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Tém tir: Khai thac tap hitu ich trung binh cao (High
Average Utility Itemset - HAUI) da dugc nghién ctu
rong rai nham khic phuc nhiing han ché cua tap hiwu ich
cao (High Ut|||ty Itemset - HUI) trong viéc danh gia két
qua cta ngudi dung. Tap hitu ich trung binh cao thé hign
cac tap mat hang c6 d¢ hitu ich cao that su. Trong do, yéu
t6 chiéu dai cia tap mat hang duoc xem xét, dicu nay da
loai bo dwoc nhitng tap hitu ich cao ¢6 chira nhidu mat
hang kém y nghia trong két qua phan tich kinh doanh.
Gan day, nhiéu thuat toan di dwoc d& xuat dé khai thac
tap hitu ich trung binh cao, tuy nhién hiéu suét thuc thi
van chua hiéu qua. Trong bai bao ndy, ching toi dé xuat
thuat toan HAU-Miner dé khai thac tap hitu ich trung
binh cao mot cach tot hon. Két qua thuc nghiém trén hai
nhom co s¢ dir ligu day va thua cho thay thuat toan
HAU-Miner ¢6 hiéu suat thuc thi cao hon thuit toan
MHAI vé s6 lugng tng vién phét sinh, thoi gian thyc thi
va bd nhé st dung.

Tir khoa: Tap hitu ich trung binh cao, khai thac dit
liu, co so dir li¢u giao dich, chan trén d hiru ich trung
binh, d6 hitu ich trung binh.

I. GIOITHIEU

Khai thac tap pho bién (FIS) trong co s¢ dir ligu glao
dich 12 bai toan phd bién va c6 nhiéu ing dung trong viéc
kham pha tri thie trong co so dir ligu [1, 2]. Nhiéu thuat
toan da dugc dua ra dé gidi quyét van dé nay. Trong do
cach tiép can thuong dung 1a mo rong tap mau (Pattern-
Growth) [3, 4]. FP-growth (Frequent Pattern Growth) ban
dau xay dung cau tric FP-tree bang cach sir dung tap pho
bién 1 phan tu. Sau do, trong qua trinh khai thac, cac cdy
FP-trees duoc tao dé quy va moi cdy chaa mot bang chi
muc dugc thiét ké dé khai thac cac tap phd blen Khai thac
tap hop pho bién truyén théng chi xem xét tan suat xuat
hién cua cac tap mat hang trong co s¢ dir ligu giao dich
nhung lai bo qua cac yéu té quan trong khac nhu sb
lugng, lgi nhuan va trong lugng cua cac mat hang. Mot
van dé khac Ia FIs khdng xem xét cac tap muc khong pho
bién nhung lai co thé dong gép mot lugng lon loi nhuan,
Do d6, néu chi xem xét tan suat xuat hién la khong du dé
X4c dmh céc tap phd bién c6 loi nhuan cao. Chinh vi vay,
khai thac tap hitu ich cao (HUIM - high utility itemset
mining) [5, 6, 7] da dwoc nghién ctu trong thoi gian gan
day va c6 nhimng ket qua nhat dinh. HUIM xem xét thém
cac thong tin vé sé lwong va loi nhuan cia cac mat hang
trong giao dich, tr d6 danh gia t6t hon do hitu ich cua tap
mat hang d6i vai ngudi dung. Mot mat hang hoac tap cac
mit hang dwoc goi 12 tap hitu ich cao néu do hitu ich cua
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chang khong nhé hon ngudng d6 hitu ich t6i thiéu dugc
xac dinh boi nguoi dung. Mot sb thuat toan duogc dé xut
dé khai thac tap mat hang theo cach tiép can nay nhu:
HUI-Miner [5], FHM [8], HUP-Miner [9].

Viéc khai thac tap hitu ich cao c6 thé xuét hién nhiéu
tap mat hang c6 sé phan tir 1on 1a tap hitu ich cao, trong
d6 chi c6 mot sé mat hang c¢6 ¥ nghia thyc té vé do hiru
ich cao, trong khi cac mat hang khac trong tap c6 do hitu
ich thap nén khong ¢ y nghia trong thuc té. Diéu nay c6
thé gay kho khin trong viéc phan tich kinh doanh tur tap
két qua. Vi du tap mat hang gdm nam san pham {A, B,C,
D, E} la tap hitu ich cao do d¢ hiru ich 16n hon gla tri
ngudng cho trude. Nhung thuc té hai pham A va B ¢6 do
httu ich cao quyet dinh d6 hitu ich cao cho ca tap, cac san
pham C, D vaE ¢6 dd hitru ich thap Do d6 viéc phan tich
két qua trén tap con {A, B} méi thuc sy coy nghia thay vi
phén tich trén tap lon {A B,C,D,E}. bé gidi quyet van dé
trén, nam 2009, Hong va cong su [10] d& cap dén khai
niém tap htu |ch trung binh cao (High Average Utility
Itemset - HAUI), trong d6 c6 xem xét dén do dai tap mat
hang dé tinh do hitu ich trung binh. Ciing nhu bai toan
khai thac tap hiru ich cao, chién lugc mé rong tip mau
duogc sir dung dé khai thac tap hitu ich trung binh cao.
Nam 2010, Lin va cong sy dé xuat thuat toan HAUP-
Growth [11] dya trén cau trac cay dé khai thac tap
HAUIM nhung chua hiéu qua vé thoi gian thyc thi va bo
nhé luu trir. Gan day, nhém tac gia Unil Yun va Donggyu
Kim dé xuét thuat toan MHAI [12] st dung cAu tric dit
lidu Ulility List dé khai thac tip HAUIM hiéu qua hon
trén co so dir lidu giao dich. Tuy nhién hiéu suit thuc thi
van chua cao, dac biét trén cdc co s¢ dit ligu thua. Trong
bai bdo nay, chang t6i dé xuat thuat todn HAU-Miner dé
khai thac tap hitu ich trung binh cao mét cach hiéu qua.

Nhimng dong gép chinh cta bai béo:

1) D& xuat cu tric dir lieu RAU-List cai tién tir
cau trac Utility-List dé luu trir dix liéu trong qua
trinh khai thac tap hiru ich trung binh cao.

2) Cdi tién cong thuc tinh do hitu ich trung binh
I6n nhat, duoc dung dé xac dinh mét tap co
duoc ma rong hay khéng trong qué trinh khai
théc tap hitu ich trung binh cao.

3) Ap dung chién lugc tia UB-Prune, MAU-Prune,
EUCS, MLA-Prune dé giam khong gian tim
kiém.

4) Két qua thuc nghiém so sanh véi thuat toan
MHAI cho thay thuat toAn HAU-Miner c6 thoi
gian thyuc hién nhanh hon thuét toan MHAI trén
hai nhom co so dir liéu 1a day va thua.

Céu tric bai bao dugc chia lam 6 phan. Phan 1 trinh
bay giai thiéu; Phan 2 trinh bay cac cong trinh lién quan;
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Phan 3 trinh bay cac dinh nghia va ky hiéu; Phan 4 trinh
bay thuat toan dé xuat HAU-Miner; Phan 5 trinh bay két
qua thuc nghi¢m va danh gia; Phan 6 trinh bay két luan va
huéng phat trién.

ll. CAC CONG TRINH LIEN QUAN

Céc cong trinh nghién ctu vé& khai thac tap hitu ich
cao (HUI) da mang lai nhiéu gié tri vé viéc kham pha tri
thirc trong co s¢ dit ligu giao dich, dic bi¢t la trong linh
vuc kinh doanh. Nam 2005, Liu va cdng su dé xuét thuat
toan Two-Phase [13] dé khai thac HUI trén hai pha thuc
thi. Pha dau quét co so dit liéu dé xay dung tap ung vién,
Pha hai quet co so dit liu nhiéu lan de xéc dinh tap HUI
tir tap cac &ng vién. Dya trén cach tiép can nay, mot sé
thuat toan khac dugc dé xuit dé nang cao hiéu qua khai
thac HUI nhu: TWU-Mining [14], UP-Growth [15], UP-
Growth+ [16]. Tuy nhién, viéc thuc hién trén hai pha dan
dén tén nhiéu thoi gian thuc thi va bo nhé st dung. Nam
2012, thuat toan HUI-Miner [5] dugc dé xuat clng voi
cu tric di liéu Utility-List va chi thuc hi¢n trén mét pha
da lam tang dang ké hiéu suat thyc thi so véi céc thuat
toan trude d6. Nam 2014, Fournier va cong su dé xut cu
tric EUCS vai chién lugc tia EUCP [7] 1am giam dang ké
khéng gian tim kiém so voi thuat to4an HUI-Miner. Nam
2017, Zida va cong sy trinh bay co ché chiéu va gop trén
co so dit liéu giao dich va dé xuét thuat toan EFIM [17]
cho két qua khai thac vuot troi so véi cac thuat toan trudc
d6, diac bhiét trén co s& dir liéu thwa. Nam 2018,
Krishnamoorthy [18] tiép tuc phét trién chién lugc khai
thac HUI bang vigc d¢ xuat cau trdc dir ligu méi la CUL
két hop nhiéu chién luoc tia hiéu qua 1am giam dang ké
khong gian tim kiém, thoi gian thoi gian thuc thi va b
nhé sir dung.

Khai thac tap hitu ich trung binh cao dugc dé xuét lan
dau bai Hong va cong su [10] vao nam 2009. Trong do,
chiéu dai tap muc duoc st dung dé tinh @6 hiru ich trung
binh. Cach tiép can nay da loai bo dugc nhiing tap hitu ich
cao ¢6 chira nhiéu phan tir kém ¥ nghia trong phén tich,
thay vao d6 1a nhitng tap con gom nhing phan tir c6 do
hitu ich cao thyc sy c¢6 ¥ nghia. D$ hitu ich trung binh
dugc dé Xuat trong [19] dé danh gia gia tri cua tap muc
mot cach tot hon so vai khai thac tap hop hitu ich cao.
Hau hét céc t&c gia da st dung gié tri chan trén d6 hitu ich
trung binh (auub - average utility upper-bound) dé khai
thac tap httu ich trung binh cao. Nhung céac két qua cho
thay, cac thuat toan giai quyét truée d6 van con chua hiéu
qua. Co thé thay trong thuat toan TPAU [19] st dung
huéng tlep can dya trén Apriori, 2-pha quét co s¢ dir ligu
nhiéu 1an nén hiéu suét thyc hién van chua cao. Nam
2011, Lan va cong sy de,xuat thuat toan PBAU [20] cai
tién dya trén ky thuat chiéu trén co s¢ dir liéu va cau trac
chi muc. Tuy nhién thuat toan van thuc thi trén 2-pha nén
van chua hiéu qua thoi gian chay va bo nhé sir dung. Nam
2016, Lin va cong sy [21] dé xuét phuong phap khai thac
HAUI dua trén cau trac Utility List véi thuat toan HAUI-
Miner cho két qua t6t hon cac thudt toan trudc do vi chi
thyc thi trén 1 pha. Mot s6 thuat todn gan day nhu
IMHAUI duge dé xuat boi Kim va cong su [22] duya trén
cau tric cay IHAUI-Tree t6i wu hoa thong tin lwu trir, két
qua thuc nghi¢gm so sanh voi thuat toan ITPAU [23] va
HUPID [24]. Nam 2017, Yun va cong sy dé xuat thuat
toan MHAI [12] dya trén cau tric Utility List véi chién
lugc tia dua trén do hiwu ich trung binh Ién nhat cho két
qua thyc thi tdt hon cac thuat toan khai thac HAUTI trudc
d6. Nam 2018, Zhang va cong sy dé xuat thuat todn FUP-
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HAUIMI [25] dé khai thac tap hitu ich trung binh cao trén
co s¢ dir liéu dong (Dynamic Databases). Thuat toan sir
dung cau trac dir lisu AUL két hop vai khéi niém FUP dé
xét moi tap muc & 4 truong hop sau khi cap nhat co s¢ di
liéu. Nam 2019, Yildirim va cong su trinh bay thuat toan
MHAUIPNU [26] véi d& xuat ngudng gisi han trén
tubpn két hop Vvéi cau tric dir lisu TUBPNULSs dé khai
thac hiéu qua tap hitu ich trung binh cao trén co s¢ dir ligu
giao dich co lgi nhuan am. Gan day, nam 2020, Wu va
cong su dé xuat thuat toan APHAUIM [27] dé khai théc
tap hiru ich trung binh cao trén co s¢ dir lidu tang truong
véi khai niém Pre-large gom APHAUI va PAUUBI.

lIl. CAC BINH NGHIA VA KY HIEU

Cho co s¢ dir ligu giao dich D = {Ty, Ty, ..., T}, v6in
Ia s6 lwong giao dich trong D, tap I = {i, iz, ey I} GOM
m muc phan bi¢t trong D. VT, €D, T; = {x|l =

1,2,..,N,x; € I}, V6i N; la sé cac muc trong giao dich
T;. Bang 1 biéu dién vi du vé co so dir liéu giao dich D
dung dé khai théc tap hitu ich trung binh cao, mdi muc
(cot 2 cua Bang 1) trong giao dich (cot 1 cua Bang 1) co
mot so lwong (cot 3 ciia Bang 1). Bang 2 biéu dién gia tri
loi nhuan cua cac muc.

Bang 1. Co’ s& di¥ liéu giao dich

TID | Céc muc S6 lvgng

1 acde 4,2,2,1

2 a,b,cef 7,4,7,5 1

3 ab,df 1,411

4 abef 4,7,1,1

5 b, ce 2,1,2

6 a, b, c 8,38

7 c de 3,11

Bang 2. Lgi nhuan cac muc

Cac muc a|lblc|d|e]|f
Loi nhuin 3|1 1|514|6]2

Muc tiéu cua viéc khai thac tap hixu ich trung binh cao
1a tim trong co s& dit liéu giao dich D tit ca céc tap co do
httu ich trung binh khéng nho hon ngudng d6 hitu ich nho
nhit cho trude. Cac dinh nghia sau dugc st dung trong
cac nghién ctu trude day veé khai thac tap hiru ich trung
binh cao.

Pinh nghia 1. D6 hitu ich cua muc i trong giao dich T
dugc dinh nghia la: u(i,T) = p(i) * q(i,T). Trong do
p(i) 1a loi nhuan cua muc i, q(i, T) 1a s6 lugng mua cua
muc i trong giao dich T.

Vi du: B hiru ich cia muc b trong T, la: u(b,T,) =
p(b)*xq(b,T,) = 1%x4 = 4.

Dinh nghia 2. B hiru ich trung binh (Average Utility).
Goi I(X) 1a s6 phan tir cua tap muc X, d¢ hiru ich trung
binh caa X trong T ky hiéu la au(X, T), dugc xac dinh:

au(X T) — ZLEXlC(’I}“:;(l .T) (1)

Vi du: B¢ hitu ich trung binh cua tap muc {b, c} trong T, la:
iu(prz) + iu(c,Tz) _ 1«4 +5%7

1(bc) - 2
=195

Do hitu ich trung binh cuaa X trong D, ky hiéu 1a au(X),
duoc dinh nghia:

au(bc,T,) =
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au(X) = Yxcrepau(X,T) (2)

Vi du: D6 hiru ich trung binh cua tap muc {b, c} trong
Bang 1 Ia

au(bc) = au(bc,T,) + au(be,Ts) + aulbe, Tg)

_ 1*4—+5*7+ 1*2+5*1+ 1+*3+5%8

B 2 2 2

=19.5+35+21.5 =445

Dinh nghia 3. Tap muc X duogc goi la tap hitu ich trung
binh cao (High Average Utility Itemset - HAUI) néu do
hitu ich trung binh cta X lén hon hodc bang gia tri
ngudng d6 hitu ich toi thieu (minUtil). Vi minUtil duoc
cho truéc boi nguoi dung, ta c6: HAUIs = {X | au(X) >
= minUtil} [12].

Vi dy: Véi minUtil=42. Tap {b, c} trong Bang 1 la tap
hitu ich trung binh cao vi au(bc) = 44.5 > 42

Dinh nghia 4. Do hiw ich Ion nhat (Maximum Utility)
cua giao dich T, ky hi¢u maxU(T) la d§ hitu ich lon
nhét trong sb cac muc c6 trong giao dich, dugc dinh
nghia:

maxU(T) = max ({u(i,T)|i € T}) (3)
Vi du: D6 hitu ich 16n nhit cua T, trong Bang 1 1a:

maxU(T,)
= max (u(a,T,),u(b, T,),ule, T,), u(f, Ty))
= max (12,7,6,2) = 12

Dinh nghia 5. Chan trén d6 hitu ich trung binh (Average-
Utlllty Upper-Bound) cua X trong D, ky hiéu auub(X),
la tong cua cac do hiru ich lon nhat cua céac giao dich
chira X, dugc dinh nghia:

auub(X) = Yxcrep maxU(T) [12] (4)

Vi du: Voi dix lieu trong Bang 1, auub(f) =
maxU(T,) + maxU(T;) + maxU(T,) = 35 + 4 +
12 =51

Chién Iwgc tia 1 (UB-Prune): Néu auub(X) <
minUtil thi moi tip muc m¢é rong tr X déu khong la
HAUI [12] [23]

Béng 3. Chan trén dé hitu ich trung binh cta tap 1 phén to

Muc a b c d e f
auub | 103 | 103 | 114 | 31 | 86 | 51

Dua vao chién luoc tia 1, muc d ¢6 auub(d) = 31 <
minUtil = 42. Do d6, moi tap muc mé rong tir d déu
khong phai la tap hitu ich trung binh cao va d bi loai bo
khoi co sé dir liéu D trong qué trinh khai thac.

Dinh nghia 6. (Thi ty toan phan). Thi ty toan phan cua
c4c muc trong co so dir lidu giao dich D dwoc sip xép
tang theo auub. Xét hai myc i va j, ta c6 i <j néu
auub(i) < auub(j). Truong hop auub(i) = auub(j)
thi dya trén thir tu Alphabet caa i va j.

Dua Vvao gié tri auub (Bang 3), ta ¢d thir tu toan phan cua
cac muc trongDla:d < f < e < a < b < c. Bang
4 trinh bay co s dir liéu D dwoc té chuc lai sau khi loai
bo muc d dong thoi sap xép cac giao dich theo thir tu
toan phan.
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Bang 4. Co sé di¥liéu giao dich D duroc té chirc lai

TID Muc D0 hiru ich muc
1 e, ac 6,12, 10
2 f,e,a, b, c 2,30,21,4,35
3 f,ab 2,3,4
4 f,e,ab 2,6,12,7
5 e b,c 12,2,5
6 a,b,c 24, 3,40
7 ec 6, 15

Dinh nghia 7. Mot muc i duoc goi la sau tdp muc X
trong giao dich T (ky hiéu la X < i) néu VjeX,j < i. Do
hitu ich 16n nhat cua cdc muc sau tap muc X trong giao
dich T ky hiéu la mu(X, T) duoc dinh nghia:

mu(X,T) = max {iu(i,T)|i €T AX < i}) (5)

Vi du: Xét tap muc {f, a} thudc giao dich T, trong co s¢
dir ligu D (Bang 4), ta c6 {f,a} < bva{f,a} <c. Bd
hitu ich Ion nhat cia cac muc sau {f,a} trong T, la
mu({f,a}, T,) = max({iu(b,T3), iu(c, T,)}) =
max(4,35) = 35.

IV. THUAT TOAN HAU-MINER

Chung t6i dé xuat thuat toan khai thac tap hitu ich
trung binh cao cai tién HAU-Miner, véi cau tric dit ligu
RAU-List biéu dién cho mdi tap muc trong qua trinh khai
thac HAUI. Méi danh sach RAU-List cua tap muc X ¢6
C4u tric gom tén tap muc va 4 truong thong tin nhu: TID:
s6 thir ty giao dich c6 chira tap muc X, iu: do hitu ich cua
tap muc X trong giao dich, mu: do huu ich 16n nhat trong
s6 cac muc con lai sau X, ri: s6 muc con lai sau X.

Xiy dung danh sich RAU-List 1 phén tir:

Mbi muc i chira trong co s& dit liéu D (Bang 4) duge
xdy dung thanh mot danh sich RAU-List mot phan tir
tuong ung. Qua trinh tao danh sich RAU-List chua céac
tap 1 phﬁn tir duoc thuc hién nhu sau:

Xét lan luot tirng giao dich trong co s¢ dit liéu D, mdi
muc trong giao dich s& dugc khoi tao mét danh sach
RAU-List twong tmg néu danh sach nay chua dugc khoi
tao trude do. Truong hop danh sich RAU-List cua myc
dang xét d3 dwoc khéi tao trude do thi chi cin thém bo
méi vao danh sach. Xét giao dich T; ¢6 3 muc la ¢, a, c,
danh sdch RAU-List cua muc e dugc khaoi tao va 1 bd
e.Ty dugc chen vao danh sach. B¢ hitu ich cua e trong Ty
la 6 (e.T;.iu = 6). SO muyc con lai sau e laa va c véi do
httu ich tung ung la 12 va 10, ta c6 do hiwu ich I6n nhat
cua cdc muc sau e 1a 12 (e.T;.mu = 12) va s6 muc con
lai sau e 1a 2 (e.T,.7i = 2). Xét muc ké tiép trong giao
dich T; 1a a, mdt bo mai 1a a.T; dugc chén vao RAU-
List a. Tuwong ty nhu muc e da tinh ¢ trén, ta cling tinh
duoc a.Ty.iu = 12, a.Ty.7ri = 1va a.T;.mu = 10. Tiép
tuc xr Iy muc con lai trong giao dich T; la ¢, ta cé
c.Ty.iu =10, c.Tp.mu = 0vac.Ty.7i = 0. Két qua sau
khi xir 1y giao dich T; dugc thé hién trong Hinh 1. Tiép
tuc xur 1y tuong tw v&i cac giao dich tiép theo, ta ciing
tinh duge cac gia tri iu, mu, ri cua ttng muc trong tung
giao dich tuong ung. Hinh 2 trinh bay ket qua sau khi xtr
ly tat ca cac giao dich cua co so dir liéu D.
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Tap TID iu mu ri Tap TiD iu mu ri Tap TID iu mu ri
myc myc myc
e 1 [ 12 2 a 1 12 10 1 C 1 10 0 0
Hinh 1. Danh sach RAU-List sau khi xir Iy xong giao dich T
Tap . . Tap . . Tap . .
TID iu mu ri TID | iu mu ri TID iu mu ri
muc muc myc
2 2 35 4 1 6 12 2 1 12 10 1
f 3 2 4 2 2 30 35 3 2 21 35 2
4 2 12 3 e 4 6 12 2 a 3 3 1
5 12 5 2 4 12 7 1
7 6 15 1 6 24 40 2
Tap . Tap .
TID iu mu ri TID iu mu ri
muc muc
2 4 35 1 1 10 0 0
3 4 0 0 2 35 0 0
b 4 7 0 0 c 5 5 0 0
5 2 5 1 6 40 0 0
6 3 40 1 7 15 0 0

Hinh 2. Danh sdch cdc tdp RAU-List 1 phan tir

Tap danh sach RAU-List 1 phan tor duoc sir dung de
khai th4c HAUI bang giai thuat dé quy ma khéng can
quet lai co s& dir liéu. Trong qua trinh mé rong tap muc,
céc danh sach RAU-List s& duoc két hop voi nhau dé tao
ra tap danh sach RAU-List m& rong theo thtr ty toan phan
(Pinh nghia 6). Vi dy, trong Hinh 2, RAU-List f dugc
két hop voi cac RAU-List e, a, b va ¢, RAU-List e dugc
két hop véi RAU-List a, b va ¢, RAU-List a két hop véi
c4c RAU-List b, ¢, RAU-List b két hop véi RAU-List c.

Viée két hop cic RAU-List 1a chién luoc mo rong tap
dé khai thac tat cd cac HAUI co trong co so dit liéu giao
dich. Giai thuat t01’1ru can loai b sém cac RAU-List du
thira, ¢6 nghia la néu viéc ket hgp cac tap co it phan tir dé
tao ra cac tdp nhiéu phan tr hon khéng hinh thanh nén
tap hiru ich trung binh cao, thi chung can pha1 duogc loai
bo trude khi két hop dé lam giam khong gian tim kiém.
Theo dé, dé xac dinh mot tap co thé mo rong thanh tap
hitu ich trung binh cao hay khong, ching t6i 4p dung
chién Iugc tia cai tlen bang cach sir dung gia tri do hiru
ich trung binh 16n nhit (Maximum Average Utility). Gia
tri nay dugc trinh bay trong Pinh nghia §.

Dinh nghia 8. P hitu ich trung binh Ién nhat cua X
trong giao dich T, ky hiéu maxAU(X,T), duoc dinh
nghia:
maxAU(X,T)

X.T.iu+X.T.muxX.T.ri

I(X)+ X.T.ri
X.T.iu+X.T.mu

IX)+1
0,néuX.T.mu=0

,néu X.T.mu > X.T.iu/l(X)

6
,néu 0 < X.T.mu < X.T.iu/l(X) ®

Gié tri d6 hitu ich trung binh 16n nhit dugc dé xuit boi
Yun va cong su, tng dung trong thuat toan MHAI [12] dé
xac dinh mat tap co bi loai bé hay khéng trong qué trinh
khai thac HAUI. Thuat toan MHAI su dung gié tri mn
(Maximum Number of Remaining ltems) dé tinh gia tri
d6 hitu ich trung binh 16n nhét cua tap muc X trong giao
dich T. Gié tri mn duoc xéac dinh 1a s6 phan tir con lai Ion
n’hét sau X trong céc giao dich. Gia tri nay s€ ap dung cho
tat ca cac giao dich co trong co s¢ dir liéu trong trudng
hop X.T.mu > X.T.iu/l(X) dé tinh gi4 tri d6 htu ich
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trung binh 16n nhat. Tuy nhién trong cac giao dich chua
X s& 6 nhiéu gido dich cd s6 phan tur con lai sau X nho
hon mn. Do d6 viéc st dung gia tri mn dé tinh do hiru
ich trung binh 16n nhét 14 chua téi wu. De giai quyet van
dé nay, chang tdi str dung gia tri ri 1a s6 phan tir con lai
thuc sy sau tap muc X c6 trong mdi giao dich, dori <
mn nén gid tri d hiru ich trung binh 16n nhat theo cong
thae cai tien (maxAU) ludn nho hon hodc bang gia tri
trung binh 16n nhét (MAU) trong thuat toan MHALI.
Nghla la nguo’ng chan trén gid tri trung binh l6n nhit s&
giam dan den sO tmg vién bi loai bo nhiéu hon, tir d6 lam
tang hi¢u sut thuc thi cua thuat toan.

Do hiru ich trung binh I6n nhat cia X trong co s¢ dit
lieu giao dich D, ky hi¢u maxAU (X), 1a tong cla cac do
hitu ich trung binh 16n nhat trong céc giao dich:

maxAU(X) = Y xcrep maxAU(X,T) (7)

Chién lwgc tia 2 (MAU-Prune). Néu do hitu ich trung
binh 16n nhat cua X nhé hon minUtil thi moi tdp mé rong
tir X khong phai la HAUI.

Trong Hinh 2, d6 hitu ich trung binh Ién nhat cua f
dugc tinh nhu sau: f thudc 3 giao dich 1a Ty, Ts, Ta. Vi
f.T2.iu /1 < f.T2.mu nén theo dinh nghia 8,

maxAU(f, T2) = (2+35*4)/(1+4) = 28.4; tiép tuc vi £.Ta.iu
/1 < £.Tz.mu nén maxAU(f, Tz) = (2+4*2)/(1+2) = 3.33;
tuong tu maxAU(f, Ts) = (2+12*3)/(1+3) = 9.5. Do viy,
maxAU(f) = maxAU(f, T2) + maxAU(f, Ts) + maxAU(f,
T4) = 41.2. Vi maxAU < minUtil 1a 42 nén f bi loai bd
theo chién luoc tia 2. Do hitu ich trung binh cua f duoc
tinh nhu sau: au(f) = (2 + 2 + 2)/1 = 6. Vi au(f) < minUtil
nén f khong phai 1a tap hitu ich trung binh cao.

Tiép theo, tinh maxAU(e). Vi e.Twiu/l < e.Tr.mu nén
maxAU(e, Ty) = (6+12*2)/(1+2)=10;

maxAU(e, T2) = (30+35*3)/(1+3)=33.75;

maxAU(e, Ts) = (6+12*2)/(1+2)=10;

maxAU(e, T7) = (6+15*1)/(1+1)=10.5;

vi eTsiu > eTsmu nén maxAU(e, Ts)
(12+5)/(1+1)=8.5. maxAU(e)= 10 + 33.75 + 10 + 85 +
10.5 = 72.75. Vi maxAU(e) > minUtil nén e ¢6 thé mo
rong dé tiép tuc khai thac HAUL au(e)
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(6+30+6+12+6)/1 = 60 > minUtil nén e 1a tap hitu ich
trung binh cao. Theo céach tinh twong tu, ta tinh dwoc
maxAU(a)=86.66, au(a)=72; maxAU(b)=44.5, au(b)=20;
maxAU(c)=0, au(c)=105. Nhu viy, sau khi tinh toan do
hiru ich trung binh cua tit ca cac tap muc 1 phin ti, ta co
céc tap hiru ich trung binh cao gém: e, a, ¢. Sau khi tinh
toan d6 hiru ich trung binh 16n nhét cua tat ca cac tap 1
phan twr, ta c6 cac tdp muyc co thé mo rong gdm: e, a, b, va
cac tap bi tia gdm: fva c.

Xiy dung danh siach RAU-List 2 phin tir:

Danh sach RAU-List 2 phén tir duoc tao tir danh sach
RAU-List 1 phan tir theo thir ty toan phan (Pinh nghia 6).
Vi muc f c6 maxAU(f) < minUtil nén dung mo rong
Véi f. Do d¢6 danh sach mé rong bit dau tir muc e. Vi dy,
Hinh 2, e c6 thé két hop véi cac muc a, b, ¢ dé tao thanh
cac tap: ea, eb va ec. Khi e két hop véi a, thi céc giao
dich chung cua ching bao gdm: Ty, T, va T, s& duoc tinh
dé dua vao danh sach RAU-List ea. Cac truong gia tri
i, iu va mu khi d6 duoc tinh theo cac cong thuc sau: Gia

st X két hop voi Y thanh XY, khi do: XY.T.iu =
X.T.iu + Y.T.iu- P.T.iu (v6i P tdp muc véi vai tro
la tién t5 cua hai tap muc X va Y, néu P 1a r6ng thi
P.T.iu = 0). Gia tri d6 hitu ich I6n nhét cia cac muc
sau XY ciing chinh 1a d¢ hitu ich Ién nhit cac muc sau Y,
ta co XY.T.mu =Y.T.mu. Tuong ty, s6 muc con lai
sau XY cling chinh la s muc con lai sau Y, ta co
XY.T.ri = Y.T.ri.

Tap muyc e dugc két hop véi a,b va c. Cac gia tri
ri, iu va mu cua tap ea dugc tinh nhu sau: e va a déu
thudc cac giao dich Ti, T2 V& T4, nén ea.To.ri = aTori =
1;eaTimu=aTi.mu=10;eaTiiu=e.Tyiu+aTyiu=
6+12 =18; ea. Tori = a.To.ri=1; ea.To.mu = a.To.mu = 35;
ea.To.iu = e.Taiu + a.Toiu = 30+21 =51; ea. T4.ri = a.T4.ri
=l eaTsamu=aTsmu=7;eaTqiu=eTa |u+aT4|u—
6+12 =18. Tuong tu cho cac tap két hop 2 phan ttr con
lai, ta dugc danh sach két hop cac tap RAU-List 2 phan tir
duc_rc trinh bay nhu trong Hinh 3.

Tép Tép

Tép Tép

TID iu

Tép

7 15

Tép TID iu mu ri
muyc

1 18 10 1

ea 2 51 35 1

4 18 7 1

mu ri T TID iu mu ri
muyc

2 34 35 1

eb 4 13 0 0

5 14 5 1

o | w |ma | o
muc

1 16 0 0

2 65 0 0
ec

5 17 0 0

7 21 0 0

mu ri i TID iu mu ri
muc

2 25 35 1

3 7 0 0

® T o] o

6 27 40 1

5o | w | mu | o
muyc

1 22 0 0

ac 2 56 0 0

6 64 0 0

mu ri Tép TID iu mu ri
muyc

2 39 0 0

bc 5 7 0 0

6 43 0 0

0 0

Hinh 3. Danh sach RAU-List 2 phan tir
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T | op | i | mu | i T o | iu || on TP p | i | | on
muc muc muc
1 [ 18| 10] 1 2 [ 38|35 [ 1 - 2 | s5s [35] 1
[ | b
ea | 2 | 51| 35 | 1 eb [ 4 | 13| 0 | 0 T s [0 | o
4 | 18| 7 | 1 s | 14| 5 | 1
T o | i | mu | on T o | i | mu | i T o | i | mu | odi
muc muc muc
1 |18 [ 10| 1 . 1 (16 0o o ‘ 1 2] 0] 0
eac
ea | 2 | 51| 35 | 1 P I I 2 | 8 | 0 | 0
4 | 18| 7 | 1 s | 17| 0 | o
7 | 21 | 0 | o
T | vp | i | mw | i T | iu | | on TP vp | i | | on
muc muc muc
2 | 25 [ 35 | 1 . 1 [ 2] o 0 ﬁ b 2 [ 60| 0 0
P N A A ac 2 |'se |0 | @ 6 67 0 | 0
4 | 19] 0| o 6 | 64| 0| 0
6 | 27 | 40 | 1

Hinh 4. Danh sach RAU-List 3 phan tu

Tir két qua & hinh 3 va theo Dinh nghia 2, ta tinh dugc d6
hitu ich trung binh cta tap ea la au(ea) = (18+51+18)/2 =
43.5; tinh tuong tu cho céc tap eb, ec, ab, ac va bc, két
qua duoc trinh bay trong hinh 4. Ciing tir két qua & hinh 3
va theo dinh nghia 10, ta tinh dugc do hiru ich trung binh
16n nhét cua tdp ea 13 maxAU(ea) = maxAU(ea, T1) +
maxAU(ea, T2) + max(ea, Ti) = (18+10*1)/(2+1) +
(51+35*1)/(2+1) + (18+7)/(2+1) = 46.3; tinh twong tu
cho céc tap eb, ec,ab, ac va bc. Vi cé,c tap cOmu =10
thi maxAU cua chang ciing bang 0, két qua duoc trinh
bay trong Bang 5. Trong Bang 5, c4c tap: ea, ec, ac va bc
la cac tap hitu ich trung binh cao vi ching cé au >
minUtil = 42. Cac tip duoc md rong bao gdbm: ea va ab

Béng 5. Do hitu ich trung binh va dé hitu ich trung binh

maxAU(eab,T,) = (55+35*1)/3+1)+0=225.
Cac tap ebc va abc déu c6 mu = 0 nén maxAU cua
ching bang 0. Két qua trong Bang 6 cho thay chi c6 tap
abc la tap hitu ich trung binh cao vi au(abc) >
minUtil = 42. Khong con tap nao dugc md rong nira,
do d6 qué trinh dé quy dé khai thac két thic. Bang 7 trinh
bay két qua cudi cung bao gdm tat ca cac tap hiru ich
trung binh cao (HAUI) khai thac trén co s¢ dir liéu giao
dich D.

Bang 6. B¢ hiru ich trung binh va do hiru ich trung binh
I6n nhat caa tap 3 phan te

Ién nhat cda cac tap 2 phan tr

Téap muc au maxAU
ea 43.5 46.3
eb 30.5 29.3
ec 59.5 0
ab 39 42.3
ac 71 0
bc 44.5 0

X4y dung danh sich RAU-List 3 phin tir:
CAc tap ea va ab tiép tuc dugc mo rong theo thir tu da

dugc trinh bay ¢ trén, két qua sinh ra cac tap ung vién
gom: eab, eac va abc.

Tap eab dugc tao ra tir viéc két hop cua 2 tap ea va
eb. Hai tip nay déu thudc cac giao dich chung gom T2 va
Ts. Cac gia tri mu va ri cia cac RAU-List 3 phan tu
dugc tinh twong ty nhu RAU-List 2 phan tir. Ta co:
eab.To.ri = eb.Tori = 1, eab. To.mu = eb. To.mu = 35. Khi
két hop ea va eb trén mot giao dich, néu lay tong gia tri
iu cia ea va eb trén giao dich d6 thi thira luong gié tri iu
cuae, do d6 khi két hop can trir di mot luong iu cua e
trén giao dich. Gia tri iu cua tap két hop eab duogc tinh:
eab.To.iu = ea.To.iu + eb.T2.iu —e.To.iu=51+34 - 30 =
55. Véi giao dich Ty, ta cé eab.Tari = eb.Tari = 0;
eab.Ts.mu = eb.Ta.mu = 0; eab.T4.iu = €a.T4.iu + eb.T4.iu
—e.Taiu = 18 + 13 — 6 = 25. Tinh tuong tu cho céc tap
eac va abc, két qua duoc trinh bay trong Bang 6.

Tir két qua trong Bang 6, do hitu ich trung binh cua tap
eab dugc tinh nhu sau: au(eab) = (55+25)/3 =
26.7, tinh twong tu cho cac tap ebc va abc. Theo Dinh
nghia 8, d6 hiru ich trung binh I6n nhat cua tap eab duoc
tinh la maxAU (eab) = maxAU(eab,T,) +
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Tap muc au maxAU
eab 26.7 22.5
ebc 38 0
abc 42.3 0

Bang 7. Cac tdp HAUI trén co sé di¥ liéu D

Téip muc au
e 60
a 72
C 105
ea 43.5
ec 59.5
ac 71
bc 445
abc 42.3

Thuit toan HAU-Miner

Thuat toan HAU-Miner véi dit ligu dau vao 1a co s¢ dit
lieu giao dich D va ngudng d¢ hiru ich t6i thieu minUtil.
Két qua thuat toan la c&c tap muc c6 d6 hiu ich trung
binh cao. Khai dau thuat toan quét co so dir liéu giao
dich D dé tinh chan trén ngudng do hitu ich trung binh
(auub) cho tirng muc co trong co s& dit liéu (dong 1). Tai
dong 2, thuc hién kiém tra néu auub (i) = minUtil thi
dua muc i vao tap I", nguoc lai loai muc i khoéi co s¢ dir
ligu D. Tai dong 3, thuc hién sap xep cac muc trong tap
I" ting theo gid tri auub va sap xep cac muc trong cac
giao dich cua co s¢ dir liéu D tang theo I*. Tiép theo quét
co s6 dit liéu D lan 2 d tao danh sach RAU-List cho mdi
phan tir i & I* ¢ dong 4 va khoi tao cau tric EUCS dé
chuan bi &p dung chién luwoc tia nay trong thuat toan ke
tiép. Cudi cuing goi thuc hién thuat toan 2 1a MiningHAU
dé khai théac tap HAUI.

Thut toan 1: (Thuat toan chinh - HAU-Miner)
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Vao: D: Co s¢ dir ligu giao dich, minUtil: Ngudng do
hitu ich toi thicu.
Ra: Cac tap myc d9 hitu ich trung binh cao
1. Quét co s& dit lieu D d@é tinh auub (i) cho mdi muc i
cé trong I.
2. Tinh I* = {ie I | auub (i) > minUtil} va loai bo cac
muc i & " khoi co so dix ligu D.
3. Sap xép I" tang theo auub, sip xép cac muc trong D
theo thir tw cia I*. )
4, Quét co so dir liéu D dé tao danh sach RAU-List cho
moi phan tir i ¢ I*
5. Khéi tao cau tric EUCS
6. MiningHAUI(<, RAU-List, minUtil, EUCS)

Chién lwoc tia 3 (EUCS-Prune) [8]: Céu tric EUCS
ap dung trong thuat toan HAU-Miner str dung gia tri
auub dé kiém tra kha nang mé rong cua tap muc. Moi
phan tir trong cau trac EUCS duoc gén boi gia tri auub
twong ung véi tap muc dang xét. Xét hai tdp muc X va Y,
ta ¢ EUCS (X,Y) = auub(XY) . Néu EUCS(X,Y) <
minUtil thi tdp muc XY khdng phai la HAUI va moi tap
mao rong tir XY cling khong phai HAUL. Khi do6 dung mo
rong vai tap muc XY.

Thuat toan MiningHAUI dugc thiét ké thuc hién dé
quy dé tim ra tap muc c6 do hiru ich trung binh cao. Pau
tién, thuat todn duyét qua ting phan tor RAU-List X ¢
trong danh séch RLs & dong 1. Tai dong 2 va 3, kiém tra
néu au(X) = minUtil thi X 1a mot tap c6 do hiru ich
trung binh cao va dua X vao tap két qua HAUIs. Dong 5
kiém tra néu maxAU(X) >minUtil thi nhitng tap mo
rong tir X cd kha nang 18 HAUI. Khi d6 khéi tao tap céc
RAU-List mé rong tir X (exRLs = &), duyét qua céc
RAU-List Y sau X thudc danh sach RLs dé &p dung Chién
lugc tia 3 (EUCS-Prune) véi cau trac EUCS & dong 8.
Néu thoa diéu kién EUCS(X,Y)>minUtil thi goi ham
HAUConstruct dé két hop 2 RAU-List X va Y thanh
RAU-List m¢ rong XY. Két qua thuc hién tir dong 7 dén
11 duoc danh sdch RAU-List mé rong la exRLs. Tai dong
12 thuc hién goi dé quy thuat todn MiningHAUI Vi
danh sach RAU-List mg rong vira tim duoc.

minUtil thi tdp muc XY khdng phai 1a HAUI va moi tap
m¢é rong tir XY ciing khong phai la HAUI Khi d6 dung
ma& rong vaoi tap XY.

Thuat toan HAUConstruct thuc hién két hop 2 RAU-
List Px va Py thanh RAU-List m¢ rong Pxy. Dong 1
khai tao gia tri ban dau cho MLA baing maxAU (Px). Tix
dong 2 dén dong 16, thuat toan duyét qua tung bo
ex trong Px va kiém tra c6 ton tai bo ey thuoc Py sao
cho ex.TID = ey.TID (dong 3). Néu c6, thi mot by mai
exy dugc tao ra dgya vao mot trong hai truong hop:
Trudng hop RAU-List tién tt P = & thi RAU-List Pxy
duoc tao ¢ tr 3 myc tro 1én. Nguoc lai thi Pxy c6 2
muc. Dong 10 chen bd exy vao danh sach Pxy. Tt dong
11 dén 16, ap dung chién lugc tia 4 (MLA-Prune) khi
khdng tim thay bo ey nao trong Py ¢ cing TID Vdi ex.
Khi d6 gia tri MLA s& duoc thiét lap giam: MLA =
MLA — maxAU (ex) Dong 13, 14 kiém tra néu MLA <
minUtil thi loai bo so sém phan tir khdng phai HAUL.
Dong 18 tra vé két qua RAU-List XY duoc két hop tir hai
RAU-List X va Y.

Thuat todn 3: (HAUConstruct)

Thuét todn 2: MiningHAUI

Vao: P: RAU-List vdi vai tro 1 tién t6; RLs: Danh sach
c4c RAU-List c6 tién t6 la RAU-List P, minUtil:
Ngudng d6 hiru ich téi thiéu, EUCS: Céu trac EUCS

Ra: Cac tdp muc do hitu ich trung binh cao.

1. for each X e RLs do

2. if au(X) >minUtil then

3. HAUIs <« X

4. end if

5. if (maxAU(X) > minUtil) /IMAU-Prune

6. exRLs = & //Khéi tao danh sach RAU-List mo

rong tir X

7. foreachY inRLs AnX <Y do

8. if EUCS(X,Y)> minUtil then //Ap dung chién
lugc tia EUCP

9. exRLs <« HAUConstruct(P, X,Y);

10. end if

11. end for

12. MiningHAUI(X, exRLs, minUtil, EUCS);
13.end if

Vao: P: RAU-List véi vai tro la tién to; Px, Py: Hai RAU-
List can két hop; minUtil: Ngudng do hiru ich toi
thiéu.

Ra: Pxy: RAU-List sau khi két hop Px va Py.

1. Set MLA = maxAU (Px);

2. for each ex e Px then //duyét qua ting bg ex trong
RAU-List Px

3. if3ey € Py Anex.TID = ey.TID then

4 if P = then

5. Timbdoe ePsaochoe.TID = ex.TID;

6 exy =<ex.TID, ex.iu + ey.iu — e.iu,ey.mu,
ey.ri >,

7. else

8. exy =<ex.TID, ex.iu + ey.iu, ey.mu,

ey.ri >;

9. endif

10. Pxy < exy;

11. else

12. MLA = MLA — maxAU (ex); )
13. if MLA < minUtil then // ap dung chién lugc tia
MLA-Prune

14. return null;
15. endif
16. endif
17. end for

18. return Pxy;

14.end for
Chién lwgc tia 4 (MLA-Prune) [9] : Xét 2 tap X vay,
néu maxAU(X) — ZXQT].E Daver; maxAU(X,T;) <
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V. THUC NGHIEM

Thuat toan HAU-Miner dugc cai dit bang ngon ngit
1ap trinh Java, chay thir nghiém trén may tinh Dell
Precision Tower 3620, Intel Core i7-7800X CPU
@3.5GHz, bd nhé RAM 32GB trén hé diéu hanh
Windows 10. Cac co s& dir liéu thur nghiém duoc tai tu
thu vién SPMF [28] 1a cac co so dir liéu giao dich bao
gdm: Chess, Mushroom, Accidents, Retail, Kosarak
Chainstore. Trong d6 co s¢ dir liéu Chess ¢6 do day cao
nhat 1a 49.3333, ké dén 1 co s dir liéu Mushroom va
Accident c6 do day vura lan lugt 1a 19.3277 va 7.2222.
Céc co s¢ dir li€u con lai thude loai co s¢ dit ligu thua
gom Retail, Kosarak va Chainstore. Xét vé d6 16n thi co
s¢ dir liéu 1on nhéat 1 Chainstore véi 1,112,949 giao dich,
ké dén 1a co s6 dir liéu Kosarak va Accident, cac co so dir
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liéu con lai c6 s0 lugng giao dich nho hon. Chi ti€t cac co

Bang 8. bac diém céac co s& dir liéu thuc nghiém

sO dir li¢u trinh bay trong Bang 8. Thuc nghiém cua thuat — - Do dai
toan HAU-Miner dugc so sanh voi thuat toan MHAI Cosgdir | Tongso |Somuyc trung binh b day
[12]. Két qua thuc nghiém dugc danh gia dya trén thoi ligu giaodich | (1) | ;) dich (o) (/D %0
gian thuc thi va dung luong bo nh¢ sir dung. Chess 3,196 75 37 | 49.3333
Hinh 5, 6, 7 va 8 trinh bay két qua thyc nghiém so sanh Mus_hroom 8,124 119 23 | 19.8277

-~ N . X AL 47 A g1 Accidents 340,183 468 33.8 7.2222
gitra thuat toan HAU-Miner va thudt toan MHAI vé thoi -

. . A L £ X o Retail 88,162 | 16,470 10.3 0.0625
gian thuc thi va bd nhé st dung. Két qua thuc nghiém

ho thay thuat tod .  thoi eian thue thi hié Kosarak 990,002 | 41,270 8.1 0.0196
cho thay thuat toan HAU-Miner ¢6 thoi gian thuc thi hi¢u Chainstore | 1,112,949 | 46,086 7.3 | 0.0158
qua hon thudt toan MHALI trén tat ca cac co so dit ligu tur
rat day nhu Chess dén co s¢ dir li¢u rat thua nhu
Chainstore. Tuy nhién by nhd st dung cua thuét toan
HAU-Miner chi ¢6 hiéu qua hon thuat toan MHAI & co
s& dir liéu thua.

Chess Mushroom Accident
14
5 5
& £
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Hinh 5. So sanh thoi gian thuece thi trén co sé& div liéu day

Retail Kosarak Chainstore
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Hinh 6. So sanh thoi gian thuece thi trén co sé div liéu thuwa
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Hinh 7. So sanh bo nhé si¥ dung trén co sé div liéu day
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Retail Kosarak Chainstore
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Hinh 8. So sanh b6 nhé sty dung trén co sé& dir liéu thua

Hinh 5 so sanh thoi gian thyc thi cia 2 thuét toan trén
co s¢ dir lidu day. Véi co s dir liéu rat day 1a Chess, khi
ngudng minUtil 1a 130,000, thoi gian chay cua thuat toan
HAU-Miner 1a 0.77s; con thoi gian chay cua thudt toan
MHAI 14 0.993s khong chénh léch nhiéu so véi thuat
todn HAU-Miner. Khi ngudng minUtil 1a 90,000, thi thoi
glan chay cua thuat toan HAU-Miner cling nhanh hon so
v6i MHAI nhung khong dang ké. Vé6i co so dir lidu day
trung binh Ia Mushroom va Accident, két qua ciing cho
thdy thoi gian thyc thi cua thuat toan HAU-Miner nhanh
hon thoi gian thyc thi ctia thuat toan MHAL

Hinh 6 so sanh thdi gian thyc thi ctia 2 thuét todn trén
cac co sO dir liéu thua. T co s& dir liéu thua it 1a Retail
cho dén co so dir liéu rat thua 1a Chainstore, két qua cho
thdy thoi gian thyc thi cua thuét todan HAU-Miner nhanh
hon dang ké so voi thuat toan MHAL Cu thé, véi co s&
dir liéu Retail, tai ngudng minUtil=10,000, thoi glan thuc
thi cuia HAU-Miner nhanh khoang 10 lan so voi thuat
toan MHAI. Khi ngudng minUtil giam xudng con 2,000
thi thoi gian thuc thi ctia thudt toan HAU-Miner Cang
nhanh hon vuot trdi so véi thudt toan MHAI khoang 37
1an. V6i co s6 dir liéu thua vira 1a Kosarak, tai ngudng
minUtil=230,000, thoi gian thyc thi cia HAU-Miner
nhanh hon cua MHAI khoang 2,8 1an, khi ngudng
minUtil=190,000, thoi gian thyc thi cia HAU-Miner
nhanh hon MHAI t6i 3,8 1an. Voi co so dir ligu rat thua
Chainstore, tai ngudng minUtil=5,000,000, thoi gian thuc
thi cuia HAU-Miner nhanh hon cuia MHAI khoang 1,19
lan, khi ngudng minUtil=1,000,000, thoi gian thyc th1
cia HAU-Miner nhanh hon MHALI t6i 28,1 lan. Két qua
nay cho thiy cac chién lugc tia sir dung trong thuat toan
HAU-Miner to6 ra hi¢u qua trén cac co s¢ dit li¢u thua.

Hinh 7 va 8 lan luot so sanh bo nhd sir dung cua 2
thudt toan trén cac nhom co so dir liéu day va thua. Véi
nhom co s¢ dir liéu day nhu Chess, Mushroom va
Accident, bd nhé sir dung cua thuat toan MHATI tét hon
hon thuét toan HAU-Miner nhung khong dang ké. Voi
nhoém co s& di ligu thua nhu Retail, Chainstore va
Kosarak thi thuét toan HAU-Miner st dung b§ nh¢ it hon
thuat toan MHALI tai tat ca cac ngudng thuc nghiém. Cu
thé, véi co so dir lidu rat day la Chess, tai ngudng
minUtil=130,000, bd nhé st dung ctua thuat toan HAU-
Miner 1a 139MB, con thuat toan MHAI 1a 133MB. Véi
co so dir liéu day Mushroom, thuit toan HAU-Miner su
dung bd nhé nhidu hon MHALI tir 19 d&én 41MB tai cac
ngudng thuc nghiém. Co s¢ dir liéu day vira Accident
cting cho két qua tuong tu. Nguoc lai, voi co sé di li¢u
thua nhu Retail, tai ngudng minUtil=10,000, thuét toan
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MHALI st dung bd nhd 1a 1233MB trong khi thuat toan
HAU-Miner st dung 1047MB, it hon 186MB. Khi
ngudng minUtil giam xudng con 2,000 thi thuat toan
HAU-Miner st dung bo nh¢ it hon 480MB. Vi co sé dir
liéu Kosarak, thuat toan HAU-Miner ciling sit dung bd
nhé it hon thuét toan MHALI tir 40 dén 229MB trén cac
ngudng minUtil thuc nghiém. Trén co so dit li€u rat thua
Chainstore, thuét toan HAU-Miner cung su dung bd nhG
hiéu qua hon thuat toan MHALI tai tat ca cac nguorng Két
quéa nay cho thay khi ngudng minUtil cang giam thi thut
todn HAU-Miner su dung bd nhé cang hi¢u qud hon
thuat toan MHALI trén cic co s¢ dir ligu thua. Diéu nay
chung t6 viéc cai tién cong thirc tinh gia tri maxAU cung
cac chién lugc tia sir dung trong thuat toan da cit giam
dang ké khong gian tim kiém lam dé tang hiéu qua tinh
toan va giam bg nh¢ su dung.

Bang 9. S6 g vién phat sinh trén co sé dif liéu Chess

MinUtil  |130,000| 120,000{110,000{ 100,000, 90,000
MHAI 3,643 7,444| 14,680, 31,305 67,476
HAU-Miner | 2,945 6,042 12,494 26,740 58,764

Béng 10. Sé ting vién phét sinh trén co s& di liéu Mushroom

MinUtil 70,000 | 60,000 | 50,000 | 40,000 | 30,000
MHAI 4,061 7,709| 18,128 43,946] 96,151
HAU-Miner 2,335 4,684| 12,829| 34,094] 75,108

Béng 11. S6 (g vién phét sinh trén co sé di liéu Accident

MinUtil | 8,000,000/ 7,000,000/ 6,000,000 5,000,000| 4,000,000
MHAI 805 1,414 2,948| 7,440| 19,929
HAU-Miner 443 919] 2,067| 5,270] 15431

Bang 12. Sé tng vién phéat sinh trén co sé diF liéu Retail

MinUtil 10,000) 8,000/ 6,000{ 4,000] 2,000
MHAI 119,505 302,158] 722,077|2,100,233|8,095,358
HAU-Miner 1,208] 1,744] 2,787 5136] 12,518

Béng 13. S6 tmg vién phét sinh trén co sé di liéu Kosarak

MinUtil 230,000] 220,000/ 210,000| 200,000| 190,000
MHAI 16,359| 18,113| 21,585 27,064| 32,977
HAU-Miner 999| 1,083] 1,196 1,330] 1,493

Béng 14. S6 tmg vién phét sinh trén co sé di liéu Accident

MinUtil  |5,000,000]4,000,000|3,000,000{2,000,000|1,000,000
MHAI 355| 1,436] 5,389| 22,081| 232,086
HAU-Miner 119 169 241 415] 1,167
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Béng 9 dén Bang 14 trinh bay chi tiét két qua so sanh
sO lugng tmg vién phat sinh trong qua trinh khai thac
HAUI trén cac co so dit liéu tir day dén thua. Mdi ung
vién la mot danh sach RAU-List phat sinh trong qua trinh
khai thac va mé& rong tdp. Véi co s¢ dir li¢u rat day nhu
Chess. Tai ngudng minUtil=130,000, thuat toan HAU-
Miner phéat sinh 2,945 Gng vién trong khi thudt toan
MHAI phat sinh 3,643 utng vién. Khi ngudng minUtil
giam xudng con 90,000 thi thuit toan HAU-Miner phat
sinh 58,764, thuat toan MHAI phat sinh dén 67,476,
nhiéu hon 8,712 ting vién. Véi co so dir lidu Mushroom
va Accident, thuat toan HAU-Miner ciing phat sinh s6
lugng tmg vién it hon thuat toan MHALI trung binh tir 1.2
dén 1.8 lan. Dit biét véi co so dit liéu thua nhu Retail, tai
ngudng minUtil = 10,000, thuidt toan HAU-Miner chi
phét sinh 1,208 ung vién, trong khi thuat toan MHALI phat
sinh 119,505 tng vién, nhiéu gap 98 1an so vOi thudt toan
HAU-Miner. Khi giam nguorng minUtil xuong con 2000
thi thuat toan HAU-Miner cang hi€u qua vdi s6 tng vién
phat sinh chi la 12,518 trong khi thuat toan MHAI phat
sinh ) lugng ung vién rat 16n 1én dén 8,095,358, nhiéu
gip 647 1an so véi thuat toan HAU- Miner. Tu’ong ty voi
co so dir liéu Kosarak va Chainstore, s tmg vién phat
sinh cta thuat toan HAU-Miner cling it hon nhicu so v&i
thuat toan MHAI ¢ tat ca cac nguong Két qua nay chimg
to rang viéc cai tién cong thirc tinh gia tri maxAU két hop
v6i cac chién luge tia EUCS, MLA-Prune, UB-Prune da
loai bo dugc nhiéu tng vién khong phdi la HAUIL, tir do
cit glam dang ké khong gian tim kiém va mé rong tap
trong qué trinh khai thac HAUI.

l. KET LUAN

Bai bao nay dé xuét thuat toan HAU-Miner véi chu
trac dir liéu RAU-List cai tién tir cAu trac Utility-List dé
khai thac tap hiru ich trung binh cao trén co s¢ dir li¢u
giao dich. Téi wu gia tri dd hitu ich trung binh 16n nhét
(maxAU) ap dung trong chién lugc tia MAU-Prune dé
nang cao hi¢u suat thuc thi. Ngoai ra, thuat toan con ap
dung céc chlen luge tia nhu UB-Prune, EUCS, MLA-
Prune de cit giam khong gian tim kiém mot cach hi¢u
qua. Két qua thuc nghlem cho thiy thuét toan d& xut
HAU-Miner c6 thoi gian thyc hién nhanh hon thuat toan
MHAI trén tit ca cac co s& dit lidu duoc thir ‘nghiém. BO
nh¢ st dung cua thuit toan HAU-Miner tdt hon thuat
todn MHAI & cac co s¢ dir liéu thua.

Huong phat trién tiép theo 1a nghlen clru cai tién thuat
toan dé thuc nghiém khai thac hiéu qua tap hiru ich trung
binh cao trén co s& dir liu ting trudng.
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AN EFFECTIVE ALGORITHM FOR MINING
HIGH AVERAGE-UTILITY ITEMSETS

Abstract: High average-utility itemsets mining (HAUI)
is popularly researched to overcome the limitations of
High Utility Itemset (HUI) in evaluating user results.
HAUIs shows faithfully highly useful items. In which,
the length of the itemset is considered, which eliminates
the HUIs containing many items of poor significance in
the business analysis results. Recently, many algorithms
have been proposed for mining high average-utility
itemset, but the execution performance is still ineffective.
In this paper, we propose the HAU-Miner algorithm to
mine HAUI in a better way. Experimental results on two
groups of dense and sparse databases show that the HAU-
Miner algorithm has higher performance than the MHAI
algorithm in terms of the number of generated candidates,
execution time and memory usage.

Keywords: High average-utility itemsets, Data mining,
Transactional databases, Average-Utility Upper-Bound,
Average-utility.
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