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TOM TAT

Trong bai b4o nay, nhom téc gia dé xuit mot hudng nghién ciu méi, d6 1a khai thac top-
k tap hiru ich cao c6 twong quan (Top-k Correlated High Utility Itemset ~-TCHUI) trén co s&
dir liéu giao dich. Két hop giira bai toan khai thac tap hitu ich cao co twong quan va bai toan
khai thac top-k nham tim top-k tip mit hang c6 tinh twong quan ma c6 do hitu ich cao trong
co s& dir lidu giao. Dé tim kiém tap TCHUI, ching t6i két hop khai thac tap hitu ich cao c6
tuong quan (Correlated High Utility Itemset - CoHUI) véi cac chién luoc nang ngudng va dé
Xuit thuat todn TCH. Thuat toan ndy str dung cau trc dit liéu Utility List dé luu trit thong tin
vé d6 hitu ich cua c4c tip mat hang, st dung do do Kulc dé do luong tinh tuong quan va &p
dung cac chién luoc tia: U-Prune, TWU-Prune, LA-Prune gilp giam khéng gian tim kiém.
Dong thoi, cac chién luge nang ngudng nhu RIU, LIU-E, RUC ciing duoc sir dung dé khai
thac tap TCHUI mot cach hiéu qua. Thuc nghiém trén cac bo dix lieu Ién gdm Chess,
Mushroom, Retail, Chainstore va so sanh hiéu suat thuc thi gitra thuat toan TCH vdéi thuét todn
gan day 1a THUI. Két qua thuc nghiém cho thay thuat toan d& xuat TCH c6 hiéu suit thuc thi
t6t hon thuét toan THUI vé thoi gian thuc thi va bo nhé sir dung.

Tur khéa: Tap hitu ich cao, tinh trong quan, top-k, co sé dit liéu giao dich, tap hitu ich cao ¢
tuong quan, top-k tap hitu ich cao c6 twrong quan.

1. GIOI THIEU

Theo Kotler va Keller, nghién ctru hanh vi khach hang la nghién ctru hanh vi lua chon,
mua sam, sir dung san pham cua nhirng c& nhan, té chac nham 1am théa man nhu cau cua
ho [1]. Hiéu dugc hanh vi khach hang, nha quan ly c6 thé phan tich, lva chon va dua ra cac
chién lugc phu hop trong viéc nhap kho, phan phéi, sap xép san pham dé mang lai loi nhuan
cao nhat cho doanh nghiép. Bé tim kiém théng tin hitu ich tir hanh vi mua hang cua khéch,
khai thac tap hitu ich cao (High utility itemsets mining - HUIM) la mot trong cac huéng nghién
ctru dugc str dung phd bién trong nhirg nam gan day. Mac du cac thuat toan khai thac HUIs
da mang lai hi¢u qua trong nhiéu linh vuc, tuy nhién nhuoc diém cia né 1a chura xem xét t6i
cac rang budc trong két qua nhan duoc.

Gan day, trong cac nghién ctu vé HUI ¢ rang budc thi khai théc tap hiru ich cao co
tuong quan (Correlated High Utility Itemset - CoHUI) 1a hudng nghién ciru dugc nhiéu tac
gia quan tdm. Theo do6, khai thac CoHUIs la viéc kham phéa cac tap mat hang c6 d6 hiru ich
cao ma van dam bao tinh twong quan chat ché gitra cAc mat hang. Cac thuat toan khai thac
CoHUI gan day nhét 12 COHUIM [2], CoUPM [3]. Ngoai ra, mot huéng tiép can khac ciing
duoc nhiéu nha nghién ciru quan tam, d6 1a khai thac top-k tap hitu ich cao (Top-k High Utility
Itemset — Top-k HUI). Muc dich cta cac nghién ctu nay la tim ra top k tap mat hang mang lai
d6 hitu ich cao nhat, tir d6 nha quan ly c6 thé nim bit duoc tinh hinh kinh doanh tai ctra hang
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va dé xut chién luoc ban hang hop 1y. Mot s6 thuat toan khai théc top-k HUIs noi bat c6 thé
ké dén nhu TKU va TKO [4], kHMC [5], THUI [6].

Tuy nhién, cho dén nay, chua co nghién ctru ndo thyc hién khai thac top-k tap mit hang
vira ¢6 do hiru ich cao vira c6 twong quan chat ché gitra cac mat hang. Trong bai bao nay,
chdng téi xdy dung thuat toan TCH dé khai thac top-k tap hiru ich cao co6 twong quan trén co
s¢ dir liéu giao dich.

Nhirng dong gop chinh cua bai béo:

a) Ap dung céu tric dit liéu UList dé luu trix dit liéu trong qua trinh khai thac tap hiru ich
cao coO tuong quan trén co s& dir liéu giao dich.

b) Ap dung nhiéu chién luoc tia & giam khong gian tim kiém nhu: TWU-Prune, LA-
Prune, Kulc-Prune.

¢) Ap dung céc chién luoc ning ngudng dé khai thac top-k hiéu qua nhu: RIU, LIU-E,
RUC.

d) Két qua thuc nghiém so sanh véi thuat toan THUI cho thay thuat toan TCH c6 thoi
gian thyuc hién nhanh hon thuét toan THUI trén cac co so dit liéu nhu Chess, Mushroom, Retail
va Chainstore.

Céu truc bai bao duoc chia lam 5 phan. Phan 1 gisi thiéu vé bai béo; Phan 2 trinh bay céc
cong trinh lién quan; Phan 3 trinh bay cac dinh nghia va ky hiéu; Phan 4 trinh bay thuat toén
dé xuat; Phan 5 trinh bay két qua thuc nghiém va danh gia; Phan 6 trinh bay két luan va huong
phat trién.

2. CAC CONG TRINH LIEN QUAN

Khai thac tap hiru ich cao (HUT) da dwoc nghién ctru rong réi va cé nhiéu tng dung trong
thuc té dé tim ra tap cac mat hang mang lai loi nhuén cao, thoa mét ngudng tdi thiéu cho trudce
do ngudi dung quy dinh. Cac thuat toan khai thac HUI ban dau duoc thuc hién trén hai pha
nhu: Two-Phase [7], CTU-Mine [8], TWU-Mining [9], UP-Growth [10], UP-Growth+ [11].
Nhuoc diém cua nhirng thuét toan hai pha nay la tiéu t6n kha nhiéu thoi gian va bo nho. Do
d6, cac nghién ciu vé sau da dé xuat cac thuat toan khai thac HUI chi trén mot pha nham rat
ngén thoi gian va bo nhd mot cach hiéu qua. Céac thuat toan gan day nhat phai ké dén 1a: HUI-
Miner [12], FHM [13], EFIM [14], HMiner [15], MAHI [16].

Mic du viéc khai thac tap hiru ich cao c6 thé gilp cho cac nha ban I¢é xac dinh duoc tap
cac mat hang mang lai loi nhuén cao. Tuy nhién, trong thuc té, mot tap mat hang nhu {muéi
iphone13} van cd thé 1a mot tap hitu ich cao, do céc nghién cau trude day khong xem xét dén
tinh twong quan gitra cac mat hang trong mot HUI. Bé glal quyet véan dé nay, cac nghién ctu
vé khai thac tap hiru ich cao ¢ twong quan da dugc dé xuat. Nam 2018, Fournier-Viger va
cong su [17] da trinh bay khai niém "Correlation” dya trén ba d6 do any-confidence, all-
confidence va bond va dé xuét thuat toan CHIs dé khai théc tap hitu ich cao c¢6 twong quan
trén co so dit lidu giao dich. Ciing vao nam nay, mét thuat toan khac dugc dé xuat dya trén do
do Kulc 1a thuét toan CoHUIM [2], do Lin va cdng su thuc hién. Thuat toan khai thac CoHUI
méi nhat 1a thuat toan CoUPM, do nhém nghién ctu cia Wensheng Gan [3] dé xuit vao nam
2019. Thuat toan CoUPM sir dung cu tréc dir liéu Utility-list dé luu trir théng tin vé d6 hiru
ich caa cac tap mat hang, két hop nhiéu chién lugc tia khac nhau trong qué trinh khai thac
CoHUI. Két qua cho thay thuat toan nay hiéu qua hon so véi thuat toan CoHUIM duogc dé xuat
trude do. Nam 2021, Mohammed Ali Fouad va cong su [18] nghién ctru ung dung k§ thuat
phan cym nham phat hién ra c4c mit hang tuong quan tiém ning va ap dung thuat toan khai
thac mau cho mdi cum dé tim ra cac tap mat hang tuong quan va c6 lgi nhuan.
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MGt han ché khac trong bai toan khai thac tap hitu ich cao 1a khé x4c dinh chinh xac ngudng
d6 hitu ich tdi thiéu thich hop. Gia tri ngudng do hitu ich nho s& tao ra mot sé lugng rat 1on cac
HUI khong can thiét, nguoc lai gid tri ngudng do hitu ich qua cao s& tao ra sb lwgng HUI qua it.
Chinh vi vay, céc thuat toan vé khai thac top-k tap hitu ich cao (top -k HUI) ra doi. Cac thuat
toan nay cho phép nguoi duing chi dinh sb luong tap hitu ich cao ma ho mudn lay thdng qua tham
s6 k thay vi sir dung d6 hitu ich ti thiéu. Nam 2016, Q-H. Duong va cong su di dé xuét thuat
toan kHMC [5] dé khai thac top-k tap hitu cao. Thuat todn st dung ciu tric dit liéu Utility-List
V6i céc chién luoc sinh ngudng d6 hitu ich tdi thiéu ban dau nhu: RIU (Real Item Utilities), CUD
(Co-occurrence with Utility Descending order) va COV (COVerage with utility descending
order). Ngoai ra, trong qua trinh khai thac, thuat toan con ap dung cac chién luoc tia; EUCPT
(véi ciu tric EUCS), TEP (Transitive Extension Pruning) va EA (Early Abandoning). Niam
2018, Kuldeep Singh va cong su di dé xuét thuat toan TKEH [19] dé khai thac top-k HUI mot
céch hiéu qua hon. Trong thu4t toan ndy, ngoai viéc str dung ba chién lwgc RIU, CUD va COV
dé tang ngudng do hiru ich téi thiéu, nhém tac gia da st dung ky thuat chiéu co so dit liéu, tron
giao dich va hai chién luoc cit tia 13 EUCP va Sub-tree utility dé giam khong gian tim kiém
trong qué trinh khai thac top-k. Thuat todn gan ddy nhét dé khai thac top-k la THUI [6], do
Srikumar Krishnamoorthy dé xuat vao nim 2019. Biém ndi bat cua thuat toan nay la tac gia da
st dung bén chién lugce nang ngudng 1a RIU, RUC, LIU-E, LIU-LB dé giam dang ké khong
gian tim kiém, két qua thuc nghiém cho thdy thuat toan nay hiéu qua hon cac thuat toan trudc
d6 nhu TKO, kKHCM. Bén canh cé4c nghién ciru dugc dé xuat dé tim ra cac tap hitu ich cao top-
k khi tap mit hang c6 do hitu ich duong, nam 2021, Sun va cong su [20] ciing dé xuat mot nghién
ctru méi vé khai thac tap cac mat hang hitu ich cao top-k vai do hitu ich am.

1. CAC PINH NGHIA VA KY HIEU

Cho I = {xq,X5,...,Xn} latap hop m mat hang khac nhau trong co s¢ dir liéu giao dich
D ={T,T,,...,T,} gébm n giao dich Ti(j=1..n), véi VT, €D, T ={xlk=
1,2,..,N;,x; €I}, trong d6: N; la s6 luong céc mit hang trong giao d;ch T;. |\/|0I mat hang x;
trong I c6 mot gia tri loi nhuén la P(x;). S6 lugng mdi mat hang x;, dugc mua trong giao dich
T; 1a Q(x, Tj). Xét vi du vé co s¢ dit liu giao dich D trong Bang 1 véi lgi nhuan ctia cac mét
hang dugc cho trong Bang 2.

Bdng 1. Co s¢ dit liéu giao dich D

TID | Giaodich (T) | Sb lvong mua (Pq) bo hitu ich (V) b0 hitu ich giao dich (TU)
1 a,bef 4,4,3,1 16, 16, 3, 3 38
2 c,de 2,2,3 10,4,3 17
3 a,b,ce 3,4,6,2 12, 16, 30, 2 60
4 cef 2,4,3 10,4,9 23
5 a,b,def 4,52,51 16, 20,4,5,3 48
6 a,bg 2,31 8,12,2 22
7 b,c,eg 6,1,5,2 24,5,5,4 38
8 a,bcdef 3,2,6,54,6 12, 8, 30, 10, 4, 18 82
Bang 2. Lgi nhuan ctia cA&c mit hang
Mait hang b d e f g
Loi nhuin 4 4 5 2 1 3 2
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Tan sb xuit hién cua mot tap mat hang (itemset) X trong D, ky hiéu: SUP(X), 1a sé
lwong cac giao dich T; trong co s¢ dir ligu D c6 chira X. Vi du: trong Bang 1, SUP(b) = 6 va
SUP(bde) = 2.

Do hiru ich cia mot mat hang x; trong mot giao dich T;, ky hiéu: U(x;, T;). Vi du: do
hitu ich cia mat hang {b} trong giao dich T; duoc tinh: u(b,T;) = P(b) * Q(b,T1) =4+ 4 =
16. Do hitu ich ctiia mot tap mat hang X = {x;, x, ..., x;} trong giao dich T, ky hiéu: U(X, T;)
va dugc dinh nghia: U(X, T;) = Xrex Ui, T)). Vidu: U(c, T3) = P(c) * Q(c, T3) = 56 =
30 va U(ce, T3) = 32. Do hitu ich cia mot tap mat hang X trong co sé dir liéu giao dich D,
ky hiéu: U(X) va duoc dinh nghia: U(X) = ZXQT].A r,ep UX,Tp). Vidw U(a) =U(a, Ty) +
U(a,T3) +U(a,Ts) + U(a, Tg) + U(a,Tg) = 64valU(bcd) = 51. D3 hiru ich chia mét giao
dich T; trong co s¢ dit ligu D, ky hiéu: TU(TJ-) va dugc dinh nghia: TU(TJ-) = ineTj U(x;,Tj).

Do hiru ich trong sé giao dich cua mot tip mat hang X trong co s dit liéu D duoc ki
higu 1a TWU(X) va duoc dinh nghia: TWU(X) = Xxcr;ep TU(T;). Vi du: TWU(cd) =
TU(T,) + TU(Tg) = 99 va TWU (acd) = 82.

Dua theo viéc sip xép ting dan theo tan s xuat hién cia cac mit hang trong co sé di
liéu D dé xay dung mot thir tu toan phan <. Trong co s¢ dir liéu ¢ Bang 1, thir tu sau khi sap
xep toan phan cac mathang la: g < d < f < a < ¢ <b <e. Thir ty SUP cua cac mat hang
sau khi sap tang dan duoc thé hién trong Bang 3 va Bang 4 thé hién co s¢ dir liéu sau khi sap
tang dan theo tan so xuat hién.

Bang 3. Tan sé xuét hién ctia c4c mat hang sau khi dugc sap tang dan

Item g d f a c b e
SUP 2 3 4 5 5 6 7

Bang 4. Co so dit liéu sau khi sap ting dan theo tan s6 xuat hién

TID | Giao dich (T) | $6 luong mua (Pq) | Do hituich (U) | 20 P é‘}huﬁiao dich
1 fa b e 1,4,4,3 3,16, 16, 3 38
2 d,c e 2,2,3 4,10, 3 17
3 acb,e 3,6, 4,2 12, 30, 16, 2 60
4 fc e 3,2, 4 9,10, 4 23
5 df,ab e 2.1,4,5,5 4,3,16, 20,5 48
6 9.4 b 12,3 2.8,12 22
7 g,c b e 2,1,6,5 4,5,24,5 38
8 |dfachbe| 563624 | 1018, 12 30,84 82

Tap tat ca cac mat hang sau X trong T;, duoc ky hiéu la T;|X. Vi du: trong Bang 4,
Ts|{ab} = {e} vaT;|{a} = {b, e}. P hitu ich sau cua tap muc X trong mot giao dich T;, ky
higu: RU(X, T;), 1a tong do hitu ich ciia tat ca cac muc sau X trong Tj, va duoc dinh nghia:
RU(X,Tj) = Zy,c ;0 UG Tp). Vidw RU(a, T;) =U (b, Ty) + U(e, Ty) = 19.

Mot s6 dinh nghia vé do twong quan giita cdc mit hang trong tip mit hang dé khai thac
tap hitu ich cao co tinh tuong quan:
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Pinh nghia 1. Sy tuong quan gitta cAc mat hang trong mot tap mat hang X =

. ~ 1n 1 SUP(X , -
{1, %, ., 1} duge dinh nghia 14 kule(X) = 2 (Lyex SUP((Xi))), v6i 0<kulc(X)<1[2].

SUP (ab) | SUP (ab)\ _ 1(5 | 5\ _
Vi du: kulc(ab) = (SUP R e (b)) =1 (5 + 6) = 0,917

Xét thir tu toan phan x; < x, < -+ < X < Xj41 CUA CAC Mat hang trong co sd dit lidu D,
khi do, gia tri kulc thoa tinh chat bao dong giam (downward closure) 1a kulc(xq, ..., Xg41) <
kulc(xq, ..., x;) [2].

Pinh nghia 2. Tap mat héng X duoc goi la tap hiru ich cao c6 tuong quan (Correlated
High Utility Itemset - COHUI) néu kulc(X) > minCor vaU(X) = minUtil. Trong d6 minUtil
1a gia tri ngudng d6 hiru ich t6i thiéu va minCor 14 gia tri ngudng twong quan toi thiéu.

CoHUIs ={X < 1 | U(X) = minUtil A kulc(X) = minCor}.

Vi du, trong Bang 4, U(de) = 30, kulc(de) = 0,714. Véi minUtil = 50 vaminCor =
0,5 thi tap muc {de} 1a mét CoHUI.

Viéc xac dinh ngudng do hitu ich téi thiéu thuong phu thudc vao kinh nghiém cua ngudi
dung, s CoHUI nhan duoc c6 thé quéa 16n hoic qué bé nén khdng pht hop véi nhu cau sir
dung. Trong mot sé truong hop, cac nha quan 1y can chi dinh sé lugng tap hitu ich cao c6
turong quan ma ho mudn nhan duoc théng qua tham sé k thay vi str dung do hiru ich téi thiéu.
Vi vay, viéc khai théac top-k tap hiru ich cao c6 twong quan (Top-k CoHUI) duoc nghién ciu
dé giai quyét van dé trén. Trong bai toan khai thac Top-k CoHUI, ngudng do hitu ich téi thiéu
s& thay d6i trong qua trinh khai thac CoHUI dé dat dwoc ngudng d6 hitu ich ti uu.

Pinh nghia 3. Do hitu ich t6i vu 1a d6 hitu ich cao ther K cua tap cac mat hang thoa
CoHUI, ky hiéu: minUtil va dugc dinh nghia:

minUtil = min{U(X)|X € Top — k CoHUI}

Pinh nghia 4. Tap mat hang X dwoc goi la mét Top-k tap hiru ich cao cé twrong quan
(Top-k Correlated High Utility Itemsets — TCHUI) néu kulc(X) = minCor va U(X) >
minUtil. Trong d6 minUtil 1a gié tri ngudng d6 hitu ich téi wu va minCor 1a gia tri ngudng
tuong quan tdi thiéu.

TCHUIs = {X < I | U(X) = minUtil A kulc(X) = minCor}

Vi du, trong Bang 4, U(abe) = 130, kulc(abe) = 0,679. Voi k = 3, minUtil = 80
vaminCor = 0,5 thi tap muc {abe} la mot tap TCHUI.

4. THUAT TOAN PE XUAT

4.1. CAu truc dir liéu UList

Thuat toan TCH sir dung cau trdc dit liéu UList [12] dé biéu dién cac tap mit hang phat
sinh trong qua trinh khai thac. Cau trdc UList caa mot tap mat hang X gom 3 thanh phan 1a
Tid, U va RU. Trong d0, Tid: thu ty cta giao dich chaa X, U: d6 hitu ich cua tap mat hang X
trong giao dich Tid, RU: @6 hiru ich cua tit ca cac mat hang sau X trong giao dich Tid. Hinh
1 trinh bay danh séch cac UList 1 va 2 phan tir sau khi da loai bo cac mat hang x c6 TWU (x) <
minUtil va sip theo thir ty todn phan. Trong d6, minUtil dugc xac dinh dwa vao chién lugc
tang ngudng RIU (trinh bay trong phan 4.3). Xét danh sach UList(d) géom 3 bo twong ng voi
cac giao dich T,,Ts, Tg. BO T, ¢6 U(d,T,) =4, RU(A,T,) =13; bd Ts c6 U(d,Ts) = 4
RU(d, Ts) = 44; bd Ty ¢6 U(d, T) = 10, RU(d, Ts) = 72. Tuong tu cho cac UList khac.
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d f a c b e
Tid| U | RU Tid| U | RU Tid| U | RU Tid| U | RU Tid| U | RU Tid| U | RU
2 4 13 1 3 35 1 16 19 2 10 3 1 16 3 1 3 (4]
5 4 44 4 9 14 3 12 48 3 30 18 3 16 2 2 3 @
8 10 72 5 3 41 5 16 25 4 10 4 5 20 5 3 2 %)
8 18 54 6 8 12 7 5 29 [} 12 4] 4 4 5]
8 12 42 8 30 12 7 24 5 5 5 5]
7 5 %)
8 4 4]
df da de db de
Tid| U | RU Tid| U | RU Tid| U | RU Tid| U | RU Tid| U | RU
5 7 41 5 20 25 2 14 3 5 24 5 2 7 a
8 28 54 8 22 42 8 40 12 8 18 4 5 9 a
8 14 (%]

Hinh 1. UList ciia cAc tap mat hang 1 phan tir va 2 phan tir

4.2. Céc chién lwgc tia

Trong bai toan khai thac tap hitu ich cao c6 twong quan, ngodi cu trac dir lidu luu trit thi
céc chién luoc tia ciing c6 anh hudng 16n dén hiéu suat thuc thi cua thuat toan. Viéc &p dung
céc chién luoc tia gitp thu hep khdng gian tim kiém 1am t6i vu thoi gian thuc thi va bo nhé sir
dung. Trong bai b4o nay, ching toi st dung cac chién luoc tia nhu: U-Prune [12], LA-Prune
[21], EUCS-Prune [13], Kulc-Prune [2] dé tang hiéu suit thyc thi cua thuat toan.

Chién lrgc 1 (U-Prune): Néu tong d6 hitu ich cia tap mat hang X va tong do hiru ich cua cac
mit hang sau X nho hon minUtil thi moi tap mé rong tir X déu khong phai 1A TCHUI. Nghia
1a néu U(X) + RU(X) < minUtil thi VY o X, Y& TCHUI. Khi d6 ngirng mé rong véi tap
mat hang X.

Chién lwgc 2 (LA-Prune): Xét 2tap X va Y, néu U(X) + RU(X) — xcr;e paver; UKX, Tj)

+RU (X, T;) < minUtil thi tap mit hang XY khong phai laTCHUI va moi tap mo rong tir XY
cling khoéng phai la TCHUI (nghia la V Z o XY thi Z khéng phai la TCHUI).

Chién lwoc 3 (EUCS-Prune): Xét X,Y 1a hai tap mat hang 1 phan tir, Néu TWU(X,Y) <
minUtil thi tap mat hang XY khong phai la TCHUI va moi tap mo rong tr XY cing khong
phai la TCHUI. Khi @6 dirng mé rong vaéi tap muc XY.

Chién lwgc 4 (Kulc-Prune): Néu kulc(X) < minCor thi moi tap mé rong tr X khong phai
lai mot TCHUI. Gia st rang y la phan toe mé rong tur tap X dé cé tap Xy, theo tinh chat 2, ta
6 kulc(Xy) < kulc(X) < minCor. Do d6 moi tap mo rong tir X khdng phai la TCHUI.

4.3. Céc chién lwgc nang ngudng

Chién hrgc RIU (Real Item Utilities): Khi quét co sé dir liéu giao dich lan dau sé tinh duoc
do hiru ich caa tirng mat hang. Mdi gia tri do hitu ich cuia mat hang x Ky hiéu la RIU (x). Tap
tat ca cac RIU ky hiéu la R = {riug, riuy. ., rium}. Gia tri khoi dau cua minUtil dugce dat
minUtil = riu, 1a gia tri I6n nhat thi k trong R (thay vi gia tri 0) [5, 6]

Chién lwgc LIU-E (Leaf itemset utility exact): Chién lugc nay dugc &p dung dé sinh ngudng
minUtil ban dau trudc qua trinh khai thac tap TCHUI. Mdi phan tir LIU dugc dinh nghia
LIU(xi’ xj) = sz{xi,xH1rxi+2--xj}CTsED UX,Ts) [6]

Xét PQ_LIU = {LIU(x,y) |LIU(x,y) > minUtil}. Néu PQ_LIU >K thi minUtil =
PQ_LIUg (nghia la gia tri minUtil s& dugc nang gid tri 1én thanh PQ_LIU.

Chién hrgc RUC (Raising threshold by Utility of Candidates) [4]: RUC thuc hién cap nhat K
tap mat hang trong tap két qua TCHUI trong qua trinh khai thac bang cach thay thé tap mat
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hang ¢6 do hitu ich thap nhét trong TCHUT bang tap mit hang c6 do hiru ich cao hon. Xét
TCHUI = {Xy1, X5, .. X, }. Néu tn tai tap mat hang ¥ c6 U(Y) > U(X;) va Kulc(Y) >
Kulc(X;) thi thay thé TCHUI = (TCHUI — {X;})UY.

4.4. Thujt toan TCH

Trong bai bao nay, nhom tac gia dé xuat thuat toan TCH (Top-K Correlated High Utility
Itemsets dé khai thac K tap hitu ich cao nhit co tinh twong quan. Thuat toan chinh TCH c6 dit
liéu dau vao 1a co s¢ dit liéu giao dich D, gi4 tri ngudng twong quan ti thiéu minCor va K:
sb tap mat hang can khai thac. Két qua thyc hién caa thuat toan 1a top-K tap hitu ich cao c6
tinh tvong quan. Thuat toan thyuc hién quét co sé dit liéu D & bude dau tién dé tinh céc gia tri
SUP(i), TWU(i), U(i) cho mdi mit hang i co trong co s& dir liéu. Tai dong 2 va 3, thuat toan
&p dung cac chién lugce nang ngudng 1a RIU va LIU-E dé xac dinh gia tri minUtil ban dau.
V6i gia tri minUtil vira tinh duoc, tai dong 4, tinh tap I* bang cach loai bé cac mat hang i ¢6
TWU (i) < minUtil khoi tap I, ddng thoi loai mat hang i khoi co so dit liéu D. Sau do6 sip
xép tap I* tang dan theo SUP va sip cac mat hang trong D theo tht tw cua I* (dong 5). Tai
dong 6, khai tao gié tri cho ciu tric EUCS. Dong 7 tao danh sach cac UList cho mdi phan tir
i & I* bang cach quét D lan 2, sau d6 goi thuat todn MiningTCHUI dé khai théc top K tap
hiru ich cao c6 tinh twong quan.

Thuét toan 1: Thuéat toan chinh — TCH

Vao: D: Co so dir liéu giao dich, minCor: Ngudng tuong quan tbi thiéu, K: S6 lugng tap mat
hang c6 tinh twong quan va d hitu ich cao nhat can khai thac

Ra: TopK tap mat hang cé d6 hiu ich cao cé tinh twong quan (TCHUIS)

. Quét co sé dir liéu D dé tinh SUP(i), TWU (i), U(i) cho m&i mat hang i c6 trong 1.

2. Sinh ngudng minUtil = RIUy (chién lugc ting ngudng RIU)

3. Sinh ngudng minUtil = PQ_LIUg (chién luoc ting ngudng LIU-E)

4. Tinh I* = {ie ] | TWU(i) > minUtil}, loai khdi D cac mat hang i & I*.

5. Sip xép I* tang theo do hd tro SUP, sip xép cac mat hang trong D theo thir tu cia I*.

6

7

—

. Khéi tao cu trac EUCS
. Quét co so dir liéu D dé tao danh sach UList cho mdi phan tiri & I* 12 ULs
. MiningTCHUI (&, ULs, minUtil, minCor, K, EUCS)

[ee]

Thuat toan 2 (MiningTCHUI) ¢6 dit liéu dau vao gom maot UList P véi vai tro tién t6, mot
danh sach cac UList 1a ULs c6 tién t6 P va cac gié tri minCor, minUtil, EUCS. Thuat toan
khai thac top-K tap hiru ich cao twong quan bang hinh thirc dé quy. Tir dong 1 dén dong 5,
thuat toan duyét qua tat ca cac UList X trong danh sach ULs va kiém tra diéu kién néu
U(X) > minUtil A kulc(X)>minCor thi ap dung chién luoc RUC bang cach dwa X vao tap
TCHU s, cap nhat lai gia tri minUtil, dong thoi loai bo tap mat hang Y véi U(Y) < minUtil
ra khoi tap TCHUIs. Tir dong 6 dén 12, kiém tra diéu kién ma rong tap bang cach ap dung
chién lugc tia U-Prune va Kulc-Prune. Dong 9 4p dung chién lugc tia EUCS, dong 10 goi ham
ULConstruct dé két hop 2 UList X, Y thanh UList XY. Dong 13 thuc hién goi dé quy dé khai
thac tap TCHUI

Thuét toan 2: MiningTCHUI

Vao: P: UList véi vai trd Iati‘énﬂté; ULs: Danh sach cac UList co tién to 1a UList P, minUtil:
Nguong do hiru ich toi thieu, minCor: Ngudng twong quan toi thiéu, EUCS: Cau truc
EUCS, K: SO lugng tap mat hang co tinh twong quan va d¢ hitu ich cao nhat can khai thac

Ra: TopK tap mat hang c6 do hiru ich cao co tinh twong quan (TCHUIs)
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1. for each X € ULs do

2 if U(X) > minUtil A kulc(X)=>minCor then

3. TCHUIs < X

4 minUtil = min{U(X)|X € TCHUIs} //Chién lwoc RUC

5 end if

6 if (UX) + RU(X) > minUtil A kulc(X)>minCor) //U-Prune va Kulc-Prune
7 exULs = & //Khoi tao danh sach UList mé rong tir X

8. foreachY € ULs AY after X do

9. if EUCS(X,Y)> minUtil then //Chién luoc tia EUCS
10. exULs < ULConstruct(P, X,Y);

11. end if

12. end for

13. MiningTCHUI(X, exULs, minUtil, minCor, EUCS, K);
14.  endif

15.end for

Thuat toan 3 (ULConstruct) c6 di liéu dau vao gom 1 UList tién té P va 2 UList Px va Py.
Thuat toan thuc hién két hop Px, Py thanh UList mé&i Pxy. Tai dong 1, khoi tao gia tri ban
dau cho Uy, = U(P) + RU(P). Dong 2 duyét qua ting bo ex e Px va kiém tra néu c6 bo
ey € Py maex.tid = ey.tid (dong 3) thi tao mot bo méi 1a exy trong cac trudng hop: néu
UList tién t6 P = & (dong 4) nghia la Px, Py la cac UList c6 tir 2 phan ti tro 1én. Khi d6 thuc
hién tim bo e € P sao cho e. tid = ex. tid va tao gia tri bd exy =< ex.tid, ex.u + ey.u —
e.u,ey.ru > (dong 5,6). Truong hop nguoc lai (P = &) nghia la Px, Py la cac UList mot
phan tir khdng c6 UList tién td, khi d6 thuc hién tao gia tri bo exy =< ex. tid, ex.u + ey.u,
ey.ru > (dong 8). Tai dong 11, trudng hop nguoc lai didu kién dong 3, nghia 1a khdng ton tai
bat ky bo ey nao thudc Py thi giam U, mot lugng ex.u + ex.ru (ap dung chién lugc tia
LA — Prune). Dong 18 tra vé két qua 1a UList Pxy duoc két hop tir hai UList Px va Py.

Thuat toan 3: ULConstruct

Vao: P: UList la tién to; Px, Py: Hai UList can két hop; minUtil: Nguong do hiru ich toi
thiéu.
Ra: Pxy: UList sau khi két hop Px va Py.
1. Dt Uy, = U(P) + RU(P);
2. for bo ex e Px then

3. ifdey e Pyaex.tid = ey.tid then

4, if P = J then

5. Tim e € P sao cho e. tid = ex. tid;

6. exy =< ex.tid, ex.u +ey.u—e.u,ey.ru >;
7. else

8. exy =< ex.tid, ex.u +ey.u, ey.ru >,

9. end if

10. Pxy < exy;

11.  else

12. Upg =Upg — (ex.u + ex.ru);

13. if U 4 < minUtil then // Chién lugc tia LA-Prune
14, return null;

15. end if

16. endif

17. end for

18. return Pxy;
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5. THUC NGHIEM

Thuat toan TCH dugc cai dat bang ngdn ngir Java, chay thuc nghiém trén may tinh Dell
Precision, Intel Core i3-2310 CPU @2,1GHz, b nhé RAM 4GB trén hé diéu hanh Windows
10. Céc co sé dit liéu dung thir nghiém duoc tai tir thu vien SPMF [22] gdm: Chess, Mushroom,
Retail va Chainstore (Bang 5). Két qua thuc nghiém cua thuat todn TCH dugc so sanh Vi
thuat toan gan day cung khai thac top-K tap hitu ich cao 1a THUI [6] dua trén danh gia vé thoi
gian thyc thi va dung lugng bd nhé s dung.

Bang 5. Dic diém cac co so dit liéu thuc nghiém

i rin S6 luong S6 luong | Do daitrung | Do day
Cosodirlicu | o0 dich | muc () binh (A) | (A1) %
Chess 3.196 75 37 49,3333
Mushroom 8.124 119 23 19,3277
Retail 88.162 16.470 10,3 0,0625
Chainstore 1.112.949 46.086 7,3 0,0158
Chess Mushroom
2 1 —vHui b T——mui
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Hinh 2. So sanh thoi gian thuc thi

Hinh 2 trinh bay so sanh hiéu suit cua thuat toan dé& xuat TCH va thuat toan THUI dua
trén d6 do la thoi gian thuc thi trén 4 co sé dit liéu Chess, Mushroom, Retail va Chainstore.
Vi co sé dit liéu c6 do day cao (Chess) va day trung binh (Mushroom) thi thoi gian thyec thi
cua thuat toan TCH t6t hon thuat toan THUI tai moi ngudng minCor va chi s6 K. Cu thé véi
co sO dit liu Chess, tai ngudng minCor = 0,75 va K = 20, thoi gian thyc thi caa thuat toan
TCH thap hon khong dang ké so véi thuat toan THUI. Tuy nhién, khi ngudng minCor tang 1én
dén 0,85 thi thoi gian thuc hién caa thuat toan TCH thap hon tir 2,5 dén 4 1an nhiéu so voéi
thuat toan THUI. Véi co sé dir liéu Mushroom, khi chi s6 K tang tir 100 dén 300 thi thuat toén
TCH thyc hién tot hon thuat toan THUI tai tit ca cac ngudng minCor. Tai K = 100, thuat toan
THUI thyc hién 3,8 gidy, trong khi thuat toan TCH thuc hién thap nhét 1a 2,1 giay tai ngudng
minCor = 0,6. Tai K = 300, thuat todn TCH thyc hién 4,7 gidy tai ngudng minCor = 0,4,
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3,8 gidy tai ngudng minCor = 0,5 va 2,3 gidy tai ngudng minCor = 0,6, trong khi thuat ton
THUI thuc hién 5,4 gidy. V&i co so dit liéu thua Retail, thoi gian thyc thi cua thuat todn TCH
nhanh hon thuat toan THUI tai cac ngudng K tir 10 dén 30. Tai ngudng minCor = 0,3, thuat
toan TCH nhanh hon thuat toan THUI tir 5 dén 15 lan, tai ngudng minCor = 0,2, thuat toan
TCH nhanh hon thuat toan THUI tir 4 dén 7 1an, véi minCor = 0,1, thuat toan TCH nhanh
hon thuat toan THUI tir 2 d&én 5 1an. Véi co sé dit liéu thua Chainstore, thuat toan TCH ¢6 thoi
gian thyc hién trung binh tir 1,9 dén 8 gidy tai cac chi s6 K tir 10 dén 30. Trong khi thuat toén
THUI ¢ thoi gian thuc hién cao hon tir 5,5 dén 27 gidy. Két qua nay cho thay tinh hiéu qua
cta cac chién luoc tia va cau tric di liéu &p dung trong thuat toan TCH da gitp thu hep dang
ké khdng gian tim kiém, tir d6 lam ting hiéu sut thuc thi cua thuat toén.

Chess Mushroom
900
—&—THUI 1400 | —*THUI
. 800 | —@—TCH(minCor=0,75) . =—8—TCH({minCor=0,4)
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Hinh 3. So sanh bd nh¢ sir dung

Hinh 3 so sanh b nhé str dung gitra 2 thuét todn TCH va THUI trén 4 co so dit liéu la
Chess, Mushroom, Retail va Chainstore. Dit liéu thuc nghiém cho thay b nhé st dung cua 2
thuat toan tang tuyén tinh véi do 16n cua ngudng K. Riéng dbi véi thuat toan TCH thi bo nhé
su dung con ti 1é nghich vai nguong minCor. Véi co so dir ligu Chess, thuat toan THUI st
dung bo nhé tét hon thuat toan TCH tai cac ngudng K. Vai co so dir liéu Mushroom, thuat
toan TCH st dung bo nhd it hon thuat toan THUI tai cac ngudng K va ngudng minCor = 0,5
va 0,6. Tuy nhién véi ngudng minCor = 0,4, thuat toan THUI ¢6 muc do sir dung bo nhé tét
hon thuat toan TCH véi gié tri chénh léch khong dang ké. Vai co so dir liéu Retail, thuat toan
TCH str dung bo nho tét hon thuat toan THUI tai ngudng minCor = 0,3 trén cac ngudng K
tir 10 dén 30, dung luong bd nhé sir dung cua thuat toan TCH tir 54 dén 423 MB trong khi
thuat toan THUI str dung bo nhd tir 75 dén 574 MB. Tuy nhién, so véi thuat toan TCH tai 2
ngudng minCor = 0,1 va 0,2 thi thuat toan THUI ¢6 dung lwong bd nhé sir dung tét hon tai
4 nguong K dau tién. V&i co so dix liéu Chainstore, tai 2 ngudng minCor = 0,15 va 0,2, thuat
toan TCH c6 dung luong st dung bo nhé tot hon so vai thuat toan THUI. Cu thé tai ngudng
minCor = 0,2 va K = 10, thuét todn TCH sir dung 519 MB so véi 576 MB cia thuét toan
THUI. Khi K tang 1én dén 30, thuat toan TCH st dung 942 MB, it hon khoang 246 MB so Vi
thuat toan THUI. Két qua thuc nghiém cho thay gia tri ngudng tuong quan minCor va ngudng
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K cang cao thi thuét toan TCH sir dung bo nhé cang hi¢u qua hon thuat toan THUL biéu nay
chfxng to cac chién lugc tia va cau tric di liéu &p dung trong thuat toAn TCH cd anh huong tot
dén viéc str dung bo nhé trong qué trinh khai théc top-K tap hiru ich cao ¢6 twong quan.

6. KET LUAN

Qua nghién ctru ndy, nhom tac gia da dé xuat thuat toan TCH dé khai théc top-k tap hiru
ich cao co tinh twong quan (TCHUI) trén co so dir liéu giao dich. Thuét toan str dung cau tric
dir liéu UList voi cac chién lugc hiéu qua nhu: cac chién lugc nang ngudng (RIU, LIU-E,
RUC) va cac chién luoc tia (U-Prune, TWU-Prune, LA-Prune) dé toi wu hiéu suat thyc thi
trong qué trinh khai thac. Két qua thuc nghiém cho théy thuat toan TCH c6 thoi gian thuc thi
nhanh hon thuét todn THUI va b nhé sir dung cua thuat toan TCH ciing t6t hon thuét toén
THUI & mot sb ngudng minCor cao.

Hudng phét trién tiép theo caa nghién ctru nay la cai tién chién luoc nang ngudng dé ting
hiéu suat thuc thi trén cac co s& dir lidu 16n co d6 day cao va wng dung trén co sé dir lidu ting
trudng.

TAI LIEU THAM KHAO

1. Kotler P. and Keller K.L. - Marketing Management, Pearson (2016).

2. Gan W, LinJ. C. W,, Fournier-Viger P., Chao H. C. and Fujita H. - Extracting non-
redundant correlated purchase behaviors by utility measure. Knowledge-Based
Systems 143 (2018) 30-41.

3. Gan W.; Lin J. C. W,; Chao H. C.; Fujita H.; Philip S. Y. - Correlated utility-based
pattern mining. Information Sciences 504 (2019) 470-486.

4. Tseng, V. S.; Wu, C.-W.; Fournier-Viger, P.; Philip, S. Y. - Efficient algorithms for
mining top-k high utility itemsets. IEEE Transactions on Knowledge and Data
Engineering 28 (1) (2016) 54-67.

5. Duong Q.-H., Liao B., Fournier-Viger P. and Dam T.-L. - An efficient algorithm for
mining the top-k high utility itemsets, using novel threshold raising and pruning
strategies. Knowledge-Based Systems 104 (2016) 106-122.

6. Krishnamoorthy S. - Mining top-k high utility itemsets with effective threshold raising
strategies. Expert Systems With Applications 117 (2019) 148-165.

7. LiuY., Liao W. K. and Choudhary A. - A two-phase algorithm for fast discovery of
high utility itemsets, In Pacific-Asia Conference on Knowledge Discovery and Data
Mining (2005) 689-695.

8. Erwin A., Gopalan R. P. and Achuthan N. R. - CTU-Mine: An efficient high utility
itemset mining algorithm using the pattern growth approach. IEEE International
Conference on Computer and Information Technology (2007) 71-76.

9. Le B., Nguyen H. and Vo B. - An efficient strategy for mining high utility itemsets.
International Journal of Intelligent Information and Database Systems 5 (2) (2011) 164-
176.

174



Khai thac top-k tdp hitu ich cao c6 twrong quan trén co sé di¥ liéu giao dich

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Tseng V. S., Wu C. W., Shie B. E. and Yu P. S. - UP-Growth: an efficient algorithm
for high utility itemset mining, In Proceedings of the 16th ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining (2010) 253-262.

Tseng V. S., Shie B. E., Wu C. W. and Philip S. Y. - Efficient algorithms for mining
high utility itemsets from transactional databases. IEEE Transactions on Knowledge
and Data Engineering 25 ( 2012) 1772-1786.

Liu M. and Qu J. - Mining high utility itemsets without candidate generation, In
Proceedings of the 21st ACM International Conference on Information and Knowledge
Management (2012) 55-64.

Fournier-Viger P., Wu C. W., Zida, S. and Tseng V. S. - FHM: Faster high-utility
itemset mining using estimated utility co-occurrence pruning. International
Symposium on Methodologies for Intelligent Systems 8502 (2014) 83-92.

Zida S., Fournier-Viger P, Lin J. C. W., Wu C. W. and Tseng V. S. - EFIM: a fast and
memory efficient algorithm for high-utility itemset mining. Knowledge and
Information Systems 51 (2) (2017) 595-625.

Krishnamoorthy S. - HMiner: Efficiently mining high utility itemsets. Expert Systems
with Applications 90 (2017) 168-183.

Sohrabi M.K - An efficient projection-based method for high utility itemset mining
using a novel pruning approach on the utility matri. Knowledge and Information
Systems 62 (2020) 4141-4167.

Fournier-Viger P., Zhang Y., Lin J. C. W., Dinh D. T. and Le H. B. - Mining correlated
high-utility itemsets using various measures. Logic Journal of the IGPL 28 (1) (2018)
19-32.

Fouad M. A., Hussein W., Rady S., Yu P. S. and Gharib T. F. - Correlated High Utility
Itemset Mining Based on Item Decomposition, in 2021 Tenth International Conference
on Intelligent Computing and Information Systems (ICICIS), Cairo, Egypt (2021).

Singh K., Singh S. S., Kumar A. and Biswas B. - TKEH: an efficient algorithm for
mining top-k high utility itemsets. Applied Intelligence 49 (3) (2019) 1078-1097.

Sun Rui, Han Meng, Zhang Chunyan, Shen Mingyao and Du Shiyu - Mining of Top-k
High Utility Itemsets with Negative Utility. Journal of Intelligent & Fuzzy Systems 40
(3) (2021) 5637-5652.

Lin J. C. W., Gan W., Fournier-Viger P., Hong T. P. and Chao H. C. - FDHUP: Fast
algorithm for mining discriminative high utility patterns. Knowledge and Information
Systems 51 (2017) 873-909.

Fournier-Viger P., Gomariz A., Soltani A. and Lam H. - An Open-Source Data Mining
Library (2014) [Online]. Available: http://www.philippe-fournier-viger.com.

175



Manh Thién Ly, Nguyén Thj Thanh Thdy, Nguyén Vén Lé

ABSTRACT

MINING TOP-K CORRELATED HIGH UTILITY ITEMSETS ON TRANSACTION
DATABASE

Manh Thien Ly*, Nguyen Thi Thanh Thuy, Nguyen Van Le
Ho Chi Minh City University of Food Industry
*Email: lymt@hufi.edu.vn

In this paper, we propose a new research direction, which is to exploit the top-k
Correlated High Utility Itemset (TCHUI) on the transaction database. Combination of mining
Correlated High Utility Itemsets and mining Top-K High Utility Itemsets to find the top-k
correlated high utility itemsets on the transaction database. To address this issue, we combine
the Correlated High Utility Itemset (CoHUI) mining with the threshold raising strategies and
propose the TCH algorithm. This algorithm uses the Utility List data structure to store data
about the utility of itemsets, uses the Kulc threshold to measure correlation, and applies several
pruning strategies such as U-Prune, TWU -Prune, LA-Prune to reduce the search space.
Besides that, the threshold raising strategies are applied such as RIU, LIU-E, and RUC to
exploit the TCHUI set effectively. Our experiment results on large datasets including Chess,
Mushroom, Retail, and Chainstore and compare with the state-of-the-art THUI algorithm. The
results show that the proposed algorithm has better performance than the THUI algorithm in
terms of execution time and memory usage.

Keywords: High utility itemsets, correlation, top-k, transaction database, correlated high utility
itemsets, top-k correlated high utility itemsets.
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