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ABSTRACT

Association rule mining, one of the most important and well-
researched techniques of data mining. Mining frequent itemsets are
one of the most fundamental problems and most time-consuming in
association rule mining. Most of the algorithms in literature used to
find frequent itemsets satisfying single minimum support threshold. In
practice, frequentcy of each item reflects the nature and role of items
in transactional databases. This paper proposes an efficient mining
parallel algorithm for frequent itemsets with multiple minimum
support thresholds (a different minimum item support for each item)
on Multiple-core Processors. Proposed algorithm easily extends on
distributed computing systems as Hadoop, Spark. Finally, result
experiments presented on both synthetic and real-life datasets show
the better proposed algorithm than the existing algorithms.

TOM TAT

Trong khai théc dit liéu, ky thudt quan trong va dwoc nghién ciru nhiéu
la khai thdc ludt két hop. Khai thac tdp pho bién la mét trong nhitng
bude co ban va chiém nhiéu thoi gian trong khai thac ludt két hop.
Hau hét cdc thudt todn tim tap phé bién théa mét ngudng phé bién téi
thiéu duy nhat. Trong thuc té, do phé bién cia tirng muc hang phan
dnh ban chdt, vai tro ciia muc hang trong cac giao dich. Trong bai viet
nay, chiing toi dé xudt thudt todn song song khai thac hi¢u qua tap pho
bién voi nhiéu nguong pho bién toi thiéu (méi muc hang cé mot
nguong phé bién toi thiéu riéng) trén bé xit Iy da nhan. Thudt todn dé
xudt dé dang mé rong trén nhiéu hé thong tinh todn phdan tan nhuw
Hadoop, Spark. Sau cing, chiing téi trinh bay két / qud thue nghiém trén
bé di liéu thue va gid ldp cho thdy thudt toan dé xudt hiéu qua hon so
voi thudt toan hién hanh.

Trich dn: Phan Thanh Huén va L& Hoai Béc, 2017. Khai théc tdp pho bién tir dit liéu giao dich véi nhiéu
ngudng pho bicn t0i thicu trén bo xur Iy da nhan. Tap chi Khoa hoc Trudong Dai hoc Can Tho. S6
chuyén dé: Cong nghé thong tin: 155-163.

1 GIOI THIEU

Khai thac luat két hop 1a mét k¥ thuat quan trong
trong linh vyuc khai thérc dir liéu. Muc tiéu khai thac
la phat hién nhitng moi lién h¢ gitra cac gia tri dir

li¢u trong dir li€u giao dich. M6 hinh déu tién cua
bai toan khai thac luat két hop 1a mo hinh nhi phan
hay con goi 1a md hinh co ban (Agrawal et al.,
1993), phéan tich dir li¢u giao dich, phat hién cac mbi
lién hé gilra cac tdp muc hang hoa da ban duogc tai
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cac siéu thi. Tir do, doanh nghiép c6 Kké hoach b tri,
sap xép, kinh doanh hop ly, ddng thoi to chirc sap
xép cac quay gan nhau dé co doanh thu trong cac
phién giao dich 14 16n nhat.

Bai toan khai thac luat két hop 13 khai phé cac
luat két hop c6 do phd bién (support) cting nhu do
tin cdy (confidence) 16n hon hodc bang mot ngudng
pho bién t6i thiéu (minsup) va ngudng tin cay tdi
thiéu (minconf).

Céc thuat toan dugc dé xuat dé khai thac luat két
hop chia thanh 2 giai doan (Agrawal ef al., 1993,
1994; Han et al., 2004):

Giai doan 1: Tim tit ca cac tap muc phd bién tir
dix liéu giao dich thoa minsup;

Giai doan 2: Sinh cac luat tin cdy két hop tir tap
muc pho bién tim thay ¢ giai doan thir nhat.

Giai doan thir nhdt chiém hau hét thoi gian cho
qua trinh khai thac luat két hop. Gia tri ngudng phd
bién t6i thiéu minsup 1a yéu td quan trong trong qué
trinh riit gon khong gian tim kiém ciing nhur gi6i han
cac ludt sinh trong giai doan thir hai. Cac thuat toan
khai thac luat két hop truyen thdng chi dung moét gia
tri ngudng phd bién tdi thiéu minsup Vi ngam dinh
1a cac muc hang c6 cung tinh chat va tan s6 trong dir
liéu, didu nay khong thyc té. Trong kinh doanh ban
1¢, thong thuong cac mat hang thiét yéu, hang tiéu
dung va cac san pham gia ré dugc mua nhiéu hon,
trong khi cic mit hang xa xi va cac san pham gia tri
cao lai it dwoc mua. Néu chon minsup qua cao thi
cac mat hang dugc khai thac thong thuong cod gia
thanh thip va mang lai lgi nhuan khong cao cho
doanh nghiép. Nguoc lai, néu chon minsup quéa thip
thi cac mat hang duoc khai thac qua 16n, diéu nay
lam cho doanh nghiép kho khin khi ra quyét dinh
kinh doanh. Vi vy, Liu et al. (1999) da m6 rong bai
toan khai thac luft két hop véi nhidu ngudng pho
bién t01 thiéu (mdi muc hang cé -mot nguong phé
bién toi thiéu riéng) tuong ung mo1 ‘muc hang khac
nhau c6 tinh chat khac nhau va tin sb giao dich khac
nhau. Nhom tic gia ndy dd dé xuat thuat toan
MSApriori — khai thac luat két hop khac nhau thoa
ngudng pho bién tdi thiéu khac nhau phu thuge vao
cac muc hang c6 trong luét.

Mot s6 thuat toan dién hinh khai thac tap phd
bién véi nhiéu ngudng phd bién t6i thiéu:

Thuét toan MSApriori (Liu ez al., 1999) dugc
dé xuét de khai thac tap phd bién v6i nhidu ngudng
phd bién t6i th1eu khac nhau. Thuat toan nay su dung
phuong phap tlep can tya Apriori va tinh chit bao
dong dugce sap xep theo myc hang dé giam khong
gian tim kiém, chi phi tinh toan.
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Thuit toan CFP-growth (Hu et al., 2006) da dé
xudt hudng tiép can tua thuat toan FP-growth trong
khai thac tap phd bién voi nhidu ngudng phd bién
tdi thiéu duoc goi 1a CFP-growth. Thuat toan su
dung cdu tric MIS-tree tua FP-tree (Han et al.,
2004) dé xuit dé Iuu trir thong tin quan trong cac
mau pho bién. Thuat toan khai thac day du tap phd
bién véi mot 1an quét dir liéu. Thudt todn nay twong
dbi t6t hon so véi MSApriori.

Thuét toan CFP-growth++ (Kiran et al., 2011)
dd dé xuat cai tién thuat toan CFP-growth bang
céch rat gon khong gian tim kiém va xay dung MIS-
tree nho gon dya trén MIS-tree. Thuit toan dé xuat
bén ky thudt rat gon khong gian tim kiém: nguong
pho bién toi thiéu thap nhdt, nguedng phé bién toi
thiéu c6 diéu kién, tinh chat bao dong co diéu kién
va tia cac nit Id khéng phé bién. Thuat toan cai thién
hiéu suat dang ké so voi thuét toan CFP-growth.

Céc thuat toan trén chwa déap tmg thuc té, khi can
khai théc luat két hop thi ngudi ding c6 thé yéu cau
thuc hién khai thac luat két hop thoa nhiéu ngudng
phd bién i thiéu trong nhiéu chudi thao tac lién tiép
khéc nhau (xay dung lai MIS-tree va rut gon khong
gian tir dau). Pé dap ung thuc té, nhom tac gia dé
xuét thuat toan tuan tu SEQ-MMSFI — theo cu tric
2 Pha va tai sit dung Pha 1 cho chudi thao tac tiép
theo. Tur do, xay dung thudt toan song song MCP-
MMSFI khai thac nhanh tap phé bién tir mang chira
cac itemset déng xuét hién va khong doc lai dir liéu
cho 1an khai thac tiép theo, bao gdm cac thuat toan
con sau:

— Xay dung mang Index_COOC chura itemset
dong xuat hién, itemset xuat hién it nhat trong mot
giao dich clia tirng item hat nhan;

Thuét toan tuan tw SEQ-MMSFI khai thac
hiéu qua tap phd bién véi nhidu ngudng phd bién tdi
thiéu dya trén mang Index_COOC.

— Thuat toan song song MCP-MMSFI khai
thac tap pho bién vé6i nhiéu ngudng phd bién toi
thiéu trén bo xtr Iy da nhan (BXLDN).

Trong phéan 2, bai bao trinh bay cac khai niém co
ban v¢é khai thac tap pho bién truyén thng, tap phd
bién v6i nhiéu ngudng phd bién tdi thiéu. Phan 3,
xay dung thuat toan xac dinh mang chua itemset
ddng xuat hién va itemset xuat hién it nhdt trong mét
giao dich ciia timg item hat nhan va thuat toan tuan
ty SEQ-MMSFI khai thac tap phd bién voi nhiéu
ngudng phd bién téi thiéu. Phin 4, xdy dung thuat
toan song song MCP-MMSFI khai thac tip phd
bién véi nhiéu ngudng phd bién tdi thiéu trén
BXLDN. Két qua thuc nghiém dugc trinh bay trong
phan 5 va két luan ¢ phan 6.
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2 CAC KHAI NIEM CO BAN
2.1 Khai théc tap phd bién truyén théng

Khai thac tap pho bién truyén thong 14 cac thuat
toan (Agrawal ef al., 1993, 1994; Han et al., 2004)
dung duy nhat mét gia tri ngudng pho bién tdi thiéu
minsup v6i ngam dinh 1 cac muc hang co cing tinh
chéit va do phé bién trong dit lidu. Cac han ché khi
khai thac tip phd bién truyén thong: gia tri minsup
cao thi cac tap muc hiém bi bo qua hodc khi gia tri
minsup thap thi sinh tip muc pho bién qua 16n. Sau
day la cac khai niém lién quan:

Cho I = {ij, is..., in} 12 tip gdbm m muc hang
riéng biét, mdi muyc hang goi 1a item. Tap cic muc
X ={iy,iy,...i }, Vi; € I(1< j <k) goi la itemset,

tap muc c6 k muc goi 1a k-itemset. D 1a dir liéu giao
dich, gdm n ban ghi phan biét goi 1a tdp cic giao
dich T {t, t.. ), mdi giao dich
;i ={i, -y },ik/_ el(1<k;<m).

Pinh nghia 1: DJ phé bién (support) cua itemset
X <1, ky hiéu sup(X), 1a s0 céac giao dich trong D c6
chua X.

Pinh nghia 2: Cho X </, X goi 1a itemset phd
bién néu sup(X) = minsup, trong d6 minsup la
ngudng pho bién t6i thiéu. Ky hiéu FI 1a tip hop cac
tap muc phd bién.

Tinh chit 1: vXcY:
sup(X) > minsup;

sup(Y) > minsup =

Tinh chit 2: VXc Y: sup(X) < minsup =
sup(Y) < minsup;

Cho dir li¢u giao dich D trong Bang 1.
Béng 1 : Dir liéu giao dich D

Mai giao dich Tap item

tl A C E F

12 A C G
13 E H
4 A C D F G
t5 A C E G
16 E

17 A B C E

18 A C D

19 A B C E G
t10 A C E F G

Vi dy I: Dt liéu giao dich D trong Bang 1, c6 8
item riéng biét I = {4, B, C, D, E, F, G, H} va 10
giao dich T = {¢1, 12, t3, t4, t5, t6, t7, 18, t9, t10} vé6i
gia tri ngudng minsup =2, ta c6:

Tap muc X={A, C,ﬂE},’ sup(ACE) =5 > minsup,
ta noi: "X ={ACE} pho bién theo ngudng minsup =
2’7;
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Theo tinh chit 1 thi cac tap con cua X ={ACE}
ciing phd bién: cac tap con cua X déu phd bién —
sup(A) = 8, sup(C) = 8, sup(E) = 7, sup(AC) ,
sup(AE) =5, sup(CE) =5 > minsup.

Tuong tu, voi Y= {H} thi sup(H) = 1 < minsup,
ta noi: 7Y = {H} khong pho bien theo ngudng
minsup =27

Theo tinh chit 2 thi céc tap cha ciia Y ={H} ciing
khéng phé bién, nghia 1a Y = {EH} ciing khdng pho
bién, voi sup(EH) = 1 < minsup = 2.

2.2 Khai thac tip phd bién véi nhiéu
ngudng phd bién toi thiéu

Trong thyc té, hau hét dit liéu giao dich déu
khong dong nhat vé tinh chét cta timg muc hang,
cling nhu tén s giao dich ctia cic muc hang. Cac tac
gia da dé xuat thuat toan khai thac tap phé bién véi
nhiéu ngudng phd bién tbi thiéu cta tmg muc hang.
Cac thudt toan nay khai thac lut két hop khac nhau
théa ngudng pho bién ti thiéu khac nhau phuy thude
vao ngudng phd bién cua cac muc hang c6 trong
luat. Sau day la cac khai niém li€n quan:

Cho I = {i}, is..., in} 12 tip gdbm m muc hang
riéng biét, mdi muc hang goi la item. Tap
MIS ={mis; ,mis; ,...mis; } 1a tdp cdc ngudng
pho bién t6i thiéu cho timg ifem. D 1a dit lidu giao
dich, gdbm n ban ghi phan biét goi la tap cac giao
dich T {t, t.., t}, mdi giao dich
t; ={i, Ny },ik]_ el(1<k;<m).

Dinh nghia 3: ChoX = {iy, i3, .., i}, Vi; €
I(1 < j < k), ngudng phd bién t6i thiéu cia itemset

X duoc tinh la misy =
min(misil, ...,misl-k) JVii-1r €X.
Pinh nghia 4: ChoX = {iy, iy, ..., ik}, Vi; €

I1<j<k), X goi la
sup(X )= misy .

itemset phd bién néu

Bing 2: Nguong phd bién tdi thiéu ciia tirmg muc
hang trong dir li€u giao dich D

A B CDEF G

2 3 3 2 4 3

Muc hang
misij 5

H
2

Vi dy 2: Dit liéu glao dich D trong Bang 1, va
mdi myc hang c6 mdi gia tri ngudng phd bién toi
thiéu dugc cho trong Bang 2, ta co:

Tap muc X ={A, C, E}, sup(ACE) =5 > misy =
min(misy, misc, misg) = min(5, 3, 2) = 2, ta noi: "X
={A, C, E} 14 tap muc phd bién”;

Tap muc Y ={A, C, F}, sup(ACF) = 3 > misy =
min(misy, misc, misg) = min(5, 3, 4) =3, ta néi: 7Y
={ACF} la tap muc phd bién”;
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Theo tinh chit I thi cac tap con ciia ¥ ={ACF}
ciing phd bién, nghia 1 tit ca tp con ctia ¥ déu phd
bién — Cac con cua Y 1a Yy = {(4, 8 5), (C, 8, 3),
(F, 3,4), (AC, 8, 3), (AF, 3, 4), (CF, 3, 3)}, tuy nhién
chi ¢6 cac tap muc {A, C, AC, CF} 1a ph bién; con
cac tap muc {F, AF}, ta co: sup(F) = 3 < misp = 4,
sup(AF) =3 <min(misa, misr) = (5, 4) =4 1a khong
phé bién. Pidu nay cho ching ta thay “Khai thac
tdp phé bién véi nhiéu ngudng phé bién téi thiéu thi
tinh chit 1 la khéng théa”.

Tuong tu, véi Z = {A, F} thi sup(AF) =3 <
min(mis4, misg) = (5, 4) =4, ta noi: "Tap muc Z =
{A, F} khong la tdp muc phé bién”;

Theo tinh chat 2 thi cac tap cha cia Z ={A, F}
cling khéng phé bién. Tuy nhién, ta c6 Z={A, F}
Y={A, C,F}, masup(ACF) = 3 = misy = min(mis,
misc, misp) =3, Y= {A, C, F} 1a tap muyc pho bién.
Piéu nay cho ta thay “Khai thac tap phé bién voi
nhiéu nguéng phé bién toi thiéu thi tinh chét 2 la
khong thoa”.

2.3 To chirc luu trir dir liéu giao dich

Luu trit dit liéu giao dich dang bi 14 cAu trac dir
lidu hiéu qua trong khai thac tap phd bién (Song and
Yang, 2008). Chuyén dir liéu giao dich thanh ma
tran nhi phan BiM, trong d6 mdi dong twong ting
véi mot giao dich va mdi cot tuong (g véi mot muc
hang. Néu muc hang tht i xut hién trong giao dich
¢; thi bit thtr i cia dong ¢ mang gia tri /, nguoc lai s€
mang gia tri 0.

M3 giao dich
tl
2
3
t4
t5
t6
t7
t8
19
t10

SO oo O~ OO —|m

A
1
1
0
1
1
0
1
1
1
1

o~ o~ OocO0cOo oo o|wW
N e =R )
co—~ococo—~o o o|T
= e =R = N |
—_— —_— o o0c0o =—~=o ol
c o ocococooco~oolm

—

Hinh 1: Dang bit cta dir liéu giao dich D

3 CAC THUAT TOAN

3.1 Tap chiéu va itemset dong xuit hi¢n

Tap chiéu ciia muc hang i; trén dit liéu giao dich
D: n(i)={te D | ir €t} 1a tap céac giao dich co6 chura
muc hang i (n-don di¢u giam).

sup(ix) = |m (ix)| ©)

Tap chiéu X = {iy, iy, ..., i}, Vi € I(1 < j <

k), n(X)=n@1)nn(i2)... N (i).

sup(X) = [m(X)] (2)
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Vidu 3:Bang 1, c6 m(A) = {1,2,4,5,7, 8,9,
10} va n(B) = {7, 9}. Khi d6, mn(AB)
n(A)Nn(B)= {1, 2,4,5,7,8,9, 10}n{7, 9} = {7,
9}, n(B) = m(A) v n(AB) c n(A).

Pinh nghia 5: Cho i € I, ta goi i 1a ifem hat
nhan. Tap Xewoe < goi ddng xuét hién véi ix: Xeooe
la tdp cac ifem xudt hién cung i thi
7 (i) =1 (i8I Xeooc) - KY hiéu, cooc(ix) = Xeooc-

Vi du 4: Xem item B 1a item hat nhan, ta xac
dinh dugc itemset dong xuat hién cing do phd bién
voi item B 1a cooc(B) = {A, C, E} va sup(B) =
sup(BACE) = 2.

DPinh nghia 6: Cho ir € I, ta goi ix 1a item hat
nhan. Tap Yi <1 chita cac item xuét hién cung vaéi
i it nhat trong mdt giao dich, nhung khong ddng
xudt hién: 1< |1 (ixVinoe) |< [R(iD)l, Y iwoc€ Yiooe.
Ky hiéu, looc(ix) = Yoo

Vidu 5: Xem item G la item hat nhan, ta xac
dinh duoc cac item xuét hién cung vai item B it nhét
trong mdt giao dich 1a looc(G) = {B, D, E, F} cé
n(G)=1{2,4,5,9, 10} va n(GB) = {9}, n(GE) =
{5,9,10}.

3.2 Thuit toan sinh itemset dong xuét hién

Dudi day 1a thuat toan sinh cac ifem dong xuat
hién véi ting item trong dir liéu giao dich va luu trix
vao mang Index COOC. MGi phin tir trong
Index_COOC gom 4 thanh phan sau:

Index_COOC]j].item: item hat nhan tht j;

Index_COOC[j].sup: 6 phd bién cua item hat
nhéan tht j;

Index_COOC[j].cooc: cac item ddng xuit hién
cung item hat nhdn thir j dang bit;

Index_COOC]j].looc: cac item xudt hién cing
item hat nhan tht j it nhat trong mot giao dich dang
bit;

Ma gia thuat toan 1.
Xay dung Index COOC
Piu vao: Dir lidu giao dich D
Dau ra: Mang Index_ COOC, ma tran BiM
Vi moi phan tir j cia mang Index_ COOC:
Index_COOC]j].item = ij
Index COOC([j].sup =0

Index COOC][j].cooc=2™- 1
Index COOC(j].looc=0

Véi mdi giao dich # thuc hién:

Luu giao dich # vao ma tran BiM
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8. Véi mdi item j ¢ trong giao dich # thuc
hién:

9. Index COOCYj].cooc &= vectorbif(t;)

10. Index COOCTj].looc |= vectorbit(t,)

11.

Index COOC]j].sup ++

12. Sép xép mang Index_COOC tiang dan theo
sup

13. Tra vé mang Index_COOC, ma trin BiM

Tir dong 1 dén dong 5 1a cac bude khai tao cho
mang Index COOC. Dong 6 duyét dir liéu giao
dich, ing vdi ting giao dich ta xem xét co chura item
thir j thi thyc hién phép toan AND trén bit dé xac
dinh cac item dong xuat hién véi item j (dong 9) va
thuc hién phép toan OR trén bit dé xéac dinh céc item
xuét hién véi item Jit nhét trong mot giao dich,
nhung khong 1 dong xuat hién (dong 10).

Bang 4: Index_COOC sip ting thep sup

S6 chuyén dé: Cong nghé thong tin (2017): 155-163

Khéi tao mang Index_COOC: (thanh phan
cooc, looc biéu dien dang bit) so item [am=§
item A B C D E F G H
sup 0 0 0 0 0 0 0 0

cooc //I1111111111111111111111111111111111111111111111111111111111111
looc

Duyét lan luot timg giao dich tir #; dén #,0:
boc #;: {A, C, E, F} c6 dang bit 1a 10101100

item A B C D E F G H
sup 1 0 1 0 1 1 0 0
cooc 10101100 1111111110101100111111111010110010101100 11111111 11111111

looc 10101100 00000000 10101100 00000000 10101100 10101100 00000000 00000000

Duyét dén t;0: {A, C, E, F, G} 1a 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
looc (11111110/11101010[11111110{10110110{11101111{10111110{11111110{00001001

Thuét toan 1, tra vé mang Index_COOC sip
tang theo d§ phd bién cua item theo Bang 3.

item H B D F G E A C
sup 1 2 2 3 5 7 8 8
cooc E A,CCE A,C A,C A, C 0] C A
looc (4] G F,.G D,E,.G B,D,EF A, B,C,F,G,H B,D,E.F,G B,D,E,F,G

Pinhnghia7: Cho ik e [ (i1 < 12 <... <in) thu
tu theo d6 phé bién, ta goi ix la item hat nhan. Tap
Kiexcooe < 1 01 déng xudt hién c6 thr ty véi item ix:
Xiexcooe 1 tAp cac item xudt hién cing i va
T ( lk) =T ( ik UXlexcooc) 5 ik < ij ,V ij € Xiexcooc- K}”
hiéu, lexcooc(ix) = Xiexcooc-

Pinhnghia8: Cho ik e [ (1< 12 < ... <ip) thu
tu theo do phé bién, ta goi ix la item hat nhan. Tép
Yiexiooc < 1 chtra céc item xuét hién c6 thtr ty cung
V6i iy it nhat trong mot giao dich, nhung khong dong
xudt hién. Ky hiéu, lexlooc(ix) = Yiexiooe-

1< |7T(ik “ ilexlaoc )| < |7Z-(ik )|’ Vilexlooc € Ylexlooc

B6 dé 1: V iy < i, néu i; € lexlooc(iy) thi sup(ix
Uij) < sup(iy).

Chitng minh: sup(ixC i) < sup(iy), hién nhién
Rk i) = (i) A7) © (i) m.

Vidu 6: Xétitem B <G, Ge lexlooc(B)={G}.
Ta co, sup(BG) = 1 <sup(B)=2.

B6 dé 2: lexcooc(ix) = Xiexcooe thi sup(ix UZup) =
Sup(ik), YV Zswp [ Klexcooc-

Chirng minh: lexcooc(ix) = Xiexcooes €18 SU Xiexcooc
gdm item thi c6 2" —1tap con. Vi Zup < Xiexcooe
thi ta c6 7(ix U Ysu) = 2(ix) N 7(Ysup) = 7(i) m.

Vi du 7. Xét item G, voi sup(G)=5. Ta co,
lexcooc(G) = {A, C} thi 3 itemset két hop {A, C,
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AC} va sup(G) = sup(GA) = sup(GC) = sup(GAC)

Bo dée 3: V ik < ij va ij S Ylexlooc: Sup(ikUij) =
sup(ikuzsubuij) va Sup(ikUZsubUij)<Sup(ikUZsub), \v4
Zsub < Xlexc00c~

Chitng minh: (theo B6 d& 2) n(ix U Zaw) = (i)
thi 7(iv0 Zap\Vij) = m(ipvi;) < m(iy) m.

Vidu8: Xétitem G, v6i sup(G)=5vai;=E.Ta
¢6, 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.

B sung dong 14, 15 va 16 vao thuét toan 1:
14. V6i mdi phén tir j cia mang Index_COOC:
15. Index COOC]j].cooc = lexcooc(ij)
16. Index COOCY[j].looc= lexlooc(i))

Taco6 looc(G)={B,D,E,F} vaB,D<F<G=<
E, nén lexlooc(G) = {E}.

Thuc hién dong 14, 15 va 16, két qua:

Bang 5 : Index_COOC chira itemset dong xuit
hién c6 thir ty

item | H | B| D | F |G| E| A ]| C
sup 1 2 2) 3 5 7 8 8
cooc | ¢ A]EC’ A C|AClACl O | C | A
looc | © | G |F,G|GE| E [ACl0o |0
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3.3 Thuit toan tuin ty SEQ-MMSFI

Thuét toan 2 - Khai thac tap phd bién véi nhiéu
ngudng phd bién t6i thiéu dwa trén mang
Index_COOC chira cic item dong xuét hién va xuat
hién it nhat trong mot giao dich véi item hat nhan
(6 thir tir theo dg phé bién).

Pinh nghia 9: Cho iy €I (i< i> < ... <iy)tht
tu theo d6 phod bién, lexcooc(ix) = Xiexcooe 0m L item
thi c6 2'-1tdp con. Tap chira cac két hop
Fpoik = {ik U Zj}, sup(ip) = sup(i,C U ZJ-) VZ;
Xiexcooc(1<j<2¢—1), goi la tap chira cac
itemset tiem nang theo item hat nhan i. Ky hi¢u,
potent(iy) = Fpoik.

Ngudng phdé bién nho nhit cia m item
min_mis(l) =
min(misil,misiz, ...,misim) , Vij=L—m el

Tinh chit 3: Viel (1<<m),
<min_mis(l), sup(ij) = mis;; thi i, € FT ;

sup(i))

Tinh chét 4: Vi;el (1<j<m), sup(i;) <min_mis(I)
thi 7; ¢ FI ;

Bo dé 4: sup(in)< min_mis(Xiexcooc(ix)Uix) va
sup(ix)< min_mis(Yiexiooc (ik)) thi khong sinh tap
muc pho bién tir iy

Chitng minh: (theo BO d& 2) V Zus < Xiescooes
sup(ix  IZup)=sup(ix)< min_mis(lexcooc(ir)\Vix),
2" —1 tap con sinh tir item hat nhan i; 13 khéng pho
bién; (theo B6 dé 1) V i < ij, néu ij € lexlooc(iy) thi
sup(i i) < sup(ix) < min_mis(Yexiooc (ix)) — céc tap
muc két hop sau i; cling khong phé biénm.

Vi du 9: Xét item D, c6 lexcooc(D) ={A, C} =
sup(D) 2 <  min_mis(lexcooc(D)UD)
min(mis =5, misc=3, misp=3) = 3. Khi d6, cac tap
muc tiém nang sinh tir item hat nhan D khong phd
bién Fpo ={(D, 2, 3), (DA, 2, 3), (DC, 2, 3), (DAC,
2, 3)}. Va lexlooc(D) ={F, G} v6i sup(D) = 2 <
min_mis(mis;=4, misc=3) = 3, nén cac két hop tir
item hat nhan D va cac tap con cua lexlooc(D) la
Leb = {F, G, FG} lan luot 1a (DF, 1, 3), (DG, 1, 3),
(DFG, 1, 3) khong 14 tap muc phd bién.

B6 dé 5: sup(in)= min_mis(Xiexcooe, k) VA
sup(ik)s min_mis(Zsub),V ZsivC Yiexiooc thi ijEFpo,
Zeawf; & FL

Chimg minh: (theo BS dé 1, 2) V ZsubC Yiexlooc
thi sup(ikUZsub)=sup(fiuZsuw)< sup(ix)= min_mis(f;,
Zsub).~

Vidu 10: Xét item F, c6 lexcooc(F) ={A, C} =
sup(F) = 3 = min_mis(lexcooc(F), F) = min(mis =S5,
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misc=3, misF=4) = 3. Khi d06, cac tdp muc tiém nang
sinh tir item hat nhdn F 1a Fpo ={(FA, 3, 4), (FC, 3,
3), (FAC, 3, 3)}. Va lexlooc(F) ={G, E} v&i Lsub =
{G, E, GE} loai b6 G vi misg= 3> sup(F):
sup(FG)=2<misre=min(misr=4, mis¢=3)=3.

M3 gia thuat toan 2. Khai thac tap phd bién SEQ-
MMSFI

DPiu vao: Maiang Dataset, Index COOC va tap
MIS = {mis[1 ,misi2 ,...,misim J:

Dau ra: Tap pho bién MMSFI

1. Loai cac item theo tinh chét 4 va Bé dé 4

2. Véi mdi Index COOC[k].sup >
min_mis = min(mis; ,mis; ,...,mis;

3. Néu Index COOC[k].sup > mis;

4, FI[k] = FI[k] U{ix}/[(tinh chdt 3)

5. Co =Index_COOC[k].cooc

6. Lo =Index_COOCJk].looc

7. Cyup < cdc tdp con cua Co

8. Véi mdi itemset IS; € Coup

9. Fpolk] = Fpo[ k] {ix WIS}

10.  Law < cdc tdp con cia Lo

11.  Néu (Index COOC[k].sup=min_mis(Co))
thi

12. Lsub (—Lsub \{ stub ELsub |
Index COOC[k].sup<min_mis(zsu)}

13, Fup « cdc két hop giita Ly va iy

14.  V6imdif € Fyp

15. Véimbi f; € Fo

16. FI[k] = FI[k]U{f; O £}

17.  FI[k] = FI[k]UFpo[£]

18.Sép xép FI giam dan theo sup
19.Tra vé tap phd bién MMSFI

Vidy 11: Cho dit li¢u giao dich D trong Bang 1
va tap cac ngudng phd bién t6i thiéu cua ting item
theo Bang 2. Sau khi thuc hién thuat toan 1, ta cé
méng chira cac itemset dong xuit hién nhu Bang 5.

Ta co: MIS = {mis, =5, misg=2, mis¢=3, misp=3,
misg=2, misF=4, misg=3, misy=2} va min_mis(l) =
2;

Dong 1, loai cac item theo tinh chét 4 — c6 item
H; theo BO 3¢ 4 — cé item D ;

Véi item H, ¢6 sup(H) = 1 < min_mis : loai bo
item H khoi danh sach cac item khai pha; (tinh chat
)

Xét item D la item co s& — sup(D) = 2 <
min_mis(lexcooc(D), lexlooc(D))=
min_mis(misy=5, misc=3, misF=4, misg=3)=misp =
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3. Flp) = {J}: loai bo item D khoi danh sach cac
item khai pha; (bo dé 4)

Xét item B co lexcooc(B) ={E, A, C}: sinh tap
tiém ning Fpo = {(B, 2, 2), (BE, 2, 2), (BA, 2, 2),
(BC, 2, 2), (BEA, 2, 2), (BEC, 2, 2), (BAC, 2, 2),
(BEAC, 2, 2)}. Vé6i Lo = {G} va Lsuw» = {J} (dong
11, 12), Fsup ={J}. Ta co, FIjg; = {(B, 2, 2), (BE, 2,
2), (BA, 2, 2), (BC, 2, 2), (BEA, 2, 2), (BEC, 2, 2),
(BAC, 2, 2), (BEAC, 2, 2)}.

Xét item F c6 lexcooc(F) = {A, C}: sinh tap tiém
nang Fpo ={(FA, 3, 4), (FC, 3, 3), (FAC, 3, 3)}. Vé6i
Lo={G, E}, Lsw = {G, E, GE} (dong 11, 12), va
sinh Fsun ={(FE, 2, 2), (FGE, 1, 2)}. Sinh tap FI;s
={(FC, 3, 3), (FE, 2, 2), (FAC, 3, 3), (FEA, 2, 2),
(FEC, 2, 2), (FEAC, 2, 2)}.

Xétitem G c6 lexcooc(G) = {A, C}: sinh tap tiém
nang Fpo ={(G, 5, 3), (GA, 5, 3), (GC, 5, 3), (GAC,
5,3)}.VéiLo={E}, Lsun ={E} va sinh Fsuw = {(GE,
3,2)}. Sinh tap pho bién Flig; ={(G, 5, 3), (GA, 5,
Bang 6: Tap pho bién trén D
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3), (GG, 5, 3), (GAC, 5, 3), (GE, 3, 2), (GEA, 3, 2),
(GEC, 3, 2), (GEAGC, 3,2)!.

Xét item E c6 lexcooc(E) ={@}: sinh tap tiém
nang Fpo ={(E, 7, 2)}. V6i Lo ={A, C}, Lsu» ={A,
C, AC} vasinh Fan ={(EA, 5,2), (EC, 5, 2), (EAC,
5,2)}. Sinh tap phd bién FIig ={(E, 7, 2), (EA, 5,2),
(EC, 5,2), (EAC, 5, 2)}.

Xét item A, c6 lexcooc(A) = {C}: sinh tap tiém
ning Fpo = {(A, 8, 5), (AC, 8, 3)}, Lo = {J}, Lew =
(D}, Feun = {@}. Sinh tap phd bién khi xét item A
1a FIja = {(A, 8, 5), (AC, 8, 3)}.

Xét item C, c6 lexcooc(C) = {J}, Fpo = {(C, 8,
3)}, Lo={DJ}, Lsw = {J}, Fsub = {J}. Sinh tdp pho
bién khi xét item C: Fljc; = {(C, 8, 3)}.

Tap pho bién MMSFI trén di ligu giao dich D
0 Bang 1 va ngudng pho bién toi thi€u cua tirng item
trong Bang 2.

(BEA,2,2) (BEC2)2)

(BAC,2,2) (BEAC.2)2)

(FEC,2,2) (FEAC,2.2)

(GAC,5,3) (GEA,3,2)

FIigy (B,2,2) (BE)2,2) (BA)2,2) (BC)22,2)
FIirp (FC,3,3) (FE,2,2) (FAC,3,3) (FEA)22,2)
Fligs (G,53) (GA)53) (GC5,3) (GE3,2)
Flg (E,7,2) (EAJ52) (EC52) (EACS52)
Flia (A8,5) (AC_3)

FIic; (C)\8,3)

(GEC,3,2) (GEACJ3)2)

4 THUAT TOAN MCP-MMSFI

Ngay nay, nhidu may tinh c4 nhan va may tram
¢6 trén hai nhan — BXLDN, cho phép nhiéu ludng
xtr y (thread) duge thuc hién dong thoi — diéu nay
lam cho cac may tinh ¢6 duge téc do xur 1y nhanh
hon va kha nang da nhiém tdt hon. Dé tan dung hét
kha ning ctia BXLDN can phan phdi xir Iy dong thoi
trén nhiéu nhan cho nhiéu pha/bai toan khéc nhau dé
tiét kiém thoi gian va nang cao hiéu suét.

Chung t6i xay dung thuét toan song song MCP-
MMSFT khai thac tdp pho bién trén BXLDN dua
trén SEQ-MMSFL.

Thuét toan tuan tu SEQ-MMSFTI, ¢6 2 pha:

— Pha 1: Xay dung mang Index_ COOC;

‘Pha 2: Thuat toan SEQ-MMSFI khai thac
tap pho bién tir mang Index_COOC.
BueGe thir nhat, song song hoa Pha 1:

Index_COOC =
Index_COOC2
Index_COOC:...
Inder_COOC..2
Index_COOC.

Hinh 2: So db song song héa cho Pha 1
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Hinh 2, phan chia dit li¢u D thanh ¢ dir liéu con
Dy, D,,..., D..;, D, Ging v6i tung nhan C; thyc hién
thuat toan 1 v6i dau vao 1a dir liéu D; va dau ra 1a
méang Index_ COOC; tuong {mg. Dé tinh méng
Index_COOC cho D:

Index_COOC=Index_COOC@Index COOC:®...

Sau do, sap mang Index_COOC ting dan theo
sup va chuan hoéa theo dong 14, 15 va 16.

Vidu 12: Gia st D duoc chia thanh 2 tap - D; ¢
5 giao dich {tl, t2, t3, t4, t5} va D, cd 5 giao dich
{t6, 17, t8, 19, t10}.

D; chay trén nhan C; tra vé Index_COOC;:

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
looc 10111110 00000000 10111110 10110110 10101111 10111110 10111110 00001001

D; chay trén nhan C> tra vé Index_COOC»:

item A B C D E F G H

sup 4 2 4 1 4 1 2 0
cooc 10100000 11101000 10100000 10110000 00001000 10101110 10101010 11111111
looc 11111110 11101010 11111110 10110000 11101110 10101110 11101110 00000000

D,

Tinh  mang Index COOC cho
:Index COOC=Index COOC®Index COOC;

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
looc 11111110 11101010 11111110 10110110 11101111 10111110 11111110 00001001
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Buoc thir hai, song song héa Pha 2:

| [sEQADSFT > €y

SEQ-MMSFI = C;

SEQ MMSET — C, 4

200D Yapu[

Suewr e upyg

W

Hinh 3 : So do song song héa cho Pha 2

Hinh 3 phén chia mang Index_COOC tur i dén
im thanh ¢ phan Umg vdi timg nhén C; thyc hién thuat
toan SEQ-MMSFI véi dau vao la mang
Index_COOC tur phan tu thir k+(j-1)*((m-k+1) div
¢) dén phan tu thir k+/*((m-k+1) div ¢) va dau ra la
tap pho bien MMSFI; twong ing. Tép pho bién cho D:

MMSFIp = MMSFILUMMSEFI,...UMMSFI.

Vi du 13: Cho D trong Bang 1, Bang 2. Sau khi
thuc hién‘ song song hoa Pha 1, ta c6 mang chira cac
itemset dong xuat hién nhu Bang 4.

Nhén C; chay thuét toan SEQ-MMSFT tir item
B dén G va sinh tap pho bién MMSFI;:

(740,7) uByu > oo *

"LASPA  E RSO AS T
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E dén C va sinh tap pho bién MMSFL:
Fl[E] (E,7,2) (EA5,2)(EC,5,2)

Flja| (A85) (AC383)
Flic  (C83)

Tap phd bién MMSFI trén dit lidu giao dich D
va tdp ngudng ¢ Bang 2, dugc tinh MMSFIp
MMSFI;OUMMSFI, nhu Bang 6.

5 KET QUA THUC NGHIEM

Thuc nghiém trén CF-74 (2 core, 2 thread), Core
Duo 2.0 GHz, 4GB RAM, MSVC#2010.

(EAC,5,2)

Thuwe nghiém trén hai nhém dir liéu:

Nhom dir li€u thue c6 mat dg day: tir kho dit liéu
vé hoc may cia truong Dai 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) gdm 2 tdp Chess va
Mushroom.

Nhém dir liéu gia 1ap c6 mét d¢ thua: s dung
phan mém phat sinh dir li¢u gida 1ap cia trung
tdm nghién ctru IBM Almaden (IBM Almaden

ﬂlﬂ (B,2,2) (BE,22) (BA2,2) (BC.2,2) (BEA2,2)(BEC2.2) (BAC,22)(BEAC,2,2) . .
Flipy  (FC3.3)(FE2.2) (FAC33) (FEA2.2)(FEC,2.2) (FEAC,2.2) Research Center, San JOC, California 95120, US.A
Flig) (G.5.3) (GA,5.3)(GC,5.3) (GE.3.2) (GAC,5,3)(GEA,3.2) (GEC.3,2)(GEAC,3.2) [http://WWW.almaden.ibmCom]) gém 2 té.p
Nhan C, chay thuat toan SEQ-MMSFI tir item T10I4D100K va T40110D100K.
Béng 7: Dir liéu thwe nghiém
D S8 item S,(") item nho S item l6m nhit/ giao  S6 item trung  Mat dd
nhat/giao dich dich _binh/ giao dich (%)
Chess 75 37 37 37 49,3%
Mushroom 119 23 23 23 19,3%
T1014D100K 870 1 29 10 1,1%
T40110D100K 942 4 77 40 4,2%
Két qua thuc nghiém: dé nhat quan khi so sanh HS = 1— (TM _ E) /(T_S) (4)
véi cac thudt toan trude, nhom tac gia st dung ¢ ¢
phuong thirc gan céac gia tri ngudng phd bién tbi Trong do:
thiéu cho ting muc hang theo cac thuat toan (Liu et —  Ts: thoi gian thyc hién tuén ty
al., 1999; Hu et al., 2006; Kiran ez al., 2011). Géan . Tu: thoi eian thuc hié
o ~ PO TS ) M gian thyc hién song song
cac gia tri ngudng pho bién toi thiéu cho ting muc ) )
hang theo cong thuc: — ¢: s0 lugng nhan cta CPU (s0 core)
misij = MAX(a,B X sup(ij)),Visz—m el (3) Chess - 0.=0,7
Trong d6, gia tri & 1a ngudng phd bién nho nhat L 250000 N
c6 thé. Hé sb B(0<B<1)la hé sb didu khién, 5 200000 TR
M T cr s g ~ R 1sh R 1R E 150000 —o—MS Apriori
nham xéac dinh gia tri cac ngudng pho bién t6i thiéu £ 100000 N +CFPGpr "
cua ting muc hang theo dd pho bién cua tirng muc é" N HEE —x—SEQ.MO,:.VSH
hang. Truong hop f=0, l4c nay tré thanh bai toan S ] —_— MCP-MMSE]
khai thac tap phd bién voi mét ngudng phd bién tdi 08 085 05 0% 1
thiéu 1a & Dudi déy, ching t6i so sanh thuat toan dé Héso B

xuit SEQ-MMSFI, thuit toan song song MCP-
MMSFI voi thuat toan MSApriori,
CFPGrowth++.

Hiéu suét thuc hién thuat toan song song MCP-
MMSFI trén BXLDN:

162

Hinh 4: Thoi gian khai thac MMSFI trén Chess

Hinh 4 va 5 1a két qua thuc nghiém trén tap dir
liéu Chess va Mushroom c6 mat do cao, ta thay
thuat toan tuan ty SEQ-MMSFI nhanh hon
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MSApriori, CFPGrowth++ va thuat toan chay trén
BXLDN la MCP-MMSFI c6 thoi gian thuc hién
nhanh hon thuat toan tuan tu SEQ-MMSFI. Hiéu
sut trung binh cua thuat toan MCP-MMSFI lan
lugt: (78%, do léch chudn 4,8%) va (79%, do léch
chudn 3,2%).

Mushroom - a.=0,2

40000

30000 ,7%,47

20000 -

10000 ’Mi
. ;

0,9

== MSApriori

== CFPGrowth++
=>¢=SEQ-MMSFI

Thei gian (mili gidy)

== MCP-MMSFI|
Hé sé B

Hinh 5: Thoi gian khai thaic MMSFI trén
Mushroom

T1014D100K - .=0,03

Z 120000

& 100000

£ 80000 —o— MSApriori

g, igggg ~8— CFPGrowth++

€ 20000 == SEQ-MMSFI
0 “He=MCP-MMSFI

Hinh 6: Thoi gian khai thac MMSFI trén
T10I14D100K

T40110D100K - o.=0,15

50000

& 40000 |+
3
£ 30000 7 —o— MS Apriori
c
-5, 20000 = CFPGrowth++
E 10000 $- . =>¢=SEQ-MMSFI

0 = MCP-MMSFI

08 0,85 0,9 0,95 1
P
Hésé B

Hinh 7: Thoi gian khai thac MMSFI trén
T40110D100K

Hinh 6 va 7 1a két qua thuc nghiém trén tap dit
lidu gia lap c6 mat do thap T10I14D100K va
T40110D100K, ta thiy thuat toan tuan tu SEQ-
MMSFI nhanh hon MSApriori, CFPGrowth++ va
thudt toan chay trén BXLDN la MCP-MMSFI c6
thoi gian thuc hién nhanh hon thuat toan tuan tu
SEQ-MMSFI. Hiéu suét trung binh cia MCP-
MMSFI lan luot: (82%, do léch chudn 4,4%) va
(82%; dg léch chudn 5,5%).

Két qua trén cho thiy thuat toan khai thac tap
phé bién v6i nhidu ngudng phd bién tbi thiéu MCP-
MMSFI trén BXLDN t6t hon rit nhiéu so véi thuat
toan MSApriori, CFPGrowth++. Thuat toan
MCP-MMSFTI can duoc thyuc nghiém thém trén cac
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dir liéu ¢ 16n ’VE‘I so sanh thém v&i cac thuat toan
chay trén h¢ thong toan phan tan Hadoop, Spark.
6 KET LUAN

Nhom tac gia da dé xuét kién trac tudn tu khai
thac tap phd bién voi nhiéu ngudng phd bién tdi
thiéu SEQ-MMSFI. Vi kién trac nhu trén, khi
ngudi dung khai thac tap phd bién véi bo nguong
khdc thi thuat toan d& xuét chi thuc hién khai thac
tap pho bién trén mang Index_COOC di tinh ¢ lan
khai thac trudc 1am giam thoi gian xir 1y ddng ké. Tir
thuat toan tuan ty SEQ-MMSFTI, chung toi md rong
va song song héa thuc hién trén BXLDN goi 1a thuat
toan MCP-MMSFI. Hiéu suét trung binh khi song
song hoa 1a 80% va do 1éch chuén 4,6% (trén dir licu
thuc nghiém).

Tuong lai, nhém tac gia s€ md rong thuat toan
MCP-MMSFI dé c6 thé khai thac nhanh tip phd
bién vé&i nhiéu ngudng phd bién tbi thiéu trén hé
thong dién thoai thong minh da 13i ¢6 tai nguyén han
ché, ciing nhur mé rong trén hé théng phéan tan nhu
Hadoop, Spark.

LOI CAM TA
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