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TOM TAT

Khai thac miu tuan ty dang duoc nghién ctru rong rdi do ching c6 nhiéu tmg dung rong rai
trong thuc tién Phén 16n cac nghién ctru trén khai thac dir liéu tuan tu tap trung vao khai thac tat ca
cic mAu tuan tu. Dleu nay s€ sinh ra cac két qua du thira, lam gia tang khong gian luu trr va thoi gian
thyc thi khong can thiét. Trong khi d6, khai thac mau tuan ty dong co thé giup duy tri s6 lugng miu
nhd hon ma van dam bao dugc nhiing thong tin day du khi trich xuat luat. Chinh vi vay cac thuat toan
khai thac mau tuan tu dong dugc ra doi. Cac thuat toan nay thong thuong sir dung chién lugc duy tri
va kiém tra mAu nén khong hiéu qua trén tap dir liéu tudn ty 16n. Nham giai quyét vin dé trén, bai bao
nay dé& xuit mot thut toan, voi tén goi CSPM- DBV (Closed Sequential Pattern Mining Based on
Dynamic Bit Vectors), nham khai thac hiéu qua mau tuan tu dong thong qua cau tric vector bit dong.
Thuét toan 4p dung nhiéu ky thuat nham giam khong gian luu trit va thoi gian thuc thi. Cac két qua
thyc nghiém cho thay raing CSPM-DBV hiéu qua hon thuat toan BIDE vé mit thoi gian thuc thi va bo
nhd su dung.

Tir khoa: Vector bit ddng, mau tuan tir, Chudi pho bién déng, vector bit.

1. Giéi thiéu

Khai thac mau tuan tu phd bién 1a van dé co ban trong kham phé tri thic va khai théc dir lidu
v6i nhiéu wng dung rong rdi. Nhu viéc phan tich hanh vi mua sim cua khach hang, cac mau truy cap
web, cac thi nghiém khoa hoc, diéu tri bénh, ngin ngira tham hoa thién nhién va sy hinh thanh protein,
v.v... Nhiéu nghién ctru da higu chinh thuét toan AprioriAll algorithm [1] cho viéc khai thac mau tuan
tu pho bién. Khong gidng nhu khai thac mau tuan ty phd bién tong quét, tim tit ca cAc mau tuan tu
phd bién c6 thé cd, khai thac mau tuan ty dong chua dugc nghién ciu rong rai. Mot sb thuat toan duoc
d@é xuat nhu 1a CloSpan [10], va BIDE [13] c6 hiéu sut tét trén mot s6 trudng hop. Tuy nhién, dbi voi
dir liéu tuan tu 16n hay ngudng phd bién thap thi van con nhiéu han ché. Mic du, BIDE c6 thé phat
hién mau dong va tia sém cac mau ung vién khong tiém ning thay vi dung co ché duy tri va kiém tra
mau trng vién.

Trong bai bao nay, ching tdi dé xuat thuat toan CSPM-DBYV, trong d6 sir dung cau tric dir liéu
nén va chia khdng gian tim kiém nham lam giam khong gian luu trit va thoi gian thuc thi cho viéc khai
thac mau phé bién dong. Thuat toan CSPM-DBV ké thira cach tiép can phét hién va tia sém ang vién
khong tiém ning cua BIDE théng qua cau trdc dir liéu méi gidp sém loai bo nhitng mau khong can
thiét. Phan con lai cta bai bao duoc thé hién cac noi dung voi bd cuc nhu sau: Muc 2 trinh bay cac
dinh nghia. Muc 3 tém tat cac cong trinh nghién ciu lién quan. Muc 4 va 5 trinh bay thuat toan d& xuat
va cac két qua thuc nghiém. Cudi cung, két luan va cac huéng nghién cuu tiép theo duoc thé hién
trong Muc 6.

2. DPinh nghia bai toan

Xét co sé dit lisu (CSDL) tuan tu voi mét tap cac su kién phan biét I = {i1, iy, 13,++,0n}, trong
do ij la mot hang muc (item) 1 < j < n. Vi dy, cac item c0 thé Ia sita, bia hay nudc ngot. Tap céc hang
muc khéng thr tu duogc goi 1a tdp cac muc (itemset). Moi itemset dugc dat trong cap ngoac tron, vi du
((ABC)). Nham don gian ky hiéu, d6i véi cac itemset chi c6 chira mot item thi cip dau ngodc c6 thé
loai bo, vi du itemset (B).

Mot day S = {s1, 52, 3,°**, Sm} 1a mot danh sach cac itemset, trong d6 s; (1 < j < m). Gid su ¢
1a s6 luong cac item trong mot ddy. Mot ddy co chiéu dai € duoc goi 1a £ — sequence. Vi du,
(AB(AE)CB) la day 6-sequence. Mot day S, = (aj,ap, -+, an) dugc chua trong mot day S, =
(by,by,+,b,) néu ton tai mot s6 nguyén 1<i; <i, <+ <i, <n sao cho a; = by, a, =
biz, ) @ = bym. Néu day S, duoc chira trong day S, thi S, duoc goi 1a ddy con (subsequence) cua
diy S, va S, duoc goi la diy cha cua S, ky hiéu 1a S, € S,. Mot CSDL tuan tu duoc ky hiéu la
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D = {s1,83,83,**,S|p|}, trong do6 |D| la s6 luong day trong D va s; (1 <i < |D|) la mét giao dich
theo dang <dat, sequence>, trong d6 thugc tinh <dat> dwoc ding dé mé ta théng tin cua s; tuong g
vai thdng tin giao dich theo thoi gian.

Bang 1: Vi du vé CSDL tuan ti D

Dat Chubi
1 (CAA(AC))
2 | (AB(ABC)B)
3 | (A(BC)ABC)
4 [ (AB(BO)A)
H& tro (support) caa mot ddy S, trong mot CSDL D duoc tinh 1a s6 lwong su xuat hién day con
S, trong céc giao dich cua D, dugc ky hiéu 1a sup®(S,). Hb tro cua day co thé duoc thé hién theo
dang ti I& phan trim (Suplz#
sequence thé hién day va support thé hién gia tri hd tro. Vi du, mot day (AB) vai hd tro 1a 3 thi duoc
thé hién la (AB):3.

Cho méot ngudng hd tro tdi thiéu minSup duoc xac dinh boi nguoi ding, mot ddy S, 1a ddy pho
bién (hay con goi la mau tuan ty phd bién) trén D néu sup®(S,) = minSup. Néu ddy S, 1a phd bién
va khong ton tai ddy cha thich hop S, cia S, véi cung hd tro thi S, duoc goi la ddy phd bién dong
(hay con goi 1a mau tuan ty phd bién dong), nghia 1a, khdng ton tai day S, sao cho S, € S, va
supP(S,) = sup®(S,). Bai toan khai thac day pho bién dong la ¢ ging tim mot tap hoan chinh cac
day phd bién dong cho mét tap dir lidu tuan tu D dau vao véi mot gia tri ngudng hd tro tdi thiéu
minSup cho trudc.

Vi du 1. Xét CSDL tuan ty D trong Bang 1. Dit li¢u c6 ba item phén biét | = {A, B, C} va bon
giao dich, nghia la, |D| = 4. Gia stir rang minSup = 2 (50% néu tinh theo ti I1¢ phan tram). Néu tat ca cac
ddy phé bién cua D duoc khai thac véi minSup duoc cho thi s& ¢6 32 day sau thu dugc gom: Spg =
{(A)4, (AAY:4, (AB):3, (AC):4, ((AC)):2, (AABY:2, (AAC):2, (A(AC)):2, (ABAY:3, (ABB):3,
(ABC):3, (A(BC)):3, (ACA):2, (ACB):2, (ABAB):2, (AB(BC)):2, (A(BC)A):2, (A(BC)B):2, (B:3),
(BAY:3, (BB):3, (BC):3, ((BC)):3, (BAB):2, (B(BC)):2, ((BC)A):2, ((BC)B):2, (C):4, (CA):3, (CB):2,
(CC):2,(CAC):2}.

Trong khi d6, néu khai thac day phd bién dong thi két qua thu dwoc gom: Spcs = {(AA)4,
(ACY:4, (AAC):2, (A(AC)):2, (ABA):3, (ABB):3, (ABC):3, (A(BC)):3, (ABAB):2, (AB(BC)):2,
(A(BC)A):2, (A(BC)B):2, (C):4, (CA):3, (CAC):2}, ma chi gdm 15 day chiém ti 1 46.88% so véi day
phd bién tong quét.

). HO tro cia mot ddy dugc ky hiéu sequence: support. Trong do,

RG rang, day pho bién dong Sgs thu dugc it hon nhiéu so voi ddy pho bién tong quét Sgs. Diéu
nay la do day con S, c6 cung ho trg nhu 1a ctua day cha S, sé bi loai trir boi S, ma khong anh huong
dén két qua khai thac. Ching han nhu, ddy phd bién ((BC)A):2 bi loai trir boi diy phd bién
(A(BC)A):2 bi vi (BC)A) € (A(BC)) va sup® (((BC)A)) = sup® ((A(BC)A)) = 2.

Pinh nghia 1 (day con cua mét day). Goi S 1a mét day tuan tu. sub; ;(S) (i < j) dugc dinh
nghia 13 diy con c0 chiéu dai (j-i +1) tir vi tri i dén vi tri j cua S. Vi du, sub, 5((BABC)) 1a (BAB) va
suby 4,((BABC)) la(C).

Pinh nghia 2 (Mo rong day tir ddy tuan tu 1-sequence). Goi o va B 1a hai day 1-sequence phd
bién, t,.p, VA tg.pp 1 cac giao dich va vi tri trong Ging cia chudi o va B. C6 thé ¢6 hai hinh thic mé
rong cua day (2.1) Mo rong dang Itemset: < (af) > {tg.pg}, néu (@ < B A(t, = tg) N (Pa = Dp)-
(2.2) Mé rong dang Sequence: < af > {tg.pg}, Néu (t, = tg) A (g < Pp)-

~ Dinh nghia 3 (mé rong day tir ddy tuan tu k-sequence). Goi o va B 1a hai ddy k-sequences phd
bicn (k>1), suby i (o) = u, va suby x (B) = v. tq.p, Va tg.pg la cac giao dich va vi tri trong tng cla
day o va B. C6 thé c6 hai hinh thuc mé rong ddy. (3.1) M& rong dang Itemset: a+;(v){tg.pg}, néu
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(U < V) A(tg =tg) A(Pa = pp)- (3.2) M6 rong dang Sequence: a+s(v){tg.pg}, néu (t, = tg) A
(Pa <DPp)-

Pinh nghia 4 Mot item e' c6 thé dugc thém vao ddy ma rong mot trong ba vi tri: (4.1) S’ =
5185 - Spe’ A (sup?(S") = supP(S)); (4.2) 3i(1<i<n) |S' =s5.5,s;e s, A(supP(S') =
supP(8)); va (4.3) S' = e's;s, - s, A (supP(S") = sup®(S)). Trong (4.1), item €' xuat hién sau s,
vi thé e' duoc goi 1a forward-extension va S' duoc goi 1a ddy forward-extension. Vi du, day (AC):4
duoc goi la dady forward-extension cua day (A):4 bai vi diy (C) duoc ma rong vao sau day (A) va hd
tro caa ching 1a 4. Trong (4.2) va (4.3), item €' xuat hién trudc s,,, vi thé item e' dugc goi 1a backward-
extension va S' dugc goi la day backward-extension. Vi du, ddy (CAC):2 la backward-extension cua
day (CC):2 bai vi (A) duoc mo rong & vi tri giira cua diy (CC) va hd tro cia ching 13 2.

Hé qua 1 (kiém tra tinh dong cua day). Néu ton tai mot ddy S, ma la forward-extension hay
backward-extension cua dady S,, do vay S, khong la ddy dong va S, c6 thé duoc loai trir mot cach an
toan boi day S,,.

Xét vi du 1, gia sir ring S, = (CC):2 va S, = (CAC):2 thi (CC):2 s& bi loai trir boi (CAC) boi vi
CC S CAC va sup® ((CC)) = sup?((CAC)) = 2.

Pinh nghia 5. Goi S = s;s,+-5,,. Vi tri bat dau cua ddy S l1a vi tri xuat hién dau tién cua
itemset s. Vi du, trong day (AB(ABC)CBY), vi tri bat dau cua ddy ((ABC)) la 3, va cua day (ABB) la 1.

Hé qua 2 (tia tién td). Xét tién t n-sequence S, = s;5, *+ 5, Néu ton tai mot item e trudc vi tri
bét dau cua tién tb S, trong mdi giao dich cta S, trong D, m& rong cho tién té S, c6 thé duoc bo qua
ma khéng anh huong dén két qua khai thac.

Chitng minh. Gia st rang ton tai mot item e trude tat ca cac vi tri bat dau trong cac giao dich c6
chia tién to S, sinh ra mot ddy méi S, = eS,. Diéu nay nghia 1a S, € S', vasup”(s’,) =
sup®(S,)). Do vay, ddy mé rong ciia tién to S, s& bi loai trir do ddy me rong cia tién té S',, (theo Hé
qua 1). Vi du, xét D trong Bang 1. Khong can mé rong cho tién té (B) bai vi ¢d ton tai mot ddy (A) ma
Xuit hién trudc (B) trong mdi giao dich ma cé chia tién t6 (B). Néu chiing ta mé rong cho tién t6 (B),
két qua thu duoc ciing s& bi loai trir do md rong cua tién td (A) da chira (B) va c6 cing hd tro.

3. Cac cong trinh nghién ciru lién quan

Khai thac day phd bién dugc dé xuit lan dau tién vao nam 1995 boi Agrawal va Srikant voi
thuat toan AprioriAll [1], thuat toan nay dua vao tinh chat Apriori. Sau d6, ciing chinh nhém tac gia
nay mo rong thém bai toan khai thac ddy mot cach tong quat hon véi thuat toan GSP [2]. Ké tir do,
nhiéu thuat toan khai thac day phé bién dugce dé xuat nham cai tién hiéu qua khai thac. Cac thuat toan
dung nhiéu céch tiép can khac nhau cho viéc to chirc di ligu va luu trit thong tin khai thac. CAc thuat
toan tiéu biéu gom c6 SPADE [3], Preflepan [4], SPAM [5], va LAPIN-SPAM [6]. Thuat toan
SPAM té chuc dir lidu theo dang bitmap doc va dung ciu trdc cay tir dién dé luu trix thong tin khai
thac. PrefixSpan thi dung phép chiéu co so dir liéu cho viéc ma rong day nham giam khong gian tim
kiém vai cach biéu dién dit liéu ngang. Thuat toan LAPIN-SPAM dung danh sach dé luu trix vi tri cudi
cling cuia Cac item va tap c&c vi tri bién cua tién t6 dé giam pham vi cia khong gian tim kiém.

Do khai thac toan b day phé bién s& ton tai nhitng day du thira, nén mot s6 tAc gia da dé xuat
khai théc day pho blen khong du thira nham giam yéu cau khong gian luu tri va thoi gian thuc thi cho
viéc khai thac luat tuan tu. M6t sb thuat todn khai thac tap itemset phd bién dong va day phé bién dong
nham giai quyét van dé du thira mau. Trong sé nay, co thé ké dén cac thuat toan nhu CHARM [7], and
CLOSET+ [8]. Phan Ién cac thuat toan vira liét ké déu duy tri mau khai thac dugce dé phuc vu cho viéc
kiém tra tinh dong ctia mau roi sau d6 méi loai trir néu khdng thoa yéu cau. Diéu nay doi héi nhiéu bo
nhé trong khai thac. Mic du, CLOSET+ dung c4u trdc hash-index hai mirc va cu tric cay cho viéc
luu trir itemset dé > giam bo nho va thoi gian thyc thi. Hay thuat toan CloSpan [9] sur dung phuong phéap
duy tri va test mau két hop véi cau trdc hash-index cho viéc luu trit chudi. Thuat toan nay tia mau
dung céc ky thuat nhu 14 CommomPrefix va Backward Sub-Pattern nham cai thién vin dé tim kiém.
Tuy nhién, chinh vi chua loai trir sém mau khéng tiém ning, viéc duy tri mau ng vién lam gia tang
b nhd sir dung, va khi s6 lwong mau ng vién 16n thi day 1a van dé chinh can phai dugc xem xét.
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Nham giai quyét cdc van dé nay, thuét toan BIDE [10] c6 su cai tién dang ké 1a khong luu vét
bat ky mau ng vién nao cho viéc kiém tra day dong moi dugc tao ra hay khong. Thay vao do, thuat
toan su dung ky thuat mé rong hai chiéu dé kiém tra mau pho bién dong hay khong tir mau wng vién
trugc khi tién hanh mé rong mau. Hon nita, thuat todn sir dung tién trinh xir Iy BackScan dé xac dinh
g vién co thé khdng can ma rong nham giam thoi gian va khdng gian khai thac. Thuat toan nay
dung k¥ thuat chiéu gia trén CSDL da giam dang ké khong gian luu trit va hiéu qua cho nhiing ngudng
hd tro thap. Tuy nhién, viéc chiéu va quét dir liéu chiéu nhiéu lan cho mdi tién té ciing anh huéng
khong nho dén hiéu qua trong qué trinh khai thac.

4. Dé xuit thuit toan

Trong phan nay, ching tbi trinh bay mot thuat toan dé& xuat, vai tén goi CSPM-DBV, st dung
cau trlic vector bit dong (Dynamic Bit Vector - DBV) két hop véi céc thdng tin vi tri cua giao dich
(CSPM-DBVPattern). Théng qua cac chién luoc kiém tra mau déng va tia sém tng vién khong tiém
nang gidp thuat todn CSPM-DBV thuc hién viéc khai thac day pho bién dong mot cach hiéu qua.

4.1. Ciu truc dir liéu DBV

CAu trac vector bit c6 thé duoc biéu dign cho céc itemset trong céc giao dich cua dit liéu chudi.
Bit *1° chi thi rang item xuét hién trong giao dich va bit 0’ chi thi trudong hop nguoc lai. Tuy nhién, s&
¢6 nhiéu bit 0’ ton tai trong vector bit nay trong qua trinh xt ly. Vi thé, n6 s& luu nhidu bit 0’ khong
can thiét 1am gia ting bd nhé va thoi gian xur ly. Do vay, dé giai quyét van dé nay, ciu trdc vector bit
dong (DBV) dugc sir dung [11]. Mdi DBV bao gom 2 phan: (1) Start bit: vi tri xuat hién dau tién cua
bit “1° va (2) Bit vector: chudi bit tir bit ‘1’ xuét hién diu tién dén bit <1” xuat hién cudi cung. Cau tric
DBV dugc luu trir theo dinh dang doc. HJ trg cua day c6 thé duoc tinh mot cach dé dang bang céch
dém s luong bit <1’ (Bang 2).

Bang 2: Chuyén doi D trong Bang I thanh dinh dang DBV

Item Dat Bit-vector Start bit Bit-vector Giatri
A 1,2,34] 1111 Chuyén ddi sang 1 1111 15
B 2,3,4 1110 DBV 2 111 7
C 1,2,3,4 1111 1 1111 15

4.2. Ciu truc dir liéu CSPM-DBVPattern

Cau tric CSPM-DBVPattern két hop cau tric DBV véi thé hién thong tin ddy. Mdi CSPM-
DBVPattern gom 2 phan: (1) Sequence: D&y tuan tu va (2) BlockInfo: DBV va danh sach vi tri xuét
hién ddy trong cac giao dich. Danh sach vi tri cia mdi giao dich dwoc thé hién theo dang
startPos: {list positions}. Trong d6, startPos I vi tri xuat hién dau tién cua day trong mdi giao dich va
list positions la danh sach céc vi tri twong (rng cua day.

Vi du 2. Xét D (Bang 1), chudi (A) tdn tai trong giao dich 1, 2, 3, va 4. Véi giao dich tha nhit,
day (A) xuét hién tai cac vi tri {2, 3, 4}. Va vi tri bat dau 1a 2, va vi thé 2: {2, 3, 4} duoc luu. Tuong
tu, day (A) xuat hién tai vi tri {1, 3}, vi tri bat dau la 1 nén s& luu 1:{1, 3}.

4.3. Thuat toan CSPM-DBV

Thuat toan CSPM-DBV gdm bén pha chinh: (1) chuyén doi CSDL tuan tw thanh cu tric
CSPM-DBVPattern, (2) kiém tra tinh dong cta ddy pho bién, (3) tia tién to, va (4) mo rong day.

Bang 3: Cac médun trong thudt toAn CSPM-DBV: (a) CSPM-DBV,
(b) DBV-Build-Pattern, and (c) DBV-Pattern-Extension

Method: CSPM-DBV (D, minSup)
Input: CSDL tudn tuy D va ngudng hd trg minSup
Output: Tap chudi phd bién déng: FCS

1. FCSy = {iciors—pBvratternli € I A sup(i) = minSup};

2. Sort (FCS;) increase order by item i;
3. 1listPrefix = Count (FCS;);
4

DBV-Build-Pattern (listPrefix, minSup, FCS;);
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5. return FCS;

(a) CloFS-DBV

Method: DBV-Build-Pattern (listPrefix, minSup, FCSicve1)

Input: Danh siach sé luong chudi véi cung tién tb listPrefix, minSup va
FCS

Output: FCS
6. 1i=1, newlist = J, newPattern = J;

7. For (each k in listPrefix) do

8. 3 =1 + k;

9. list;j = 1ist; to listy;

10. newPattern = DBV-Pattern-Extension (hstu, minSup, FCSiver,
newList)

11. i = J+1;

12. If (newPattern = )

13. return FCSicyers

14. FCSieve1+1 = FCSicve1 M newPattern;

15. DBV-Build-Pattern (newlList, minSup, FCSicveis+1) s

(b) DBV-Build-Pattern

Method: DBV-Pattern-Extension (listSeq, minSup, FCSj.ve1, listPrefix)
Input: Danh sach tién t6 listSeq, minSup, FCS va listPrefix

Output: Tap chudi phd bién déng newPattern

16. newPattern = J;

17. For (each S, in listSeq) do

18. d=0;

19. If (!Pruning a Prefix (S,, FCSicve1))

20. For (each a in listSeq) do

21. s = SExtension(S,, a);

22. If (sup(s)2minSupA!B-SExXt (S, FCSieve1) A!F-SExt (s, FCSicye1))
23. newPattern = newPattern N s;

24. d=d+1;

25. For (each b after S, in listSeq) do

26. s = IExtension(S,, b);

27. If (sup(s)2minSup )A!F _IExt (s, FCSieye1))

28. newPattern = newPattern N s;

29. d=d+1;

30. If (d>0)

31. listPrefix = listPrefix n d;

32. If (B-SExt (Sp, FCSieve1) VF-SExt (S,, FCSieve1) VE-SEXE (S,, FCSiever) )
33. Remove Sg;

34. return newPattern;

(c) DBV-Pattern-Extension

Bang 3 trinh bay thuat toan CSPM-DBV dugc dé xuat. Pau tién, thuat toan duyét CSDL D dé
tim céac ddy 1-sequence pho bién va luu trit chiing trong FCS; trong ciu tric CSPM-DBVPattern (dong
1). Sau d6, cac item trong FCS1 dwoc sip xép theo thir tw ting dan (dong 2) nham 1am giam cac budc
trong pha m¢é rong day. Tai dong 4, thuat toan thuc hién mé rong day cho cac day 2-sequence dua vao
cac itemset (tng vién trong FCSL1.

Mé rong day duoc thuc hién theo nhém céc wng vién véi cing tién té tai cling muc; cac sb
lwong tién t6 trong mdi nhom duogc luu trit trong listPrefix. Dau tién, listPrefix chua sé luong cac tng
vién trong FCS1 (dong 3). T dong 7 dén dong 11 dugc ding d&é mé rong day twong tng trong cling
nhom tién t6. Dong 17 dén dong 33 thé hién ma rong ddy trong hai hinh thirc: Mo rong sequence
(dong 21) va mo rong itemset (dong 26). Truge khi mo rong day, thuét toan tién hanh kiém tra va loai
trir som tién t ma khong cé kha ndng m¢ rong thanh day phd bién déng bang cach ding Hé qua 2
(dong 19). Néu day thu duoc la phd bién dong thong qua thyuc hién thao tac backward-extension va
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forward-extension (dong 22 va dong 27), chling ta s& luu trong newPattern. Sau khi ma rong cho tién
t6 hoan tat, s6 luong tién to trong listPrefix duoc cap nhét (dong 31). Qua trinh dwoc lap lai (dong 15)
cho dén khi khong con ddy pho bién dong nao dugc sinh ra (dong 13). Bé giam chi phi tinh toan,
ching t6i chi danh diu ddy khong phé bién dong va xéa chung sau khi hoan tit mé rong ¢ mirc ké
tiép.

Bang 4: Item (A), B), va (C) diroc chuyén doi thanh CSPM-DBVPattern

Sequence (A) (B) (&

Start bit 1 2 1

\Value 15 7 15

Index 4 3 2 1 4 3 2 4 3 2 1
Position 1:{1,4}1:{1,3} |1:{1,3}|2:{2,3,4}|2:{2,3}|2:{2,4}|2:{2,3,4}|3:{3}|2:{2,5}|3:{3}|1:{1,4}

Vi du 3. Trong vi du nay minh hoa truong hop me rong day cho thuat toan CSPM-DBV vei dix
liéu D trong Bang 1 va minSup = 2 (50%). Sau khi thuc hién dong 2 va 3 cac day pho bién 1-sequence
dugc luu trir, nghia 1a, FCS; = {(A): 4, (B): 3, (C): 4} (Bang 4).

Bang 5: Vi du mé rgng sequence cho tién to (A)véi (A) tqo thanh day (AA)

Sequence (AA)
Start bit 1
Value 15&15=15
Index 4 3 2 1
Position (A) 1:{1,4} 1:{1,3} [1:{13} 2:{2,3,4}
Position (A) 1:{1,4} 1:{1,3} 1:{1,3} 2:{2,3,4}
Position (AA) 1:{4} 1:{3} 1:{3} 2:{3,4}
Bang 6: Vi du mé réng itemset cho tién to (A)véi (B) tao thanh day ((AB))
Sequence ((AB))
Start bit 1
\Value 15&7=7
Index 4 3 2 1
Position ((A)) 1:{1,4}y 1:{1,3} 1:{1,3} 2:{2,3,4}
Position ((B)) 2:{2,3}y [2:{2,4} 2:{2,3,4}
Position ((AB)) 1) 0) 3:{3}

Trong vi du nay, tién té (A) khong la ddy phé bién dong sau khi xir Iy backward-extension, va
tién t6 (B) bj tia sau khi xtr ly kiém tra tién t. Thuat toan thuc hién mé rong day dé tao cac day phd
bién déng 2-sequence. Bt dau véi tién té (A), xtr ly md rong vai day (A), (B), va (C) trong hinh thtc
mé rong sequence (Bang 5) va mé rong itemset (Bang 6). Vi tri 3 va 4 cta itemset ((AB)) la rong, do
dé bit twong tng cho nhiing vi tri ndy duoc gan 1a ‘0’va itemset nay bi x6a (sup? (((AB))) = 1 <
minSup).

5. Két qua thyuc nghiém

Thyc nghiém duoc thuc hi¢n dé danh gia thuat toan dugc dé xuat. Tat ca cac thuat toan duoc cai
dat trén may tinh CPU Intel Core Duo 2.0-GHz véi bo nhé 4 GB chay hé diéu hanh Windows 8.1.
Thuat toan BIDE duoc st dung trong qua trinh so sanh. Céc dit liéu dugc dung trong thuc nghiém
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dugc phat sinh bai cdng cu sinh dir ligu tong hop boi IBM. Dinh nghia céc tham s6 ding dé sinh dit
liéu tong hop duoc mé ta trong Bang 7. Tap mau duogc sinh ra cua hai thuat todn hoan toan giong
nhau.

Bang 7: Cac tham sé duoc duing trong sinh diz liéu tir IBM

S luong trung binh itemset trén mai day

S lwong trung binh item trén mdi itemset

w H O

S6 lugng trung binh itemset trong day cuc dai

| | Sb lugng trung binh item trong day cuc dai

S6 luong item phan biét

D | S6 luong day

So sanh thoi gian thuc thi (duoc tinh theo don vi milli gidy) dugc thuc hién trén dir liéu
C6T5S414N1kD10k va T1014D100k. Hinh 1a thé hién thoi gian thyc thi cho gia tri minSup tir 6% dén
10%, va Hinh 1b thé hién thoi gian thuc thi cho gia tri minSup tir 3.5% dén 5.5%. Thoi gian thyc thi
cho cac hai thut ton tang voi cac gia tri minSup giam. Trong do, thuat toan CSPM-DBYV thuc hién
nhanh hon trong da sé cac trudng hop. Diéu nay c¢6 dugc la do CSPM-DBV sir dung cau tric DBV va
cac thao tac mo rong day hoan toan dya vao cac phép toan trén bit. Hon nira, CSPM-DBV &ap dung cac
chién lugc tia som va kiém tra mau ang vién phi hop trong qua trinh khai thac mau.

8,000 14,000
7,000 12,000
6,000
10,000
4 5,000 .
g & som
o 4,000 tu
= g 6000
& 3,000 =
2,000 4,000
1000 CloFS-DBY 2,000 CloF5-DBY
BIDE BIDE
0 0
10 9 8 7 6 55 5 45 4 35
minSup (%) minSup (%)
(a) C6T55414N1kD10k {b) T1014D100k

Hinh 1: So sanh thoi gian thyc thi cho nhiéu gia tri minSup khdc nhau déi véi cac CSDL
(a) C6T5S414N1kD10k va (b) T1014D100k

14 60
12 50
A =
g’ B g 0
Ein &n 30
2 5 =
5 ) 20
g 4 g
= -
3 CloFS-DBY 10 CoFSDBY
. BIDE . BIDE
10 9 8 7 & 5.5 5 4.5 4 35
minSup (%) minSup (%)
(a) C6TSS4I14N1kD10k {b) T1014D100k

Hinh 2: So sanh bg nhé sir dung cho nhiéu gia tri minSup khdc nhau doi véi CSDL
(a) C6T5S414N1KD10k va (b) T1014D100k

Két qua thé hién trong Hinh 2 cho thay b nh¢ str dung (dugc tinh theo don vi MB) cua hai

thudt toan vei cac gia tri minSup khac nhau. Mot cach tuong ty, voi gia tri minSup giam, so lugng cac
g vién duoc sinh ra sé gia ting cho nén doi hoi nhidu by nhé yéu cau ciing nhiéu hon trong ca hai
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thuat todn. Tuy nhién, thut toan CSPM-DBV yéu cau khong gian luu trit it hon nhiéu so véi thuat
toan BIDE do CSPM-DBYV dung cau truc di liéu nén.

6. Két luin va huéng nghién ciru tiép theo

Bai b4o nay trinh bay mot cach tiép can khai thac mau tuan tu dong trén CSDL tuan ty voi thuat
toan dugc dé xuat 1a CSPM-DBV. Thuat toan CSPM-DBV dugc chia thanh hai budc chinh: (1) Dit
liéu ban dau duoc chuyén ddi sang biéu dién dinh dang doc duoc goi 1a CSPM-DBVPattern, trong d6
mdi CSPM-DBVPattern luu trir vi tri cua cac day phd bién dong duéi dang cu tric DBV; (2) Cac day
phd bién dong dwoc kiém tra va phét sinh, tia sém céc tién té. Thuat toan CSPM-DBV chi duyét
CSDL mét lan duy nhat va tinh toan hd tro caa dy thong qua théng tin vector bit da duoc luu trit. Do
sir dung cau trac dit liéu nén va két hop cac chién lugc tia va kiém tra tinh dong cua ddy don gian,
thuat toan CSPM-DBV hiéu qua hon thuat toan BIDE vé mit bo nhé sir dung va thai gian thuc thi.

Bén canh nhitng diém manh, thuat toan CSPM-DBV ¢6 mét s gidi han can dugc phét trién va
ma& rong thém trong twong lai. Chang han nhu, cac vi tri xuat hién cua ddy can dugc biéu dién theo cau
tric DBV, thuc hién khai thac song song trén di liéu Ion phén tan, v.v... Hon nita, CSPM-DBV chi
méi tap trung khai thac theo tirng giao dich don. Do vay, van dé khai thac mau lién giao dich can quan
tam nghién ctru mo rong do bai toan nay cé nhiéu ing dung trong thyc té, nhét 1a trong linh vuc phan
tich hanh vi khéch hang.
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CSPM-DBV: MINING CLOSED SEQUENTIAL PATTERNS EFFICIENTLY BASED ON
DYNAMIC BIT VECTORS

Tran Minh Thait, Pham Duc Thanh?
@ @ Department of Information Technology, HUFLIT
minhthai@huflit.edu.vn, phamducthanh@huflit.edu.vn

Abstract: Frequent sequence mining is being extensively studied because they have broad
applications. Most studies on sequence data have focused on finding all possible frequent sequences.
97



This will produce redundant results, increasing unnecessary storage space and execution time.
Meanwhile, mining frequent closed sequences can help maintain a smaller number of patterns while
providing sufficient information when extracting rules. Therefore, the algorithms to mine frequent
closed sequences were proposed. These algorithms often use a candidate maintenance-and-test
paradigm that is not effective on large datasets. To overcome the above problem, this paper proposes
an algorithm, called CSPM-DBYV, to effectively mine the frequent closed sequences through dynamic
bit vector structure. Various methods are employed to reduce memory usage and run time.
Experimental results show that CSPM-DBV is more efficient than BIDE algorithm in terms of
execution time and memory usage.

Keywords: Dynamic bit vector, Sequential Pattern, Frequent closed sequence, Bit vector.
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