HUFLIT Journal of Science

RESEARCH ARTICLE

PHU'ONG PHAP KHAI THAC TAP HU'U ICH CAO TREN DU LIEU GIAO DICH
LUONG DUA TREN CAY HUSTREE
Tran Minh Thai, Tran Anh Duy, Pham Pirc Thanh, Lé Thi Minh Nguyén, Nguyén Thanh Trung

Khoa Céng nghé thong tin, Truwdng Pai hoc Ngoai ngit -Tin hoc TP.HCM
thaitm@huflit.edu.vn, duyta@huflit.edu.vn, nguyenltm @huflit.edu.vn,
trungnt2 @huflit.edu.vn, thanhpd @huflit.edu.vn

TOM TAT— Khai thiac mAu hitu ich cao trén ludng dir liéu giao dich 1a mét bai todn quan trong trong linh vwc khai thac dir
liéu. Viéc khai thac nay giup phat hién nhirng tdp san phdm c6 lgi nhuén cao trong co s& dir liéu giao tic. Bén canh do, khi s6
lwgng héa don dwoc cap nhat lién tuc sé tao ra nhitng mau hitu ich cao méi ddng thoi thay d6i d6 hitu ich cia mot s6 tap miu
da c6 trwde d6. Viéc cap nhat kip thoi thong tin clda sw thay d6i nay déng vai tro quan trong trong qua trinh dwa ra cac quyét
dinh hiéu qua trong viéc kinh doanh. Tuy nhién, s6 lwgng nhirng phwong phéap khai thac trén tp dit liéu ludng giao dich dang
con han ché nhit dinh. N6i dung bai bdo nay tip trung vao nghién ciu va dé xuit mot phwong phap khai thac dir liéu luéng
giao dich méi dwa trén ciu tric cidy HUS-Tree da cé trwedec diy. K&t qua thuc nghiém chirng minh phwong phap khai thac méi
c6 thoi gian thwe thi hiéu qua hon giai phap truéc do.

Tir khéa— Dit lidu lubng giao dich, khai thac dit liéu, tap hitu ich cao, mau hitu ich cao.
I. GIO'l THIEU

Khai thac dir liéu ludng giao dich [1], [2], [3], [4], [5] la m6t bai toan quan trong trong linh vwc khai thac dit liéu
va 12 mot phin trong chu dé khai thac luat két hop [6]. Thong thwong, khai thac luit két hop dwoc chia ra thanh
hai bwéc. Pau tién 1a khai thac mau phé bién hay con goi 1a tdp san phadm phé bién [7]. K& dén 1a phat sinh luat tir
cac mau phd bién nay. Tuy nhién, trong thuc té cé nhitng tdp mau khong phé bién nhung lai mang lai gia tri cao
hon céc tap phd bién. Vi du nhw viéc ngwdi dung mua it sdn phdm nhwng gia tri ciia mdi san phidm dwoc mua lai
16n hon nhitng san phdm con lai. Do d6, khai thac mAu phd bién c6 nhiéu han ché khi chwa khao sat dén s6 lwong
san pham (gia tri hitu ich ndi) cling nhw gi4 tri cia cac san pham (gia tri hitu ich ngoai) dwoc mua. Khai thic miu
hitu ich cao dwoc dé xuat gitp khic phuc nhitng han ché ctia khai thac mau phé bién, nghia 1a cac gia tri hitu ich
ndi va hitu ich ngoai ciia tirng san pham sé& dwoc xem xét trong qua trinh khai thac dé xac dinh mau hiru ich cao
c6 trong co sé dir liéu (CSDL) giao dich.

Do mdi san phdm trong mbi giao dich déu cé gia tri hitu ich khac nhau nén bai toan khai thac miu phd bién
khong dap ng dwoc nhu ciu khai thac trén cac tip dir liéu nay. Tir d6 khai thac tap hitu ich cao (High Utility
Itemset - HUI) dugc 4p dung d€ tim ra cAc mAu hitu ich cao c6 trong CSDL. Cac thuat toan khai thac mau hitu ich
cao dwoc dé xuit c6 thé ké téi la HMiner [8], EFIM [9], FHM [10] va D2HUP [11].

Tuy nhién, cac thuit todn khai thac trén chi 4p dung cho cic bd dit liéu tinh, nghia 12 khdng c6 sw thay ddi theo
thoi gian. Trong thuc t& mot mau hay tip san pham cé thé 1a hitu ich cao trong khoang th&i gian nay nhwng lai
c6 thé tré thanh mau hitu ich thip trong khodng thoi gian khac. Chdng han nhw nhitng sdn phadm lién quan dén
du lich bién c6 thé 1a mau hitu ich cao vdo mua hé nhung lai it dwoc mua vao mua déng. Khai thac cAc mAu hitu
ich cao theo thoi gian hay con goi 1a khai thac ludng dir liéu giao dich dwoc dé xuit dé giai quyét van dé nay. Cac
phwong phap khai thac dir liéu ludng giao dich tiéu biu c6 thé k€ dén nhw MHUI-BIT [12], MHUI-TID [12],
HUPMS [13].

No6i dung con lai ctia bai bdo dwoc trinh bay theo ciu tric sau: Phin II trinh bay cac cong trinh nghién ciu lién
quan. Phan III trinh bay cac khai niém va dinh nghia ctia bai todn. Phin m6 ta x ly va thuét toan dé xuit dwoc
trinh bay trong phéan IV. Cudi ciing, phan V, VI lan lwot trinh bay thwc nghiém va két luin.

II. CAC NGHIEN CU’U LIEN QUAN

Trong nhitng ndm gan day, nhiéu linh vic con trong khai thac dir liéu nhw phan loai (classification) [14] va chubi
thoi gian (time-series) [14] ciing tiép cdn xtr 1y dit liéu ludng vi hau hét cac phwong phap khai thac truyén thong
khong phén tich dwoc nhiéu vé dir liéu nhay cam theo thoi gian. Dir liéu luéng giao dich 1a dit liéu lién tuc va c6
su sdp x&p tht tw clia cac sdn phdm theo thoi gian. Do dic tinh lién tuc cAp nhat nén tinh chat hiru ich cia mot
hoic mdt tip sadn phdm c6 thé bi thay ddi theo thoi gian. Mot tAp san phdm c6 thé 1a hitu ich cao trong mot
khoang thoi gian nay, nhwng cling c6 thé tré nén khong con hiru ich trong mdt khodng thoi gian khac. DE giai
quyét van deé khai thac trén tip dit liéu thay ddi lién tuc nhw vay, buwdc ddu cac thuit toan dua trén clra s6 treot
da dwoc dé xuat. Mic du phwong phap nay da gidi quyét dwgc yéu ciu ctia bai toan dit ra. Tuy nhién, han ché cta
chiing 1a phat sinh rit nhiéu &ng vién giy ton kém tai nguyén va xr ly.
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Niam 2010, Ahmed [13] va cong su da dé xuit ciu tric ciy goi 1a HUS-Tree dung d€ lwu trit thong tin cia ludng
dir liéu. Theo d6, mbi khi clra s6 trwot thay d6i thi sé cAp nhat lai gia tri clia cac nut c6 trong cdy. Thuat todn
HUPMS (HUP Mining over Stream data) dwgc dé xuit dé khai thdc mAiu hitu ich cao dwa trén cay HUS-Tree.
Thuat toan HUPMS sé& phat sinh cay tién t8 clia cAc mAu hitu ich c6 dd dai mot (1-itemset). Sau d6, thwc hién
kiém tra cAc miu rng vién d€ x6a di mot s6 nut trong cdy tién t6 va tao ra ciy diéu kién. Sau d6, cAic miu hitu ich
cao sé dugc phat sinh tir cAy diéu kién nay. Diém han ché ctia thuit toan nay la phai phat sinh rit nhiéu ciy tién
t6 va cdy diéu kién mdi khi tién hanh khai thac miu din dén tiéu tén rat nhiéu thoi gian. C4u tric HUS-Tree
twong tu ciing dwoc st dung trong dé xudt clia nhém tac gia trong cong trinh [16] nhdm khai thac mau hitu ich
cao trén dir liéu c6 cap nhat ngwdng hiru ich tdi thiéu.

T han ché trén, ndi dung bai bao dé xuit phwong phap khai thac miu hitu ich cao ma khong cin phai xay dung
cay tién td cling nhw cay diéu kién nhung van tim ra dwgc cAc mau hitu ich cao c6 trong CSDL ludng giao dich.

I11. PINH NGHiA BAI TOAN

bat] = {iy, i, ..., in} 1a tp cdc san phdm (hay cac sy kién) va D = {T}, T, ..., T,,} 1a CSDL giao dich véi mbi T; € D
la mdt tap con cda tip I.

Pinh nghia 1 [1]: D6 hitu ich noi (internal utility) cia mdi sdn phdm ky hiéu 12 iu(i, Tj) 12 s6 1an xu4t hién cta san
phim i trong giao dich T;. Vi du trong Bang 1, sw kién a xuit hién 2 lan trong giao dich T, nén dd httu ich ndi cta
sw kién a trong giao dich T; ky hiéu 12 iu(a,T;)=2. D6 hitu ich ngoai (external utility) ciia mdi san phim (item), ky
hiéu 1a eu(i), 1a gia tri ca san pham i. Vi du trong Bang 2, d6 hitu ich ngoai clia sdn phdm a la eu(a) = 5. D6 hiru
ich clia san phdm i trong trong giao dich T;ky hiéu 1a u(i,Tj) dwoc tinh bang cong thirc (1). Vi du: u(a, T;) = 2 X
5 = 10 v6i dir liéu tir BAng 1 va Bang 2.

u(i,T;) = eu(@) x iu(i,T;) (1)

Do hiru ich ciia nhém san phim X (itemset X) trong giao dich T}, ky hiéu 1a u(X, T;) dwoc tinh bang cong thirc (2).
Véi X = {iy, iy, .., i} 1a tAp gom k san phdm, X € T; va 1 < k < n. Vi dy, nhém 2-sdn phdm ac trong giao dich T;
c6 do hituichlau(ac,T;) =2 X 5+ 3 X 10 = 40 véi dir liéu tir Bang 1 va Bang 2.

w(X,T) = ) u(i,T) (2)
iex
D9 hitu ich cia nhém san phdm X trong CSDL, ky hiéu 13 u(X), dwgc tinh bing céng thirc (3). Vi du, dd hitu ich
cla ac trong Bang 1la u(ac) = u(X,T;) + u(X,Ts) + u(X,T,) + u(X,T,) = 235.

u(X) = Z u(X,T;) (3)

T]'ED

Do hiru ich cha giao dich T}, ky hiéu 1a tu(T;), 1a tong gia tri hiru ich cla cic sdn phdm cé trong giao dich Tj va
dwgc tinh bang cong thirc (4). Vi du, do hitu ich cta giao dich T; trong Bang 1 13 tu(Ty) = u(a, T;) + u(c, T;) +
uld, T,)) =2%Xx5+3%x10+4x7 =68.

(1) = Y (i) (4)

lETj

Cho ngudng hiru ich tdi thidu & 1a ti 1& phan trim cho trwdc dua trén téng gia tri hivu ich cia tit ca cic giao dich
c6 trong CSDL. Xét vi du trong Bang 1, téng hitu ich cta tit ca cac giao dich 1a 734. Néu § = 20% thi gia tri hiru
ich t8i thiéu c6 thé dugc tinh theo cong thire (5). Gia st § = 20% thi gia tri hiru ich t6i tiéu 1a minutil = 20% X
734 = 146.8

minutil = § X Z tu(T;) (5)

TjED

Mot tAp cac sdn phdm X dwoc goi 1a mau hitu ich cao néu u(X) > minutil. Bai toan tim mau hitu ich cao dwoc
dinh nghia 1a tim t4t ca cac tip X thoa diéu kién u(X) = minutil.

Trong bai toan khai thac mau phé bién, tinh chit Apriori dwoc dung dé loai bé nhitng mau khong phd bién. Tinh
chit nay chi ra ring, tit ca cc tip mé rong cia mot su kién khong phd bién déu khong phd bién. Tuy nhién, tinh
chat nay khong thé 4p dung cho bai to4n khai thac mAu hitu ich cao. Vi du, néu minutil 1a 146.8, thi mau a trong
Béang 1 khéng phai 1a mau hitu ich cao vi u(a)=115. Tuy nhién, tAp mé roéng cta a 1a ac lai 1a mau hitu ich cao vi
u(ac)=235. Do d6, mot do do dwoc goi 1a trong s6 hitu ich dd dwoc dé xuit dé giai bai toan khai thic mau hitu ich
cao.
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Pinh nghia 2 [1]: Trong s6 hitu ich clia mot tap cac san phdm X, ky hiéu 1 twu(X), dwoc tinh bing téng gia tri
hitu ich cda cac giao dich c6 chita X, dwgc dinh nghia bang cong thirc (6). Vi du, trong Bang 1 trong sé hitu ich
cla san phidm d dwoc tinh 1a twu(d)=68+43=111. Do vay, tinh chit Apriori c6 thé 4p dung dwoc véi do do nay. Vi
du, véi minutil=146.8 thi twu(d)<minutil. Khi @6, mdu mé rong cia d 1a dc ciing c6 trong s hitu ich nhé hon
minutil hay twu(dc) < minutil.

twu(X) = Z tu(T;) (6)

XCET;eD

X dwoc goi 1a miu c6 trong s6 hitu ich cao néu twu(X)>minutil. Dit liéu ludng giao dich (transaction stream) 12
loai dit liéu phd bién trong thwc té. Dir liéu dang nay c6 thé thiy trong dit liéu ban hang, dit liéu vé cac thao tac
trén trang web, dir liéu thoi tiét, ... Trong d6, s6 lwong dir liéu la khdng gi¢i han va co thé ting truwedng theo thoi
gian. Mot 16 giao dich (batch) gobm nhiéu giao dich (transaction). Mot ctra s6 (window) bao gdm nhiéu 16 giao
dich. Hinh 1 12 mét vi du minh hoa vé dit liéu ludng giao dich. Trong d6, CSDL dwoc chia 1am 4 16 c6 kich thwéc
bing nhau va 2 ctra s6. Mdi 16 bao gom 2 giao dich. Mdi ctra s6 gom 3 16. Ctra s6 W; bao gdbm 16 By, Bz va Bs. Cira s
W2 bao gbm 16 Bz, B3 va Ba.

Bang 1. Co sé dir liéu giao dich Bang 2. DJ hitu ich ngogi ctia sdn phdm
TID a b c d e tu item eu(i)
T1 2 0 3 4 0 68 a 5
T2 4 3 0 0 0 44 b 8
T3 0 5 7 0 0 110 c 10
Ty 0 2 0 1 5 43 d 7
Ts 6 7 2 0 0 106 e 4
Ts 3 0 5 0 1 69
T7 8 8 4 0 2 152
Ts 0 9 5 0 5 142

Pinh nghia 3 [3]: D6 hitu ich cta tip sdn phdm X trong mot 16 Bx dwoc tinh theo cong thie (7).
ug, (X) = Z u(X,T)) (7)
TjEBk

Vi dy, trong Hinh 1 va dix liéu Bang 2, ug, (ac) = u(ac,Ts) + u(ac, Tg) = 45+ 70 = 115.

TID a b c d e tu
Wi ) T 2 |0 |3 |4 |0 |e8
B
(B1-B3) { T 4 |3 [0 [0 |0 |44
T3 0 |5 |7 |0 |o |110
- 7 Bz{
Ta o |2 |o |1 |5 |43
Ts 6 |7 |2 |0 |0 |106
W | B
’ 1 { Te 3 |0 |5 |0 |1 |e9
(B2-B4)
T, 8 |8 |4 |0 |2z |152
B
L 3 T 0 |9 |5 |0 |5 |142

Hinh 1. Vidu vé dir liéu ludng giao dich.
Pinh nghia 4 [3]: D6 hitu ich cla tAp sdn phdm X trong mot ctra s6 W, dwoc dinh nghia bang cong thirc (8). Vi du,
trong Hinh 1 va dit ligu Bang 2, uy, (ac) = ug,(ac) + ug,(ac) + ug,(ac) = 0+ 115 + 80 = 195.

(0 = D 5, (0 (®)

BreEW]
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Ngudng hitu ich toi thiéu trong mot ctra s6 W, ky hiéu la &y, la gid tri phan tram cho truéc dva trén tong gia tri
hitu ich cla tit ca cac giao dich c6 trong clra s6 Wi Trong Hinh 1, tong hitu ich cta tit ca cic giao dich trong clra
s6 W21a 622. Néu 8y, = 20% thi do hiru ich toi thiéu trong ctra s6 W, c6 thé dwoc tinh theo cong thirc (9). Vi du,
v6i 8y, = 20% thi gia tri hitu ich t6i tiéu la minutily,, = 20% x 622 = 124.4

minutily,, = &y, X Z tu(Tj) (9)

TjGWl

Mot tap cac san phdm X dwoc goi la mau hiru ich cao trong cira s6 W) néu uy, (X) = minutily,,. Bai toan tim mau
hitu ich cao dwoc dinh nghia la tim tat ca cac tap X thoa diéu kién wuy,(X) = minutily,,. Vi du, véi 8y, = 20% thi
mau ac 1a mau hitu ich cao trong cira s6 W; vi uy, (ac) = 195. Trong s6 hitu ich ctia mot tap cac san phdm X
trong ctra s6 W, ky hiéu la twuy,, (X), dwgc tinh bing téng gia tri hitu ich ca cac giao dich trong ctra s6 W, c6
chita X. Vi du, twuy, (ac) = twug,(ac) + twug, (ac) + twug, (ac) = 106 + 69 + 152 = 327. MAu X dwoc goi la
mau c6 trong s6 hitu ich cao trong cira s6 Wi néu twuyy, (X) = minutily,,. Vi dy, véi minutily,, = 124.4 thl mau
ac1a mAu c6 trong s6 hitu ich cao vi twuy, (ac) = 327.

IV. THUAT TOAN KHAI THAC MAU TREN CAY HUS-TREE

A. CAU TRUC CAY HUS-TREE

Trong phan nay, bai b4o trinh bay va mé ta vé ciu tric ciy, goila HUS-Tree (High Utility Stream Tree), cho phép
lwu trit thong tin vé cac giao dich trong CSDL. C4u truc dit liéu ndy dwoc dé xuit trong bai bdo cia tac gia Ahmed
[13] nim 2010.

Bén trong c4u tric cdy HUS-Tree, mdi nut sé& lwu trir thong tin dinh danh cia mot san phdm (hoic sw kién) kém
theo mot danh sach cac gia tri ctia cac 16 giao dich, gobm nhiéu giao dich lién ti€p nhau, chira sdn phdm d6. Bén
canh d6, mot lién két dwoc tao ra gitra cac nit con va nit cha dé€ cho phép truy xuit dir liéu gitra cac nut khac
nhau trong qua trinh khai thac.

Duwa trén CSDL mau trong Bang 1, chiing ta duyét qua tirng sdn phadm trong tirng giao dich theo thir tw sip xép
thi tw d€ dwa tirng sdn phdm vao ciu tric ciy. Diu tién, thao tic duyét sé dwgc thwe hién trén giao dich T;. Giao
dich T; c6 gi4 tri tu 12 68 va chira cac sdn phdm {a, ¢, d}. S&n phdm a s& dugc thém vao ciy bang cach tao ra nut
chira item-id 1a a va gia tri twu 1a 68. Ta c6 nut {a:68}. Sau d6, san phdm ¢ dwgc thém vao nhw nit con cia a véi
gia tri twu 12 68. Ta c6 nut {c:68} la nut con cta {a:68}. Sau d6, san phdm d dwoc thém vao nhw nit con cta ¢ véi
gia tri twu 1a 68. Ta c6 nut {d:68} 1a nit con cha nut {c:68}. Tiép theo giao dich T, dwoc duyét d€ thém cac san
phdm vao ciy. Giao dich T, c6 gia tri tu 1a 44 va goém c6 2 san pham la {a,b}. San phdm a trong giao dich T, dwoc
thém vao ciy véi gia tri twu 13 44. Tuy nhién, do trong ciy di cé nit a roi va giao dich T;va T, thudc ciing mot 16
B, nhu Hinh 1. Nén gi4 tri twu cta san phdm a trong giao dich T, sé& dwoc cdng don vao nit {a:68} thanh {a:112}.
San phdm b dwoc thém vao nhw nit con cta {a:112} véi gia tri twu 1a 44. Hinh 2(a) minh hoa cidy HUS-Tree sau
khi da duyét qua giao dich T; va T,. Twong tw nhw vay, cac 16 B, va B; dwgc thém vao cdy HUS-Tree nhw Hinh
2(b).

Véi cdy HUS-Tree, khi clra s6 dich chuyén tir W, sang W, thi dit liéu trong 16 giao dich B;sé bi x6a bo. Sau d6, dir
liéu trong 16 giao dich B, s& dwoc thém vao ciy. D€ x6a dir liéu chia 16 giao dich B;cidy HUS-Tree dwgc duyét lai
mot lan nira. Mdi lAn duyét qua mot nit cua cay, ta x6a di dir liéu twu dau tién trong mang gia tri twu. Vi thir tw
cac phan tir trong mang lwu trir twu & moi nit sé twong &ng véi cac 16 By, B,va B;. Sau d6, nhirng nut c6 tit ca
gia tri trong mang lwu trir twu bang 0 sé bi x6a khoi cdy. Sau ciing, cac sdn phdm ctia 16 giao dich B, sé dwgc thém
vao cay. Hinh 3 minh hoa thao tac chuyén dich sang ctra s6 W,.

B. PHUONG PHAP KHAI THAC CAY HUS-TREE

Tir cAu trac cdy HUS-Tree trong Hinh 3, chiing ta c6 thé nhan ra cc dic diém nhu sau:

Pac tinh 1: Nhitng sdn phdm thudc cing moét nhanh 1a cac san phdm da xuit hién trong cing mat giao dich. Vi du
tlr Hinh 3 thdy rdng cac nat {a:0,175,152} va nut {c:0,69,0} va nat {e:0,69,0} cing mot nhanh. Péng th&i cac san
phdm {a,c,e} xuit hién trong cling giao dich Ts va T.
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{f ¥
/
{a:112} a:112,0,175} {b:0,153,0}
~ ~ \

{c:68} {b:44} {c:68,0,69} {b:44,0,106} {c:0,110,0} {d:O,élB,O}

I l
{d:68} {d:68,0,0}  {e:0,0,69} {c:0,0,106} {e:0,43,0}
(a) Sau khi cheén T va T> (b) Sau khi thém B>,B;

Hinh 2. Cdy HUS-Tree.
{
/ \
{a:0,175,152} {b:153,0,14
{c:0,69,0} {b:0,106,152} {c:110,0,142} {d:43,0,0}
\

{e:0,69,0} {c:0,1\06, 152} {e:0,0,142} {e:43,0,0}
{e:0,0,152}

Hinh 3. Cdy HUS-Tree sau khi chuyén dich sang W,

Pac tinh 2: MAu hitu ich cao c6 thé dugc phat sinh bing cach ghép san phdm trong cling mot nhanh va gia tri
hitu ich cia miu 1a danh sé4ch gia tri caa 16 giao dich ctia nut thdp nhat trong nhanh. Vi du tir Hinh 3 thdy rang
v&i nhanh gdm cac nadt {a:0,175,152} va nit {c:0,69,0} va nit {e:0,69,0} c6 thé phat sinh miu ec bing cach ghép
dinh danh cta nudt {c:0,69,0} va nut {e:0,69,0}. Khi d6, d hitu ich ctia mau ec s& 1a gia tri 16 giao dich clia ntt thap
nhit trong nhéanh 13 nut {e:0,69,0}. Gia tri hitu ich ciia mau ec 1a {ec:0,69,0}. Sau d6, mAiu eca c6 thé dwoc phat
sinh bing cach ghép dinh danh cta nit {ec:0,69,0} va nit {a:0,175,152}. Va do trong nhénh, nut {e:0,69,0} 1a nat
thdp nhit nén dd hitu ich clia mau eca 1a gia tri 16 giao dich ctia nuat {e:0,69,0}. Gia tri hitu ich clia miu eca la
{eca:0,69,0}.

T hai dic diém trén, qua trinh khai thidc mau trén cay HUS-Tree c6 thé duoc phat biéu nhw sau. Tir cdy HUS-
Tree da cé, thuc hién thao tac duyét tir nit 14 dén ndt géc. Véi mbi mot nhanh, thuc hién ghép dinh danh san
pham ctia mdi nidt trong nhanh lai véi nhau dé tao mau rng vién. Sau d6, kiém tra d6 hitu ich cia mau rng vién
bang cac coéng cac gia tri hitu ich trong 16 giao dich clia mAu ¢ng vién d6 lai va so sanh véi gia tri minutil. Nhitng
mau ng vién c6 do hitu ich 1én hon ngwdng minutil sé dwoc gitr lai va 13p lai thao tadc ghép tao mAiu ¢ng vién
md&i. Sau qua trinh duyét va ghép nhuw vay ta sé thu dwoc tit ca cdc mau hitu ich cao.

D& thuin tién cho qua trinh khai thac, mot bang bim dung dé lwu dia chi cia cac ndt dwoc tao ra.

{a:0,175,152}

{b:0,106,152} —>{b:153,0,142}

{c:0,69,0} —{c:0,106,152} —>{c:110,0,142}
{d:43,0,0}

{€:0,69,0} —»{e:0,0,152} —»{e:0,0,142} —»{e:43,0,0}

HEREE
il

Hinh 4. Bdng bam luwu dia chi cdc niit.
C. THUAT TOAN PE XUAT

Trén co s& phan tich cic dic diém cta ciu tric cAy HUS-Tree va nhan xét phwong phap khai thac hiéu qua trén
cAu tric nay, ching toi dé xuit thuit toan véi tén goi HUSPM-REVERSE dworc thé hién trong Thuét todn 1 va mot
thtl tuc con dwoc trinh bay trong Thuat toan 2.

Thuit toan 1: HUSPM-REVERSE (T, minutil)
Input: Cdy HUS-Tree T, 9 hiru ich tdi thi€u minutil
Output: Mau hitu ich cao
Begin
Duyét T phat sinh bang bam b.
foreach(id_item_list in b)
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Tao danh sach lvu mau L
foreach(nut n in id_item_list)
Duyét T va ghép nut n véi nhitng nut cha ciia n d€ tao mau nx
Lwu nx vao L
foreach(mau min L)
if d6 hitu ich cia mAu m >= minutil
MiningSubPattern(T, m, minsup)
Xuit mau m
End

Thuit toan 2: MiningSubPattern (T, m, minutil)
Input: Cay HUS-Tree T, d6 hitu ich t6i tiéu minutil, mAu hitu ich m
Output: Mau hitu ich cao dang mx
Begin
Tao danh sach lvu mau L.
Duyét T va ghép mau m vé&i nhitng niit cha cia m dé tao mau mx
Lurunxvao L
foreach(mau mxin L)
if d6 hitu ich ctia mau mx >= minutil
MiningSubPattern(T, mx, minsup)
Xuit miu mx
End

D. Vi DU MINH HOA

Gia st gia tri minutil bing 260. Tir bAng bim trong Hinh 4, san pham c c6 trong s& hitu ich bing téng gia tri hitu
ich trong cac 16 giao dich bing 69+106+152+110+142=579. Sau d6, 14y ra danh sach id_item_list cac nut chira
san phdm c trong bang bam gém {c:0,69,0},{c:0,106,152},{c:110,0,142}. Tt nit {c:0,69,0}, thwc hién duyét nguoc
vé nut gbc trén cdy HUS-Tree d€ phat sinh mau ca véi dd hitu ich 1a {ca:0,69,0}. Tir nit {c:0,106,152}, thwc hién
duyét ngwoc vé nut gbéc trén cdy HUS-Tree dé phat sinh mau {cb:0,106,152} va {ca:0,106,152}. Tl nut
{c:110,0,142}, thwc hién duyét ngwoc vé nit géc trén cdy HUS-Tree dé phat sinh mau {cb:110,0,142}. Sau dé6
thuc hién thao tac tinh trong s hitu ich clia cdc mau bing cach cong cac gia tri hitu ich lai. V&i mau ca ta c6
{ca:0,69,0} va {ca:0,106,152} nén dd hitu ich clia mau ca 1a 69+106+152=327. V&i mau cb ta c6 {cb:0,106,152}
va {cb:110,0,142} nén trong s& hitu ich cia mau cb 12 106+152+110+142=510. CA mAu ca va cb déu 1a mau hiru
ich cao khi trong s6 hitu ich cia miu déu lén hon minutil. Sau d6 ti€p tuc thwc hién phat sinh mau véi ca va cb.
V&i miu ca ta thiy ring nuat chira a 13 nat sat nat gdc nén khong thé phat sinh thém. V&i miu cb ta c6 2 nut 1a
{cb:0,106,152} va {cb:110,0,142}. Trong d6 nut {cb:110,0,142} c6 nut b sat nit géc nén khong thé phat sinh miu
dwoc nira. Con nat {cb:0,106,152} c6 nut cha la nat {a:0,175,152} nén c6 thé phat sinh mau {cba:0,106,152}. Mau
cha c6 trong s8 hitu ich 12 106+152=258. Do trong sé hitu ich cia mau cha nhé hon minutil nén miu cha khong
phai 12 mAu hitu ich cao. Qua trinh khai thac ct 13p lai nhw vy cho dén khi duyét hét tit ca cac nit trong bang
bam Hinh 4.

V. KET QUA THU’C NGHIEM

Trong phén nay, bai bdo trinh bay két qua thyc nghiém dé so sanh hiéu qua ctia thuit toan HUPMS va thuit toan
dé xuat HUPMS-REV. Dit liéu thwc nghiém 1a dit liéu giao dich ctia khach hang tir mdt chudi ctra hang ban 1é &
California, Hoa Ky. Tén bo dit liéu la Chain-store [14] bao gom 1,112,949 giao dich va 46,086 su kién khac nhau.
Chwong trinh dwoc viét bang ngdn ngit Java chay trén hé diéu hanh Windows 10 Intel® Core™ i7-9700, 16384
MB RAM.

DAu tién, bai bao tién hanh so sdnh hiéu qua vé mit thoi gian thwe hién cta thuit toan dé xuit (HUSPMREV) va
thuat toan HUPSM trén b6 dit liéu Chain-store véi kich thuwdc clra s6 trwgt khac nhau bang cach thay ddi s6 16
trong mot ctra s6 va sd giao dich trong mot 16. Hinh 5 cho thiy sw khic nhau vé kich thwéc cla clra s6 v&i s6
lwong 16 tir 2 dén 5. M6i thuat toan sé& dugc thuc hién véi kich thwée mbi 16 1a 50,000 (50K) va 100,000 (100K)
giao dich. Gia tri nguomg dwoc chon 12 0.25%. Két qua thuc nghiém cho thdy rang thuit toAn HUPSM-REV hiéu
qua hon rat nhiéu so véi thuit toan HUPSM do khéng ton thoi gian phéat sinh ciy tién td va ciy diéu kién. Hoat
dong phat sinh mau dwoc thwc hién truc ti€p trén cdy HUS-Tree nén khong cin ton thoi gian duyét cay diéu kién.
K&t qua thuc nghiém ciing cho thdy ring, khi s6 lwong giao dich trong mot 16 13 50,000 sé tdn nhiéu thoi gian
khai thiac hon do phai thuc hién hoat dong khai thac trwdc khi trwot sang clra s6 khac (Hinh 6).
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Hinh 5. So sdnh thoi gian thuwc hién thugt toin HUPSM va Hinh 6. So sdnh thoi gian thyc hién HUPSM-REV véi s6
HUPSM-REV. lwgnyg giao dich méi 16 khdc nhau.

Tiép theo, bai bdo thuc nghiém so sanh vé bé nhé cia HUSPMREV va HUPSM. Két qua trong Hinh 7 thé hién
HUSPMREYV tiéu tén nhiéu bo nhé hon khi s6 lwong giao dich trong mot 16 thip. Trong khi dé, khi ting s6 lwgng
giao dich trong mdi 16 va s6 16 trong mdi cira sb trwot tir 3 tré 1én thi thuat toan HUSPMREV c6 mitc do sir dung
b6 nhé it hon.
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Hinh 7. So sinh by nhé st dung ciia HUPSM va HUPSM-  Hinh 8. So sinh by nh¢ st dung cia HUPSM va HUPSM-
REV véi kich thwéc méi 16 1a 50,000 giao dich. REV vé6i kich thwéc méi 16 1a 100,000 giao dich.

VI. KET LUAN

Bai b4o da khao sat va trinh bay vin dé khai thac tip hitu ich cao trong CSDL giao tic c6 su thay doi theo thoi
gian. Trong d6, ndi dung bai bao tap trung vao nghién ctru thuat todn khai thdc miu hitu ich cao dwa trén ciu
tric cdy HUS-Tree. Két qua thwc nghiém cho thay thuit todn dé xuit cho két qua tét hon vé mat thoi gian thuc
hién so véi thuit todn g6c HUPMS. Tuy nhién, b nhé cta thuét toan dwoc dé xuit cé phan han ché hon d6i véi
nhitng treong hop sé lwgng giao dich trong méi 16 va s6 lwgng 16 trong mot clra s6 thap.

Huwéng phat trién trong twong lai c6 thé 1a cai tién thém ciu tric cdy HUS-Tree d€ c6 thé lwu trit hiéu qua hon, st
dung danh sach lién két dé thay thé ciu tric ciy trong qua trinh khai thic, 4p dung cac giai phap x Iy song song
dé tang tdc d6 x 1y, v.v.. Pong thoi nghién ciru thwe nghiém céc giai phap khac hiéu qua hon trong viéc khai thac
mau hitu ich cao trén dit liéu luéng.

VIL LO'1 CAM ON

Nghién cttu dwoc tai trg béi Trwedng Dai hoc Ngoai ngit - Tin hoc Thanh phé H6 Chi Minh trong khuén khé Dé tai
ma s6 H2022-05

VIII. TAI LIEU THAM KHAO

[1]  H.Yao, H.]. Hamilton and C. ]. Butz, "A foundational approach to mining itemset utilities from databases,"
in the 2004 SIAM International Conference on Data Mining, 2004.

[2] Y. Liu, W.-k. Liao and A. Choudhary, "A two-phase algorithm for fast discovery of high utility itemsets," in
Advances in Knowledge Discovery and Data Mining: 9th Pacific-Asia Conference, 2005.



54 PHU'O'NG PHAP KHAI THAC TAP HO'U ICH CAO TREN D{ LIEU LUONG DU'A TREN CAY HUSTREE

[3] H. Yao and H. J. Hamilton, "Mining itemset utilities from transaction databases,” Journal of Data &
Knowledge Engineering, vol. 59, no. 3, pp. 603-626, 2006.

[4] Y-C.Lj,J.-S. Yeh and C.-C. Chang, "Isolated items discarding strategy for discovering high utility itemsets,"
Journal of Data & Knowledge Engineering, vol. 64, no. 1, pp. 198-217, 2008.

[5] Q.-H. Duong, P. Fournier-Viger, H. Ramampiaro, K. Ngrvdg and T.-L. Dam, "Efficient high utility itemset
mining using buffered utility-lists," Journal of Applied Intelligence, vol. 48, pp. 1859-1877, 2018.

[6] R.Agrawal and R. Srikant, "Fast algorithms for mining association rules," in 20th international conference
very large databases, 1994.

[71 P. Fournier-Viger, ]J. C.-W. Lin, T. Truong-Chi and R. Nkambou, "A survey of high utility itemset mining,"
Journal of High-utility pattern mining: Theory, algorithms and applications, pp. 1-45,2019.

[8] S. Krishnamoorthy, "HMiner: Efficiently mining high utility itemsets," Journal of Expert Systems with
Applications, vol. 90, pp. 168-183, 2017.

[9] S. Zida, P. Fournier-Viger, J. C.-W. Lin, C.-W. Wu and V. S. Tseng, "EFIM: a fast and memory efficient
algorithm for high-utility itemset mining," Journal of Knowledge and Information Systems, vol. 51, no. 2,
pp. 595-625,2017.

[10] P. Fournier-Viger, C.-W. Wu, S. Zida and V. S. Tseng, "FHM: Faster high-utility itemset mining using
estimated utility co-occurrence pruning," Foundations of Intelligent Systems: Z21st International
Symposium, pp. 83-92, 2014.

[11] . Liu, K. Wang and B. C. Fung, "Direct discovery of high utility itemsets without candidate generation," in
12th IEEE international conference on data mining, 2012.

[12] H.-F. Li, H.-Y. Huang, Y.-C. Chen, Y.-]. Liu and S.-Y. Lee, "Fast and memory efficient mining of high utility
itemsets in data streams," in 2008 eighth IEEE international conference on data mining, 2008.

[13] C.F.Ahmed, S. K. Tanbeer and B.-S. Jeong, "Efficient mining of high utility patterns over data streams with
a sliding window method," Journal of Software Engineering, Artificial Intelligence, Networking and
Parallel/Distributed Computing, pp. 99-113, 2010.

[14] A. Ghazikhani, R. Monsefi and H. Sadoghi Yazdi, "Online neural network model for non-stationary and
imbalanced data stream classification," International Journal of Machine Learning and Cybernetics, vol. 5,
no. 1, pp. 51-62, 2014.

[15] H. Li, "On-line and dynamic time warping for time series data mining," International Journal of Machine
Learning and Cybernetics, vol. 6, no. 1, pp. 145-153, 2015.

[16] C.F.Ahmed, S. K. Tanbeer, B.-S. Jeong and H.-]. Choi, "Interactive mining of high utility patterns over data
streams," Expert Systems with Applications, vol. 39, no. 15, pp. 11979-11991, 2012.

[17] . Pisharath, Y. Liu, W.-k. Liao, A. Choudhary, G. Memik and ]. Parhi, "NU-MineBench 2.0," Technical report,
Northwestern University, 2005.

THE METHOD FOR HIGH UTILITY PATTERN MINING OVER
TRANSACTIONAL DATA STREAM BASED ON HUSTREE
Tran Minh Thai, Tran Anh Duy, Pham Duc Thanh, Le Thi Minh Nguyen, Nguyen Thanh Trung

ABSTRACT— High utility pattern mining over transactional data streams is an important research issue in the field of data
mining. The mining approach is used to discover high-utility itemsets in transactional databases. Furthermore, the
constantly changing number of transactions in data streams generates new high-utility patterns and modifies the utility of
previously discovered patterns. Timely updating of this changing information is crucial for making effective business
decisions. However, the number of available mining methods for transactional data streams is still limited. In this paper, we
propose a new method for mining transactional data streams using a HUS tree. The experimental results show that our new
method is more efficient in terms of execution time than previous solutions.

Keywords: Transactional data stream, Data mining, High utility itemset, High-utility pattern.
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