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Tom tit: Viéc khai thac tap hitu ich cao tuong quan
(Correlated Hight Utility Itemset) trong co s¢ dit liéu
giao dich da duoc nghién ctu rong rai dé kham phéa hanh
vi mua hang cua nguoi dung. Tt d6, cac nha quan ly
doanh nghiép c6 thé diéu chinh chién luoc ban hang mot
cach phi hop dé tang loi nhuan. Céc cach tiép can khai
théac tap hiru ich cao twong quan trude day chi thuc hién
trén co so dir liéu ¢é lgi nhuan duong ma it khi quan tm
dén céc gia tri loi nhuan &m. Trén thuc té, cc doanh
nghiép c6 thé giam loi nhuan cua cac mat hang ton kho
lau ngay dé kich thich nguoi mua, tham chi c6 thé giam
lgi nhuan dén muac 4m dé tiéu thy hét lwong hang ton
kho. Dé khai thac tap hiru ich cao twong quan hiéu qua
trén co so dir liéu giao dich c6 loi nhuan 4m, chung t6i dé
xuat thuat toan CHN (Correlated High utility itemset with
Negative profit). Panh gia thir nghiém trén ca nam co s¢
dix liéu Chess, Mushroom, Pumsb, Retail va Kosarak va
cho thay thuat toan CHN c6 hiéu suat thuc thi mot cach
hiéu qua.

Tir khoa: Tap hitu ich cao, tinh twong quan, khai thac
dir liéu, co s¢ dir liéu giao dich, tap hitu ich cao tuong
quan.

I. GIOITHIEU

Xa hoi ngay cang phét trién thi nhu cau mua sém cia
khach hang ngay cang tang. Cac t6 chirc kinh doanh ciing
da dugc thanh 1ap & khap moi noi véi cac hinh thirc ban
hang da dang. Khi khach hang cang c6 nhiéu su lua chon
thi doanh nghié¢p cang phéi nghién ctu thoi quen mua
hang cua ho. Ban dau, cac doanh nghiép quan tim dén
viéc tim hiéu cac mat hang thuong dugc khach hang mua
cung nhau. Nhiéu thuat toan da dugc dé xut de khai thac
céc luat két hop dé giai quyet hiéu qua nhu cau nay [1,2].
Tuy nhién, luat két hop c6 su gisi han la khong dé cap
dén loi nhuan cua san pham. Céc thuat toan khai thac tap
httu ich cao (HUIM) da duoc nghién ciru dé tim ra tap cac
san pham c6 lgi nhuan cao (High Utility Itemset — HUI)
nhu: Thudt toan Two-Phase [3], UP-Growth [4], HUI-
Miner [5], FHM [6], EFIM [7], D2HUP [8]. Nam 2016,
Lin va cong su dé xuit thuat toan FHN [9] khai thac HUI
trén co s& dit lieu ¢ loi nhuan &m mot cach hiéu qua.
Mac du céc thuat todn nay kha hiu ich trong viéc kham
phé cac tap hitu ich cao, tuy nhién sé lugng HUI dugc tim

Tac gia lién hé: Nguyén Vin LE,
Email: lenv@hufi.edu.vn )
Dén toa soan: 8/2020, chinh stra: 9/2020, chap nhan dang: 10/2020.

S0 03 (CS.01) 2020

thay c6 the rat Ion vi ching chi tim thay cac HUI dya trén
ngudng toi thleu va bo qua méi trong quan gitra cac muc
bén trong mau. Nhleu HUI chira cac mat hang c6 tuong
quan yeu va thuc té khong mang lai y nghia. D€ giai quyet
van dé nay, J. C. W. Lin va cong su da dé xuat thut toan
FDHUP [10] dé khai thac HUI c6 rang budc tgln sqat cao.
Sau do, vao nam 2017, W. Gan va cong sy dé xuat thuat
todn CoHUIM [11] xem xét ca tinh twong quan va lgi
nhuéan glua céc san pham trong glao dich. Tuy nhién, thuat
toan nay tao ra mot tap’ hop l6n cac ung cir vién va vigc
quét lai co s¢ dit liéu goc nhiéu lan lam tang dang ké thoi
gian thyuc hi¢n va bo nhé luu trir. Nam 2019, nhom tic gia
W. Gan va cong su dé xuét thuat toan CoUPM [12] cai
tién tir thuat CoHUIM bang viéc sir dung cau trac luu trix
Ulility-List ting hiéu suat khai thac tap hitu ich cao tuong
quan. Tuy nhién, thuat todn nay van kém hiéu qua khi
thuc thi trén co s¢ dit ligu co lgi nhuan am. D¢ glal quyeét
van d¢ nay, ching t6i dé xuat mot thuat toan mai o tén 1a
CHN dé khai théac tap hitu ich cao tuong quan mot céch
hiéu qua trén co so dit liéu giao dich c6 lgi nhuan am.

Nhimg dong gép chinh cta bai béo:

a) Ap dung ciu tric dir liéu PNU — List dé luu trir dit
liéu trong qua trinh khai th&c tap htru ich cao twong quan
CHUISs trén co sé dit liéu giao dich c¢é lgi nhuan am.

b) Ap dung nhiéu chién lugc tia dé giam khong gian
tim kiém nhu: U-Prune, LA-Prune, Kulc-Prune, EUCS.

¢) Két qua thuc nghiém so sanh véi thuat toan CoUPM
cho thay thuat toan CHN c6 thai gian thuc hién nhanh hon
thuat todn CoUPM trén 5 co s& dit liéu la Chess,
Mushroom, Pumsb, Retail va Kosarak.

Céu tric bai bao dugc chia 1am 6 phan. Phan 1 trinh
bay gisi thi¢u; Phan 2 trinh bay cac cong trinh lién quan;
Phan 3 trinh bay céc dinh nghia va ky hiu; Phan 4 trinh
bay thuat toan dé xuat CHN; Phan 5 trinh bay két qua thyc
nghi¢m va danh gia; Phan 6 trinh bay két luan va huéng
phét trién.

[l. CAC CONG TRINH LIEN QUAN

Khai thac tap hiru ich cao (HUI) da duoc nghién cuu
rong rai va cé nhiéu tng dung trong thyuc té dé ho tro viéc
kinh doanh hi¢u qua hon. Cac tiép can ban dau khai thac
HUI cha yeu dua trén hai pha, trong d6 pha mét sinh ra
cac ung vién c6 kha nang la tap hitu ich cao, pha hai thuc
hién quét lai co so dit ligu dé xac dinh ing vién nao thyc
su la HUI. Mot s6 thuat toan dwoc dé xuét trong giai doan
nay nhu: Two-Phase [3], CTU-Mine [13], TWU-Mining
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[14] UP-Growth [4], UP-Growth+ [15] Nhiing thuat toan
nay tén nhiéu thoi gian va bo nhé vi phai thuc hién trén
hai pha va quét co s¢ dit ligu nhiéu lan. Nam 2012, Liu va
cong su dé xuat thuat toan HUI-Miner [5] cing véi cu
tric dit liéu moi 1a Utility-List dé khai thac HUI trén mot
pha clng vei chién Iugc tia TWU da lam giam déng
khéng gian tim kiém va tang higu suat thyc thi cua thuat
toan. Nam 2014, Fournier va cong su bo sung chién lugc
tia EUCP vao thuat todn HUI-Miner va dé xuat thuat toan
FHM [6] c6 thoi gian khai thac HUI nhanh vuot troi so
véi thuat toan HUI-Miner. Nam 2017, Zida cling cong sy
dé xuat thuat toan EFIM [7] sir dung co ché chiéu va gop
trén co dit liéu o hiéu qua cao khi khai thac trén co s& dix
liéu thwa. Nam 2018, Krishnamoorthy dé xut thuat toan
HMiner [16] véi cu triic dir liéu mai [a CUL va nhiéu
chién lugc tia hiéu qua cho hiéu suat thuc thi vuot troi ca
vé thoi gian va bo nhg sir dung so Vi thuat todn EFIM.
Tuy nhién, cac thuat toan nay van kém hiéu qua va tim ra
SO lu(mg HUI khong day du khi khai thac trén co s¢ dir
liéu cd loi nhuan am. De gidi quyét van dé nay, Lin va
cong su da dé& xuat cai tién cau trac Utility-list dé luu trix
tach biét loi nhuan duong va 4m va d& xuit thuat toan
FHN [9] dé khai thac day du tap HUI trén co so dit ligu
giao dich ¢0 lgi nhuan am. Ngoai ra, nam 2019, Singh va
cong sy dé xuét thuat toan EHNL [17] dé khai thac HUI
hiéu qua vai rang budc chiéu dai tap muc trén co so dir
liéu c6 loi nhuan am.

Tap hitu ich cao dugc khai thac vai céc thuat todn
trinh bay & trén da co nhiéu ung dung hiru ich trong thuc
té. Tuy nhién, céc thuat toan nay chi quan tim dén do hitu
ich ciia tap muc két qua ma khong quan tim dén sy twong
quan glua cac muc bén trong. Do do, két qua khai thac
dugc con chira nhiéu tap muc c6 méi twong quan thap
gitra cAc muc bén trong va khong c6 y nghia trong thuc té.
Vi duy, trong co so dir ligu phat sinh mét giao dich mua
hang gom mot san pham (A) c6 tri gia lgi nhuan rat cao
kém véi mot san pham (B) c6 loi nhuan thap va chi co
mot giao dich nay trong co sd dir liéu.

Khi khai thac HUI, tap gém hai san pham nay s& dugc
tim thdy vi loi nhuan cao vuot ngudng mac lgi nhuan ti
thleu Tuy nhién, su tuong quan gilra hai san pham nay la
rat kém vi chi 6 mot giao dich trong co s¢ dit ligu nén khi
két luan rang khi khach hang mua san pham A thi s& mua
kém san pham B 1a khong chinh xac. De giai quyét van de
nay, nhiéu nghién ctru da dugc d& xuit dé tinh toan méi
twong quan gilra cac muc trong mét tap muc dugc khai
thac. Khai niém vé "d6 do" gita cac muc dugc
Omiecinski [18] dwa ra tir rat sém dé khai théc luat két
hop véi ba do do la any-confidence, all-confidence va
bond. Tuy nhién, ba d¢ do nay van chua danh gia duoc
moi tuong quan gitra CaC Muc trong tap muc duoc khai
thac. Nam 2018, Fournier-Viger va cong sy [19] da trinh
bay khai niém Correlatlon dwa trén ba d6 do trén va dé
xuat thuat toan CHIs dé khai thac tap hitu ich cao tuong
quan trén co s& dr liéu giao dich. Bén canh do, Lin va
cong su dé xuat thuat toan CoHUIM [11] khai théc tap
hiru ich cao twong quan (CoHUI) dva trén d6 do Kulc va
co ché chiéu trén co so dir ligu trong qua trinh khai théac.
Nam 2019, Gan va cong su [12] dé Xuat thuat toéan
CoUPM khai thac CoHUI dya trén cdu tric di ligu
Utility-list vai nhiéu chién lugc tia khac nhau da cho két
qua khai thac CoHUI hiéu qua hon thuat toAn CoHUIM.

lIl. CAC BPINH NGHIA VA KY HIEU
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Cho tap I = {iy, i ..., im} g0M m muc phan biét
trong co so dit ligu giao d1ch D={T,T,,..., T,},véinla
so lugng giao dich trong D.VT;eD, Tj= {x;|l =
1,2,..,N;,x; €I}, véi N; la s6 cac muyc trong giao dich
T;. Béng 1 trinh bay vi du vé co so dir liéu giao dich D va
Bang 2 trinh bay loi nhuan cac muc.

Mbi muc x; trong tap muc | ¢6 mot gia tri loi nhuan
xéc dinh la P(x;) va c6 mot so lwong mua Q (x;, T;) trong
giao dich T;. B hiru ich cua muc x; trong giao dich T; ky
higu 1A U (x;, T)) voi U(x;, Tj) = P(x;) * Q(x;, T)).

Do hitu ich cia mot tip muc X = {x;, x5, ..., %, } € T
dinh nghia 1a U(X,T;) = ¥,,exU(x;, T;). DO hitu ich
duong cta tap muc X trong giao dich T; duoc dinh nghia
1A PU(X,T}) = Zy,exnu(x, T})>0 U(x;,T;). B hitu ich am
cua tdp X trong giao dich T; duoc dinh nghia la
NU(X,T;) = Yriexa U(x;,T;)<0 U(xl ) . Ta  co
U(X,T;) = PU(X,T;) + NU(X,T)).

Do hiru ich duong cua tap muc X trong co sé dir liu
D duogc dinh nghia PU(X) = ZXQT].A TjeD PU(X,T;). Bo
httu ich &m cta X trong D dugc dinh nghia NU(X) =
Yxerjar;ep NU(X, T;). D6 hiu ich cua tap myc X trong
co s& dir lieu D duge dinh nghia 1la U(X) = PU(X) +
NU(X). Do hitu ich duong cua mét giao dich T; € D
duge dinh nghia 1a PTU(T}) = Zy.er;aucps>o Ui, T))
[9].

Bang |. Co s& dir liéu giao dich c6 lgi nhudn ém
: . O P Do hiru ich

TID | Giaodich (T)| So lwgng (Q) | Po hiru ich (U) dwong (PTU)
T, | a,b,c,d 3,1,4,2 9,-1,16, -4 25
T, | ab,c 3,32 9,-3,8 17
T, | a,c,d,ef 4,1,2,2,1 12,4,-4,6,3 25
T, | b,c,e 2,54 -2,20,12 32
Ts | b,c,d,e 6,5,4,6 -6, 20, -8, 18 38
Te | a,bc,def | 2,51,3,1,1| 6,-5,4,-6,3,3 16
T, | ce 2,3 8,9 17
Ty | c,d,e 52,4 20, -4,12 32

Bang Il. Lgi nhuén cta cac muc

Cac muc (Items) | 1 2 3 4 5 6
Loinhuan®) | 3 | -1 | 4 | 2 | 3 3

Dinh nghia 1. Tap muc X duoc goi la mot tap muc
hitu ich cao (HUI) néu d¢ hitu ich cia X 16n hon hoic
bang gia tri ngudng d¢ hitu ich t6i thiéu (m|nUt|I) Trong
d6 gia tri minUtil dwoc cung cap bai nguoi dung [16]. Ta
c6: HUIs = {X | U(X) >= minUtil}

Dinh nghia 2. Gia tri Positive Transaction Weighted
Utility (PTWU) cta tap muc X trong D ky hi¢u la
PTWU(X) = Zxcrjep PTU(T;) [9]. Vi dy, trong Bang 1,
ta ¢c6 PTWU (ab) = PTU(T,) + PTU(T,) + PTU(T,) =
25+ 17 + 26 = 68. Bang 3 trinh bay céc gia tri PTWU
ctia cac tap muc gom mét phan tir trong D.

Tinh chéat 1. Néu PTWU (X) < minUtil thi moi tap
muc mé rong tir X déu khong 1a HUI [16].

Dinh nghia 3. Do hd trg cua tap muc X trong co so dir
liéu D ky hiéu SUP(X) la s6 lugng céc giao dich chua X
trong D [16]. Vi du SUP(ab) = 3 vi c6 3 giao dich chura
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{ab} 14T, T, va Tg. DO hd tro cua mdi myc trong co s&
dir liéu D thé hién ¢ Bang 3.

Bang Ill. D6 hé tro cda cac muc
Items f a b d e c
PTWU 41 83 128 136 160 | 202

SUPPORT 2 4 5 5 6 8

Dinh nghia 4. (Thu ty cac myc) Thix ty toan phan cia
cac myc trong co s¢ dir ligu D duoc sap Xep tang dan
theo do hd tro [11]. Xét 2 myc x va 'y, Ta co x < y néu
SUP(x) < SUP(y). Truong hop SUP(x) = SUP(y) thi
thir tu dya vao thu tu Alphabet cua x vay. Véi co so dit
licu D (Bang 1) va do ho trg (Bang 3) thi thir tu toan
phan dugc xacdinhlaf<a<b<d<e<c
Véi gia tri minUtil = 42, myc f bi loai bo khoi co s¢ dir
licu D (Tinh chat 1) va toz}m b6 co s¢ dir lieu D duoc sap
xép lai theo tha ty toan phan duogc trinh bay trong Bang 4.

Dinh nghia 5. Sy tuong quan giira cac phan tur trong
mot tap muc X = {x,x,, ..., x;} dugc dinh nghia 1a
kule(X) = 2 (Lyex 22 Vi 0 kule(X)<1 [11]

sup(x;)
Gid tri kulc(X) cang gan 1 thi tinh twong quan giita cac
muc trong X cang cao. Nguoc lai, kulc(X) cang gan 0 thi
tinh trong quan gitta cac muc trong X cang thap.

. ) _ 1(sup (ab) sup (ab)\ _ 1(3 3\ _
vi du' kulc(ab) T2 ( sup(a) + sup (b)) T2 (4 + 5) -
0.675

Tinh chdt 2. Xét tht ty toan phin x; < x; < - <
Xj < Xj41 CUA CAC Muc trong co s¢ dir ligu D, khi do, gia
tri kulc théa tinh chat Downward closure Ila
kulc(xq, oo, Xg41) < kulc(xy, ..., ) [11].

Béng IV. Co sé dir liéu giao djch sau khi loai b6 f va sép
xép theo thir tw toan phan

TID |Giao dich (T)| S& lweng (Q)| B¢ hitu ich (U) dﬂgnhg“;,';g)
T, | abdc 3124 | 91,416 25
T, | abec 3,32 9,38 17
T, | adec 4221 12,4.6 4 22
T, | bec 24,5 2,12,20 32
T. | bdec 64,65 | 68 18 20 38
Te | abdec | 25311 | 6563 4 13
T, e, c 3,2 9,8 17
T, | dec 2,45 2,12,20 32

Dinh nghia 6. Tap muc X duoc goi la tap hiru ich cao
turong quan (Correlated High Utility Itemset - CHUI) néu
kulc(X) = minCor va U(X) = minUtil . Trong do6
minUtil 1a gia tri ngudng d6 hitu ich t6i thiéu va minCor
1a gi4 tri ngudng twong quan t6i thiéu [11].

CHUIs = {X € I | U(X) = minUtil A kulc(X) = minCor}

Vi dy, trong Bang 4, U(abc) = 43, kulc(abc) =
0.575. Véi minUtil < 43 va minCor < 0.575 thi tap
muc {abc} 1& mot CHUL Nguoc lai, tap muc {abc} khdng
phai CHUI.

Dinh nghia 7. Xét tap muc X C
sau X trong T; dugc dinh nghia
{x; eTj| VyeX,y < x; 1.

T;, tap tat ca cac muc
la Re(X,T;) =

Vi du: Véi dir lieu trong Bang 4, Re(ad,T;) = {c},
Re(ad,T;) = Re(ad, Tg) = {e, c}
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Dinh nghia 8. D6 hitu ich duong con lai sau tap muc
X trong giao dich Tj, ky hi¢u la PRU(X,T)), 1a tong do
hiru ich cia tat ca cac muc c6 d0 hitu ich duong trong tap
Re(X,T;) [9]:

PRU(X,T;) = U(xi, T))

x;€Re(X,T) AU (xy,T;)>0

Vi du: Véi dir lieu trong Bang 4, PRU(ab, Ty ) =
U(e,Tg) +U(c,Tg) =3+ 4 =7. Trong d6 U(d,T) S&
khong tinh vao PRU vi c¢6 d6 hitu ich am.

IV. THUAT TOAN CHN

A. Cdu tric PNU-List

PNU-List dwoc cau tric lai tir cau trac dir liéu Utility-
List [5,9]. Mdi tap muc duoc biéu dién bai mot PNU-List
tuong wng. Cau trdc PNU-List cia mot tap muc X Iuu trir
tap cac bo dir lieu, mdi bo chira bon thanh phan la
(Tid, Putil, Nutil, Prutil). Trong d6, Tid la s thir tu
cua giao dich c6 chora X, Putil va Nutil 1a do hitu ich
duong va d6 horu ich &m cua tap muc X trong giao dich
Tid, Prutil 1a tong d0 hitu ich duong cua cac muc sau X
trong giao dich Tid.

PNU-List ciia tap muc mot phan tr gom ndm muyc
duogc sap xép theo thur tu toan phana<b<d<e<c.
Trong d6, muc f di bi loai do PTWU(f) < minUtil
(Tinh chét 1). PNU-List cua tap muc {a} gém 4 bo véi
Tid lan luot c6 gid tri 1a 1, 2, 3, 6 nghia la tdp muc {a}
XUat hién trong céc giao dich tuong tng T;, T,, Ts, Ty trong
co so dit liéu D (Bang 4). Xét bo thir nhat vai Tid=1, ta co
d6 httu ich duong Putil = U(a,T;) = 9, d6 hiru ich am
Nutil = 0 (vi tap muc {a} chi co 1 phan telaaco gla tri
d6 hiru ich duong 12 9, khong ¢ phan tir ndo khac c6 gia
tri d6 hitu ich am); d6 hiru ich duong ctia cAc muc sau {a}
& Prutil = 16 (vi cac muc sau {a} trong giao dich T,
gom {b, d, ¢} nhung chi ¢ ¢c6 d6 hiru ich duong 1a 16 con
b vad cé do hiru ich &m). Tuwong tu cho cac bo con lai va
cac PNU-List khéc.

B. Cac chién luogc tia

Chién luoc tia dwoc &p dung trong qué trinh khai thac
tap CHUIs nham thu hep khong gian tim kiém dong thoi
tang hiéu suat thuc thi cta thuat toan, dic biét 1a thoi gian
thuc hi¢n va dung lugng bo nhé sir dung Céc chién luoc
tia 4p dung trong bai bao nay gém: U-Prune, Kulc-Prune,
LA-Prune va EUCS-Prune [5,6,10,11].

Chién lwoc 1 (U-Prune): Néu tong d6 hiru ich dwong
cua tap muc X va téng do hitu ich dwong ctia cdc muc sau
X nho hon minUtil thi moi tip ma rong tir X déu khong
phai la CHUI . Nghia 1a néu PU(X) + PRU(X) <
minUtil thi VY o X, Y¢ CHUI. Khi d6 ngirng mé rong
Vi tap muc X.

Vi du: Xét tap muc {a,e} véi PNU-List twong tng
trong Hinh 1, U(ae) + RU(ae) = Y.(Putil + Prutil) =
27 + 8 = 35 <minUtil = 42. Khi d6 ngirng mo rong
Vi tap {a, e}.

Chién lwgc 2 (LA-Prune): Xét 2 tap X va Y, néu
PU(X) + PRU(X) = Sxer e paver, PUKX,T}) +
PRU(X,T;) < minUtil thi tap muc XY khong phai la
CHUI va moi tdp mé rong tir XY ciing khong phai la
CHUI (nghia 1a V Z o XY thi Z khong phai la CHUI).
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{a} b} d} e} {c}
Tid] Putil| Nutil[Prutil] | Tid] Putil] Nutil[Prutil| | Tid|[Putil| Nutl[Prutil] | Tid]Putil| Nutil[Prutil| [Tid] Putil] Nutil | Prutil
1o o016 1] o] -1]16 1] 0] 416 36| 0] 4 1]16] 0] 0
2908 20 [ 338 3o 410 4] 12] 0 [20 2] 8]0 0
3[12] 0 | 10 4023 5[ o] -8]38 518 0 | 20 3] 4] 0] 0
616 0] 7 5o 6|38 6l 0| 6] 7 63| 0] 4 420 0 [ 0
610 -5] 7 s 0| 4|32 7ol o] s 5/20] 0 [ 0
g 12| 0 |20 6l 4] 0] o0
78] 0] 0
8120l 0] o0
{a.b} {a,d} {a.e} {a.c}
Tid] Putil| Nutil[Prutil] | Tid] Putil| Nudl[Prutil|  |Tid] Putil[Nutil[Prutil| [Tid] Putil] Nutil[Prutil
1o -1]16 1] 9] -4 16 3118 0] 4 125/ 0] 0
29 [-3] 8 312410 6 o]l o] 4 2170 [ 0O
6 6 5] 7 616 6] 7 316/ 0] 0
| 6 10] 0 0
Hinh 1. PNU-List cta cac tdp muc 1 phan t va 2 phan t

Chién lwgc 3 (EUCS-Prune): Xét X,Y la hai tap
muc 1 phan tir, Néu PTWU (X, Y) < minUtil thi tap muc
XY khong phai CHUI va moi tdp m¢ rong tir XY cling
khong phai CHUI. Khi d6 dirng mé rong véi itemset XY,

Chién lwgc 4 (Kulc-Prune): Néu Fkulc(X) <
minCor thi moi tap mo rong tir X khdng phai lai mot
CHUI. Gia st rang y 1a phan tor mo rong tir tap X dé c6
tap Xy, theo tinh chit 2, ta c6 kulc(Xy) < kulc(X) <
minCor. Do d6 moi tap mo rong tir X khdng phai la
CHUI.

C. Thugdt toan CHN

Thuét toan chinh CHN ¢6 dit liéu dau vao 1a co s& dit
liéu giao dich D 6 loi nhuan am, két qua thyc hién thuat
toan la tap hitu cao c6 twong quan (CHUISs). Pau tién quét
co s¢ dir ligu D dé tinh SUP (i), RTWU (i) va U(i) cho
mdi muc iel trinh bady & dong 1. Néu
RTWU (i) > minUtil thi dua i vao tap I* va loai bo cac
muc i & I" khoi co s¢ dix liéu D trinh bay ¢ dong 2. Dong
3 sip Xep cac muc trong tap I” tang dan theo do hd trg
SUP ddng thoi sap xép cac muc trong co s& dit liu D
theo thur ty cua I*. Dong 4 quét co so dir lieu D dé xay
dung danh sach PNU-List cho tirng phan tir i € I*, ky hiéu
la ULs. Dong 5 khoi tao cau tric EUCS va dong 6 goi
thuc hién thuat toan 2 la SearchCHUI.

Thuit toan 1: (Thuét toan chinh - CHN)

Vao: D: Co s¢ dir ligu giao dich co loi nhuan am,
minUtil: Ngudng d6 hitu ich t6i thiéu, minCor:
Ngudng tuong quan t6i thiéu.

Ra: Céc tap muc d6 hitu ich cao ¢6 tuong quan (CHUIs)

1. Quét co s¢ dit lieu D dé tinh SUP (i), RTWU (i) va
U (i) cho mdi muc i ¢6 trong I.

2. Tinh I* = {ie I | RTWU(Q) > minUtil} va loai bo
cac muc i & I" khoi co so dix liéu D.

3. Sap xép I" tang theo SUP, sap xép cac muc trong D
theo thtr tw cua I*. ‘

4. Quét co so dir lieu D @é tinh PNU-List cho mdi phan
trigl*laULs

5. Khai tao ciu tric EUCS

6. SearchCHUI (& ULs, minUtil, minCor, EUCS)

Thuat toan 2 (SearchCHUI) thuc hi¢n d¢ quy mo
rong khong gian tim kiem dé xac dinh mét tap muc co
phai 1a CHUI hay khéng. Thuat toan c6 dau yao gom P:
mot PNU-List & muc trén dong vai tro la tien to, danh
sach cac PNU-List ¢6 tién t6 1a P; ngudng do hitu ich tol
thiéu minUtil; ngudng tuong quan t6i thiéu minCor va cau
tric EUCS. Dau ra la cac tap muc hitu ich cao co tuong
quan (CHUIs). Dong 1 duyét qua tirng PNU-List X cd
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trong danh sach PNU-List ULs. Dong 2 kiém tra diéu ki¢n
néu U(X) > minUtil va kulc(X)>minCor X 1a mot tap
hitu ich cao twong quan CHUI. Dong 5 kiém tra diéu kién
néu PU(X) + PRU(X) > minUtil ( chién lwoc tia U-
Prune) va diéu kién kulc(X) > minCor (chién leoc tia
Kulc-prune) thi tao danh sach cac PNU-List m¢& réng
(exULs) tir PNU-List X tir dong 6 dén 11. nguoc lai
ngirng maé rong véi X. Dong 8 ap dung chién lugc tia
EUCS-Prune, néu EUCS(X,Y)> minUtil thi thyuc hién
thu tuc PNUConstruct(P, X,Y) dé tao PNU-List XY tir 2
PNU-List X va Y va thém vao danh sach exULs, ngugc lai
khong tao PNU-List XY. Dong 12 goi dé quy thu tuc
SearchCHUI dé tiép tuc mo rong khong gian tim kiém.

Thuat toan 2: SearchCHUI

Vao: P: PNU-List vai vai tro 1a tién td; ULs: Danh sach
cac PNU-List c6 tién t6 la PNU-List P, minUtil :
Ngudng d6 hitu ich tdi thiéu, minCor: Ngudng
tuong quan ti thiéu, EUCS: Cau trac EUCS

Ra: C4c tap muc d6 httu ich cao ¢6 twong quan (CHUIs).

1. for each X e ULs do
2. if UX) = minUtil A kulc(X)>minCor then
3. CHUIs « X

4. end if
5. if (PU(X) +
PRU(X) > minUtil A kulc(X)>minCor)  //U-Prune

va Kulc-Prune
6. exULs = //Khoi tao danh sach PNU-List m¢

rong tur X

7. foreachY after X in ULs do

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

9. exULs < PNUConstruct(P, X,Y);

10. end if

11. end for

12. SearchCHUI(X, exULs, minUtil, minCor,

EUCS); //goi d¢ quy thuat toan.
13.end if
14.end for

Thuat toan 3 (PNUConstruct) thuc hién két hop 2
PNU-List Px va Py thanh PNU-List Pxy. Dong 1 khoi
tao gi4 tri ban dau cho ULA I téng d6 hiru ich duong
PU(P) va d6 hitu ich con lai sau P 1a PRU(P). Dong 2, 3
duyét qua ting phan tir ex € Px va tim phan tirey € Py
sao cho ex.tid = ey.tid. Néu tim thay thi tao phan tu
exy két hop tir ex va ey trong cac truong hop xem xét tai
dong 4. Néu PNU-List tién t6 P = & (truong hop 1 dong
4), nghia la PNU-List Pxy dang xay dung c6 tir 3 myc tr¢
1én, ngugc lai (truong hop 2 dong 7) thi Pxy la PNU-List
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dang xay dyng chi ¢6 2 myc. Dong 6 tao phan tir exy ting
V6i trudng hop 1, dong 8 tao phan tir exy tng voi truong
hop 2, dong 10 thém exy vao PNU-List Pxy. Dong 12 xét
diéu kién néu khong ton tai ey € Py ma ex. tid = ey. tid
thi 4p dung chién lugc tia LA-Prune tir dong 13 dén 15 dé
loai bo sém nhiing tap muc khdng phai la CHUI. Dong 18
tra vé két qua 1a PNU-List Pxy.

Thuat toan 3: (PNUConstruct)

Vao: P: PNU-List vé6i vai tro la tién t6; Px, Py: Hai
PNU-List can két hop; minUtil: Ngudng do hitu
ich t6i thiéu.

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

1. Set ULA = PU(P) + PRU(P);
2. for each element ex e Px then
if dey € Py nex.tid = ey.tid then
if P =< then
Tim e € P sao cho e.tid = ex. tid;
exy =< ex.tid, ex.Putil + ey. Putil —
e. Putil, ex. Nutil + ey. Nutil —
e.Nutil, ey.Prutil >,

o0k w

7. else
8. exy =< ex.tid, ex.Putil + ey.Putil, ex. Nutil +
ey.Nutil, ey.Prutil >;

9. endif

10. Pxy <« exy;

11.  else

12. ULA = ULA — ex. Putil — ex. Prutil;

13. if ULA < minUtil then // ap dung chién lugc tia
LA-Prune

14. return null;

15. endif

16. end if

17. end for

18. return Pxy;

V. THUC NGHIEM

Thuat todn CHN duoc cai dit bang ngon ngi 1ap trinh
Java, chay thir nghiém trén may tinh Dell Precision Tower
3620, Intel Core i7-7800X CPU @3.5GHz, bé nhé RAM
32GB trén hé diéu hanh Windows 10. Cac co s& dit liéu

Chess (mincor = 0.86)

Chess (mincor =0.78)

thtr nghiém duoc tai tir thu vién SPMF [20] 1a cac co sé
dir liéu giao dich c6 loi nhuan am gém Chess, Mushroom,
Pumsh, Retail va Kosarak. Chi tiét cic co s& dit liéu trinh
bay trong Bang 5. Thuc nghiém cua thuét toan CHN dugc
so sanh voi thuat toan moi nhat cuing khai théc tap CHUI
la CoUPM [12]. Két qua thuc nghiém dugc danh gid dva
trén thoi gian thyc thi va dung lugng bd nhé st dung.

Béng V. Béc diém céac co sé di liéu thuc nghiém

Co sé div | S6 lwgng | SO lwong | Do dai trung| Do day
liéu giao dich | item (1) binh (A) | (A/) %
Chess 3,196 75 37 49.3333
Mushroom | 8,124 119 23 19.3277
Pumshb 49,046 2113 74 3.5021
Retail 88,162 16,470 10.3 0.0625
Kosarak 990,002 | 41,270 8.1 0.0196

Hinh 2, 3 trinh bay két qua thuc nghiém so sanh giira
thuat toan CHN va thuat toan CoUPM veé thoi gian thyc
thi va bo nhé sir dung. Két qua thuc nghiém cho thay
thuat toan CHN ¢ thoi gian thyc thi hi¢u qua hon thuat
toan CoUPM trén tat ca cac co s& dir liéu tur rat day nhu
Chess dén co so dir liéu rat thua nhu kosarak. Tuy nhién
b6 nhé st dung cua thuat toan CHN chi ¢ hiéu qua hon
thuat toan CoOUPM & co sé dit liéu Pumsb trén tit ca cac
ngudng va cac ngudng tuong quan lon.

Hinh 2 trinh bay két qua thyc nghiém cua hai thuat
toan CHN va CoUPM trén co so dir liéu rat day Chess va
day trung binh Mushroom. Véi co s& dir liéu Chess, tai
ngudng minCor=0.86 thoi gian thyc hién cta thuat toan
CHN nhanh hon thuat todn CoUPM tir 5 dén 7 lan. Pic
biét, khi giam ngudng minCor con 0.7 thi thoi gian thuc
hién ctia CHN cang hiéu qua va c6 thoi gian thuc hién it
hon thuit todn COUPM lén dén 25 lan tai ngudng
minUtil=130,000. V&i co so dir liéu Mushroom, thoi gian
thyc hién ciia thuat todn CHN t6t hon thuat toan CoUPM
& tat ca cac nguong minCor va minUtil. Két qua nay
chung 16 rang cac chién lugc tia va cau trac dir lieu su
dung trong thuat toan CHN Ia phi hgp khi khai thac tap
CHUI trén co s¢ dix liéu ¢6 lgi nhuan am.

Chess[mincor=0.7)
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Hinh 2. So sanh thoi gian thuee thi trén co sé di liéu day
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Hinh 5. So sanh by nh& st dung trén co sé& dir liéu thuwa

Hinh 3 trinh bay két qua thuc nghiém trén co s¢ dit
liéu tir thua nhu Pumsb cho ’dé'n rat thua nhu Kosarak.
Két qua thyc nghiém cho thay thuat toan CHN c¢o6 thoi
gian thuc hién thép hon thuat toan CoUPM trén ca 3 co
so dir liéu thtr nghiém. Véi co s¢ dir liéu 16n, c¢6 do dai
trung binh ciia giao dich cao nhit nhu co so dir liéu
Pumsb thi thoi gian thye hién cua thuat toAn CHN nhanh
hon thuat toan CoUPM tir 5 dén 10 lan tai ngudng
minCor=0.85, tir 10 dén 30 1an tai ngudng minCor=0.8.
béc biét voi nguorng minCor=0.75 thi thuét toan CHN
cho ra két qua & tat ca cac ngudng minUtil con thuat toan
CoUPM chi c6 két qua & 2 nguo’ng minUtil 1a 10,000,000
va 9,800,000, cac ngudng con lai khong cho két qua.

Vi co s¢ dir ligu Retail, bleu d6 thuc nghiém (Hinh
3) cho thdy thuét toan CHN c6 tdc do xir Iy nhanh hon
hon thuat toan CoUPM khoang 25 lan tai ngudng
minCor=0.3 va minUtil=5000. Tai cdc ngudng khéc,
thuat toan CHN van chimg to duoc tinh hi€u qua hon
thudt toan CoUPM. V6i co s¢ dit ligu rat thua nhu
Kosarak, thuét toan CHN ¢6 thoi glan thuc thi 6n dinh
trung binh khoang 5 gidy & tit ca cac ngudng minCor va
minUtil. Trong khi thuat toan CoUPM c¢ thoi gian thue
hién cao hon, trung binh khodng 25 gidy cho tat ca cac
ngudng.
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Hinh 4,5 so sanh b nhé st dung cua hai thudt toan
CHN va CoUPM trén hai nhom co s¢ dir liéu day va
thwa. Két qua thuc nghiém cho thdy thuét toan CHN c6
dung lugng bo nhé st dung thap hon thuat toan CoUPM
& hau hét cac co s dir liéu thyuc nghlem tai cac ngudng
minCor cao. Khi nguong minCor giam xudng thap hon
thi thuat toan CHN st dung bd nhd nhidu hon thuat toan
CoUPM ¢ hau hét cac co so dir ligu, ngoal trr co s¢ di
lidu 16n Pumsb. Két qua nay cho thdy rang viéc sir dung
cac chién lugc tia va cdu triic dir liéu luu trit c6 anh
hudng den bd nhé st dung cia thuat toan CHN. That
vay, Véi cau tric dit ligu PNU-List su dung trong thuat
toan CHN, mdi bd ctia mot PNU-List gom 4 gia tri la
<Tid, Putil, Nutil, Prutil> trong khi cau_trGc dr li¢u
Utlllty -List trong thu4t toan CoUPM thi mdi bd chi gom
3 gia tri <Tid, lutil, Rutil>. Ngoai ra, thuat toan CHN ép
dung chién lugc tia EUCS dé luu ma tran cic gia tri
RTWU cua 2 phan tir din dén ton kém bd nhé trong qua
trinh thuec thi.

VI. KET LUAN

Bai b4o nay dé xuat thuat toan CHN khai thac tap hitu
ich cao tuong quan (CHUIs) trén co s¢ dir ligu co loi
nhuan &m. Thuat toan st dung cau tric PNU- List biéu
dién tach biét cac gia tri loi nhuan am va duong dé khai
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thac ddy du tap CHUIs trén cac co s& dit lidu co loi
nhuan am. Ngoai ra, thudt todn con &p 4p dung nhiéu
chién luge tia hiéu qua dé cat giam khong gian tim kiém
nhu: U-Prune, Kulc-Prune, LA-Prune va EUCS-Prune.
Két qua thuc nghiém cho thay thuat toan CHN c6 thoi
gian thyc hién nhanh hon thuat todn CoUPM trén tAt ca
cac co s¢ dit liéu c6 loi nhudn am dugc thtr nghiém. Bo
nh¢ st dung cua thuit toan CHN tot hon thuat toan
CoUPM ¢ cac nguong minCor cao, tuy nhién, véi cac
ngudng minCor thi thudt toan CHN c6 dung lugng bd
nhd st dung nhicu hon.

Huéng phét trin tiép theo la cai tién cau tric dir ligu
luu trit va chién lugc tia dé ting hiéu suat thuc thi cua
thuat toan trén cac co s dit liéu cé lgi nhuan am, khai
thdc CHUIs trén cac dang co s& dit liéu khac nhu co so
dir li¢u dong va co s¢ dir li€u tang trudng.
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MINING CORRELATED HIGH UTILITY
ITEMSETS ON TRANSACTION DATABASE
WITH NEGATIVE PROFITS

Abstract: Correlated High Utility Itemset mining on
transaction databases have been extensively studied in
order to discover user buying behavior. As a result,
business managers can adjust sales strategies accordingly
to increase profits. The previous correlated high utility
itemset mining approaches are mostly performed on
transaction databases that have positive profit with little
regard for negative profit. In fact, businesses often reduce
profit margin of perennial inventories to stimulate
purchasers. Profit can even be reduced to negative
numbers so that all inventory can be consumed. In this
paper, we propose the CHN algorithm to mine effectively
correlated high utility itemset on the transaction database
with negative profits. The experimental results show that
the CHN algorithm has effective performance on all five
databases as Chess, Mushroom, Pumsb, Retail, and
Kosarak.
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