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TOM TAT

Khai thac mau chiém dung cao (High Occupancy Itemset — HOI) la mét hwéng nghién ciru
mdi, hién dang thu hit nhiéu sw quan tém trong linh vue khai pha dir liéu. Khéng giong nhw cdc mdu
phé bién von dua trén tan sudt xudt hién, HOI dwoc dinh nghia la nhitng tdp danh muc chiém ti I¢
[6m trong d¢ dai ciia cdc giao dich. So véi cdc mau phé bién, sé lwong HOI thirong it hon nhung lai
mang nhitng déc trung cé ¥ nghia hon. Tuy nhién, HOI chi chii trong dén sw ¢é mdt cia cdc danh
muc, ma chira phan dnh sw khdc biét vé trong sé giita chiing. Dé khdc phuc han ché nay, bai bdo
gidi thiéu khai niém mdu chiém dung trong sé cao (High Weighted Occupancy Pattern — HWOP) va
dé xuat thudt toan HWOP-ROL nham khai thdc HWOP. Ngodi ra, ching téi ciing xdy dung mot
ngudng chan trén UBWO dé cdt tia khong gian tim kiém. Két qua thiee nghiém trén nhiéu b dir liéu
c6 trong s6 chitng minh tinh hiéu qua vieot tréi ciia phwong phdp dé xudt so véi Baseline.

Tir khéa: miu chiém dung cao; mau chiém dung trong sb cao; thuat toan HWOP-ROL;
ngudng chan trén UBWO

1.  Gioi thiéu
1.1. Téng quan vé khai phd mau chiém dung cao

Khai thac mau 1a mot linh vuc quan trong trong khai pha dir li€u, nham rat trich dic
trung phuc vu phan tich va lam d4u vao cho cac hé théng thong minh. Loai mau duoc nghién
ctru nhiéu nhat 1a mau phé bién, 1an dau tién dugc gidi thidu boi Agrawal va Srikant (1994),
v6i nhiéu thuat toan tiéu biéu nhu Apriori (Agrawal & Srikant, 1994), Eclat (Zaki, 2000),
FP-Growth (Grahne & Zhu, 2005) va PrePost (Deng et al., 2012). Cac phuong phap nay déu
dua trén d6 hd tro — s6 14n xuét hién ctia mot tap muc trong co s¢ dir liéu (CSDL) giao dich
— dé danh gia tinh phé bién. Mot tap muc dugc coi la phé bién néu d6 hd tro cta nd vuot qua
ngudng cho trudc. Tuy nhién, d6 hd tro chi phan anh sy xuit hién cia cic myc va xem chiing
nhu nhau, trong khi trén thuc t& moi muc co tAm quan trong hodc gia tri khac nhau. Vi dy,
cac mat hang thiét yéu nhu gao, mudi c6 thé xuat hién nhiéu nhung gia tri lgi nhuén lai thép
hon hang cao cép nhu yén sao hodc nhan sam.

Cite this article as: Le, T. L. (2026). High Occupancy Pattern Mining on Weighted Transactional Databases.
Ho Chi Minh City University of Education Journal of Science, 23(1), 189-200.
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Dé giai quyét van dé nay, khai niém mau phd bién co trong sb di dugc dé xuat
(Ramkumar et al., 1998), vdi cac thuat toan dién hinh nhu WIT-FWIDIff (Voetal., 2013), IWS
(Nguyen et al., 2016) va NFWI (Bui et al., 2018). Cac phuong phap ndy dua trén d6 phd bién
c6 trong s6, duoc tinh tir téng trong s6 cua cac giao dich chira mau so véi toan bo CSDL.

Nam 2012, Tang va cong su (2012) dua ra khai ni€ém do chiém dung trung binh, thé hién
ti 1& trung binh clia mot tAp muc trong cac giao dich chira nd. Cac mau chiém dung cao da dugc
chimg minh hitu ich trong nhiéu linh vyc nhu y té, thuong mai. Tuy nhién, viéc xac dinh dong
thoi hai ngudng hd tro (o)) va chiém dung (B) 1a khong don gian dbi véi ngudi dung.

Pé khic phuc, Deng (2020) da dé xuat khai niém mau chiém dung cao (High Occupancy
Itemset — HOI), trong d6 do chiém dung duoc tinh bang tong ti 1¢ 46 dai cta tdp muc trong cac
giao dich chtra né. Mot tap muc duge coi 1a HOI néu d6 chiém dung vuot ngudng &. Mic du
s6 lugng HOI nhé hon nhiéu so v6i mau phd bién, nhung HOI khong thoa man tinh chat bao
dong giam, dan dén khong gian tim kiém rét 16n. Dé giai quyét, Deng (2020) gidi thiéu ngudng
chin trén UBO cung thuat toan HEP dya trén cau trac Occupancy-list. Sau d6, Nguyen va
cong sy (2023) da cai tién véi cac thuat toan FHOI va DFHOL, 4p dung chién lugc loai bo tmg
vién, kiém tra d6 dai Occupancy-list, phan 16p twong duong va DFS, tir d6 ting toc khai thac
va giam mirc tiéu thu bo nho. Gan day, Zhang va cong su (2024) thiét ké mot cau trac nén go1
12 sequence projection (seqPro) va dé& xudt mot thuat toan hiéu qua co tén HUSP-SP
(discovering High-Utility Sequential Patterns with the seqPro structure) dé khai thac mau tién
ich cao trén co s& dit liéu tun tu.

Trong bai béo nay, ching t6i dé xuat bai toan khai thac mau trong s6 chiém dung cao
trén CSDL trong s6 WD (Weighted database) va dé xuat thuat toan hiéu qua dé giai quyét,
déng thot thuc hién cac thyc nghiém trén nhiéu bd di liéu chuan (benchmark datasets) dé
chimg minh tinh hiéu qua ctia phuwong phap dé xuét.

1.2. Co s6 li thuyét va nghién ciru lién quan
a. Co s6 Ii thuyét
Dinh nghia 1. (CSDL c6 trong sd): Mot CSDL c¢6 trong s6 WD 1a mét bo ba (T, I, W) trong do:
e T={t|j [1, m]} latap cac giao dich,
e I={ij|j [1,n]} la tap cac muc,
e W={wj|j [1,n] A wjlatrong sb cia myc ij.

Vi du vé CSDL ¢6 trong s6 ¢ Bang 1: CSDL nay gém sau giao dich t1,t2,t3, t4, t5,
t6 duogc hinh thanh tir tip cac mat hang A, B, C, D, E vdi cac trong sd twong tng lan luot 1a
1.2,0.9,0.6, 1.8, 2.4.

Bing 1. Vi du vé CSDL trong so

A B
CSDL giao dich Trong s6 muc
Giao dich Danh muc Muc Trong sb
t1 ACDE A 1.2
t2 A B, C B 0.9
t3 C,D C 0.6
t4 AC D 1.8
t5 A B E E 2.4
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Trong muc nay, chiing t6i dinh nghia cac khai niém co ban va mo ta bai toan khai thac HWOP.
Dinh nghia 2. Trong sb giao dich rw (Transaction Weighted) cia mét giao dich tkduoc tinh
nhu sau:

tw,= iStkwi |S(tk)| (1)
Trong do6 S(z) 1a tdp hop cac danh muc thudc giao dich ., i va wi 1an luot 1a mot muc va
trong s6 ciia né trong tap hop trén. |P| dai dién cho sb phan tir trong tap hop P.
Vi du 1. Dua trén Cong thirc (1), ta c6 Bang 2 chtra cach tinh chi tiét trong s giao dich cua
WD & Béng 1.
Bing 2. Trong sé giao dich ciia timg giao dich

Giao dich Cong thire tw
t1 (1.2+0.6+1.8+24)/4 1.5

t2 (1.2+09+0.6)/3 0.9

t3 (0.6+1.8)/2 1.2

t4 (1.2+0.6)/2 0.9

t5 (1.2+09+24)/3 1.5
Téng trong s6 giao dich (sumtw) 6

Dinh nghia 3. Do hd tro trong sb ws (Weighted Support) cia mau (pattern) X dugc tinh nhu sau:

wsX= tktXtwtktkTtwtk (2)
trong d6 tX 1a tip cac giao dich c6 chira mau X.
Vi du 2. Gia tri ws cta tdp muc CD duoc xac dinh bfmg Cong thue (2) nhu sau:

ws(CD)=twtl+ twt3] / Ymw=(1.5+1.2)/6=0.45.
Dinh nghia 4. Trong sb w (Weighted) ciia miu danh muc X chtra nhiéu phén tir dwoc tinh
nhu sau:

wX=1i € Xwi 3)
Vi du 3. Gia tri trong s6 cia mau CD dugc xac dinh bang cong thire (3) nhu sau:

WCD=wc + wd=0.6+1.8=2.4
Dinh nghia 5. Do chiém dung trong s riéng ciia mot mau don X trong giao dich t 13 so
(Singleton occupancy) dugc tinh nhu sau:

soX,t= w(X)w(St) Xtwt 4)
Dinh nghia 6. Do chiém dung trong sé ciia mot mau X (gém nhiéu phan tir) trong giao dich
t 1a wot (Weighted occupancy in transaction) dugc tinh nhu sau:

wotX,t= w(X)w(St) xtwt (5)

Tir Dinh nghia 5 va 6 co thé thdy do chiém dung trong s6 ctia mot mau X trong giao
dich t chinh 1a tong d6 chiém dung trong sb riéng cua ting phan tir trong X. Piéu nay gitp
viéc tinh toan do chiém dung trong s6 ctia mot miu nhiéu phﬁn tur trong giao dich t tré nén
nhanh hon. Dac biét 1a khi ta c6 d6 chiém dung trong sb cua tat ca cac phén twr tién td trude
doé trong giao dich t. Vi dy, wotPY, t=wotP,t+so(Y,t). Cong thirc nay lam cho vi¢c tinh
toan d6 ho tro trong $6 trong thuat toan dé xuét & Hinh 1 nhanh hon.
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Dinh nghia 7. D6 chiém dung trong s6 wo (Weighted Occupancy) ciia mau X trong CSDL
duoc tinh nhu sau:

wox= tktXwotX, tktkTtwtk (6)
Vi du 4. Ap dung Cong thirc (4) ta tinh duoc d6 chiém dung trong s6 ciia mau CD nhu sau.

woCD= twt1WCDWACDE+twt3WCDWCDsumtw=1.5X2.46+1.2% 2.42.4 6= 0.3
Dinh li 1. Véi cing mdt mau X thi wo(X) < ws(X).

Churng minh: Vi XCS(tk) ta co:

WX)W(Stk)<1 (7

Tu (7) ta co:

tktXtwtkW(X)W(Stk) < tktXtwtk (8)

Tu (8) ta co:

tktXtwtkW (X)W (Stk)tkTtwtk tktXtwtktk Ttwtk 9

Tu (9) ta co:

tktXwotX,tktk Ttwtk tktXtwtktkTtwtk (10)

Twr (10) va cong thic (2), (6) ta co:

woX<ws(X)

Pinh 1i 1 da dugc chiing minh.

Dinh nghia 8. Cho m{t ngudng chiém dung trong s6 & Mot mau danh muc X duoc goi la
mau chiém dung trong sb cao HWOP (High Weighted Occupancy Pattern) khi va chi khi
woX=> ¢,

Tt Pinh 1i 1 va Dinh nghia 8 ta c6 thé suy ra hé qua, néu mot mau X khong phai 1a
mau pho bién & ngudng ¢ (mau c6 ws ¢ ) thi khong thé 1a mau chiém dung cao.

b. Mot s6 nghién ciru lién quan

Nam 1998, (Ramkumar et al., 1998) lan dau tién gidi thiéu bai toan khai thac cac mau
¢6 trong s6 pho bién (FWP). Sau d6, Tao va cong su (2003) di dé xuat mot khung khai niém
m&i voi cac khai niém trong sb giao dich va do hd trg co trong s6 dé khai thac FWP.

Trong s giao dich (tw — transactions weighted) 1a trung binh c6 trong sb ctia cac mat
hang trong mot giao dich, con do hd trg cé trong sb 1a téng cac gia tri tw cua cac giao dich
chtra mau d6 chia cho tong céc gié tri tw cua tat ca cac giao dich. Do d6, viéc khai thac FWP
13 tim tat ca cac mau c6 do hd trg co trong s6 khong nhé hon mot ngudng do hd tro co trong
s6 t6i thiéu do nguoi dung chi dinh trong CSDL.

Véi cach tiép can nay, Vo va cong su (2013) di dé xuét cau trac WIT-tree nhu mot
phan md rong cua cau trac IT-tree dé khai thac FWP. Phuong phap nay duoc chirg minh 13
hiéu qua vi nd chi can quét CSDL mdt 1an dé tao cac tap hop ID giao dich (tidset) va thuc
hién khai thac trén WIT-tree. Ngoai ra, chién lugc diffset ciing duoc ap dung dé tang tbc qua
trinh khai thac. Tuy nhién, phuong phap nay khong hiéu qua trén cac CSDL 16n vi ton nhiéu
b6 nhé dé luu trit tidset.
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Tiép theo, Nguyen va cong su (2016) dé xuét sir dung ciu tric bitset IWS va bitset md
rong EIWS (Nguyen et al., 2022) cung voi hudng tiép can Eclat dé t6i uu héa viée luu trix
va tinh giao tidset cta cac itemsets. O hudng tiép can FP-growth, Lee va cong su (2017) dé
xuét hai thuat toin, PWP-WSD va PWP-TCD, d¢ khai thic FWP dua trén céu tric FP-tree.
Phuong phap nay nén CSDL thanh ciu tric cdy tién t6 va khong can luu trit tidset. Tuy
nhién, n6 phai quét cay nhiéu 1an dé khai thac FWP.

Gan day, Bui va cong su (2018) dd dé xuét cau trac WN-list va thuat toan NPWP dé
khai thic FWP. Cau trac WN-list m¢ rong cau trac N-list (Deng et al., 2012) v6i kha nang
nén dir liéu rat hiéu qua. Két qua thyc nghiém cho thay thuat toan NPWP hién 1a thuat toan
khai thac FWP tot nhat hién nay (State — Of — The — Art), phuong phap nay tiép tuc duoc
mo rong ap dung cé hiéu qua cho céc bai toan khai thac top-rank-k (Vo et al., 2020), khai
thac tap dong (Bui et al., 2018) hay CSDL dang chudi (Bui et al., 2018).

2.  Noi dung nghién ctru

Trong phan nay ching tdi s& trinh bay vé thudt toan khai thac mau chiém dung cao cho WD.
2.1. Thudt todn khai thdc mau phé bién trén WD.

Trong phan niy chung toi dé xuat Thuat toan HWOP-ROL (High Weighted Occupancy
Patterns mining using the RO-ist (Remain Occupancy list) structure.) sir dung cau trac dir
liéu RO-list dé khai thac hiéu qua mau chiém dung cao trén WD.

Dinh nghia 9. Do chiém dung trong s6 con lai 7o (Remain Occupancy) ciia mot mau don X
trong giao dich t dugc tinh nhu sau:

roX,t=YeS(H)AX < Yw(Y)w(St) xtwt 11D

Trong d6 S(t) 14 tap hop cac danh muc da dugce sap xép ctia giao dich t, thir tu sip xép
c6 thé 14 theo thir ty bang chir cai hodc bat ki mét loai thir ty phi hop nao khéc, trong nghién
curu nay ching t61 chi sép xép dua trén thir tu bang chir céai. Ki hi€u ‘<’ dai di¢n cho viéc
danh muc X dimg truéc danh muc Y theo thtr ty di sap xép.

Dinh nghia 10. Danh sach do chiém dung trong s6 con lai ROL (Remain Occupancy list)
ctia mot mau don x 12 mot cau tric dit lidu dang danh sach lién két, mdi node cua danh sach
bao gdm cac trudng {tid, ro, wot,so}. Trong do tid (transaction id) 1a s thir ty cia giao dich
chita mau don x trong WD. Céc trudng ro, wot, so 1an luot 1a d6 chiém dung trong s6, do
chiém dung trong s6 con lai va 6 chiém dung trong sé riéng ctia danh muc X trong giao dich
thir tid. Cac node dugc sap xép theo tht tu ting dan cua tid.

Vi du 5. Danh sach do chiém dung con lai ciia mau C:

ROLC={1, 1.05, 0.15, 0.15,2, 0, 0.2, 0.2, {3, 0.9, 0.3, 0.3}, {4, 0, 0.3, 0.3}}

O giao dich t1 phia sau danh muyc C con lai danh muc DE, d6 chiém dung trong s6 con

lai cua danh muc nay trong t1 1a 1.05. Dac biét ¢ giao dich t2 va t4 thi C 1a danh muc cudi
nén chi s6 chiém dung con lai bang 0. Cac trudng wot va so s& bang nhau khi mau X 1a mau
chi c6 mot phan tir.
Dinh nghia 11. Danh sach do chiém dung trong s6 con lai ciia miu c6 k phan tir. Cho PX,
PY 13 hai miu c6 k — 1 danh muc va c6 chung tién t6 P, trong d6 Y xép sau X theo thir tu da
duoc sap xép. Voi ROL(PX) va ROL(PY) lan luot 1a danh sach do chiém dung trong sb con
lai ctiia hai mau PX, PY thi ROL(PXY) sé dugc tinh béng thuat toan nhu sau:
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Véi mdi node tidi, roi, woti, soi €ROL(PX) va tidj, roj, wotj, soj € ROLPY néu tidi=
tidj mot phan tir méi s& dugc tao va thém vao ROL(PXY) véi cac thude tinh twong tmg 1a
{tidj, roj, woti+ soj, soj}, néu tidi> tidj ta s& duyét qua node tiép theo cia ROLPY nguoc
lai ta duyét node tiép theo cia ROLPX cho dén khi mot trong hai danh sach khong con phan
ter dé duyét. PO phuc tap cua thuat toan Ia tuyén tinh, do cac node chi dugc duyét qua mat
lan duy nhit.

Vi du 6. Danh sach do chiém dung con lai cua mau CD duoc tao thanh thi danh sach cua hai
mAu thanh phan 1a C va D:

ROLC=1, 1.05, 0.15, 0.15,2,0, 0.2, 0.2, 3, 0.9, 0.3, 0.3, 4, 0, 0.3, 0.3

ROLD={{1, 0.6, 0.45, 0.45},{3, 0, 0.9, 0.9}}

ROLCD={{1, 0.6, 0.6, 0.45},{3, 0,1.2, 0.9}}

Buwéc 1. Xét hai phan tir dau tién cia ROL(C) va ROL(D).

Hai phan tir ndy c6 cung chi s6 tid bang 1 nén s& hop lai véi nhau. ROL(CD) duoc
thém mot phén tr méi br:ing cach két hop gitra 2 phén tir bén trén. Cac mau do, luc, lam, tim
1an luot duoc danh diu trén phan tir méi cia ROL(CD) dé chi ra thanh phan tuong tng tao
ra n6 tir ROL(C) va ROL(D), trong d6 mau tim 1a sy két hop giita phan tor mau xanh duong
va do.

ROLC=1, 1.05, 0.15, 0.15,2, 0, 0.2, 0.2, 3, 0.9, 0.3, 0.3, 4, 0, 0.3, 0.3

ROLD={{1, 0.6, 0.45, 0.45},{3, 0, 0.9, 0.9}}

1, 0.6,0.15+0.45, 0.45

ROLCD={{1, 0.6, 0.6, 0.45}}

Budc 2. Xét hai phan tir tiép theo cia ROL(C) va ROL(D). Hai phan tir nay khong ctng chi
s tid nén chung ta s& bo qua phén tir ¢6 tid nho hon trong ROL(C) dé xét phan tir tiép theo.
Do cac phan tir trong ROL dugc sip xép theo thi tu ting dan nén viéc loai bo ndy hoan toan
phii hop vi chic chan khong ¢ phan tir nao ciia ROL(D) ¢ thé ¢ cung chi s6 tid véi phan
tur hién tai cia ROL(C).

ROLC=1, 1.05, 0.15, 0.15,2,6,0-2,0-2, 3, 0.9, 0.3, 0.3,4, 0, 0.3, 0.3

ROLD={{1, 0.6, 0.45, 0.45},{3, 0, 0.9, 0.9}}

ROLCD={{1, 0.6, 0.6, 0.45}}

Buwdc 3. Xét hai phan tir méi co cung chi s6 tid bang 3 nén ta hop lai thanh phan tir méi cta
ROLCD tuong tu bude 1.

Dinh nghia 12. Giéi han trén vé do chiém dung trong s& UBWO (Upper-bound Weight
Occupancy) ctia mau X 14 tong ctia wo(X) va ro(X) trong d6 roX 1a tong tat ca ro trong ROL(X).

D@ thay mot mau X c6 UBWOX< & thi tit ca cdc siéu tap (superset) Y ctia X déu khong
thé 1a mau trong sb chiém dung cao. Py ciing chinh 1a diéu kién dé cat nhanh sém khi khai
thac mau trong sé c6 d chiém dung cao.

Cac buée thue hién thuat toan HWOP-ROL
Buéc 1. Xdy dung RO-list cho cdc méu cé mot danh muc
 Quét WD dé tinh toan tw ctia timg giao dich. Sip xép lai cac danh muyc trong timg giao
dich theo tht ty tir dién.
e Quét WD lan 2, tinh toan ws va xay dung RO-list cho tirng danh muc don.
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o Loai tit ca cac danh muc don c6 ws < & Tao ra tap F1, moi phﬁn tr chira tén, RO-list,
Ws, Wo va ro, trong ng cla cc tip mot danh muc, sip xép cac phan tir cua F1 theo thir tu
tlr dién.

Buwéc 2. Khai thdc bang cay liét ké (Thii tuc Find HWOP)

o Su dung cay liét ké dé khai thac tap chiém dung trong s cao theo phuong phap duyét
theo chiéu sau (DFS).

o Céc phan tir trong cac 16p twong dwong lan lugt duge giao tudn tw véi nhau dé hinh thanh
cac mau méi. Thuat toan s& kiém tra kha ning sinh ra mau chiém dung cao cia mau X bang
cach sir dung gia tri UBWO(X). Néu UBWO(X) <& cit nhanh X sém, cac nhanh c6 ws(X) <&
loai truc tiép Gmg vién X, nguoc lai ta thém mau X vao cay liét ké va tiép tuc mo rong.

Céc bude trén dugc thé hién qua gia ma trong Hinh 1 nhu sau:

HWOP-ROL Algorithm

Input: A weighted database WD and a threshold &.

Output: HWOPs, the set of all high weighted occupancy patterns
Algorithm 1: The HWOP-ROL Algorithm

Input: A weighted database WD, a minimum weighted occupancy threshold ¢
Output: HWOPs, the set of all high weighted occupancy patterns.

Scan WD to calculate transaction weights (tw) for all transactions.
Scan WD a second time to compute ws and construct the RO-/ist for each 1-pattern.
Fr— {p|pisa l-pattern and p.ws > ¢}.
Sort F: in lexicographical order
HWOPs «— @
. Call Find HWOP(Q, F:, tw, HWOPs, ¢&)
7. Return HWOPs
Procedure Find HWOP(Pre, F, tw, HWOPs, &)
1. for each candidate X in F' do

R

2. if X.ro + Xwo < £ then // Pruning with UBWO
3. continue
4. if X-wo > ¢ then
5. HWOPs < HWOPs U (Pre U {X.name})
6. F next — @
7. for each candidate Y in F that appears after X do
8. C «— ROL intersect(X, Y, tw)
9. if C.ws > ¢ then
10 F next — F nextV {C}
11. if ' next # @ then
12. Call Find HWOP(Pre U {X.name}, F_next, tw, HWOPs, ¢&)
13. end for

Function ROL_intersec (U, V, tw)
1. C <« new Candidate

while i < |U.ROL| and j < |V.ROL| do
a— U.ROL[i]; b — V.ROL[j]

2. C.name < V.name [/ Assumes U and V share a prefix
3. CROL—9

4., Cws«—0;Cwo«—0;Cro<0

5. i<0;j«<0

6.

7.
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8. if a.tid = b.tid then
9. n < new Node({b.tid, b.ro, a.wot + b.so, b.so})
10. add n to C.ROL
11. Cro«— Cro+b.ro
12. C.wo <« C.wo + (a.wot + b.50)
13. C.ws «— Cows + twla.tid]
14. i—itlje—j+1
15. else if a.tid > b.tid then
16. je—j+1
17. else
18. i—i+1
19. end if
20. end while
21. return C

Hinh 1. Ma gia thudt toan HWOP-ROL

2.2. M@t vidu cu thé

Trong phén nay, chung t6i s€ trinh bay mot vi du cu thé d6i voi thuat toan dé xuét
trong phan 2.1.

Véi WD trong Bang 1 va &= 0.3, thuat toan HWOP-ROL duyét CSDL 2 1an dé tao ra
RO-list cia tirng danh muc don nhu sau:

ROLA={1,1.2,0.3,0.3, 2, 0.5,0.4,0.4, 4, 0.3, 0.6, 0.6, 5, 1.1, 0.4, 0.4}

ROLB={2,0.2,0.3,0.3,5, 0.8, 0.3, 0.3}

ROLC=1, 1.05, 0.15, 0.15,2,0,0.2,0.2,3,0.9,0.3,0.3,4,0,0.3,0.3

ROLD={{1, 0.6, 0.45, 0.45},{3, 0, 0.9, 0.9}}

ROLE={{1, 0, 0.6, 0.6},{5, 0, 0.8, 0.8}}

Ta xay dung cay liét ké ban ddu nhu Hinh 2:

Null

A B C D E

Hinh 2. Cay liét ké ban ddu
+ D1 vao nhanh A ta tao duoc cac nhanh con AB, AC, AD, AE vé1 RO-list nhu sau:
ROLA={1,1.2,0.3,0.3, 2, 0.5,0.4,0.4, 4, 0.3, 0.6, 0.6, 5, 1.1, 0.4, 0.4}
ROLAB=2,0.2,0.7,0.3,5,0.8,0.7,0.3
ROLAC={1,1.05, 0.45, 0.15, 2, 0, 0.6, 0.2, 4, 0, 0.9, 0.3}
ROLAD={{1, 0.6, 0.75, 0.45}}
ROLAE={{1, 0, 0.9, 0.6},{5, 0, 1.2, 0.8}}
Nhanh AD bi loai sém vi ¢c6 ws < (0.3, ta ¢6 hinh minh hoa & Hinh 3.

Null
—
S /N\R
A B c D E
AB AC AD AE

Hinh 3. Cay liét ké khi di vao nhanh A
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Tiép theo, di vao nhanh con AB, hai nhanh con ABC va ABE dugc hinh thanh nhung
déu loai, va tuong tu cac nhanh AC, AE...

Cubi cung thuat toan két thiic khi khéng c¢6 nhanh méi duge sinh ra. HWOP,chira 4
mau trong sé chiém dung cao 1an luot 1a {AB, AC, AE, CD}.
3.  Két qua va thao luin
3.1. Co so thuc nghiém

Tt ca cac thi nghiém trong phan tiép theo déu dugc thyc hién trén mot hé thdng c6
cAu hinh CPU Intel Core i5 2.4 GHz, bd nhé RAM 8G, chay Windows 10 va st dung Java
JDK 23.0.2. Bang 3 sé trinh bay chi tiét vé cac CSDL.

Bdng 3. CSDL thuc nghiém

Tén S6 giao dich S6 danh muc
Mushrooms 8,416 119
Kosarak 990,002 41,270
Retail 88,162 16,470

O phan nay ching t6i trinh bay két qua thyc nghiém cua thuét toan HWOP-ROL so véi
thuét toan nén chung t61 goi 1a Baseline. Thuét todn Baseline dya trén hudng tiép can Eclat
khai thac tit ca cdc mau trong s6 pho bién sau d6 loc ra cic mau trong sb chiém dung cao.
Ca thuat toan Eclat va HWOP déu st dung ki thut nén bit v6i cau tric bit vector EIWS
(Nguyen et al., 2022), day 1a ki thuat nén bit hiéu qua nhat trén Eclat hién nay.

Trude khi khai thac, cac muc dugc tai sip xép (theo thir ty tir dién) va trong Eclat, muc
cling duogc sép theo d6 phé bién trudc khi nén 1én IT-tree. Vi vay, & goc nhin thuat toan,
phan b sinh trong s6 khong thay doi co ché cat tia cia UBWO hay ludng xir 1i chinh. Trén
co s d6, chung toi sinh ngdu nhién trong sé cac muc trong khoang [0.5,5] dbi vdi CSDL
thuc nghiém trinh bay trong Bang 3. Trudc khi thém trong s6 cho cac muc, cac

CSDL thyc nghiém nay 1a cac CSDL nhi phan 14y tr https://www.philippe-fournier-
viger.com/spmf/index.php?link=datasets.php
2. So sanh thoi gian thuc hién cua hai thudt todn

Mushroom

umtme (s)

®HNOPROL # Baseline «

Hinh 4. So sanh vé thoi gian giita 2 thudt todn trén CSDL Mushrooms

Eosarak

=

]
o e

o | ] )

eL=])

B
[
=

[=a]u]
1A

2
L]
[

200

) *oiOPROD “® Baseline ™ 02
Hinh 5. So sanh vé thoi gian giita 2 thudt todn trén CSDL Kosarak
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Lot etail

1200
1000

[
3
[

600

I
=]
[ ]

(=R

nuntime (s)
[}

LS s 0003 ..oz 0.0015

Hinh 6. So sanh vé thoi gian giita 2 thudt todn trén CSDL Retail

Két qua thue nghiém trong cac hinh 4-6 cho thay thuat toan HWOP-ROL t6i wu rat dang
ké vé mit thoi gian trong qua trinh khai thac mau trong sé chiém dung cao so voi thuat toan
nén tang.

Thuét toan giao gitra hai RO-list cling dugc xdy dung ti uu dé dat dugc do phic tap tuyén
tinh, gitip cho thuat toan hoat dong hiéu qua. Khi mé réng mau trong cung giao dich, wot dugc
cap nhat tic thoi nho so, gitip tranh bao ham—loai trir va khong phai doc lai giao dich. Két hop
v6i giao ROL tuyén tinh theo tid, phan 16i giam vé mot phép cong O(1) mdi 1an mo rong. Picu
nay li giai viecc HWOP-ROL duy tri thoi gian t6t hon Baseline trong cac thi nghiém.

3.  Sosanh By nh¢ ciia hai thuét toan
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Hinh 9. So sanh vé bé nhé gitta 2 thudt toan trén CSDL Retail
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So sanh vé thoi gian thuc thi cia hai thuat toan thé hién trén cac Hinh 7-9. Céc biéu
d6 cho thay uu thé cia HWOP-ROL so véi Baseline. Diéu nay c6 thé giai thich nhu sau: Cau
trac RO-list ctia HWOP-ROL c6 chi phi luu trit trén mdi node cao hon, do phai duy tri ba truong
thong tin (ro, wot, so) so v6i cau truc tidset co ban cua Baseline (Eclat) nhung giam ciu triic
trung gian nho cit tia va cap nhat O(1) do sir dung so.

4. Kétluan

Trong bai bao nay chung t6i di trinh bay mot bai toan m&i, véi cach tiép can méi vé
khai thac mAu trong s6 chiém dung cao trén WD. Dé giai quyét bai toan nay, ching toi da dé
xuat thuat toan méi mang tén HWOP-ROL. Bang cach st dung cau tric dir liéu RO-list va
ngudng chin trén UBWO. Céc két qua thuc nghiém vé thoi gian thyuc thi va b nhd déu cho
thdy su hiéu qua cta thuat toan dé xuat.

Trong thoi gian t&i, chung toi s& phat trién bai toan trén cac loai CSDL phirc tap hon
nhu CSDL c¢6 trong s6 dong, CSDL dinh luong. Ngoai ra chung toi sé tim cach cai tién
thém vé mat hiéu suat khai thac bang cach song song héa thuat toan.

< Tuyén bé vé quyén lgi: Tac gid xédc nhan hoan toan khéng cé xung dét vé quyén Ioi.

% Lo cam on: Nghién ctru nay duoc tai tro béi Truong Dai hoc Sai Gon theo dé tai CSB2025-01.
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ABSTRACT

High Occupancy Itemset (HOI) mining is an emerging research direction in data mining that
has garnered considerable attention. In contrast to frequent patterns, which are measured by their
occurrence frequency, HOIs are defined as itemsets that occupy a significant proportion of the
lengths of transactions in which they appear. While typically less numerous than frequent patterns,
HOIs often possess more meaningful characteristics, effectively supporting tasks such as data
analysis and visualization in intelligent systems. However, a key limitation of HOIs is that they only
consider the presence of items, failing to reflect the differences in importance or weight among them.
To address this limitation, this paper introduces the concept of High Weighted Occupancy Patterns
(HWOPs) and proposes the HWOP-ROL algorithm for their efficient discovery. Furthermore, we
introduce a tight upper-bound, named UBWO, to effectively prune the search space. Experimental
results on various benchmark weighted datasets demonstrate the superior efficiency of the proposed
approach when compared to a baseline algorithm.

Keywords: High Occupancy Pattern; high weighted-occupancy pattern; HWOP-ROL
algorithm; upper bound threshold of weighted occupancy (UBWO)
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