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muc théa nguwdng phd bién t6i thiéu va khong dung lai cho ldn khai
thdc tiép theo. P& khdc phuc vdn dé nay, chiing téi dé xudt mét cdch
tiép cdn méi dé tim tdp phd bién déng trén dir liéu giao dich diing
cdu triic div lidu lwu trie dang bit va tdp chi muc chira tdp muc déng
xudt hién dé chiéu tinh nhanh tdp phd bién dong. Sau ctng, chiing toi
trinh bay két qud thwc nghiém, cho thdy thudt todn dé xudt tét hon

so v&i cdc thudt todn hién hanh.
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Association rule mining
researched techniques of Data Mining. Mining closed frequent itemsets is
one of the most fundamental problems in association rule mining. Most of
algorithms in literature used to find frequent itemsets on search space
items, which have a support greater than minsup and not reuse for mining
next time. To overcome this problem, we propose a new approach to fast
dectect closed frequent itemsets using data structure on bit and array co-
occurrence itemset of kernel item for fast mining closed frequent itemsets.
Finally, the result showed the proposed algorithm which was better than
the existing algorithms.

ABSTRACT

is one of the most important and well-

1. Gidi thiéu

Khai thac luit két hop la mot ky thuét
quan trong trong linh vuc khai thac div liéu.
Muc tiéu khai thac 1a phat hién nhirng moi
quan hé gitra cac gia tri dit liéu trong co s&
dir liéu (CSDL). M6 hinh dau tién cta bai toan
khai thac luit két hop la mé hinh nhi phéin
hay con goi la m6 hinh co ban (Agrawal, R, &
Imilienski, T., & Swami, A.,, 1993), phan tich
co s dir liéu giao dich, phat hién cac méi
quan hé giitra cac tdp muc hang hoa da ban
dwoc tai cac siéu thi. Ttr d6 c6 ké hoach b6 tri,
sap xép, kinh doanh hop ly, dong thoi t6 chirc
sdp x&p cac quiy gan nhau nhw thé nao dé co
doanh thu cao trong cac phién giao dich tiép

theo. Ngoai ra, c6 thé ap dung tri thirc nay dé
du doan sé lwong cac mat hang dwoc ban
chay trong thoi gian sap toi. Tong hop cac tri
thirc nay dé 1én ké hoach cho hoat dong, san
xudt, kinh doanh mot cach thuin tién hon
nham gidm bot thoi gian thong ké, tim hiéu
thi trwong,...

Cac thuat toan dwoc dé xuit dé khai thac
luat két hop chia thanh 2 giai doan (Agrawal,
R, & Imilienski, T., & Swami, A, 1993;
Agrawal, R, & Srikant, R., 1994):

Giai doan 1: Tim tat ca cac tip pho bién
(FI) tir CSDL nghia la tim tt ca cac tdp muc X
c6 tin s6 xudt hién 16n hon hodc bang
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nguwdng phd bién t6i thiéu. Pay la giai doan
ton kha nhiéu thoi gian xtr ly.

Giai doan 2: Sinh cac luat tin ciy két
hop tir cac tip pho bién tim thiy & giai
doan thir nhat. Giai doan nay twong do6i don
gian va ton kém it thoi gian hon so véi giai
doan trén.

Trong thuc té, giai doan th®r nhat
chiém hau hét thoi gian cho toan qua trinh
khai thac luat két hgp. Nham cai tién vé mat
thoi gian, dé xuit thay thé tap FI bang tip
nhé hon, goi 1a tip hop cac tip pho bién
déng (CFI), tap CFI van day du thong tin
cho giai doan thi hai.

Mot s6 thuat todn khai thac tip pho bién
déng CFI da dwoc cac tac gia trén thé gioi dé
xuit: Charm (Zaki, M. ], & Hsiao, C., 2002),
CLOSET+ (Wang, ., & Han, J., & Pei, ]., 2003)
va gan day la thuit toan DBV-Miner (Vo, B, &
Hong, T. P, & Le, B, 2012). Cac thuat toan
trén, moi l1an khai thac tip phd bién déng chi
xem xét cdc muc hang théa nguwdng phé bién
t6i thiéu minsup. Cac thuét toan nay chwa dap
trng thuece t€, khi can khai thac luat két hop thi
nguoi dung cé thé yéu ciu thuc hién khai
thac luat két hop thoéa ngwdng minsup va
minconf trong nhiéu chudi thao tac lién tiép
nhau. Vi vy, tic gid dé xuit thuit toan khai
thac hiéu qua tip phé bién dong COOC-CFI,
gbm cac thuit todn con nhw sau:

- Xay dwng mang Index_COOC géom tip
muc dong xudt hién cta tirng muc hang;

- Thu4t toan khai thac hiéu qua tip phé
bién dong COOC-CFI dwa trén mang
Index_COOC chira cac tip muc dong xuit hién.

Trong phan 2, bai bdo trinh bay cic van
dé lién quan vé tip phé bién dong va ciu truc
lwu trir div liéu giao dich. Phan 3, xay dung
thuat toan xac dinh mang chira tip muc dong
xudt hién ctia tirng muc hang va thuit toan

hiéu qua khai thac tip phé bién dong. Két qua
thuwc nghiém dwoc trinh bay trong phan 4 va
két ludn & phan 5.

2. Cacvan dé lién quan
2.1 Mét s6 khdi niém co’ ban

Cho I = {I, I;.., In} la tdp gobm m thudc
tinh riéng biét, moi thudc tinh goi 1a item. Tap
muc X </ goi la itemset, tdp muc c6 k muc goi
la k-itemset. D la dir liéu giao dich, gdbm n ban
ghi phan biét goi la tap cac giao dich T = {T,
Ts..., T}, mdi giao dich
T ={|kl,|k2 ,...,ij },ij el(1l< kj <m).

Pinh nghia 1: D6 phd bién (support) cia
itemset X < I, ky hiéu sup(X), 1a s6 cac giao
dich trong D c6 chira X.

Pinh nghia 2: Cho X < [, X goi la itemset
phd bién néu sup(X) = minsup, trong dé
minsup 1a @6 phd bién t6i thiéu. Ky hiéu FI la
tap hop cac tip muc phd bién.

Pinh nghia 3: Cho X < [, X dwoc goi la
itemset phd bién déng néu X 1a tip muc phéd
bién va khéng c6 tip cha cung dé phé bién.
Tép cac itemset pho bién dong goi 1a tip hop
cac tap muc phé bién dong, ky hiéu 1a CFL.

Dt liéu giao dich D

Ma giao dich Tap item
T1 A C E F
T2 A C G
T3 E H
T4 A C D F G
T5 A C E G
T6 E
T7 A B C E
T8 A C D
T9 A B C E G
T10 A C E F G

Vi du 1: Cho dit liéu giao dich D nhw
trong Bdng 1, c6 8 item riéng biét I = {4, B, C,
D, E, E G, H} va 10 giao dich T = {T1, T2, T3,
T4, T5, T6, T7,T8, T9, T10} phan biét.
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Tap FI, CFI v&i minsup = 3 va minsup = 5 trén dit liéu giao dich D

Kk Tap pho bién | Tap pho bién FI | Tap phé bién
T Tap pho bién FI (minsup=3) déng (minsup=5) déng
CFI (minsup=3) CFI (minsup=5)
1 F,G E A C E G EAC E
2 FA, FC, EG, GA, GC, EA, EC, AC |AC GA, GC, EA,EC, AC |AC
3 FAC, GEA, GEC, GAC, EAC FAC, GAC, EAC |GAC, EAC GAC, EAC
4 GEAC GEAC

Trong Bdng 2, cho thiy tip pho bién FI va
tdp pho bién dong CFI chia k-itemset véi
minsup = 3 (3 giao dich) va minsup =5 (5 giao
dich). Trwong hop minsup = 3, |F|| = 19 va
ICFI|= 6, ty sudt [CFI|/|FI|=6/19x100% =31% ;
minsup = 5, ty suit
ICF1|/|FI| = 4/11x100% = 36%. Qua do, ta thay s6

lwong tip pho bién dong nho hon rit nhiéu so
vGi s6 lwong tp phd bién.

2.2. Té chirc Iveu triv div liéu giao dich

Lwu triv dit liéu giao dich dang bit 1a cau
trac dir liéu hiéu qua trong khai thac tip pho
bién (Dong, J., & Han, M., 2007 ; Song, W., &
Yang, B., 2008). Chuyén d6i dir liéu giao dich
thanh ma tran nhi phin BiM, trong d6 moi
dong twong tng véi mot giao dich va mdi cot
twong ng véi mot item. Néu item thir i xuit
hién trong giao dich ¢ thi bit th i cia dong t
trong BiM sé mang gia tri 1, nguoc lai sé
mang gia tri 0.

Ma giao G
dich
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10

= lolRr|lojo|lo|lo|lo|o| T
R [olRr |k |oRr|loR]| ™
olo|lo|loc|lo|r|lo|lo|kr]|
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e e T N = Y Y =1 Y =Y o
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0
1
0
1
1
0
0
0
1
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dir

=

Hinh 1. Biéu dién dang bit cta
giao dich 'D

3. Cac thuat toan

3.1. Thudt todn sinh itemset ddéng
xudt hién

3.1.1. Tdp chiéu va mdng itemset dong
xudt hién

Tép chiéu cta item I trén dir liéu giao
dich D: n(l)={te D | Ix et} 1a tap cac giao dich
c6 chwra item Ix (n-don diéu giam).

Vidu 2: Theo Bang 1, c6 n(A) ={1, 2,4, 5,
7,8, 9, 10} va n(B) = {7, 9}. D& tinh n(AB),
ching ta chi can 1y phin giao cia n(A) v&i
7(B), nghia la n(AB) = n(A)~n(B)={1, 2, 4, 5,
7,8,9,10}{Z, 9} = {7, 9}, n(B) < n(A).

Pinh nghia 4: Cho Iy €[, ta goi Ik la item
hat nhdn. Tap Xcooc < I g0i dong xudt hién v&i
I: Xcooc 12 tAp cac item xudt hién cung Ix thi
T(L)=n(Ik UXcooc). Ky hiéu, cooc(Ik) = Xeooc.

Vi du 3: Cho dit liéu giao dich D nhw
trong Bdng 1. Xem item B la item hat nhdn, ta
xac dinh dwogc itemset dong xuit hién cing do
phé bién véi item B la cooc(B) = {A, C, E} va
sup(B) = sup(BACE) = 2 (theo dinh nghia 4).

Pinh nghia 5: Cho Iy € I (I1< Iz < ... <)
thir tw theo d6 phd bién, ta goi I 1a item hat
nhdn. Tap Xiexcooc < I g0i dOng xudt hién co thir
tw voi item Ii: Xiexcooc 12 tAp cac item xuit hién
cfmg Ik va TE(Ik)ETE(Ik UX[exwoc), [k<1j ,Vlje
Xiexcooe. Ky hiéu, lexcooc(Ii) = Xiexcooc-

Bo dé 1: V I < I, néu sup(Ilx) = minsup
va I; ¢ lexcooc(Ix) thi sup(Ix w1;) < minsup.

Chitng minh: sup(l, U I;) < sup(Ix), hién
nhién n(lx v 1)) = n(I) N (1) < n(lx) m.

Vi du 4: minsup = 2, xét item B va D. Ta
6, sup(B) = minsup va sup(BD) = 0 < sup(B).

B0 dé 2: lexcooc(Ix) = Xiexcooc thi sup(lx
UYsub) = Sup(lk), Y Yup - Xiexcooc:

S603 (10/2017)



TAP CHi KHOA HOC YERSIN

Chttng minh: lexcooc(lk) = Xiexcoor, 814 S&
Xiexcooe gO0mM k item thi c6 2k -1 tip con. V&i Y
< Xiexcooc thi ta cé 7[(Ik ) Ysub) = ﬂ(]k) N ﬂ'(Ysub)
= ﬁ(lk) u.

Vi du 5: Xét item G, v&i sup(G)=5. Ta cd,
lexcooc(G) = {A, C} thi 3 itemset két hop {A, C,

AC} va sup(G) = sup(GA) = sup(GC) =
sup(GAC) =5.
Ui) = sup(I; Uk Ysub) va

sup (I] UIkUYsub) <sup (Ik UYsub), V Ysub S Xiexcooc.

Chirng minh: (theo B6 dé 2) #(lx U You) =
ﬂ(Ik) thi ﬂ'([j Ul U Ysub) = 7Z'(Ij Ulk) .

Vidu 6: Xét item G, véi sup(G)=5va [; = E.
Ta c6, lexcooc(G) = {A, C} thi 3 itemset két
hop {A, C, AC} va sup(GE) = sup(GEA) =
sup(GEC) = sup(GEAC) = 3 < sup(GAC) = 5.

3.1.2. Thudt todn sinh itemset dong
xudt hién

Dwéi day la thudt toan sinh cac item
dong xuat hién véi tirng item trong dir liéu
giao dich va lwu trit vao mang Index_COOC.
Modi phan tir trong Index_COOC gom 3 thanh
phén sau:

- Index_COOC[j].item: Lwu trix item hat
nhdn thit j;

- Index_COOC[j].sup: Lwu trit dé phd
bién cla item hat nhdn thit j;

- Index_COOC[j].cooc: Lwu itemset dong
xudt hién cuing item hat nhdn thit j dang bit;

Ngoai ra, thudt toan 1 con thuc hién nén
dir liéu giao dich vao ma tran BiM.

Ma gia thuat toan 1. Xay dwng bang
Index_COOC
PAu vao: Dit liéu giao dich D
PAu ra: Mang Index_COOC, ma trin BiM
V&i mbi phin tit j cia mang
Index_COOC thwc hién:
Index_COOC]j].item = j
Index_COOCJj].sup =0
Index_COOCJj].cooc=2m - 1
V&i moi giao dich T; thuc hién:

=

o 1k W

Nén giao dich T; vao ma tran
BiM
7. V&i mobi item j c6 trong giao
dich T; thuc hién:
8. Index_COOC]Jj].cooc =
Index_COOC]Jj).cooc & vectorbit(T})

9. Index_COOC[j].sup =
Index_COOCJj].sup + 1

10. Sap xép mang Index_COOC
tang dan theo sup
11. V&i mbi phan tit j clia mang
Index_COOC:

12. Index_COOC]Jj].cooc=
lexcooc(1})

13. Tra vé mang Index_COOC, ma
tran BiM

Tt dong 1 dén dong 4 1a cac bwéc khai
tao cho mang Index_COOC. Dong 5 duyét di
liéu giao dich, ng vé&i tirng giao dich ta xem
xét c6 chira item thir j thi thwc hién phép toan
AND trén bit dé xac dinh cac phin t& cung
xudt hién véi item .

Khéi tao mang Index_COOC: (thanh phdn cooc biéu dién dang bit) s6 item1am = 8

item A B C D E F G H
sup 0 0 0 0 0 0 0 0
cooc |11111117 (111111171 | 111111117 (11111111 |11111111 11111111 |11111111| 11111111

Doc giao dich T1: {A, C, E, F} c6 biéu dién dang bit12 10101100

item A B C D E F G H
sup 1 0 1 0 1 1 0 0
cooc (10101100 (11111111 10101100 11111111 10101100 (10101100 [11111111 11111111

S603 (10/2017)



TAP CHi KHOA HOC YERSIN

Doc giao dich T2: {A, C, G} c6 biéu dién dang bit12 10100010

item A B C D E F G H
sup 2 0 2 0 1 1 1 0
cooc (10100000|11111111 10100000 (11111111 |{10101100 10101100 10100010 11111111
Doc giao dich T3: {E, H} c6 bi€u dién dang bit 12 00001001
item A B C D E F G H
sup 2 0 2 0 2 1 1 1
cooc (10100000 (11111111 |10100000 (11111111 (00001000 (10101100 |{10100010 00001001
Poc giao dich T4: {A, C,D, F, G} c6 biéu dién dang bit1a 10110110
item A B C D E F G H
sup 3 0 3 1 2 2 2 1
cooc (10100000 (11111111 10100000 [10110110 (00001000 10100100 (10100010 00001001
Doc giao dich T5: {A, C, E, G} c6 biéu dién dang bit 12 10101010
item A B C D E F G H
sup 4 0 4 1 3 2 3 1
cooc (10100000 11111111 10100000 (10110110 [00001000 (10100100 (10100010 (00001001
Doc giao dich T6: {E} c6 biéu dién dang bit 12 00001000
item A B C D E F G H
sup 4 0 4 1 4 2 3 1
cooc (10100000 |11111111 (10100000 (10110110 00001000 (10100100 {10100010 00001001
Doc giao dich T7: {A, B, C, E} c6 biéu dién dang bit13 11101000
item A B C D E F G H
sup 5 1 5 1 5 2 3 1
cooc (10100000 11101000 10100000(10110110 00001000 (10100100 (10100010 [00001001
Doc giao dich T8: {A, C, D} c6 biéu dién dang bit12 10110000
item A B C D E F G H
sup 6 1 6 2 5 2 3 1
cooc (10100000(11101000 (10100000 (10110000 (00001000 {10100100 |10100010 00001001
Doc giao dich T9: {A, B, C, E, G} c6 biéu dién dang bit12 11101010
item A B C D E F G H
sup 7 2 7 2 6 2 4 1
cooc (10100000 {11101000{10100000 |10110000 [00001000 {10100100 10100010 (00001001
Doc giao dich T10: {A, G, E, F, G} c6 biéu dién dang bit 12 10101110
item A B C D E F G H
sup 8 2 8 2 7 3 5 1
cooc (10100000 (11101000 10100000{10110000 |00001000 10100100 10100010 |00001001

Két thic vong 1ap & dong 5, tra vé mang Index_COOC twong rng la cooc(A) = {C}, cooc(B)
= {A, C, E}, cooc(C) = {A}, cooc(D) = {A, C}, cooc(E) = {}, cooc(F) = {A, C}, cooc(G) = {A, C} va

cooc(H) = {E}.
S$603(10/2017)
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Tra vé mang Index_COOC sip tiang theo ¢ phd bién cia item.

item H B D F G E A C
sup 1 2 2 3 5 7 8 8
cooc E AGCE AC AC AC ) C A

Thuc hién dong 10: Ta c6 két qua trong Bang 3, mang Index_COOC chira itemset dong
xuat hién cta tirng item va dwoc sdp ting dan theo d phd bién cua tirng item.
Tra vé mang Index_COOC sip tang theo dd phd bién cua item va thanh phan cooc c6 thir tu.

item H B D F G E A C

sup 1 2 2 3 5 7 8 8

cooc E E A C AC AC AC 9 C @
Thwc hién dong 11 va 12: ta c6 két qua 1. V&i mbi item thdéa minsup, xem

trong Bang 4, mang Index_COOC chira thanh
phén cooc c6 thir tw (theo dinh nghia 5).

3.2 Thudt todn khai thdc tdp phd bién
dong COOC-CFI

Theo khado sat, mot s6 thuit todn khai
thac tap pho bién déng da dwoc cac tac gid
trén thé gi¢i dé xuit nhw Charm (Zaki, M. J.,
& Hsiao, C,, 2002), CLOSET+ (Wang, ]., & Han,
], & Pei, ], 2003) va DBV-Miner (Vo, B, &
Hong, T. P, & Le, B., 2012) chwa dap &ng nhu
cau thuc t&: Moi l1an can khai thac tip phd
bién déng véi minsup khac thi thuét toan
thwc hién chon lai cac item théda minsup, phat
sinh lai cAy tim kiém hodc dan tip muc twong
rng va xac dinh tip ph6 bién déng thoa
minsup mé&i. Trong thuc té, khi cin khai thac
luat két hop thi ngudi dung cé thé yéu cau
thyc hién khai thac luat két hop thda ngudng
minsup va minconf trong nhiéu chudi thao tac
lién tiép nhau.

Tw do, tac gia da xay dwng thuat toan
COOC-CFI khai thac tip pho bién dong dwa
trén mang Index_ COOC chira tit ca cac
itemset dong xuit hién cda tat ca item trong
CSDL c6 thé thuc hién chubi khai thac nhanh
tap CFI va dung lai mang Index_COOC cho
lan sau.

Ma gia thuat toan 2. COOC-CFI Khai
thac tap pho bién déng

Pau vao: mang Index_COOC, minsup

Pau ra: Tap pho bién dong CFI

xét:

N

Né&u sup(item) = minsup thi

3, N&u IS_CFI(CFI, {item U
cooc(item)) thi

4, CFl = CFl U {item U cooc(item)} //b6

déi1vaz
5. Nguwoc lai
6. Jx «—tdp con(l;< k) //sép x&p tang
theo sup

7. Néu IS_CFI(CFI, {item U
cooc(item)) thi

8. CFl = CFl U {item U cooc(item)}
//b6 dé1va2

9. Néu Jx = Tthi

10. V&i mbi itemset IS; € Ji //b6 dé 3

11. N&u IS_CFI(CFI, IS; U{item U
cooc(item)) thi

12. CFl= CFl U IS; U{item U

cooc(item)
13. Tra vé tap phd bién dong CFI

Vi du 7: Cho dit liéu giao dich D nhw
trong Bdng 1 va minsup = 3

Xét item F, c6 cooc(F) = {A, C} (thda diéu
kién dong 2), sinh tAp muc phé bién dong la
(FAC, 3). Lic nay, CFI ={(FAC, 3)}.

Xét item G (ngwoc lai - dong 5), lic nay
item G - cooc(G) = {A, C},cé sup(G)=5 >
minsup. Tap Jx ={E}. TAp muc phé bién dong
sinh ra trong buwéc nay la cfi = {(GEAC, 3),
(GAC, 5)}. Két thiuc buwéc nay, ta co
CFI={(FAC, 3), (GEAC, 2), (GAC, 5)}.
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XétitemE, c6 cooc(E) = {} con item Ava C
c6 sup(A) = sup(C) = 8 > minsup. Tap Jx ={A, C,
AC}. Tadp muc phé bién dong sinh ra trong
bwéce nay la cfi = {(EAC, 5)} véi sup(EAC) =
sup(GAC) nhung EAC ¢ GEAC trong CFI, nén
dwa cfi ={(EAC, 5)} vao CFI.

Xét item A, c6 cooc(A) = {C}. Tap Jx={},
sinh tdp muc pho bién déng la cfi={(AC, 8)}.
Lic nay, CFI =CFI U {(AC, 8)} vi CFI khéng c6
tap muc phé bién déng c6 dd pho bién 1a 8.

Sau cung, chi con item C va cooc(C)={}:
sinh t4p muc phd bién déng (C, 8), ma C < AC
va sup(C) = sup(AC), nén khéng thém vao CFI.

Vé&i div liéu giao dich D & Bang 1 va
minsup = 3, ta c6: CFI={(FAC, 3), (GEAC, 3),
(GAC, 5), (EAC, 5) (E 7), (AC, 8)}.

4. Két qua thwc nghiém

Thyc nghiém trén may tinh Panasonic CF-
74, Core Duo 2.0 GHz, 4 GB RAM, thuit toan cai
dat trén C#, Microsoft Visual Studio 2010.

Nghién ctru thuc nghiém trén hai nhém
dir liéu:

Nhom dir liéu thwc c6 mat do day: S
dung dit liéu thuc tir kho dit liéu vé hoc may
cia trwong Pai hoc California (Lichman, M.
(2013). UCI Machine Learning Repository
[http://archive.ics.uci.edu/ml]. Irvine, CA:
University of  California, School of
Information and Computer Science) gom 2
tap Chess va Mushroom.

Nhom dir liéu gia lap c6 mat do thwa: St
dung phan mém phat sinh dir liéu gia 1ap cua
trung tdm nghién ctru IBM Almaden (IBM
Almaden Research Center, San Joe, California
95120, US.A [http://www.almaden.ibm.com])
gom 2 tap T1014D100K va T40110D100K.

Dit liéu thwc nghiém

40000
== DBV-Miner

~ ~ S6 muc S muclén| S6 muc Ar A
Tén dir liéu it‘i‘:n giaj‘;ich nhé nhét/giao | nhat/ giao | trung binh/ Mg,;;‘"
: dich dich giao dich

Chess 75 3.196 37 37 37 49,3%

Mushroom 119 8.142 23 23 23 19,3%

T1014D100K 870 100.000 1 29 10 1,1%

T40110D100K 942 200.000 4 77 40 4,2%
(a) Chess Tac gia st dung 2 tdp Chess va
e Mushroom dé so .sénh hiéu suit cua thué.t
£\ toan COOC-CFI véi thuat todn Charm (Zaki,
L NN ——charm M.]., & Hsiao, C., 2002) va DBV-Miner (Vo, B,,

=

20000 COOC-CFI

0 . -
60% 65% 70%
Minsup(%)

75%
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Hinh 2. Thoi gian thwc hién COOC-CFI,
Charm va DBV-Miner trén dir liéu Chess,
Mushroom véi cdc minsup khdc nhau.

& Hong, T. P., & Le, B., 2012). Hinh 2, cho thiy
thoi gian thyce hién thuat toan COOC-CFI khai
thac tip phd bién déng theo cic nguwdng
minsup khac nhau trén 2 tap dit liéu Chess va
Mushroom nhanh hon thuit toan Charm va
DBV-Miner.

(a) T1014D100K

= . .

12000

N
o
Q
]
<]

8000

6000 === Charm

== DBV-Miner

Thai gian (miligiay)

4000

2000 COOC-CFI

0.10% 0.15% 0.20% 0.25% 0.30%

Minsup(%)

S603 (10/2017)



TAP CHi KHOA HOC YERSIN

(b) T40110D100K
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Hinh 3. Thoi gian thwc hién COOC-CF],
Charm va DBV-Miner trén dir liéu
T1014D100K va T40110D100K véi cdc minsup
khdc nhau.

== DBV-Miner

Théi gian (mili gidy)

COOC-CFI

Ngoai ra, tac gia cling s dung 2 tap
T10I14D100K va T40I10D100K dé so
sanh hiéu suit cta thuit toan COOC-CFI
v&i thuit todn Charm va DBV-Miner. Hinh
3, cho thiy thoi gian thwc hién thuit toan
COOC-CFI khai thac tip pho bién doéng
theo cac ngwdng minsup khac nhau trén 2
tap dit liéu trén la nhanh hon thuéat toan
Charm va DBV-Miner.

5. Kétluin

Bai bdo di dé xuit thuit toan tinh nhanh
mang Index_COOC chira cic itemset dong
xuit hién va thuit todn COOC-CFI khai thac
hiéu qua tip phd bién déng dwa trén mang
Index_COOC. Két qua trén cho thdy thuit
todn khai thac tip phd bién dong COOC-CFI
tét hon thuit toAn Charm, DBV-Miner. Ngoai
ra, thuit toan ciing cin thwc nghiém thém
trén nhiéu tip dir liéu khac.

Trong twong lai, tic gia sé cai tién thuat
todn trén dé c6 thé khai thac tip phd bién
déng trén dir liéu giao dich cé trong s6, day la
hwéng nghién cru dang dwoc quan tam vi
kha nang ng dung vao nhiéu linh vwc, dac
biét Ia trong kinh doanh.
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