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TOM TAT

Bai toan khai thac cac tap mit hang c6 loi nhuan cao da c6 nhiéu ung dung trong thuc té. Tuy
nhién trong qué trinh khai théc can xac dinh trudc gia tri nguong loi nhuan tdi thiéu dan dén kho khin
cho ngudi ding. Dé giai quyét van dé nay, nhiéu nghién ciu da duoc dé xuit nham thay thé viéc xac
dinh ngudng loi nhuan téi thiéu bang viéc dua ra mot s6 nguyén duong N trong cac bai toan vé khai
thac N tap hiru ich cao nhat (top-N HUI). Trong nghién cttu ndy, nhém tac gia dé xuat thuat toan
topNEFIM dé khai thac hiéu qua top-N HUI trong co s& dit liéu giao dich cung véi chién lugc ting
ngudng RTU dé x4c dinh tu dong gia tri ngudng ban dau. Thuat toan ciing sir dung mét cau tric hang
doi uu tién toan cuc (priorityQueue) dé t6i wu qua trinh ting ngudng. Ngoal ra, nhém tac gia con dé
xuat cau tric dit liéu ExtentionP_set dé han che viéc duyét co so dit liéu nhiéu lan trong qua trinh khai
thac top-N HUI. Két qua thuc nghiém chi ra rang thuat toan do nhém tac gia dé xuat cé thoi gian thuc
thi tot hon trén ca co so dir liéu day va thua khi so sanh véi hai thuat toan TKEH va THUL.

Tir khéa: Tap hitu ich cao, N tap hitu ich cao nhat, chién lugc ting ngudng, khai thac dit liéu.
1. MO PAU

Bai toan khai thac tap hitu ich cao (HUIM — High Utility Itemset Mining) d c6 nhiéu tmg dung
trong thuc té va ngay cang tro nén phé bién trong nhitng nam gan day. Tuy nhién, viéc khai thac tap
hitu ich cao (HUI — High Utility Itemset) can xac dinh trudc gié tri ngudng do hiru ich téi thiéu va viéc
lya chon gia tri ndy mot cach phu hop doi khi 1a van dé gy khé khan cho ngudi dung. Néu gia tri
ngudng duoc Xac 1ap qué thip sé dan dén thoi gian thuc thi cao, khong gian Iuu trix 16n va s6 luong tap
hitu ich cao khai thac duoc ciing 6 thé rat Ion. Két qua nay s& rat kho dé lya chon ra cac tap hitu ich
cao phu hop trong viéc xay dung hay thay ddi chién luoc kinh doanh. Nguoc lai, néu chon gia tri ngudng
qua cao, co thé s& khong tim dugc bat ky tap hitu ich cao nao tir co so dit liéu. Tir d6, bai toan khai thac
top-N HUI duoc dé xuat dé giai quyét han Che nay. Thay vi dua vao ngudng do hiru ich téi thiéu, bai
toan khai thac top-N HUI chi quan tam dén sb luong tap c6 loi nhuan cao nhat ma nguoi ding mong
mudn nhan duoc (gia tri N).

Trong bai b4o nay, nhom tac gia nghién ciru cac phuong phap, chién lugc tia da dugce dé xuét dé
t6i wu hoa viéc khai thac HUI; céc ky thuat, chién lugc ting ngudng nham nang cao hiéu sut trong bai
toan khai thac top-N HUI. Nhimng dong gop chinh cuia bai bdo gom: (1) Dé xuét chién luoc ting ngudng
RTU (Real Transaction Utility) dua vao d¢ hitu ich cua cac giao dich trong co s¢ dir ligu; (2) St dung
c4u trac hang doi wu tién toan cuc (priorityQueue) luu trix cac gia tri do hitu ich tim dugc khi ap dung
cé4c chién luge tang ngudng dé c6 thé sir dung lai céc gia tri nay trong cc giai doan tang ngudng sau
d6; (3) Cai tién céu trac luu trir P_set thanh ExtentionP_set dé loai bo viéc duyét co so dir liéu nhiéu
lan, giam dang ké thoi gian thuc thi trong qua trinh khai thac top-N HUI; (4) Bé xuat thuat toén
topNEFIM giai quyét hiéu qua bai toan top-N HUI vé& mit thoi gian trén ca co so dit liéu day va thua.
Nghién ctru d tién hanh thuc nghiém va so sanh topNEFIM véi hai thuat toan TKEH [1] va THUI [2]
cho thdy thuat toan dé xut c6 thai gian thyc thi tot hon trén cac co sé dit liéu day va thua.
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2. CAC CONG TRINH LIEN QUAN

2.1. Khai th4c tap hiru ich cao

Hién nay, nhiéu nghién ciru da duoc thuc hién dé khai thac cac tap hitu ich cao trén co so dit lidu
giao dich va mang lai nhiéu gia tri trong cac tng dung thuc té. Nam 2004, Yao va cong su dé xuat thuat
toan khai thac HUI dau tién 1a UMining [3], thuat toan nay hoat dong dua vao viéc tinh cac can trén cua
cac tap muc. Sau d6, nhom tac gia ndy da dé xuat thuat toan Umining — H trén co s& cai tién thuat toan
trén bang cach sur dung ky thuat Heuristic dé tia cAc tap &ng vién hiéu qua hon. Nam 2005, Liu va cong
su trinh bay khai niém trong sb hitu ich giao dich — TWU (Transaction Weighted Utility) [4] — 12 mot
ngudng can trén thoa tinh chit bao dong giam gidp thu gon khéng gian tim kiém nham tim nhanh hon
cac HUI c6 trong co so dir liéu; ddng thoi dé xuét thuat toan Two-Phase tich hop TWU vao thuat toan
Apriori [5]. Thuat todn Two-Phase thuc hién khai thac cac HUI ¢ hai pha. Pha 1: tinh TWU cua céc tap
muc va so sanh véi ngudng do hiru ich téi thiéu &, cac tap muc c6 TWU khong nho hon ngudng & duoc
xem la céc tap ing vién hitu ich cao. Pha 2: quét lai co s& dit liéu nhiéu lan dé tinh chinh xac gia tri hitu
ich ciia cAc tap ung vién nay va tra vé két qua la cac tap muc c6 do hiru ich khéng nho hon ngudng 8.
Tiép theo do, nhiéu nhém tac gia da lan luot gidi thidu cac thuat toan nham nang cao tinh hiéu qua cua
qua trinh khai thac HUI, chang han nhu: TWU-Mining [6], DTWU-Mining [7] va IHUP [8].

Nam 2012, Liu va cong su dé xuat thuat toan mot pha cé tén 1a HUI-Miner [9] véi cAu tric dix ligu
Utility-List da lam giam déng ké thoi gian thyc thi va bo nhé sir dung. Nam 2014, Fournier-Viger va
cong sy dé xuat thuat todn FHM [10] véi ciu trdc EUCS. Thuat toan EFIM [11] duoc Zida va cong su
dé xuit vao nam 2017. Nhom téc gia da dé xuat 03 ky thuat gdbm: (i) Phép chiéu trén co s dit liéu (HDP
— High-utility Database Projection) gilp giam kich thuéc co sé dir liéu ¢6 chira cac giao dich cé do dai
I6n. (ii) Ghép giao dich hitu ich cao (HTM) dé thu nho khéng gian tim kiém bang cach két hop céc giao
dich twong tw nhau trong co s dir liéu chiéu. (iii) Gigi thiéu hai ngudng can trén méi trén do do do hitu
ich cua cac tap muc la d@o hitu ich trén cay con (su — sub-tree utility) va d6 hiru ich cuc bd (lu — local
utility), hai ngudng chat ché hon so véi TWU trong viéc giam khong gian tim kiém. Cuing khoang thoi
gian d6, Krishnamoorthy da két hop céc ky thuat cat tia khéng gian tim kiém da dwoc gidi thiéu trude
d6 nhu TWU-Prune [4], LA-Prune [12], EUCS-Prune [10], U-Prune [12] va mét ky thuat méi do éng
dé xuit 1a C-Prune [12] dé phét trién mot thuat todn c6 tén goi 1a HMiner cho phép khai thac HUI hiéu
qua hon. Sau d6, Duong va cong su dé& xuit mot thuat toan mé rong dua trén FHM c6 tén goi 1a
ULBMiner [13] vao nam 2018. Thuat toan ndy c6 kha nang tai st dung lai bo nh¢ théng qua cau tric
dir liu bo dém Utility-List, nhd d6 giam b nha can thiét dé thuc hién thuat toan. Cac huéng nghién
ctru mo rong khac vé HUIM ciing duoc quan thm va phét trién, chang han HUIM trén co so dit liéu giao
dich ma céac hang muc cd loi ich dong hay lgi ich am.

2.2. Khai thac N tap hiru ich cao nhat

Bai toan khai thac top-N HUI gitp cho ngudi dung giai quyét van dé kho khan trong Iya chon
ngudng do hiru ich téi thiéu phu hop khi khai thac HUI. TKU [14] Ia thuat toan dau tién duoc gidi thiéu
dé khai thac top-N HUI. TKU thudc 16p bai toan hai pha duoc phét trién tir UP-Growth [15]: pha déu,
TKU thyc hién tim c4c wng vién tiém ning; pha thtr hai, TKU sang loc lai mét 1an nira dé xac dinh chinh
xé&c cac HUI nam trong top-N HUI can tim. Vé véan dé& tang ngudng, TKU da sir dung cac chién lugc
nhu: PE (Pre-evaluation Step) (trong pha dau) va MC (MUIs of Candidates), MD (MIU values of
Descendents), NU (Node Utilities) va SE (Sorting and calculating Exact utility of candidates) (trong
pha thir hai). Ngoai ra, TKU ciing sir dung 04 chién luoc tia khdng gian tim kiém duya trén cay UP-Tree
la: DGU (Discarding Global Unpromising items), DGN (Discarding Global Node utilities), DLN
(Decreasing Local Node utilities) va DLU (Discarding Local Unpromising items). Ciing trong ndm
2015, dya trén cau trdc cdy UP-Tree, Ryang va Yun gigi thiéu thuat toan REPT [16]. Nhom tac gia nay
da dé xuat 03 chién lugc ting ngudng do hitu ich t6i thiéu ngay trong pha dau dé tinh toan chinh xac do
hitu ich cua céc tap muc chira mot muc (1-itemsets) va hai muc (2-itemsets) la: RIU (Real Item Utilities),
PUD (Pre-evaluation with Utility Descending order) va RSD (Raising the threshold with items in
Support Descending order). Trong pha thi hai, mot chién lugc ting ngudng va tinh chinh xac dé hitu
ich cua cac tng vién SEP (Sorting candidates and raising the threshold by Exact and Pre-calculated
utilities of candidates) dwoc d& xuét 1am ting hiéu qua cua REPT so véi TKU. Tuy nhién, céc thuat toan
hai pha thuong tén nhiéu thoi gian va lang phi khong gian luu trix trong qué trinh thuc thi do khong két
hop ddng thoi dugc viéc sinh tmg vién va tinh chinh xac d6 hitu ich cua ching.

68



Nang cao hiéu qua khai thac N tdp hiu ich cao nhét trong co sé di¥ liéu giao djch

Dé giai quyét cac van dé nay, nhiéu thuat todn mot pha duoc dé xuit cho bai toan top-N HUI hiéu
qua hon. Nam 2016, thuat toan TKO da dwoc dé xuat dé giai quyét bai toan top-N chi véi mot pha bang
cach str dung ciu trac luu trir Utility-List. TKO ciing ap dung nhiéu chién luoc ting ngudng nhu: RUC
(Raising threshold by Utility of Candidates), RUZ (Reducing estimated utility values by using Z-
elements) va EPB (Exploring the most Promising Branches first). Két qua thyc nghiém cho thay, TKO
hiéu qua hon so v6i TKU. Sau d6, Duong va cong sy dé xuét thuat toan kHMC [17] ciing chi sir dung
mot pha dé khai thac top-N HUI. Thuat toan da gisi thigu hai chién luoc: chién luoc ting ngudng
EUCPT (Estimated Utility Co-occurrence Pruning Strategy with Threshold) dua vao cau trdc EUCST
va chién lugc tia phan ma rong bic cau TEP (Transitive Extension Pruning) dé giam khong gian tim
kiém; dong thoi tai st dung cac chién lugc ting ngudng nhu: RIU (Real Item Utilities), COV
(COVerage with utility descending order) va CUD (Co-occurrence with Utility Descending order). Vao
nam 2018, Liu va cong su da dua ra thuat toAn TONUP (TOp-N High Utility Pattern mining) [18] -
dugc phat trién duya trén thuat toan d2HUP bang céch cai tién cau trdc CAUL thanh iCAUL. Thuat toan
TONUP di ap dung cac phuong phap ting ngudng va sir dung 05 chién lugc dé duy tri danh sach cac
mau thu gon, tinh toan do hiru ich va udc lwong mot cach gan dung can trén nham giam thiéu khong
gian tim kiém. Mot thuat toan khéc vé top-N HUI ciing duge dé xuat boi Kuldeep Singh va cong su l1a
TKEH [1], dwoc phét trién trén nén tang k¥ thuat chiéu co so dir lidu. Thuat toan nay tan dung tat ca
tinh uu viét caa phép chiéu co s dir liéu ciing nhu cac chién luoc tia da duoc gisi thiéu trong thuat toan
EFIM [11]. Vi vay, TKEH c6 hiéu suat thuc hién rat tt trén ca co so dir liéu day va thua. Nam 2019,
thuat toan THUI dugc dé xuat boi S. Krishnamoorthy [2] st dung hai cau trac dé luu trix 1a Utility-List
va ma tran LIU (Leaf Itemset Utility). LIU chinh l1a gia tri 6 hitu ich caa mot chudi lién tuc cac muc
da duoc sap thir ty (contiguous sequence) ton tai trong co so dir liéu. THUI ciing dé xuét thém cac chién
luge tang ngudng la LIU_E (LIU-Exact utilities) va LIU_LB (A novel utility lower bound estimation
method) dua trén gié tri LIU caa cac tap hop da duogc tinh toan va luu trlr trong ma tran LI1U.

Dé giai quyét nhitng han ché cua cac thuat toan gan day, bai bao nay trinh bay mot thuat toan maoi
tén la topNEFIM.

3. DPINH NGHIA VA KY HIEU

Phan nay gigi thiéu vé cac dinh nghia va cac ky hiéu dé giai quyét bai toan khai thac tap hitu ich
cao va N tap hitu ich cao nhit trong co s¢ dit liéu giao dich.

Dinh nghia 1. (Co so dir liéu giao dich) [9]. Tap muc J = {ij, iy, -+, iy} 12 Mot tap hitu han cac
hang muc. Mdi hang muc i € 7 duoc két hop véi mot gia tri duong p(i), goi 1a gia tri hitu ich ngoai cua
i. Mot tap muc X = {iy, iy, -+, ix }la mot tap hitu han céc hang muc sao cho X € 7. M6t co so dit liéu giao
dichD = {T;, T,, -, T,} gdm mét tap céc giao dich sao cho véi mdi giao dich T, ¢6 mot dinh danh TID
va mdi hang muc i xuat hién trong T, dwoc gan véi mot gia tri duong q(i, T.) goi 1a gia tri hitu ich noi
cua i.

Dinh nghia 2. (D6 hiru ich cia mot hang muc) [9]. Bo hiru ich cia hang muc i trong giao dich T,
duoc ky hiéu 1a u(i, T,) va u(i, T,) = p(i) x q(i, T.). Gia tri nay biéu dién lgi nhuan thu dwoc khi ban
hang muc i trong giao dich T,.

Dinh nghia 3. (P06 httu ich cia mot tap muc) [9]. Po hiru ich cua mét tap muc X trong giao dich
Te, ky hi¢u u(X, Tc) va dugc xac dinh nhu sau: u(X, Tc) = iex o xer, u(, Te).

Cho g(X) la tap céc giao dich cé chua tap X. Khi d6, do hiru ich ciia mét tap muc X trong co s¢ dit
ligu D, ky hi¢u u(X) va dugc dinh nghia la: u(X) = Yr_egx) ulX, To).

Dinh nghia 4. [3] D6 hitu ich caa mét giao dich T, 14 tdng do hitu ich cua cac hang muc c6 trong
T, va dugc xac dinh nhu sau: tu(T,) = ¥ et u(i, To). Néi cach khac, do hiru ich caa mot giao dich T,
chinh Ia lgi nhuan phéat sinh boi giao dich do trong D.
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Bang 1. Co so dit liéu giao dich D

TID | Tapmuc | Giatri hitu ich ngi | Do hitu ich trén tieng hang muc | D6 hitu ich cua giao dich

1 a,b,de 1,223 4,6,4,3 17

2 b,c e f 1,51,2 3,516 15

3 b,c,d, e 2,1,6,2 6,1,12,2 21

4 c,de 2,2,3 2,4,3

5 af 1,1 4,3

6 a,b,c,de | 1,1,4,41 4,3,4,8,1 20

7 b,ce,f 3,2,2,3 92,29 22

Bdang 2. Bang gid tri hitu ich ngoai (gid tri loi nhuén) caa cac hang muc

Hang muc alb|lc|d|e]|f

Gia tri loi ich ngoai (Loi nhuan) 413112113

Pinh nghia 5. [3] Mot tap muc X duoc goi 1a tap hitu ich cao (HUI) néu do hiru ich cia X khong
nhé hon ngudng do hitu ich téi thiéu (8) cho trude. Tic 13, u(X) = 8.

Vi du: Cho co s¢ dir liéu cho trong bang 1, 2: @6 httu ich cia hang muc a trong giao dich T; la
u(a,Ty) =pa) xq(a,T,) =41 =4, d6 hitu ich cua tdp muc X = {bc} trong giao dich T, la
u(bc, T,) =u(b, T,) +u(c,T,) =3 *1+1+5=28. B httu ich cia mét tap muc X = {bc} trong co
SO dﬂtr liéula u(bc) = u(bc, T,) + u(bc, T;) + u(bc, Ty) + u(be, T;) = 33. D6 hitu ich cua giao dich T,
la tong do hiru ich cua cic hang muc c6 trong T, va dugc xac dinh nhu sau: tu(T,) = u(b, T,) +
u(c, T,) +u(e, T,) + u(f, T,) = 15. Véi 6§ = 30, u(bc) = 33 > & nén X = {bc} la tap hitu ich cao.

Phat biéu bai toan khai théc N tdp hi#u ich cao nhat. Khai thac N tap hitu ich cao nhét (top-N
HUI) la bai todn tim N tap muc c6 d6 hitu ich cao nhat trong co sé dir liéu giao dich D.

Pinh nghia 6. [9] Cho tap muc X, gié tri trong sé hitu ich giao dich cua X dugc dinh nghia 1a tong
do6 hitu ich cua cac giao dich c6 chira X, ky hiéu la twu(X) va duoc tinh theo cong thic:

twu(X) = z tu(T,)
T EDAXCT,
Tinh chat 1. [9] Néu twu(X) < 8, thi X va tét ca cac tap cha cua X khong phai [a HUI.
Pinh nghia 7. [9] (D6 hitu ich cia cac phan tir phia sau). Cho > |a mot thi tu toan phan céc hang

muc tir 7 (vi du nhu tht tu tir dién), X 1a mot tap muc. Do hitu ich cua cac phan tir phia sau cia X trong
mot giao dich T, dwoc dinh nghia:

ru(X, T,) = Z u(i, T.)
1ET AI>XVXEX

Khi d6, d6 hiru ich ciia cac phan tir phia sau X trong co so dit liéu D duge dinh nghia:
ru(X) = z ru(X, T.)
XCTATED

Tinh chat 2. [9] Cho tap muc X, néu u(X) + ru(X) < & thi X va tit ca cac tip mé rong cua X
khong phai la HUI.

Dinh nghia 8. [11] (Tap nhitng hang muc c6 thé mé rong mot tap muc). Cho tap muc X va thir ty
toan phan >. Ta goi E(X) la tap tat ca cac hang muc cé thé st dung dé mo rong X, nghia la:

EX)={z|z€lAz>xVxE€EX}

Pinh nghia 9. [11] (M& rong caa mot tap muc). Mot tap muc Z 1a mét mé rong caa tap X néu
Z = X U W véi mot tap muc W € 28X va W = @. Mot tap muc Z 12 mot mé rong don cia X néu Z =
X U {z} véi hang muc z € E(X).

Pinh nghia 10. [11] (Phép chiéu cua giao dich trén tap muc). Phép chiéu cua giao dich T, trén
tap muc X duoc ky hiéu lA T\X = {z € T, Az € E(X)}.
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Pinh nghia 11. [11] (Phép chiéu co s dir liéu trén tap muc). Phép chiéu co so dir liéu D trén tap
muc X duoc ky hiéu la D\X == {T\X| T, € D}.

_ Dinhnghia 12. (D hitu ich tién t6) [12] Cho tap muc X va mot mo rong y € I cua X, do hiru ich
tién t6 cua tap muc Xy trong giao dich T. dugc dinh nghia la: pu(Xy, T.) = u(X, T.). Néu X = @ thi
pu(xy' Tc) =0.

Dinh nghia 13. [1’1] (P hiru ich trén cay con). Cho tap muc X va hang muc w € E(X), d6 hitu
ich trén cay con cua w ddi véi X dugce tinh nhu sau:

su(X,w) = Z
TcegXuiw})

Tinh chat 3. [11] Néu su(X, w) < §, thi tip muc X U {w} va tit ca phan mé rong cua né sé c6 do
hitu ich thap. N6i cach khac, cay con ciia X U {w} trong cay liét ké co thé duoc cat bét, tir d6 rat gon
khéng gian tim kiém.

Vi du: Gi4 tri trong sé hiru ich giao dich cua bc la twu(bc) = tu(Tz) + tu(T3) + tu(Ty) +
tu(T,) = 15+ 21+ 20+ 22 =78 va twu(bde) = 37. Céc phan tir sau khi sap xép theo thir tu > Ia:
e>b>c>d>a>f Do hiu ich cua cac phan tir sau be trong T, la ru(be, T,) = u(f, T,) = 6, do
hitu ich cuia cac phan tir sau be trong co sé dir liéu 1a ru(bc) = ru(bc T,) + ru(bc T;) + ru(be, Tg) +
ru(bc, T,) = 6 + 12 + 12 + 9 = 39. Tap tat ca cac hang muc c6 thé sir dung dé ma rong be 1a E(bc) =
{d,a,f}.

Dinh nghia 14. [11] (Do hitu ich cyc bd). Cho tap muc X va hang muc w € E(X), d6 hitu ich cyc
bo ctia w ddi véi X duoc tinh nhu sau:

lu(,w) = Y [u(X, T.) + re(X, T.)]
Tceg(Xuiw))

u(X, T.) + u(w, T.) + Z u(z, T.)

z€T AZ€E(Xu{w})

~ Tinhchdt4. [11] Néulu(X,w) < 8, thi tit c cic phan mo rong cua X chira w déu c6 do hitu ich
thap. Hay néi cach khéac, muc w cé thé duoc bo qua khi khai pha tat ca cac cay con cua X.
Dinh nghia 15. [11] Cho tap muc X,
Primary(X) = {z |z € E(X) Asu(X,z) = &}
Secondary(X) = {z | z € E(a) A lu(X,z) = 6}
Vilu(X,z) = su(X, z), nén Primary(X) S Secondary(X).
Dinh nghia 16. [19] (Phép Chié’u’TIDS cua tap muc trén co s dir liéu giao dich). Cho co so dir
liéu giao dich D va tap muc X. Phép chiéu TIDs cua X trén D dugc dinh nghia 1a tap hop cac dinh danh
cua céc giao dich chaa X, ky hiéu 1a P_set cua X va

P_set(X) = {T. |T. EDAX S T}
4. THUAT TOAN PE XUAT

Dé cai thién thoi gian thyc thi, nhém téc gia da tai sir dung cac chién lugc tia nhuw TWU-Prune,
EUCS-Prune, U-Prune, C-Prune, LA-Prune va cac chién luoc nang ngudng nhu RIU [16], LIU
[2],LIU_LB [2] CUD [17], va COV [17] di duoc dé xuat va chirng minh hiéu qua nham loai bo céc
muc khong tiém nang. Trong qua trinh khai thac HUI, néu &p dung tét cac chién luoc tia va céc chién
lugc nang ngudng, thuat toan s& loai bo dwoc s6 lugng 16n cac tap khéng thoa man yéu cau caa HUI
trong co s¢ dir liéu.

Bén canh viéc ap dung cé4c chién lugc nang ngudng di co, trong phan nay nhom tac gia dé xuat
mot chién lugc nang ngudng méi ¢6 tén 13 RTU va dé xuét cau tric dir liéu méi ExtentionP_set dé
han ché viéc duyét co so dit liéu nhiéu lan trong qué trinh khai thac top-N HUI.

4.1. Chién lwge ting ngudong RTU

Hai vén dé c6 anh hudng I6n t6i hiéu suét khai thac top-N HUI trong co s6 dit liéu giao dich do
la vigc tang ngudng do hitu ich toi thieu va cat tia khong gian tim kiem trong qua trinh khai thac. Neu
viéc tang nguong dugc thuc hién tot, sém xac dinh duge ngudng toi thiéu ¢ gia tri cao sé gilp loai bo

71



Vi Van Vinh, Manh Thién Ly, Duong Thi Méng Thuy, Nguyén Thj Thanh Thdy, Nguyén Vén Lé, ...

dugc rat nhiéu cac tng vién khong tiém nang, nguoc lai qua trinh khai théc 1am tiéu ton nhiéu thoi gian
cho cac ung vién khong phai cac tap nam trong top-N HUI can tim.

M3i giao dich trong co s& dir liéu chinh 12 mét tap muc can duoc xem xét, do d6 d6 hitu ich cua
chung ciing c6 thé sir dung trong qué trinh ting ngudng ban dau cho thuat toan. Trong lan duyét co so
dir liéu dau tién, do hitu ich cua céc giao dich s& duoc xac dinh. D6 hitu ich caa mot giao dich T, trong
co s¢ dit ligu D duogc ky higu la tu(T,) va duoc xac dinh nhu sau: tu(T,) = Yyer, ulx, Tc).

Tinh chat 5. Goi RTU = {tu(Tl),,tu(Tz),tu(T3), .., tu(Ty)} 12 tap hop do hitu ich cua céc giao
dich trong D va tu(ty) la gia tri cao nhat thir N trong RTU. tu(Ty) khéng I6n hon do hitu ich cia cac
tap trong top-N HUI.

Chung minh;
Goi {iy, iz, -+, i} la cac hang muyc trong giao dich T;. Khi do, X = {iy, i, =+, ix} cling chinh la mot
tap muc va tu(T;) (d6 hitu ich cua giao dich T;) ciing 1 do hitu ich cua X trong giao dich T;.

Gia str co s¢ dit liéu D cb n giao dich thi s€ phét sinh n tap muc {X;, X;, ..., X,,} Vi tap d6 hitu
ich {tu(T,), tu(T,), tu(T), ..., tu(T,)} twong tng. Do mdi tap muc X; 1a mot phan tir trong khdng gian
tim kiém top-N nén gia tri do hiru ich tha N trong tap {tu(T,), tu(T,), tu(Ts), ..., tu(T,)} cé thé dung
lam ngudng do hiru ich téi thiéu (8) trong viéc chon ra N tap muc c6 do hitu ich cao nhat trong co s6 dit
lieu D. Vi vay, gia tri 6 hitu ich cao tht N ctia D s€ khong bé hon tu(Ty).

Tir tinh chat trén, thuat toan c6 thé dya vao do hitu ich cua giao dich dé xac dinh gia tri ngudng &
trong qua trinh khai thac top-N HUI.

4.2. Céu triic hang doi wu tién toan cuc (priorityQueue)

Trong qua trinh thyuc hién khai thac top-N HUI, nhiéu chién Iugc tang ngudng do hitu ich t6i thiéu
8 di duoc ap dung. Khi sur dung céc chién lugc tang ngudng, cac chién lugc ndy s& cap nhat lai gia tri
cua & khi da tim duogc it nhat N do hitu ich va gié tri 6 hitu ich thir N phai I6n hon gia tri & hién tai.
Mot cach hiéu qua va dugc ap dung trong cac chién lwoc d6 1a sir dung cdu trac hang doi vu tién chia
N phan tir va khi hang doi day thi bat dau cap nhat lai gié tri cho 6.

Tuy nhién, v6i nhidu chién lugc ting ngudng dugc sir dung trong qué trinh ting ngudng, cac hang
doi uu tién nay chi dugc ding mot cach cuc bo. Khi 4p dung mét chién lugc ting ngudng bt ky, mot
hang doi méi duoc khai tao va phai thuc hién lai viéc 1ap day N gié tri trudce khi ting ngudng va khong
tai sir dung cac gia tri do hiru ich da duoc tim thiy va dwa vao hang doi trong chién luoc ting ngudng
da st dung trude d6. Khi N ¢6 gié tri cang Ion, thoi gian tiéu tén cang nhiéu va trong nhiéu truong hop
s& khong tang ngudng dugc cho & (vi du minh hoa trong budc 16 phan 4.5). T d6, nghién ciru ndy dé
xuit sir dung mot hang doi wu tién toan cuc, dit tén 13 priorityQueue, dugc st dung chung cho tit ca
c4c chién luoc tia 4p dung trong toan bo qua trinh ting ngudng dé giai quyét van dé trén.

4.3. CAutrlc ExtentionP_set

Dé cdi tién higu suat thyc thi cua thuat toan EFIM, Nguyen va cong su [19] da dé xuét cu tric
P_set(X) nham luu lai cac TID cua céac giao dich chira X. Chinh nho cau tric P_set d3 gitip cho thuét
toan MEFIM khdng can quét lai toan bd co s¢ dir liéu khi chiéu trén tap X nham xac dinh co sé dir liéu
chiéu D\X.

Tuy nhién, P_set(X) chi luu lai c4c TID chira tap muc X dé tranh phai duyét cac giao dich ma
khong chia X trong co sé dir liéu. Khi mé rong X, thuat todn van phai duyét va tim cac muc mé rong
cua X trong céc giao dich dé tinh dugc d6 hitu ich va do hitru ich con lai cia cac muc mé rong do. T do
thuat toan s& tao ra céc ban sao cua giao dich X dé chuan bi cho viéc ma rong X & cac bude ticp theo.
Vi vay bo nhé can sir dung, thoi gian tiéu t6n cling tuong tu nhu thuét toan EFIM. De giai quyét van dé
nay, nhoém tac gia dé xuét cu tric mé rong dugc phat trién dya trén ¥ tuéng cua Cau tric P_set dugc
goi la ExtentionP_set. C4u trGic ndy 1a mot mang ma mdi phan tir 1a mot bo gdm 04 thong tin <
tid, pu, u, ru > trong do:

— TID: la dinh danh cua giao dich chira tap muc X.

—  pu: 1ad6 hitu ich tién té cua tap muc X trong giao dich.

— u:1adé hitu ich cua tp muc X trong giao dich.
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— ru: 13 @6 hitu ich con lai cta tAp muc X trong giao dich.

V6i cach luu trir ndy, thuat toan s& khdng phai quét lai co s dit liéu dé tim vi tri cua tap muc X
trong mai giao dich ciing nhu xé4c dinh lai cic gia tri ru va u. Vi ExtentionP_set di luu lai céi cac gia
tri u, ru va pu nén khi ma rong X thuat toan khong can phai duyét lai co s¢ dit ligu ma dya vao cac tham
s6 nay dé thuc hién. Do d6 giam thoi gian ciing nhu khong can tao lai cac giao dich mai khi chiéu.

Vi du: Tur co so dir liéu D trong Bang 1, ta cé

ExtentionP_set (@,a) = {< 1,0,4,13 >,< 5,0,4,3 >,< 6,0,4,16 >}
ExtentionP_set (@, f) = {< 2,0,6,9 >,< 5,0,3,0 >,< 7,0,9,13 >}

T d6 viéc xac dinh ExtentionP_set (a,f)s& dwoc thuc hién bing thao téc két hop
ExtentionP_set (@, a) va ExtentionP_set (@, f). Ta thiy f va a c6 chung giao dich Ts nén két qua thu
dugc 1a mot by duy nhat véi TID = 5, u = u(a) + u(f)-pu@ =3+4—-0=7,varu=ru(f) =0
va pu = u(a) = 3. Khi do,

ExtentionP_set (a,f) = {< 5,4,7,0 >}
4.4. Thuit toan dé xuat

~ Dua trén co s thuat toan khai thac tap hitu ich cao EFIM, nghién ciu cai tién va ap dung céc dé
xuat & trén dé dua ra phwong phap khai thac mét cach hiéu qua N tap hiru ich cao nhat trong co sé dir
liéu giao dich c6 tén topNEFIM.

Thuat toan 1: Thuat toan topNEFIM

Input: D: Co so dit liéu giao dich, N: Sb lwong tap HUI muén khai thac
Output: topN: tap hop chtra N tip muc c¢6 do hitu ich cao nhat trong D

Gans =1

Gana =9

Duyét D dé tinh RTU cuia co sé dir liéu, tinh Tu(a, i) va riu(i) cua tat ca caci € I
Khai tao hang dgi wu tién toan cuc priorityQueue

Cap nhat gié tri & sir dung chién luoc ting ngudng TU;

Cap nhat § str dung chién luoc RIU;

Xac dinh Secondary(a) = {i|i € I A lu(e, i) = 8};

o N o o b~ w N

Xay dung thi tu todn cuc > ting dan theo lu(a,i) cho tit ca cac hang muc trong
Secondary(a)

9 Loai bo cac hang muc i ma i ¢ Secondary(a) trong tit ca giao dich, va loai bo céc giao
dich réng

10 Sip xép cac hang muc trong cac giao dich theo thir tu >

11 Tinh LIU va cap nhat & sir dung chién lugc LIU

12 Tinh LIU_LB va cap nhat & st dung chién luoc LIU LB

13 Tinh su(a, i) va ExtentionP_set(a, i)cua tit ca cac i € Secondary(«) ;

14 Primary(a) = {i|]i € Secondary(a) A su(a,i) = 8};

15 Xay dung EUCS va CUDM,;

16 Cap nhat & st dung chién lugc CUD;

17 topN = ExTopNEFIM(a, Secondary(a), Primary(a), ExtentionP_set, 0, N);
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topNEFIM la ham xir ly chinh cua thuat toan nghién ciru dé xuat. Pau vao cua topNEFIM 1a co
s& dit liéu D va sb nguyén N. Pau ra cua thuat toan 1a N tap c6 do hitu ich cao nhét trong co s& dit lidu.
Trong dong 1 — 2, ngudng d6 hitu ich duoc khai tao 8 = 1 va khai tao tap tién té a = @. Dong 3, thuat
toan duyét co so dit liéu dé xac dinh céc gié tri trong RTU cia co sé dit liéu, ddng thoi thuat toan ciing
xac dinh gié tri lu(a, i) va riu(i) cua tat ca cac hang muyc. Céu tric hang doi wu tién priorityQueue
duogc khai tao dé sir dung cho céc chién luoc tia cua thuat toan tai dong 4. Dong 5 — 6, thuat toan &p
dung chién lugc ting ngudng dé cap nhat lai gia tri méi cho ngudng 8. Tir dong 7 — 10, thuat toan xac
dinh tap Secondary, xay dyng thir tu toan cuc va diéu chinh lai co s¢ dit liéu ban dau dé loai bo cac
hang muc khong tiém nang va cac giao dich rdng.

Dong tir 11 — 12, chién luoc ting ngudng LIU va LIU_LB duoc van dung dé cap nhat gié tri cho
5. Tai dong 13, thuat toan tién hanh xac dinh ExtentionP_set cua tat ca cac hang muc trong tap
Secondary va luu trix trong mot danh sach. Tir dong 14-16, thuat toan xac dinh cac hang muc can dwgc
khai phé, 4p dung chién lugc ting ngudng CUD va xay dung bang EUCS. Dé xéac dinh céc tap thuoc
top-N HUI, thuat toan stir dung ham ExTopNEFIM tai buéc 17.

Thuat toan 2: Thuat todn ExTopNEFIM
Input:a: tdp muc trong D;
SeSet, PriSet: danh sich cac hang muc trong Secondary va Primary cua o;
IstExPset: Danh sach ExtentionP_set cua o;
len: s6 lugng phan tir cua o
N: s6 tap HUI muén khai théc
Output: topHUTI: tap cdc HUI thudc topN_HUIs dugc mé rong tir o

1 Foreach hang muc i € PriSet do

2 Gan B = a U {i};

3 Tinh u(B) va ru(p) st dung ExtentionP_set(a, i)

4 If u(B) = & then Thém B vao topN_HUIs va cap nhat &
S If u(B) + ru(p) = & then

6 P=0,S = @, IstExPsetp = @

7 Foreach hang muc z € SeSet do

8 Ifi > zand EUCS[i,z] = 8then

9

Xac dinh ExtentionP_set(B,z), lu(B,z), su(B,z) dua trén
ExtentionP_set(aq, i) va ExtentionP_set(a, z)

10 If su(B,z) = 8thenP =P U {z};

11 If lu(B,z) = & then

12 S=Su{z}

13 Thém ExtentionP_set(p, z), vao IstExPsetf3
14 EndIf

15 EndIf

16 EndFor

17 ExTopNEFIM(B, S, P, IstExPsetp, len + 1, N)

18 EndIf

19 EndFor

Thuat toan ExXTopNEFIM dugc thyc hién theo co ché dé quy dé phat hién tat ca cac tap thugc top-
N HUI trong D. Thuit toan lan luot xét tat ca cac hang muc i c6 kha nang mé réng ctia a trong Primary.
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Dong 2-3, gan B = a U {i} va xac dinh d¢ hitu ich cling nhu d6 hu ich con lai cua B dua vao
ExtentisonP_set(a, 1). Néu u(p) théa ngudng hién tai thi f dwoc dwa vao tap topN_HUIs va gié tri §
dugc cap nhat lai tai dong 4. Dong 5 thuat toan xem xét kha nang mé rong cua B, néu 8 thoa diéu kién
ma rong thi tién hanh viée xac dinh cac tap Primary va Secondary cua 8. Tir dong 7—16, khi diéu kién
mé rong cua B da duoc kiém tra bang cach xét tat ca cac hang muc z ding sau I va thoa chién lugc tia
EUCP trong tap Secondary cua o, thuat toan két hop ExtentionP_set(q, i) va ExtentionP_set(a, z) aé
xay dung ExtentionP_set(p,z). Trong qué trinh thuc hién, thuat toan van dung chién LA-Prune va U-
Prune dé xac dinh gié tri lu(p,z) va su(p,z). Dong 11-14, thuat toan xac dinh viéc cap nhat z vao
Secondary va Primary cua 3, thém ExtentionP_set(, z) va danh sach cac ExtentionP_set cta . Cudi
cuing, thuat toan goi dé quy véi cac tham s6 vira dugc xac dinh dé kiém tra cac ma rong cua B 6 thuge
topN_HUTIs hay khong?

4.5. Vidu minh hoa
Trong phan nay, thuat toan duoc minh hoa trén co sé di liéu D (trong Bang 1, 2) v6i N = 4.
Buéc 1-2: Gand =1, a = 9.

Budc 3: Tinh RTU, lu(a, i) va riu(i) cua tat ca cac hang muc i € I trong D (Két qua duoc trinh
bay trong cac Bang 3, 4)

Bdng 3. Gié tri RTU cua c&c hang muc Bdng 4. Gia tri lu va riu cua cac hang muc
Tid |1 |2 |3 |4|5|6]|7 Hang muc a b C d e f
RTU [ 17 | 15|21 |9 |7 | 20| 22 lu 44 95 87 67 104 44
riu 12 27 14 28 12 18

Budc 4: Khei tao priorityQueue rong.
~ Budéc 5: Su dung chién lugc tang nguong RTU. Trong bang 3, véi N = 4, ¢6 4 gia tri RTU cao

nhét 12 {17, 21, 20, 22}. Vi vy, thuat toan cap nhat § = 17 va priorityQueue = {17,21,20,22}.

Budc 6: Cap nhat ngudng bang chién luoc RIU. Str dung priorityQueue & budc 5 két hop véi gia
tri riu trong bang 4, thuat toan thu dugc priorityQueue = {21,22,27,28} va é = 21.

Buéc 7: Xac dinh Secondary(a) = {a,b,c,d, e, f}, vi tat ca cac hang muc nay dducdlu > 5=
21 (bang 4).

Budc 8: Sip xép tang dan cac hang muc trong Secondary(a) theo lu va xay dung thi tu toan cuc
ta>f>d>c>b>e.

Budc 9-10: Loai bo cac hang muc khong thudc Secondary va sip xép lai cac hang muc trong mdi
giao dich (trong vi du nay, khéng cé hang muc nao bi loai bo). Ta dugc co s& dit liéu da chinh sira nhu
Bang 5.

Bdng 5. Co s dit liéu sau diéu chinh

TID Giao dich S6 lwong Do hitu ich Do hitu ich cua giao dich
1 adbe 1223 4463 17
2 fcbe 2511 6531 15
3 dcbe 6122 12162 21
4 dce 223 423 9
5 af 11 43 7
6 adcbe 14411 48431 20
7 fcbe 3232 9292 22
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Budc 11: Tinh LIU (Bang 6) va sir dung LIU dé cap nhat 3.

Bang 6. Ma tran LIU Bang 7. Gid tri cua priorityQueue

7 0 0 0 0 Priority s
0 0 0 0 22,27,28,31 22

31 34 37 27,28, 31, 34 27

28, 31, 34, 37 28

33 39

31, 34, 37,33 31

36 33,34,37,39 33

34,37, 39, 36 34

Bang cach s dung priorityQueue, qué trinh cdp nhat gia tri cua & duogc thé hign trong
Bang 7. Cuoi cung, gia tri cua 8 = 34. Thuat toan cip nhat lai gia tri cia & = 34.

Budc 12: Thuét toan sir dung LIU_LB. Tuy nhién trong vi du nay, khi ap dung LIU_LB gia tri
ciia § = 34 khong thay ddi.

Budc 13: Thuat toan xac dinh su(a, i) va ExtentionP_set(a, i).

Xét hang muc a: ¢6 3 giao dich ¢ chira a 1a Ty, Ts, Te. V&i mdi giao dich nay, tinh pu(a), u(a),
ru(a) trong giao dich va thém bo < tid, pu,u,ru > nay vao ExtentionP_set. Vi pu(a, T;) = 0;
u(a, Ty) = 4; ru(a, T;) = 13 nén bo dau tién' duogc thém vao ExtentionP_set(®,a) la < 1,0,4,13 >.
Thuec hién twong ty cho cac giao dich Ts, Te. Két qua: véimucmérongi = a, tap ExtentionP_set(®, a)
={<1,0,4,13 >,<5,0,4,3 >,<6,0,4,16 >}.

Tiép tuc thuc hién cho cac hang muc con lai, két qua dwoc trinh bay trong Bang 8:

Bdang 8. Gia tri ExtentionP_set va su

i ExtentionP_set(o, 1) su
a|<10413><5043><6,04,16 > 44
fl<2069><5,030><70913 > 40
d| <1049><3,0129><4,04,5 ><6,088 > 58

<2054><3018><4023><6044><70211> 44
b |<1063><2031><3,062><6031><7092> 36
e|<1030><2010><3020><403,0><6,010><7020 > 12

Budc 14: Tinh Primary(a) = {a,f, d, c,b}; loai {e} visu(e) = 12 < § = 34.
Budc 15: Xay dung EUCS va CUDM (két qua nhu Bang 9)

Budc 16: Sir dung chién lwgc CUD dé cap nhat ngudng 8. Tu két qua cia budc 11,
priorityQueue = {34, 37, 39,36} va & = 34. Khi duyét ma tran CUD, chién luoc ting ngudng CUD
chi xét cAc gia tri Ién hon & dé dua vao priorityQueue dong thoi cap nhat lai 5. Khi xét téi gia tri 8 <
39, thi 39 dugc thém vao priorityQueue va cap nhat 8, do do ta c6 priorityQueue ={36, 37, 39, 39}
vad = 36. Xét 37 > §, thuc hién twong tu thi priorityQueue ={37, 39, 39, 37} va 6 = 37. Do khéng
con gié tri nao 1én hon & nén két thic chién lwoc CUD véi priorityQueue = {37,39,39,37} va
6 =37.

Gia sir, néu thuat toan khong sur dung priorityQueue toan cuc ma khoi tao mét priorityQueue
méi. Véi & = 34 (két qua budc 11), thuat toan CUD s& xét va thém cac gia tri 16n hon & vao
priorityQueue cho t&i khi da k = 4 thi méi cap nhat dwoc gia tri cia 8. Do d6 khi duyét hét ma tran
CUD chi ¢6 3 gia tri mai duoc thém vao priorityQueue la 39, 37, 36 nén khéng cap nhat duoc gia tri
mai cho 8, nén & s& gitt nguyén gia tri la 34.
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Budc 17: Goi ExTopNEFIM dé xac dinh topN_HUIs véi a = @, N = 4, ExtentionP_set nhu Bang
9, Secondary(a) = {a,f,d, c,b, e}, Primary(a) = {a,f,d, c, b}.

Xéthangmuci = {a}vap = a U {i} = {a}; Tinh u(B) = 12, ru(B) = 32; u(B) < & nén B khdng

duoc thém vao topN_HUIs. Xét u(B) + ru(B) = 44 = & nén thuat toan xét m¢é rong cua .

Tinh lu(p,z), su(p,z) va ExtentionP_set(B, z) cua tat ca a > z trong Secondary. Két qua dugc
hién thuc trong Bang 10.

Bang 9. Ma tran CUD Bdng 10. Gi4 tri ExtentionP_set, lu va su cua tién t6 p
7 20 | 8 17 | 12 zZ ExtentionP_set(f3, z) lu su
0 |22 |27 |18 f | <5470> 7
31 | 39 | 37 d | <1489><64,128 > 37 | 37
< 6,4,8,4 > 20
33 | 23
b | <14103 >,<64,7,1> 37 |21
36
e | <14,7,0><645,0 > 37 | 12

P=1{d},S=1{db,e},
IstExPsetf = {ExtentionP_set(f, d), ExtentionP_set(f3, b), ExtentionP_set(, e)}.
Goi d& quy ExTopNEFIM véi B = {a}, N = 4, P = {d}, S = {d, b, e} va IstExPsetp .

Thuat toan tiép tuc thuc hién dén khi két thic. Két qua cubi cung thuat todn tra vé nhu sau:
top — N HUIs = {{c,d, e}: 37,{b,d}: 39, {b, c,e}: 39,{b, d, e}: 45}.

4.6. D phikc tap cia thuit toan

Do phuc tap cua thuat toan EFIM vé mat thoi gian 1a O(Inw) véi [, n, w lan luot 12 sé lugng tap
muc trong khdng gian tim kiém, s6 luong giao dich cua co s& dit liéu va do dai trung binh cua céc giao
dich. Thuat toan topNEFIM 1a mé rong cua thuat toan EFIM va dé giam chi phi cho viéc quét co sé dir
liéu bang cach xay dung cu tric ExtentionP_set. Truéc hét, viéc diéu chinh nay ciing khong thay ddi
d6 phirc tap cua thuat toan bai vi ciu ExtentionP_set duoc xay dung dya trén viéc quét co so dit liéu.

Hon thé nira, viéc thém va truy cap vao céc phan tr trong ExtentionP_set la O(1)
viExtentionP_set luu ciu tric mang. Gia tri [ 1a tng sé giao dich chira trong ExtentionP_set do d6
1 = |ExtentionP_set |. Néu D 1a co so dit lidu thua, I & rat nho nén thoi gian thyc thi s& giam nhiéu.
Trong truong hop khi D 1a co s& dir liéu rat day (I = |D|) va d6 phuc tap cia topNEFIM chinh 1a do
phtrc tap cua thuat EFIM. Do 16n cua khong gian tim kiém trong thuat toan khai thac top-HUI con phu
thudc vao hi¢u qua cua cac chién lugc tang ngudng. Néu céc chién lugc ting ngudng hiéu qua, gia tri
ngudng cao thi sb lugng tap muc trong khong gian tim kiém s& giam nhung vé mat do phuc tap cua
thuat toan s& khong thay ddi.

5. THUC NGHIEM

Pé danh gia tinh hiéu qua, thuat toan topNEFIM da duoc cai dat trén ngdn ngir Java sir dung méay
tinh Dell Latutide 7490 c6 b xu ly Core i7 1.90 GHz véi bo nhé chinh 32GB, trén nén hé diéu hanh
Windows 10. Thuat toan da chay thir nghiém trén céc bo dir liéu di dwoc cong bd trén webstie SPMF,
cu thé trén céc bo dir liéu bao gom ca dit liéu thwa va dir liéu day [20]. Dac diém chi tiét cua cac bo dit
liéu nay duoc thé hién trong Bang 11. Trong qua trinh thuc nghiém, két qua s& duoc so sanh véi cac
thuat toan méi nhat da dugc cong b gan day ve cung chu dé khai théac top- -N tép hixu ich cao, cu thé la
hai thuat toan TKEH va THUI. Thuat toan da dé xuét duoc hién thyuc trén nén ngdn ngit lap trinh Java
va trién khai trén nén Java SDK 8.0.
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Bang 11. Pac trung cua céc co sd dix ligu

Tén co so dit liéu So luqng glao Hang muc bj dai Frung. binh cia Mat do
dich giao dich
Chainstore 1.112.949 46.086 7,3 0,00016
Retail 88.162 16.470 10,3 0,00063
Accidents 340.183 468 33,8 0,0722
Mushroom 8.124 119 23,0 0,1933
Mushroom Accidents
g g
' .—._'_'_’___.—.‘/i/‘/ - 4-_____.___..—/‘
o —_— - - 1 50 o WO;D;N 300 1.000 2.000

——TKEH THUI =—a=—topNEFIM

Hinh 1. Thoi gian thuc thi trén cac co so dit liéu day

Biéu dd Hinh 1 cho thay két qua so sanh thoi gian thyc thi giita thuat todn topNEFIM, TKEH va
THUI trén co s dit liéu day Mushroom va Accidents. Trong cac trudng hop, véi tat ca céc gi tri N
thuc nghiém, thoi gian thuc thi cua thuat todn topNEFIM 6n dinh va nhanh hon rat nhiéu 1an so véi 02
thuat toan con lai. Cu thé, véi co sé dit liéu Mushroom: toc d6 thuc thi cia topNEFIM luén nhanh hon
TKEH tir 3 &én 5 lan va nhanh hon THUI tir 4 d&én 13 1an; voi co s dir liéu Accidents, thoi gian thuc
thi caa topNEFIM it hon tir 5 dén 7 1an so v6i TKEH va it hon 5 dén 8 Ian so véi THUI. Thai gian thuc
thi cua thuat toan TKEH va THUI ting nhiéu va nhanh khi gia tri N ngay cang lén. Piéu nay ciing la
hién nhién bai vi thuat toan topNEFIM d tién hanh nang ngudng sém ngay lan dau tién duyét co so dit
liéu bang chién lugc ting ngudng RTU. Piéu d6 da gitip cho gia tri ngudng ban du dugc khoi tao sém
va cao hon thuat todn TKEH va THUI. Gi4 tri ngudng d6 hiru ich cao da gitp chién lugc tia dwoc ap
dung c6 thé loai duoc nhidu tmg vién hon, 1am giam khong gian ciing nhu thoi gian thuat toan tiéu ton.
Thém vao do, viéc ap dung ky thuat tai sir dung cc gid tri hitu ich cua cac chién lugc ting ngudng trudc
dé tiép tuc sir dung trong céc chién luoc ting ngudng sau lam cho viéc tang gi tri cua 8 duoc hiéu qua
hon, tir d6 cac (g vién sé& bi loai nhiéu va nhanh hon trong qué trinh khai thac tap hitu ich cao.

Retail Chainstore
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Hinh 2. Thai gian thuc thi trén cac co so dir liéu thua

Hinh 2 cho thiy thuat todn topNEFIM thuc thi dac biét hiéu qua trén cac co s& dit liéu thua. Cu
thé, v6i co so dir lidu Retail: tdc do thuc thi cua topNEFIM nhanh hon TKEH tir 31an tré 1&n, tham chi
nhanh hon 25 1an (v6i N = 1), 29 lan (v6i N = 50) va thuat toan d& xuat da thyuc hién nhanh hon THUI
t6i 47 1an (v6i N = 100) va 65 1an (v6i N = 50); vdi co so dit lidu Chainstore (day 14 co sé dit liéu thua
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nhat trong cac cac dit ligu thir nghiém) téc do cua topNEFIM nhanh TKEH tir 58 dén 134 lan, va nhanh
hon THUI tir 53 téi 76 lan khi tir N dwoc chon tir 100 tré 1én. Két qua thyc nghiém nay cang ching to
dugc tinh hiéu qua cua viéc ting ngudng sém cling nhu viéc s dung cAu tric toan cuc dé tai su dung
C4cC gia tri do hiru ich da tim duoc trong cac chién lugc ting ngudng. Do trong co s¢ dit licu thua, so
lugng cac hang muc trong mdi giao dich Ia rét it nén cau tric ExtentionP_set lai cang hi¢u qua hon,
giup giam thleu rat nhiéu thoi gian duyét co s dir liéu khi xem xét cac ing vién. Chinh diéu d6 da tao
nén hiéu qua vé toc do thuc thi cua thuat toan topNEFIM nhu Hinh 2.

Bang 12. Bang danh gia hiéu qua cua chién luoc RTU

Mushroom Accidents Retail
N 5 HMTN 8 HMTN 8 HMTN

RTU [NRTU| RTU |[NRTU| RTU | NRTU | RTU [NRTU| RTU |[NRTU| RTU | NRTU

100f 807| 119| 229| 119| 276.143| 276.143| 229 229(13.840/13.840| 3.847| 3.847

500, 537 119 379 119 849 379| 468| 5.115| 5.115| 6.668| 6.668
1.000] 504| 119] 300{ 119 826 300| 468| 2.956| 2.956] 8.266| 8.266
2.000f 466 119| 380 119 803 380| 468| 1.552| 1.552| 10.275| 10.275
3.000f 438 119| 382 119 789 382| 486| 964 964| 11.712| 11.712
5.000f 395 119| 386 119 769 386| 486| 448| 444 13.833| 13.854
10.000 1 119 391 119 741 391| 486| 349 88| 14.369| 16.027

Plr|lRr k||~

Céc thuat toan TKEH va THUI chi &p dung chién luoc ning ngudng RUI dé xac dinh gia tri do
hitu ich téi thiéu & trudc khi tién hanh loai bo cac hang muc khéng tiém nang. Thuat toan topNEFIM,
sir dung ca chién luge ting ngudng RIU va chién luge ting ngudng RTU trudc khi loai bo cac hang
muc khong tiém nang (hang muc khong thudc Secondary tai budc 9) trong co so dit liéu. Dé danh gia
tinh hi¢u qua cua chién lugc tang ngudng RTU, nghién ciru da tién hanh thyc nghiém dé do gié tri & dat
dugc, s6 lwong hang muyc tiém nang (HMTN) ma thuat toan giir lai dé khai thac trong thuat toan
topNEFIM trong 02 truong hop: c6 st dung chién lugc RTU va khong sir dung chién lugc RTU
(NRTU). Két qua trong Bang 13 cho thiy: vdi co sé dir liéu Mushroom do sé lwong céc hang muc it,
du s6 lwong hang muc khong tiém ning khong giam nhung gia tri ngudng khi sir dung RTU 16n hon so
vé6i khong st dung RTU. Ddi véi co sé dir liéu Accidents, khi 4p dung RTU gi4 tri ngudng di cao hon
so véi khong ap dung RTU khi N nhan gié tri Ién hon 500. Biéu d6 da giup cho thuat toén loai bo dugc
mot lugng kha Ion cac hang muc khong tiém ning (khong c6 trong cac HUI) gitp cho khéng gian tim
kiém va s luong tng vién dwoc thu gon. Didu dé ciing dugc thé hién khi thuc nghiém trén co sé dit
lieu Retail. Tuy nhién véi co s¢ dir liéu Chainstore, sb lwgng hang muc rét I6n va céc giao dich ngan
nén chién luoc RTU chwa mang lai hiéu qua cao.

6. KET LUAN VA KIEN NGHI

Qua nghién ctru nay, nhém tac gia da dé xuat chién lugc ting ngudng RTU dé xac dinh ngudng
t5i thiéu ban dau &p dung trong bai toan khai thac top-N HUI. Nghién ciru xem xét mdi giao dich trong
co so dit liéu 1a mot tap muc do d6 d6 hiru ich ciia cac giao dich ciing chinh 1a mot gié tri c6 thé sir dung
trong qua trinh ting ngudng cua thuat toan. Vi ly do d6, d6 hitu ich cua giao dich (TU) dugc tinh toan
va sir dung dé tang ngudng ngay khi duyét co so dir liéu lan dau tién. Hon nira, trong cAc thuat toan
khéc, khi cac chién lugc nang ngudng dugc &p dung, ching phai xac dinh lai N gia tri hitu ich thoa mén
ngudng hién tai. Néu N 1a mot gia tri 16n, cong viéc nay ciing tiéu tén nhiéu thoi gian va 1am cho hiéu
suét thuc thi caa thuat toan khong duoc téi wu. Dé khéc phuc van dé nay, nhém tac gia di xay dung ciu
tric luu trir toan cuc cho cac gié tri hitu ich va sir dung chung trong tat ca cac chién lugc nang ngudng
dugc ap dung trong qué trinh khai thac. Vi ki thuat nay, hidu suat cua thuat toan tro nén tot hon vi
ngudng tdi thiéu ting nhanh hon.

Cubi cuing, nghién ctru da dé xuat thuét toan topNEFIM dé khai thac cac top-N HUI mot cach higu
qua veé thoi gian. Thuét todn topNEFIM da han ché viéc duyét lai co s dir liéu bang cach phat trién cau
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trac luu trir ExtentionP_set dya trén ciu tric P_set. Cuing véi viéc két hop nhiéu chién lugc tang ngudng
nhu RTU, RUIL LIU, COD, COV va van dung cac chién luoc cét tia khong gian tim kiém nhu TWU-
Prune, C-Prune, U-Prune, LA-Prune, EUCS-Prune d gitp cho thuat toan dé xuat tdi wu hon céc thuat
toan TKEH va THUI rét nhiéu 1an vé thoi gian thyc thi trén ca co so dir lidu day va thua.

Trong thoi gian toi, nghién ctu s& tap trung nhiéu hon vao khai thac top-N HUI trén co s6 dit ligu

déng va co sd dit liéu chira cac hang muc 6 lgi ich am.

Loi cim on: Nghién ciu nay do Truong Pai hoc Cong nghiép Thuc pham Thanh phé Ho Chi Minh
(nay 1a Trudng Dai hoc Cong Thuong Thanh pho HO Chi Minh) bao trg va cap kinh phi theo Hop dong
s6 07/HD-DCT ngay 05 théng 01 nam 2021.
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ABSTRACT

ENHANCE THE EFFICIENCY OF MINING TOP N HIGH UTILITY ITEMSETS IN
TRANSACTION DATABASE

Vu Van Vinh, Manh Thien Ly, Duong Thi Mong Thuy,
Nguyen Thi Thanh Thuy, Nguyen Van Le, Lam Thi Hoa Mi*
Ho Chi Minh City University of Industry and Trade
*Email: milth@huit.edu.vn

The problem of mining high utility itemsets has many practical applications. However, in the

mining process, the minimum utility threshold must be determined in advance, leading to difficulties
for users. To solve this problem, many studies have been proposed to replace the determination of the
threshold value by giving a positive integer N in top-N high utility itemset (top-N HUI) mining. In this
study, the authors propose the topNEFIM algorithm to efficiently exploit the top-N HUI in the
transaction database and the RTU threshold- strategy to automatically specify the initial threshold value.
The algorithm uses a global priority queue (priorityQueue) structure to optimize the threshold-raising
process. In addition, the authors also propose a data structure called ExtentionP_set to limit the database
being browsed many times during top-N HUI mining. The experimental results show that the proposed
algorithm has better execution time on both dense and sparse databases when it is compared with the
two algorithms TKEH and THUI.

Keywords: High utility itemset, top N high utility itemsets, threshold-raising strategy, data mining.
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