. Ngoai trit niit gbc, mbi niit clia SAWFI-tree ghi lai tén clia muc ma né dai dién, thong tin
vé tan s xuét hién cta nit trong mdi 16 trén dudng di tir gbc dén né va cic con trd trd dén niit cha,
niit con, nit ciing tén tiép theo trén ciy. Khi mot nit méi dudc tao ra trén ciy bdi viéc chén mot
giao tac tir 16 thif k cda clia s6 hién tai gom K 10, thi tai d6 mot danh sach gom K gid tri tan s6
trong K 16 sé dudc khdi tao véi gia tri bang 1 tai vi tri thii &, gid tri bang O tai tit ca cdc vi tri con
lai. Vi du, néu ctia s6 hién tai gdm 3 16 va “b” 1a mot niit xuét hién 1an dau tién trén ciy do chén
mot giao tac tu 16 thi hai, khi d6 céu tric cta nidt “b” sé 1a b:0,1,0.

Bdng ddu muc

Bang dau muc luu trit cac muc theo thi tu tir dién, thong tin vé trong s6, tan sb clia cic
muc va con trd trd dén niit ciing tén dau tién ciia SAWFI-tree. Hinh 1 biéu dién cdy SAWFI-tree va
bang dau muc (d€ don gian hinh ching to6i khong vé cic con trd). Ta c6 thé dé dang phét hién ra
cic giao tic ctia mbi 16 va tan sd xuét hién clia cac muc trong cac 16 ctia dong dif liéu. Chang han,
giao tic {b, ¢, d, e} xuét hién mot 1an & 16 thi ba (B13) va giao téc {b, ¢, d} xuét hién hai lan: mot
14n & 16 thit hai (B12) va mot 1an & 16 thi ba (Bi3) (ndm trén nhanh thy tu tit phai sang). Ta ciing
c6 sb dém hd trg clia cic muc trong ctia s khai pha 1an lugt 1a a:4, b:7, ¢:8, d:9 va e:6.

BANG PAU MUC (1

ID W F a:2,0.2 b:2,1.2 ¢:0.1.1] |d:0,1,0
a 0.5.09.08 4 1\
b 080707 7 b:1,0,1 | [d:1,0,0] |e:1,0,0] |e:1,1,2] [d:1,0,0 [d:0,1,1] [e:0.1.0
0.7.0.7.06 g ! l | J l
¢ 1,01 | |e:1,0,0 d:0,1.2] le:1,0,0] [e:0,1,0
d 0.7.0.8.05 9 I I
e 0.3.0404 6 d:1,0,0 ¢:0,0,1

Hinh 1 Cdy SAWFI-tree(d), cdy diéu kién cua "e"

2.2.2. Thuat toan khai pha SWFI-miner

Dudi day 1a mot s6 tinh chit quan trong ctia SAWFI-tree dudc ching toi sif dung trong qua
trinh khai pha TMTX véi trong sb thich nghi trén dong dit liéu theo kiéu FP-growth [7,8].

Tinh chdt 1. Cap cao nhét ctia cidy SAWFP-tree bang do dai clia giao tac dai nhat trén dong
dir liéu.
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Tinh chdt 2. Tong cic gid tri tan s6 trong cac 10 tai bat ki niit ndo trén cdy ciing 16n hon hoiic
bing tdng cac gid tri tAn sb tai cdc nit con clia nd.

Tinh chdt 3. Tin s xuit hién trong mdi 16 ctia mot muc trén cdy bang tdng cic tin sb tuong
Ung cua cac nut cung tén.

Tinh chdt 4. Phan bb tan sb trong cdc 16 ctia dudng di trén cdy chinh 1a phan bd tin s6 ctia
nit hau t6.

Tinh chdt 5. Cay diéu kién ctia muc cao nhit theo thi tu tir dién 13 cay rdng.

St dung céch tiép can FP-growth [7,8], thi tuc SWFI-miner khai pha TMTX véi trong s6
thich nghi trén dong dit li€u tir cdy SAWFP-tree nhu sau:
Algorithm SWFI-miner;
Input: (1) 7; 1a thoi diém can khai pha.
(2) Cay SAWFlI-tree.
(3) Bang trong s6 cic muc theo céc 16.
(4) minsupp - do hd trg t6i thicu.
Output: L - Tap cac TMTX véi trong sb thich nghi trén dong di lidu;

Method:

1. Tai thoi di€ém T;. Tinh d6 hd trg véi trong sb t6i thicu & theo (2);

2. L =0

3. T Bang dau muc, x4c dinh tp C; 12 tap cac 1-tdp muc dng vién thoa &;
4. L = C4;

5. For each (muc ¢ trong Bang diu muc, theo thit t tir dién tit dudi 1én) do
6. Begin

6.1. Tao ciy c6 diéu kién cho muc o tuong ting;
6.2. Thiét 1ap cdc tap dng vién;
6.3. Loai bé céc tip ting vién c6 sd dém hd tr¢ khong thoa &;
6.4. Nhép cac tap tng vién thoa & vao L;
6.5. X6a tat ca cac nit o da dugc xét trén ciy diéu kién;
7. End;
8. Tinh do hd trg thuc té cia tap tng vién theo (1). Theo (3), ta thu dudc L la tip cic
TMTX thoa £ trén dong dit liéu tai thoi diém T;.
9. Return L.
Vi du:
Cho dong dit liéu trong Bang 1, tai thoi diém T7,c6 12 giao tac, 310 Byy, B12, B13 v6i trong
s6 clia cac muc tai céc 16 trong Bang 2 va do hd trg t6i thiéu minsupp 1a 30%.
1. Tai thoi diém T}. Xay dung cdy SAWFI-tree, ta thu dugc ciy nhu Hinh 1.
2. Tinh d6 hd trg véi trong sb tdi thiéu &:
K

3.¢ = minsupp x Y. | Bjj| x W;; = 2.25;
j=1

4. Tt bang dAu muc, ta co:
MAXW(1) = 0.8 MAXW (2) = 0.9; MAXW (3) = 0.8;
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MAXAWsupp(a) =0.8 x 2+ 0.9 x 1 + 0.8 x 2 = 4.1; MAXAWsupp(b) = 5.7;
MAXAWsupp(c) = 6.6; MAXAWsupp(d) = 7.5; MAXAWsupp(e) = 5.0;

Tét ca cac muc don déu c6 gia tri M AX AW supp 16n hon € = 2.25, nén chiing khong bi
tia trén cdy va déu la nhiing ting vién don. Vay ta cé L = {a,b, c,d, e}.

5. Xay dung va khai phd cdc cdy diéu kién ctia cdc muc theo thi tu dudi 1én trong bang
dau muc.

a) Xdy dung va khai phd cdy diéu kién ciia "e".

CSDL diéu kién cia myc "e" gdm cac nhanh tién t6 {ad : 1,0,0;a : 0,0,1;bcd :
0,0,1;bd : 1,0,05cd : 0,1,0;d : 0,1,0}. Tir CSDL didu kién nay ta c6 cdy SAWFI-tree(e)
trong Hinh 2(a).

Vi CSDL diéu kién ctia "e" c6 diy di cdc muc ctia CSDL ban dau nén M AXW (1) = 0.8,
MAXW (2) = 0.9, MAXW (3) = 0.8. Tt bang dau myc ta c6 tan s6 xuét hién cing véi "e" clia
cac myc trong ting 16 1a < a :1,0,1;6:1,0,1;¢:0,1,1;d : 2,2,1 > .

D F

a 1.0.1
b | 101
c 011
d [ 221

0
|u:];0.] ||b:l,l0,l| m D 11;:1
L6 |

| 4:1.0.0 | [c:0.0.1 |[d:1.0.,0] [¢:0,1.0]

d:0,0,1

(a) Ciy SAWFI-tree xdy dung duge tir  (b) Ciy diéu kién cia “e”
CSDL dieu kién cua “e”

Hinh 2. Cdy SAWFI-tree, cdy dié¢u kién ciia "e"

St dung (5), ta tinh do hd trg véi trong sb6 thich nghi cuc dai cla cic muc la
(a:1.6;b:1.6;c:1.7;d:4.2). V6 & = 225 chi ¢6 muc "d" khong bi loai khoi céy
SAWFI-tree(e). Sau khi loai bd ciac muc khong théa &, chi giii lai muc "d" ta ¢ cdy diéu kién
ctia muc "e" 1a cdy Hinh 2(b).

Tir cay diéu kién nay cung v6i bang dau muc, dong thai st dung (5), ta thu dudc mot 2-tap
muc "de" ciing d6 hd trg véi trong sb thich nghi cuc dai (de : 4.2), thda £. Khai pha tiép ciy diéu
kién cta "de", thu dudc ciy rong. Vay ta co tap tng vién L = {a, b, c,d, e, de}.

b) Xdy dung va khai phd cdy diéu kién ciia "d".

CSDL diéu kién ctia muc "d" bao gdm cdc nhénh tién t6 {abc : 1,0,0;a : 1,0,0;bc :
0,1,2;b:1,0,0;c: 0,1,1}. T CSDL diéu kién nay ta c6 cdy SAWFI-tree(d) trong Hinh 3(a). Vi
CSDL diéu kién ctia "d" c6 cdc muc "a", "b" va "c¢" cia CSDL ban diu nén M AXW (1) = 0.8,
MAXW (2) = 0.9, MAXW (3) = 0.8. Tt bang dau myc ta c6 tan sd xuit hién ciing véi "d" clia
cdc muc trong tung 16 1a (a : 2,0,0;b:2,1,2;¢:1,2,3) .
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D F
a (200
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c (123
: ]
d?oo| ‘ 2| c:D.],]‘
|b 00\ ]LO.I.H\
=
(a) Cay SAWF I-tree xdy dung  (b) Ciy diéu kién (c) Cay diéu kién cua “cd”
dugce tr CSDL diéu kién cua “d” cua “d”

Hinh 3. Cdy SAWFI-tree(d), cdy diéu kién cua ''d" va "'cd"

St dung (5), ta tinh d6 hd trg v6i trong sb thich nghi cuc dai cia ciac muc la
(a:1.6;b:4.1;¢:5.0). V6i & = 2.25, muc "a" bi loai khdi cdy SAWFI-tree(d), ta thu dugc
cay diéu kién ctia muc "d" 1a cay Hinh 3(b). Tit ciy diéu kién nay, dong thdi sit dung (5), ta thu
dugc hai 2-tdp muc ting vién 1a "bd" va "cd". Tan sd xuit hién clia cc 2-tap muc trong tiing 16 1
(bd : 2,1,2;¢d : 1,2,3) va do hé trg véi trong sb thich nghi cuc dai tuong 1a (bd : 4.1;¢d : 5.0) .
Céc 2-tap muc nay théa . Vay ta ¢, L = {a, b, c, d, e, de, bd, cd}. Tiép tuc khai phé cay diéu kién
ctia "bd" 1a cdy rong va khai pha cay diéu kién ctia "cd" ta thu dudc cdy diéu kién la cay Hinh 3(c),
v6i mot 3-tap muc "bed” cling tan s6 xuét hién trong tiing 16 1a (bed : 1,1,2) va do hd trg véi trong
s6 thich nghi cuc dai 1a va (bed : 3.3) . Vay taco, L = {a,b, ¢, d, e,de, bd, cd, bed}.

c) Xdy dung va khai phd cdy diéu kién ciia "c".

CSDL diéu kién ctia muc "c¢" ¢6 cdc nhanh tién t6 {ab : 1,0,1;b : 1,1,2}. Tt CSDL diéu
kién ta c6 cdy SAWFI-tree(c) trong Hinh 4(a).

D
a |l
b[2.1

D F

i b [2.13

a:1,0,1 b:1,1,2
I |

b:1,0,1 |:‘, b:2.1.3

(a) Cay SAWFl-tree xdy dung  (b) Cay diéu kién
duoc tir CSDL diéu kién cua “¢” cua ¢’

Hinh 4. Cdy SAWFI-tree(c), cdy diéu kién ctia "'c"'

Vi CSDL diéu kién ctia "c¢" ¢6 cdc myc "a", "b" ctia CSDL ban dau nén MAXW( ) =0.8,
MAXW (2) = 0.9, MAXW (3) = 0.8; Tu bang dau myc ta c6 tan sd xuét hién cing véi "c"
clia cdc muc trong tiing 16 1a (@ : 1,0,1;b:2,1,3) . St dung (5), ta tinh do hd trg véi trong sd
thich nghi cuc dai ctia cdc muc 1a (a: 1.6;b:4.9). V6i & = 2.25, muc "a" bi loai khoi ciy
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SAWFlI-tree(c), ta thu dugc ciy diéu kién ctia muc "c" 1a cAy Hinh 4(b). Tit cdy diéu kién nay, dong
thdi stt dung (5), ta thu dugc mot 2-tap muc dng vién 1a "bc". Tan s6 xuit hién ctia mot 2-tap muc
trong tiing 16 12 (bc : 2,1, 3) va dd hd trg vdi trong sb thich nghi cuc dai 1a (b : 4.9) , thda £. Nén
L ={a,b,c,d,e,de,bd,cd,bed,bc}. Tiép tuc khai phé cdy diéu kién ctia "be" thu dudc cay rong.
Véy taco, L = {a,b,c,d, e,de,bd, cd, bed, be}.

d) Xdy dung va khai phd cdy diéu kién ciia "b".

CSDL diéu kién cta muc "b" c¢6 mot nhéanh tién t6 {a : 1,0,1}. Td CSDL diéu kién
ndy ta dugc cidy SAWFI-tree(b) chi c6 mot niit a:1,0,1 va tif bang dau muc ta c6 tan sd xuét
hién cling v6i "b" clia cdc muc trong tiing 16 1a (a: 1,0,1) va dd hd trg vé6i trong sb thich
nghi cuc dai cia muc "a" la (a:1.6), v6i & = 2.25, muc "a" bi loai khoi cdy. Viy ta cd,
L ={a,b,c,d,e,de,bd,cd,bed, be}.

e) Xdy dung va khai phd cdy diéu kién ciia "a".

Theo Tinh chit 5, ta thu dugc ciy rong.

6. Tinh d6 hd trg thuc té ctia céc tap dng vién theo (1), loai bé cic tap khong thoa &. Két
qua khai phd dong dit liéu tai thdi diém T thu dudc tap cic TMTX vdi trong sb thich nghi cling
v6i do ho tro:

77— { 8.a:2.6,b:5.2,¢c:5.2,d:4.0,de : 2.6, }

' 9.bd : 3.45,cd : 4.15,bcd : 2.8, be : 4.2510.

2.2.3. Thu tuc cap nhat cdy SAWFI-tree

Theo nhu da trinh bay trong muc 3.1, viéc t6 chiic luu trit dit liéu dong giao tic dudi dang
cAu triic cdy nhu SAWFI-tree cho phép ta c6 thé dé dang cip nhit thong tin (x6a céc giao tic trong
mot 16 cii nhét, bs sung cic giao tac cho mot 16 méi nhit), dap ting su bién ddi nhanh cta dong di
liéu tai nhitng thoi diém tiép theo.

D& x6a thong tin ca 16 cii nhét trén cdy SAWFI-tree, ta can thuc hién nhu sau:

Trong danh sich céc gid tri tan sb xuit hién ctia mdi niit, tai vi tri thi j (1 < j < K) bing
gid tri tan sb ctia vi tri thit j — 1 va thay gid tri tai vi tri thii nhét bang 0.

Tia tAt c4 nit ma tai d6 moi gid tri tn s6 déu bang 0.

Céc giao tac cua 16 méi dugce cheén 1én cay nhu thuong 1€ sau khi da xéa bo thong tin cda 16
cli nhit.

2.3. Mt s6 phan tich va danh gia

Thuit todn dé xuét da c6 nhiing vu diém sau:

Budc xay dung cdy SAWFI-tree chi cin duyét mot 1an trén toan bo dong dit lidu. Dic biét,
budc cap nhat ciy chi duyét mot 1an trén 16 mdi nhét d€ chén cic giao tac 1én cay.

Viéc xdy dung ciu triic cdy chi can duyét dong dif liéu mot 1an. Cay SAWFI-tree c6 ciu
tric giébng ciy FP-tree, do vdy dé dang xiy dung va xi li khai phd. Ban chit ciu triic clia ciy
SAWFI-tree(x) 1a két qua ctia phép chiéu ctia cdy SAWFI-tree cho tiing muc dit liéu . Nhu vay,
v6i cach 1am nay da "chia d€ tri" bai todn 16n thanh nhiéu bai toan nhd don gian hon vdéi cac xt 1i
tuong tu.

Dé thdy, chi phi chén mot giao tac T' 1én cay 1a O(|T N C|), véi C la tdp muc c6 kha ning
1a TMTX véi trong sb cuc dai.

154



Khai phd hiéu qud tdp muc thuong xuyén véi trong sé thich nghi trén dong dit liéu

Khong ké nit gbc, chiéu cao ctia cdy SAWFI-tree c¢6 can trén 1a (V6i N = |I| 1a sb cic
muc trong dong di liéu). Vi thong thudng mdi giao tic dugc cheén Ién cdy tuong tng véi mot
nhanh trén cdy, cic giao tic c6 phan tién t6 giébng nhau c6 dudng di chung trén cy, do vy chiéu
cao ctia cdy bang sd muc c6 do dai 16n nhat ma 1a TMTX véi trong sb thich nghi cuc dai, tic 1a
Mazx {|TNC|} < N.

TeDS
> ITNC| < N x M Khong ké niit gbe, kich thudc (sd nit) clia cdy c6 can trén la
TeDS
> ITNC|< N x M véi M = |DS|1a s giao tic ctia dong di liéu. Li do 1a: (1) Trudng hgp
TeDS
t6t nhat, tat ca gp\g az {|IT N C|} < Ncéc giao tic déu c6 chung mot myc (nghia 1a tit ca cdc giao
tac trong dong dif liéu déu 1a tip con clia giao tic c6 dd dai 16n nhét), khi d6 cdy SAWFI-tree chi
c6 duy nhat mot nhanh, sb nit clia cdy bang sé nit clia nhanh d6. (2) Trudng hop xiu nhét, mbi
giao tac khong chia chung mot tip muc nao, khi d6 s6 niit t6i da clia clia cdy bang tdng s6 muc
xuét hién trong céc giao téc.

Ciing vi cédc giao tdc thudng chia sé véi nhau mot sd nit trén ciy, nén kich thudc ciy
SAWFI-tree thutng nhd hon kich thude ciia dong dit liéu. Dong dit liéu cang day thi kich thudc
cdy SAWFlI-tree cang nhod. Pong thoi, cic cdy SAWFI-tree(x) ciing c6 kich thudc khdng 16n hon
kich thudc cady SAWFI-tree.

Cay SAWFlI-tree dudc xdy dung c6 cu tric gidng ciy FP-tree [7,8], nén viéc khai pha
TMTX véi trong s6 thich nghi cuc dai, trong sb thich nghi trén dong dit liéu kha thi va hiéu qua.

Thuat toan AWFI-miner dudc phat trién dua trén phuong phdp khai phd cta thuat todn
FP-growth [7,8] nén chéc chin dam bao tinh diing va hiéu qua.

3. Kétluan

Bai bdo da dé xuat mot do do do méi (d6 hd trg véi trong sd thich nghi cuc dai) bsi (5) cho
phép tia cdy SAWFI-tree va cic cdy diéu kién hiéu qua hon trong d& xuat bdi bdi Chowdhudy F. A.
va cong su [5]. Bai bdo cling md rong viéc khai phd TMTX vdi trong sb thich nghi cho dong dit
liéu. Trong [13], Tsai P. S. M. dé xuét gan trong sb cho tling 16 (c6 nghia tit ci cac cdc tAp muc
trong cdc giao tac ctia 16 déu gin trong sd nhu nhau), thi trong d& xuit cta chiing t6i m&i muc
trong mbi 16 déu dudc gan mot trong s6 khic nhau, va trong sb ctia tip muc dugc tinh I3 trung binh
cdc trong sd tham gia trong tip muc do.

Véi nhitng phan tich, ddnh gia trén diy c6 thé néi rang thuat toan SWFI-miner 12 mot thuat
toan hiéu qua dé khai pha TMTX véi trong s6 thich nghi trén dong dit liéu.
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ABSTRACT

Eficient Mining frequent itemsets with adaptive weights over data streams

The SWFI-miner algorithm has been proposed for mining the frequent index itemsets with

adaptive weights over data streams. In this paper, we have proposed a new measurement unit to
prune the SAWFI-tree and conditional trees. We also expand the algorithm from mining frequent
itemsets with adaptive weights in a static database to the one over data streams. These are based
on the models derived from Chowdhury F. A. et al. [5] and Tsai P. S. M. [13]. By analysis and
evaluation of samples, the proposed algorithm of the SWFI-miner shows better performance in
mining frequent itemsets with adaptive weights over data streams.
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