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Tém tit:

Trong khi khai pha tap ph(:) bién chi quan tim dén sy xuit hién ciia cac muc trong giao dich (nghia la chung c6 hay
khong cé trong cac giao dich) thi khai pha tip hiru ich cao (HUI - High Utility Itemset) lai quan tim dén loi nhuin
thu dugc khi ban cac tip muc cung nhau. Pa cé nhiéu thuit toan duoc phat trién nhim nang cao hiéu qua khai pha
HUI, trong d6 EFIM (EFficient high-utility Itemset Mining) 13 thuat toan méi nhét ap dung nhiéu ky thuit dé cai
thi¢n téc d va khong gian tim kiém. Tuy nhién, EFIM vin con ton nhiéu chi phi quet cac dong dir liéu dé xac dinh
sir lién quan dén 1rng vién dang xét lam giam hi¢u qua cua thuat toan, dic blet 12 di v6i co s¢ dir liéu (CSDL) thua.
Bai bao nay dé xuiat gidi phap chiéu nguoc P-set aé glam s0 lwgng giao dich cin xét trong thuit toan EFIM va vi vy,
lam giam thoi gian khai pha HUIL. M§t thuit toan cai tién tir EFIM (IEFIM - Improve EFficient high-utility Itemset
Mining) dua trén P-set cling dugc daé nghi. Két qua thwe nghiém cho thfly, thuit toan IEFIM lam gidam dang ké sb
lwong giao dich cin xét va thoi gian thwc thi trén cac CSDL thura.

Tir khoa: Khai pha dir li¢u, khai pha tdp hitu ich cao, tia wng vién.

Chi s6 phén loai: 1.2

Khai phé tap phd bién (FIM - Frequent Itemset Mining)
dugc Agrawal gioi thi€u vao nam 1993 khi phan tich mé
hinh dir liéu siéu thi [1], lam co so dé mo rong thanh céc bai
toan khac trong linh vyc khai pha dit ligu.

Trong cac nghién ciru vé thi truong, FIM trong CSDL
giao dich chinh 13 tim céc tap (itemset) thuong xuyén xuat
hién trong cac giao dich. Cac thuat toan khai pha tap phd
bién thuong ap dung tinh chét bao déng giam (downward
closure property) [2] dé tang kha nang tia cac tap ung vién
thira. Cu thé, néu c6 mot tap khong phd bién X thi thuat toan
khong xét cac tap tng vién chura tap X, nghia la voi mot bo
dir liéu chira n phﬁn tr va X chira k phﬁn tlr, thuat toan sé
khéng xét 209 - 2 tap c6 chira X.

Tuy nhién, tdp phd bién chi quan tim dén viéc c6 mua
hay khong mua cac mit hang ma khong quan tdm dén loi
nhuén thu dwoc dbi véi timg mit hang. Vi vdy, bai toan
khai pha tap hitu ich cao dugc dit ra. Ching ta xét vi du
nhu ¢ hinh 1 v& dit lidu ban hang [3] dé hiéu rd hon vé bai
toan khai pha tap phd bién va bai toan khai pha HUL Trong
do, bang (lA) la bang chtra gia tri 191 nhuan trén tiing don
vi san pham (item) va bang (1B) chtra thong tin tung giao
dich v&i timg san pham twong tmg véi sb luong ban dugc
trong giao dich d6. Vi khai pha tap pho bién khong quan
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Item a b c d e g Tid Giao dich S6 lrong
Utility 1 2 1 5 4 3 1 T1 {b,c.d.g} {1,2,1,1}
(A) Bang lgi nhuan. T2 {a,b,c.d,e} {4,1,3,1,1}

T3 {a,c,d} {4,2,1}

T4 {a,b.d.e} {5,2,1,2}

TS {a,b,c,f} {3.4,1,2}

(B) Bang giao dich.

Hinh 1. Dii liéu ban hang.

tam dén bang (1A) va s lugng ¢ bang (1B), nhung tap phd
bién chua chic la tap co gia tri hitu ich cao. Cu thé, do phé
bién ctia {bc} 1a 3, hitu ich 1a 18, trong khi {de} co gia tri
lan luot 1 2 va 22.

Tuong tu nhu tap phé bién, mot tap 1a HUI néu gia tri
hiru ich (chéng han nhu lgi nhuan thu duogc khi ban itemset
trong tat ca cac giao dich) phai dat ngudng tdi thiéu cho
trudc. Vai tap hitu ich cao, tinh chat bao dong giam khong
con phu hop, cu thé: Cac tap {a}, {ab}, {abc} c6 d6 phd
bién lan luot 1a 4, 3, 2 (thoa min tinh chat bao déng giam)
nhung gia tri hiru ich 1a 16, 26, 21. Néu ldy ngudng 12 20 thi
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Abstract:

Mining frequent itemsets just focuses on mining items
which have the same importance (e.g., unit profit) and
may not appear more than once in each transaction.
On the contrary, mining High Utility Itemsets (HUIs)
considers items which have different unit profits and may
have non-binary purchase quantities in transactions.
Basically, mining HUIs is to find the items that produce
a higher profit than those bought frequently. There
have been many algorithms developed for mining
HUIs, among which EFIM is the latest algorithm which
applies several techniques to improve the runtime
and the search space. However, the cost of EFIM for
scanning transactions to determine candidate relevance
is high, which reduces the efficiency of the algorithm,
especially on sparse databases. In this paper, the authors
developed a P-set structure and proposed an improved
algorithm of EFIM to reduce the number of transaction
scans and thereby reduce the mining time. Experimental
results showed that the improved algorithm reduced
significantly the number of transaction scans and the
mining time, especially on sparse databases.

Keywords: Data mining, high utility itemset mining,
pruning candidates.

Classification number: 1.2

ta chon {ab}, {abc} va loai {a}, con néu lay ngudng la 22
thi chi mdi {ab} dwgc chon. Vi vy, cac phuong phap khai
pha tap phd bién khong thé ap dung vao khai pha tap hitu
ich cao.

Tir khi bai toan dugc phat biéu vao nim 2004 [4] dén nay,
da co nhiéu thuat toan khai phé tap hiru ich cao dwoc phat
trién nham nang cao hiéu qua khai phd: UMining (2004)
[4], UMining-H (2006) [5], Two-Phase (2005) [6], IHUP
(2009) [7], TWU-Mining (2009) [8], UP-Growth (2010)
[9], DTWU-Mining (2011) [10], EFIM (2015) [11] va mét
s& hudng phat trién khac cta tap hitu ich cao, dién hinh
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nhu khai phd tap dong c6 CHUD (2011) [12], AprioriCH,
AprioriHC-D (2015) [13]; khai pha Top-k HUI c¢6 TKU
(2012) [14], TKO (2016) [15]; khai pha HUI trén ludng dir
liéu c6 THUI-Mine (2008) [16], GUIDE (2012) [17], hay
khai pha HUI trén di liéu khong chic chén [18].

Trong s6 cac thuat toan khai pha tap hitu ich cao, EFIM
dugc xem la thuat toan nhanh nhat v6i nhiu giai phap dé
cai thién khong gian tim kiém va thoi gian nhu ky thuat
chiéu trén CSDL (Database Projection), tron cic giao dich
(Transaction Merging) va tinh lai bién cén trén. Mac du cai
thién dang ké vé thoi gian khai pha va b nhé s dung so
v6i cac thuat toan truoc do (UP-Growth, HUI-Miner [3],
UP-Growth [19], HUP-Miner [20]) nhung EFIM van quét
thira giao dich din dén: Tim kiém vi tri tap Gmg vién trong
giao dich chua hiéu qua; tang thoi gian tao vung di licu
dé mo rong ung vién; duyét qua ca nhiing giao dich khong
chira g vién dé tinh gia tri hitu ich cta tap ung vién; hiéu
qué vé toc d6 tim kiém tap hiru ich khong cao do thuét toan
thuc hién déng thoi 3 cong viée voi mdi giao dich, ké ca
giao dich khong chira ing vién (tim kiém vi tri ung vién,
thuc hién phép chiéu tng vién trén giao dich va tinh do hitu
ich tng vién).

Duya trén cac nhan xét trén, bai bao c6 mot s6 dong gop
nhu sau: 1) Dé xuit cdu trac P-set voi muc dich han ché sb
giao dich tham gia truc tiép vao qua trinh khai pha tap hiru
ich cao; ii) P& xudt phuong phap chiéu nguoc trén P-set
giita tap Gmg vién va ving dir liéu dang xét nham han ché
s6 giao dich tham gia thuc hién phép chiéu tao ving dir liéu
moi cho viéc md rong tap tng vién va tinh gid tri hitu ich
tap tng vién; iii) Dé xut thuat toan IEFIM, cai tién tir thuat
toan EFIM duya trén P-set va phuong phap chiéu nguoc.
Cac nghién cuu lién quan

Bai toan khai pha tap hitu ich cao do Yao va Hamilton
dua ra vao nam 2004 [4]. Cac tac gia ciing dé xuat thuét
toan UMining dya vao chan trén (upper bound) ctia d§ hiru
ich dé khai pha HUI. Sau d6 thém thuat toan UMining-H,
mot dang heuristic cia UMining do thay ddi cach tinh chin
trén d6 hitu ich dé tia tmg vién. Ca UMining va UMining-H
déu c6 kha nang tia nhdm cac tap HUIL Nam 2005, Liu
va cac déng su dé xuit mot chan trén méi co tén 1a TWU
(Transaction Weighted Utilization) dung cho khai pha HUI
[6]. TWU ctia cac itemset thoa tinh chat bao dong giam nén
c6 thé dua vao d6 dé tia Gmg vién. Vi vay, cac tac gia dé xuat
thuat toan Two-Phase dua trén TWU dé tia ung vién. Two-
Phase dugc chia lam hai giai doan bao gom: (1) Khai pha tat
ca cac itemset c6 TWU 16n hon hay bang minutil (1a ngudng
t6i thiéu do nguoi sir dung dua vao); (2) Tir tip cac itemset
¢6 TWU thoa méan minutil, Two-Phase quét CSDL dé tinh
d6 hitu ich cua tung itemset va loc ra cac itemset c6 d¢ hitu
ich thoa man minutil. Do Two-Phase tén kha nhiéu lan quét



CSDL va sinh nhiéu ting vién trong phase 1 nén khong higu
qua trén cac CSDL lon.

Sau Two-Phase, hau hét cac thuat toan déu van dung
phuong phap tia dua trén TWU va 4p dung nhing chién
luoc riéng dé nang cao hiéu qua tia ing vién. TWU-Mining
va DTWU-Mining cia Le va cac ddng su van dung, phat
trién c4u triic IT-Tree cia Zaki [21] thanh cau trac WIT-Tree
[8] dé giam s lan duyét CSDL. Cung van dung FP-Growth
[22], IHUP ctia Ahmed va cac déng su dé xuét, tao ung
vién trén IHUP-Tree [7], con UP-Growth va UP-Growth+
cua Tseng va cac déng su thi thuyc hién tao ung vién trén
UP-Tree [9] bén canh céc chién luge bo tro: Giam do hitu
ich cua tap khong trién vong trén UP-Tree toan cuc (DGU
- Discarding Global Unpromising item), giam d¢ hiru ich
cua nut trén UP-Tree toan cyc (DGN - Discarding Global
Node utilities), loai bo tdp khong trién vong cuc bd (DLU -
Discarding Local Unpromising item), giam d¢ hitu ich cua
nut trén UP-Tree cuc bd (DLN - Decreasing Local Node
utilities), giam do¢ hitu ich cua tap khong trién vong cuc bd
trén UP-Tree cuc by (DNU - Discarding local unpromising
items and their estimated Node Utilities) va giam d¢ hitu
ich cta nat khong trién vong cuc b trong UP-Tree cuc bd
(DNN - Decreasing local Node utilities for the nodes of
local UP-Tree). Sau khi tao danh sach tng vién IHUP, UP-
Growth va UP-Growth+ déu quét lai CSDL dé tinh gia tri
htru ich va xem xét viéc ing vién c6 phai la tap hitu ich cao
hay khong.

V61 HUI-Miner cua Liu va Qu di theo hudng méi, chi
duyét CSDL mot lan va luu vao ciu tric do nhom dé xuét
Utility-list [3], khai pha va tia img vién trén cau triic do.
Tuy nhién, s6 lwong Utility-list do HUI-Miner tao ra kha
nhiéu nén Fournier-Viger va cac dong sy dé xudt thuat toan
FHM (2014) [23] va chu tric EUCS (Estimated Utility
Co-occurrence Structure) [23] voi phuong an tia EUCP
(Estimated Utility Co- -occurrence Pruning) [23] dé han ché
viéc tao Utility-list nham ting toc d6 thuat toan. Cling muc
dich v6i FHM, HUP-Miner [20] cua Krishnamoorthy ap
dung thém 2 chién lugc tia theo phan ving (PA - PArtitioned
utility) [20] va tia trudc (LA - LookAhead utility) [20] bén
canh chién lugc tia theo Utility-list.

MG&i thuét toan déu phat huy hiéu qua chién lugc tia ing
vién ctia minh va day nhanh toc d6 tim kiém tap hitu ich
cao. Tuy nhién, trong qua trinh khai pha, cac thuét toan van
quét cac giao dich rong va chua c6 phuong an xir 1y cac
dong dir liéu twong ddng véi nhau (gidng cac phan tir xuat
hién trong giao dich va chi khac sé luong). Vi vy, EFIM
da dé xuat 3 chién lugc: Chiéu trén CSDL (HDP - High
utility Database Projection) [11] dé tim kiém cac phén tring
nhau; chién luge tron céc giao dich (HTM - High utility
Transaction Merging) [11] dé giam khong gian tim kiém
va cac phuong phap tia bang cac chan trén theo gia tri hitu
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ich cuc b (Local utility) [11] va gia tri hitu ich trén nhanh
phu (Sub-tree utility) [11] dé€ loai cac tap Gng vién khong
mong doi.

Thuat toan IEFIM

Cadc khdi niém lién quan

Chol= {i,i,...,i} latap cdc phan tir va CSDL D gém
bang hiru ich (Utility table) va bang giao dich (Transaction
table) nhu hinh 1. Mi phan tir trong / ¢6 gié tri hitu ich nhét
dinh chura trong bang hiru ich. Mot giao dich 7 trong bang
giao dich dwoc xac dinh duy nhat bang tid va chta tap con
ctia 7 c6 lién két v6i s6 luong twong Gmg.

Binh nghia 1: Gia tri hitu ich mé rong ctia phan tir i, ky
hi€u eu(i), 1a nhitng gi4 tri hitu ich cta i trong bang hitu ich
cua D [6].

Binh nghia 2: Gia tri hitu ich noi bo ciia phan tir i trong
giao dich T, ky hiéu iu(i, T), 1a dém gia tri két hop cua phan
tu i thudc T trong bang giao dich cia D [6].

Pinh nghia 3: Gia tri hitu ich cua phan tr i trong giao
dich T, ky hi€u u(7,T), 1a phép nhan gitra iu(i, T) va eu(i) hay
u(i,T) = iu(i,T) x eu(i) [6]. Vidu: eu(a) =1, iu(a,T2) =4 va
u(a,72) = iu(a,T2) x eu(a) =4 x 1 =4.

Dinh nghia 4: Gia tri hitu ich cta tap X trong giao dich T,
ky hiéu u(X,T), 1a tong gi tri hitu ich cta cac phén tir thudc
X co trong giao dich Thay u(X,7) =%, u(iT) [6].

Dinh nghia 5: Gia tri hitu ich cua tép X, ky hiéu u(X), la
téng gia trj hitu ich ciia X trong tit ca giao dich T c6 chira X
trén DB hay u(X) =X wX,7) [6].

TeDrxcT

Pinh nghia 6: Cho truéc ngudng hitu ich téi thiéu
minutil, tap X dugc goi 1a tap hitu ich cao néu gia tri hitu
ich cuia X khong nho hon ngudng hay u(X) > minutil [6]. Vi
du: u(fa,b}, T2) =u(a, T2) +u (b, I2) =4 x 1 +1x2 =6,
vau({a,b}) = u({a,b}, T2 ) + u({a,b}, T4) + u({a,b}, T5) =
6 + 9 + 11 = 26. Néu minutil = 20 thi {a,b} 1a tap hiru ich
cao, nguoc lai voi minutil = 30 thi {a,b} khong phai 1a tap
hitu ich cao.

Dinh nghia 7: Gia tri hitu ich cta giao dich T, ky hi¢u
tu(T), 1a tong gid trj hiru ich ciia cc phan c6 trong T hay
tu(T) = Z,_,u(i,T) va gia tri hiru ich cua DB la tong gia tri
hitu ich céc giao dich trong DB [6]. Vi du: tu(7T3) = u({a},
73) +u({c}, T3) +u({d}, T3)=4+2+5=11.

Pinh nghia 8: Trong s6 giao dich hiru ich cua tap X, ky
hiéu TWU(X), 14 tong gia tri hitu ich cua tit ca cac giao dich
co chtra X trén DB hay TWU(X) =%, . tu(T) [6]. Vidu:
TWU({e}) = tu(T2) + tu(T4) = 18 + 22 = 40.
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Pinh nghia 9: Goi > 1a phép sap xép thir ty theo TWU
ctia cac phan tir trong /. Gid tri hitu ich con lai ctua X trong
giao dich T, ky hiéu ru(X,T), 1a tong gié tri hiru ich cac phan
tor sau X trong T, hay 1a ru(X,7) =%, u(i,T) [3]. Vi
du: ru({a},T3) = u({c), T3) + u({d}, 73) =1+ 5=6.

Dinh nghia 10: Cho tap céc phﬁn tor 1 duoc xép thir tu
theo >, va tap X, tap cac phan tir md rong ctia X duoc dinh
nghia nhu sau £ (X) = {z|z e In Z= XVX € X} [11].

Pinh nghia 11: Cho giao dich T va tap X, phép chiéu ciia
tap X trén giao dich T duoc xdc dinh 1a 7 = {ilie Tri e
E (X)} [11]. Viduy: cho X = {b}, xét phép thtt ty a = b > ¢
=d=ethiT] =0, T2 = {a}.

Pinh nghia 12: Cho CSDL D va tap X, phép chiéu cia
tap X trén D dugce dinh nghia nhu sau Dy = {Tx| TE D ATy = 0}
[11]. Viduy: cho X = {c}, xétphép thtrtya >b >c =d > e,
Dy = {T1y, T2y , T3y, T5; ) = {{b},{a,b},{a}, {a, b}}.

Pinh nghia 13: Cho tap X, phan tr z € E (X) va gia
tri hitu ich cuc bd cia (Xz) dugc tinh nhu sau /u(X,z)=
Zrowuep[uX, T) +rulX,T)] [11]. Vi du: cho X = {a},
uX,c) = WX, T2) + ru(X,72)) + (X, 73) + ru(X,T3)) +
(wX,T5) + ru(X,T5)) = 18 + 11 + 22 =51.

Tinhchdt1:ChotapX, z € E(X),néulu(X,z) < minutil
thi tit ca cac tap mo rong cia tap X voi z déu khong thé 1a
tap hitu ich cao [11].

Pinh nghia 14: Cho tdp X va phan tor z€E(X),
gia tri hu ich trén nhanh phu z va tip X Ia

su(X,z) = ET:.(_); U{z}jj[u (X, 7) +ulzT) + Ez‘ET/\z'EE(XU{z}j u(i,T)]

[11]. Viduy, cho X = {a}, su(X,c) = (u({a},T2) + u({c},T2)+
u({d},T2) +u({e}, 12)) + (u({a},.T3) +u({c},.13)+ u({d},T3))
+ (ula},T5) +u{ct, T5) + u({f},T5)) =16 + 11 + 7= 34,

Tinh chdt 2: Cho tap X va z€ E(X),
su(X, z) < minutil thi tit ca cic tdp mo rong cua tap X voi z
déu khong thé 1a tap hitu ich cao [11].

néu

Pinh nghia 15: Cho tap X, phan tir chinh va phan ti
phu (Primary, Secondary item) duoc dinh nghia nhu sau:
Primary (X) = {z |z € E(X) Asu(X,z) = minutil} va
Secondary (X) = {z |z € E(X) Alu(X,z) = minutil}
[11]. Tiép tuc cac vi du tai dinh nghia 12 va 13, néu xét
minutil =40 thi X = fa} 1 1 phén tir phu, khong phai 13 phan
ttr chinh, nhung v&i minutil = 30 thi X = {a} vira 1a phan tir
chinh vira 14 phan tir phu.

Dinh nghia 16: Cho 2 giao dich T, T, chtra cac phan tur
twong Ung {i,i,,...,1 } va {j .., ). T, va T, dugc goi la
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déng nhét hay T =T, néu théa min cac diéu kién: n = m
vavke[L,n],i=j[11]. Xét tiép vi du & dinh nghia 12,
thi T2x va T5; duoc xem la dong nhit vi ¢6 cung két qua 1a

{a, b}.

Pinh nghia 17: Cho cac giao dich dong nhét
Ir,=Tr,= ..
béang T trongdoVvi €

= Tr, trén D, cac giao dich trén duoc tron lai
Tm; = EI‘.'=1...1rrz fu(i, Ty) [11].
Vidy: Giast T2y va Thy §dinhnghia 121a2 giaodich ddclap,

Ty (i,

thihaigiaodichnaydugcthaybang T2y cogiatrihiruichnoibo
u({al, 72’y ) =iwu({a}, 72y ) + iul{a}, 75, ) =4 +3 =7 va
w({p}), 72"y ) = (b}, 725 ) + iu({b). 75y ) =1+ 4=5.

Pinh nghia 18 (vé phép chiéu két hop trén cdc giao dich
dong nhat): Khi chiéu tap X 1én D, cac giao dich dong nhat
duoc tron bﬁng mot giao dich mdéi, ky hiéu c¢D, [11]. Phép
chiéu két hop phép tron theo vi du ¢ dinh nghia 12 dugc thé
hién trén hinh 2.

Tid  Giaodich  S6lwgng Tid  Giaodich S lwong
71 b 1
I {b} 3} r1, (b} 1
12, {a,b} (41}
’ 1
5, P % 2, {a,b} (7,5}
75, {a,b} {3.4} T3, {a} {4}

(A) Dt liéu day di clia D, v6i X = {c). ~ (B) D@ liéu clia cD, véi X = {c}.

Hinh 2. Minh hoa phép chiéu X = {c} trén CSDL va phép
tron két hgp.

Céiu triic P-set va th udt todn

EFIM tén nhiéu chi phi cho viéc tao phép chiéu trén tap
X trén vung giao dich dang xét dé du toan su trlen vong
cua cac tap mo rong. Vo1 mot tdp X dang xét thi s6 phan
tir cAn mo rong chinh bang luc luong cua tap phan tir phu
Secondary (X).

Xét tdp X' va z € Secondary (X}, va ving dir liéu cD, 1a
cac giao dich can xét khi mé rong phan tir. Xét phép ch1eu 4
lén vung ¢D,, EFIM budc phai quét lai toan bo ¢D, mot lan
nira, trong kh1 ¢6 thé xac dinh duoc ving chiéu nay khi tim
tap phan tir phu Secondary (X).

Dinh nghia 19 (phép chiéu ngwoc cia tip X trén D):
Cho CSDL D va tap X, P-set phép chiéu nguoc cua tap X
trén D duoc xéac dinh nhu sau: P —set (¥) ={T.id|[TEDAX CT}.
Vi dy, xét X={e}, P-set(X) ={T2,T4}.

Pinh nghia 20 (phép chiéu ngwoc mé rong ciia
tdp X véi i trén D): Cho CSDL D va tap X, phép chiéu
ngugc cua tdp X véi [ trén D dugc xac dinh nhu sau:



Pex —set(X,i) ={T".id|T' € cDy Al C T},

Ménh @é 1: Gia tri hiru ich cua tap X khong doi khi ap
dung P-set va Pex-set(X,i) trén D.

Gia st chia CSDL D, theo dinh nghia 5 ta co:
u(X) = ETEDL’\XETH'(X’ T) hay u(x) = ETEDAT.EdEP—sez(Xju(X’ T)
(theo dinh nghia 19). Vi vay, khi &p dung P-set, gié tri hitu
ich cac tap khong thay doi. Ap dung thém dinh nghia 18 va

20, ta chimg minh tuong tu voi Pex-set(X,i). (1
Ngoai ta, theo dinh nghia 12 va 18, ta co:
lcD,|<|D,| <|D| (2)
Ap dung dinh nghia 20, ta c6 |Pex (3)
)

Tu (1) va (4) cho thay hiéu qua cia P-set va Pex-set ty 1&
nghich véi d6 phd bién cua cac tip X va phan tir mé rong /
trén vung dir li¢u twong tmg D hay cD,.

Vi dy, xét X = {e}, P—set(X) {T2,T4}, khi can tinh d¢
hitu ich cia X, ta truc tiép dén T2 va T4 dé tinh thay vi
duyét ca 5 giao dich, va hién nhién hiéu qua khi st dung
P-set({a}) thap hon cia P-set({e}) do {a} xuat hién trong
nhiéu giao dich hon {e}.

Vi viée su dung Pex-set, thuat toan IEFIM thay ddi tai
dong 7 tinh Pex-set(X,i) song song voi su(X, i) va tai dong
3, 5 cua thu tuc Search (hinh 3 va 4).

Thuit toan IEFIM

Input : D: CSDL can khai phd, minutil: Ngudng t5i thiéu
Output: Cac tap hiru ich cao

1.X=0;

2. Duyét D tinh Ju(X, i) cho tat ca i € I;

3. Secondary(X) = {i|i € I A\ lu(X, i) > minutil};

4. Sap xép tang dan Secondary(X) theo gia tri TWU;

5. Duyét D dé xoa cac phan tir i ¢ Secondary(X) ra khoi
cac giao dich va xda cac giao dich rong;

6. Sap xép cac giao dich T tang dan;

7. Duyét D tinh su(Xi) va Pex-set(X,i) cho ting phan tir i
€ Secondary(X);

8. Primary(X) = {i|i € Secondary(X) A su(X, i) > minutil},

9. Search (X, D, Primary(X), Secondary(X), minutil, Pex-
set(X,i)).

Hinh 3. Thuat toan IEFIM.
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Do Pex-set(X,i) 1a tap chira Tid cta phép chiéu D, -ex
nén thyc hién dong thoi véi viée tinh gia tri hitu ich trén
nhénh phu su(X;i) khong lam ting do phuc tap cua thudt
toan. Tuong tu nhu thé v6i dong 5 tai thu tuc Search. Hiéu
qué cua Pex-set(X,i) duoc thé hién 15 tai dong 3 ciia thii tuc
Search, n6 chi xét cac giao dich co fid thudc Pex-set(X,i)
thay vi quét toan bg D, .

Thi tuc Search

Input: X: Tap phan tir dang xét, cD: Cac giao dich dugc
chiéu va tron boi X, Primary(X): Cac phan tir chinh
X, Secondary(X): Cac phan tr mo rong cua X, ngudng
minutil, Pex-set(X,i): Tid cac giao dich dung mé rong X véi
{i}.

Output: Cac tap hitu ich cao mo rong tir x.

1. Foreach item i € P rimary (X) do

2.0=XU {i};

3. Dung Pex-set(X,i) dé duyét D_ dé tinh u(f) va xdy dung
D,; // dung phép tron giao dich;

4. If u(B) > minutil then xuét f;

5. Duyét -D tinh su(f, z), lu(f, z) va P-set-ex(P,z) cho tat
ca z € Secondary(X) sau i;

6. Primary(P) = {z € Secondary(X)|su(f, z) > minutil};

7. Secondary(f) = {z € Secondary(X)|lu(p, z) > minutil},
8. Search (B, D, Primary(p), Secondary(f), minutil,
Pex-set(f,z));

9. End.

Hinh 4. Thi tuc Search ctia IEFIM.

Két qua thuc nghiém va danh gia

Chung t6i cai dat thuat toan IEFIM, tién hanh chay thyc
nghiém so sanh voi thudt toan EFIM va CSDL duogc léy
tu thu vién mé SPMF: An Java Open-Source Data Mining
Library tai dia chi http://www.philippe-fournier-viger.com/
spmf/ [24]. Cac thuat toan dugc thuc hi¢n trén méi truong
Java str dung hé diéu hanh Windows 8.1, 64 bit, RAM 4
GB, CPU Core i3 M350.

Bang 1. Bang mo ta dii liéu thuc nghiém chuan.

Po dai

Loai dir liu  S6 giao dich  S6 phén tir trung binh Panh gia
Accident 340183 468 33,8 Dic
BMS-POS 59601 497 48 Thua

Chess 3196 75 37 Rét dic
Foodmart 67557 129 43 Thua
Kosarak 990002 41270 8,1 Thua
Retail 87943 16465 10,3 Thua
T1014D100K 100000 870 10,1 Thua
T40I10D100K 100000 942 39,6 Thua




s Khoa hoc Tu nhién

Ngoai ra, cac CSDL Retail, T1014D100K, T40110D100K Chung t6i chay thuc nghiém trén cdc CSDL néu trén va
dugc phat sinh ngiu nhién tir 1 dén 10 cac giatri: Do hituich | ghi lai thoi gian thuc hién, ) giao dich dugc quét dé thuc
cua ting phan tr va so lugng trong timg giao dich, dac di€ém | hién phép chiéu nham xay dung vung dir liéu méi dung mo

cac bg dir liéu thyc nghiém chuan dugc mo ta tai bang 1. rong ung vién va tinh gia tri hitru ich.
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(E) B4 thi so sanh sb luong giao dich trén CSDL Kosarak. (F) D thi so sanh sb luong giao dich trén CSDL Retail.
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(G) P thi so sanh sb luong giao dich trén CSDL 1014D100K. (H) P56 thi so sanh sb luong giao dich trén CSDL T40110D100K.

Hinh 5. D thi so sanh s lugng giao dich.

TAP CHI

Hﬁé :gﬁs it Nam 22(11) 11.2017 6



Tu két qua thuc nghiém duoc thé hién qua cac dd thi so
sanh sb luong giao dich tham gia phép chiéu tao ving dit
lidu d& mo rong tmg vién va tinh gia tri hitu ich cia tap Gmg
vién (hinh 5) ta c6 nhan xét, khi ap dung phuong phap chiéu
nguoc, thuat toan IEFIM giam hén s6 giao dich, giam tur 9
(nhu T40110D100K, hinh 5H) dén 400 lan (nhu Kosarak,
hinh 5E) d6i v¢i loai CSDL duoc danh gia thua, va ty 1& nay
giam dan ddi véi cac loai dir liéu duoc danh gia day va rat
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(C) Db thi so sanh thoi gian trén CSDL Chess.
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(E) P thi so sanh thdi gian trén CSDL Kosarak.
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(G) DS thi so sanh thoi gian trén CSDL T1014D100K.

Hinh 6. Db thi so sanh thoi gian thuc hién.
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day, cu thé voi Accident va Chess (hinh 5A va 5C), s6 luong
giao dich dugc quét giam khong déng ké.

Vé thoi gian thuc hién, thudt toan IEFIM nhanh hon
han EFIM trén CSDL thua, giam thoi gian thyc hién tir 2
(Foodmart, hinh 6D) dén 60 lan (Retail, hinh 6F). P6i voi
CSDL dac/rat ddc nhu Accident, Chess thi thoi gian cai thi¢n
khong dang ké (hinh 6A va 6C).
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(B) D& thi so sanh thoi gian trén CSDL BMS-POS.
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(D) P4 thi so sanh thoi gian trén CSDL Foodmart.
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(F) P4 thi so sanh thoi gian trén CSDL Retail.

a0 — -« — EFIM —m=— IEFIM
35 ‘___.____.h“—o————o

& 30 |

&b

= 25 -

<

;_ 20 -

= 15 -

g

“Eb 10 | = =

B

= 5 -
o ! ! ! ! :

1500 1600 1700 1800 1900

minutil (nghin)

(H) DJ thi so sanh thdi gian trén CSDL T40110D100K.
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Nguyen nhén: Hi¢u qua cta thuat toan IEFIM tép trung
vao vigc giam tong s6 1an cac glao dich dugc quét qua phep
chiéu @ tao vung dit liéu méi phuc vu mé rong ung vién,
nén khi ty 1¢ chénh Iéch nay khong déang ké thi hiéu qua thuat
toan cai tién khong nhiéu. Toc dd thuat toan khong dugc cai
thién nhiéu do viéc giam sb lugng giao dich thura ddi véi
CSDL day va rat day khong dang k€ nhung chi phi tao phép
chiéu ngugc lai téng so voi cdc loai dit liéu khac. Két qua so
sanh v€ so luong giao dich can xét va thoi gian chay thuat
toan thé hién & d6 thi minh hoa ¢ hinh 5 va hinh 6.

Két luan va hudng phat trién

Trong bai bao nay, chung toi da gioi thiéu giai phap
chiéu ngugc P-set dé ting téc do khai phé tap hitu ich cao
bang cach han ché quét cac sé giao dich thira. Bang thyc
nghiém da chirmg minh duoc hiéu qua cia P-set voi dit licu
thua va cling phu hop voi cac moi truong dit liéu kinh doanh
trong thuc té duoc thé hién nhu Foodmart. Vi hidu qua nay,
chung t6i s& tiép tuc nghién ctru dé ap dung vao cac hudng
khai pha khéc tap hitu ich cao nhu khai pha HUI dong, khai
pha Top-k HUL... Ngoai ra, viéc lai ghép nhiéu ky thuat khac
nhau dé ting toc do, giam khong gian tim kiém va khong
gian by nh¢ cling dugc chiing to6i quan tam.

L0I CAM ON

Nghién ctru nay duoc tai trg boi Quy Phat trién Khoa
hoc va Cong ngh¢ Quoc gia (NAFOSTED) trong khudn kho
de tai ma so 102.05-2015.10. Chung t6i xin tran trong cam
on.
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