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Tém tit

Trong nhitng ndm gin ddy, bai toan khai thac cac mau hiru ich c6 trong s phd bién (FWUP), mét bién
thé cia cac mau phé bién, d thu hat dugce su quan tdm nghién cuu. Mot s6 thuat toan da duoc dé xuat dé
giai quyét van dé nay bang cach st dung co so dit liéu dinh lugng véi trong s6 ctia cac muc hang ¢ dinh
trong toan bd Co sd dit liéu (CSDL). Tuy nhién, trong thuc té, nhiéu yéu t6 anh huong dén trong sb cta
cac myc hang, va ching c6 thé thay ddi theo thoi gian dé phan anh cac diéu kién thuc té. Hon nira, viéc
khai thac FWUP truyén théng thuong tén nhiéu tai nguyén do sé lwong FWUP duoc tao ra phy thude
nhiéu vao ngudng khai thac. Trong bai bao nay, chung t6i gidi thidu bai toan khai thac cac mau déng hiru
ich co trong sb phd bién (FWUCP), day 1a mot dang c6 dong ma tir d6 c6 thé suy ra tat ca cac FWUP, tir
cac co s dit liéu dinh lugng dong — CSDL ma trong sb ctia cac muc hang c6 thé diéu chinh dwoc. Thuat
toan dé xudt NFWUCP sir dung ciu tric WUNList, mot phan m& rong cia cau trac N-list, dé khai thac
hiéu qua cac FWUCP. Céc két qua thuc nghiém cho thiy phuong phép dé xut hiéu qua hon vé thoi gian
thuc thi so véi thudt toan tt nhat hién tai.

Tir khod: khai thic mau phé bién; Mau phé bién dong;, CSDL dinh leong;, Mdu phé bién trong sé hiku ich.
Abstract

In recent years, the problem of mining frequent weighted utility patterns (FWUPs)-a variant of frequent
patterns-has attracted significant attention from the research community. Several algorithms have been
proposed to address this problem using quantitative databases in which item weights remain fixed across
the entire database. However, in real-world scenarios, various factors can affect item weights, and these
weights may change over time to better reflect actual conditions. Moreover, traditional FWUP mining
methods are often resource-intensive, as the number of generated patterns is highly sensitive to the chosen
mining threshold.

In this paper, we propose the problem of mining frequent weighted utility closed patterns (FWUCPs), a
condensed representation from which all FWUPs can be derived, from dynamic quantitative databases,
where item weights can be adjusted. The proposed algorithm, nFWUCP, leverages the WUNL.st
structure, an extension of the N-list structure, to efficiently discover FWUCPs. Experimental results
demonstrate that our approach achieves superior execution performance compared to the current state-of-
the-art algorithm.

Keywords: data mining; frequent weighted utility patterns; closed patterns; dynamic quantitative databases.
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NGUYEN DUY HAM va cong su TAP CHIi KHOA HOC TRUONG BAI HOC SAI GON

1. Giéi thiéu tong quan

Bai toan khai thac mau phd bién (FP-frequent pattern) 1a mot bai toan nén tang, quan
trong cua linh vuc khai thac dir liéu, cac két qua cua no c6 thé 1a input cho cac hé théng
thong minh. Do d6 n6 luén dugc nhan dugc sy quan tam nghién ctu. Agrawal va cac cong
su [1] d4 14n ddu tién gidi thiéu thuat toan Apriori dé khai thac FP. Ké tir d6, nhidu thuét
toan da duoc dé xuat dé giai quyét van dé nay, bao gdm FP-Growth [2], Eclat [3], PrePost
[4], va NSFI [5], cung nhiéu thuat toan khac.

Mac du khai thac FP c6 tinh irng dung cao, nhung n6 phai ddi mat véi thue té tao ra
mot s6 lwong 16n FP trong cac tmg dung thuc té. Diéu nay dan dén thoi gian khai thac cao
va bo nhé sir dung 16n. Dé giai quyét van dé nay, Pasquier va cac cong sy [6] d gidi thiéu
bai toan khai thac cac mau dong phd bién (FCP- Frequent Close Pattern). FCP 1 cic mau
phd bién ma khong c6 tap cha ndo co cung d6 hd trg. Piéu nay dan dén sé luong mau giam
dang ké, va diéu quan trong 13 tat ca cac FP ¢o thé duoc suy ra tir FCP. Do d6, khai thac FCP
1am giam sé luong mau duge khai thac. Nhiéu thuat toan hidu qua di duoc dé xuat dé giai
quyét bai toan nay, nhu: CHARM [7], DCI_Closed [8], NAFCP [9], va NEclatClosed [10].

Khai thac mau hiru ich c6 trong s6 phd bién (FWUP) 1a mot bién thé quan trong trong
co so dir lidu dinh luong. Khong giéng nhu co so dit lidu nhi phan, mdi giao dich trong co
s¢ dit liéu dinh luong luu trit s6 luong ctia mdi mat hang duwoc mua, véi mdi mat hang duoc
gin mt trong sd. Cac rang budc vé tan suat va trong s6 anh hudng dang ké dén do chinh
x4c cua viée trich xuat thong tin. Do do, khai thac FWUP tap trung vao vi¢c xac dinh céc
mAu vira pho bién vira c6 gia tri. Pau tién, nam 2008 Khan va cc cong su [11] da gi6i thiéu
bai todn nay vdi thuat toan Apriori-FWUI. Sau d6, mot s6 thuat toan khac hiéu qua hon da
duogc dé xuét, chang han nhu MBiS-FWUI [12], WUN-Miner [13], va FWUP-SWUNL [14].
Gan ddy, Nguyen va cac cong su [15] dd mo rong khai niém nay béng cach dé xudt khai thac
FWUP trén cac co sé dir li¢u dinh luong dong, Ia CSDL ma trong s6 cua cac muc c6 thé thay
d6i. P& xuat nay dua trén quan sat rang trong s6 cia cac muc thudng thay d6i do cac muc
dich thuc t& khac nhau. Vi du, trén cac nén tang thuong mai dién tir, gia san pharn thuong
giam trong nhitng ngay khuyén mai hoic cac sy kién dic biét va c6 thé ting khi cac mat
hang dang 1 xu huéng hodc c6 ngudn cung han ché. Dé giai quyét vin dé nay, cac tac gia
da dinh nghia lai cong thuc trong s6 hitu ich va dé xuét hai thuat toan, dFWUT va dFWUNL,
su dung cac cAu trac dit liéu tidset va WUNList.

Trong bai béo ndy, chung t6i gidi thiéu bai toan “Khai thac mau déng trén CSDL dinh
luong dong”, duge goi 1a mau dong hitu ich co trong sé dong (FWUCP — Frequent Weighted
Utility Close Pattern). FWUCP 1a cac mau dai dién cho FWUP ma khong co tap cha nio co
cung d6 hd tro hiru ich v6i nd. Tir tap hop ¢d dong cac FWUCP nay, ngudi dung co thé suy
ra tip hop day dii cac FWUP cung v6i cac gia tri hd tro hitu ich ¢é trong sb twong Gmg ctia
ching.

Dé giai quyét hiéu qua bai toan ndy, chiing t0i sir dung céc chién luoc cét tia téi vu
khong gian tim kiém trong qué trinh khai thac, dong thoi dé xuit mot thuat toan méi
NFWUCP dua trén cdu trac dir liéu WUNIist [13][15] 12 mot bién thé cia cdu triic N-List da
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duogc Deng gidi thi€u tai [4], day 1a cAu tric hiéu qua nhét cho cac bai toan khai thac mau
hién nay. Sau d6 chiing t6i tién hanh danh gié trén cac b CSDL dé xac dinh tinh hi¢u qua
ctia phuong phap dé xuét.

Chung t6i t6 chirc phan con lai cta bai bio nay nhu sau. Phan 2 danh gia cac cong
trinh lién quan trong linh vyc. Phan 3 gi6i thiéu bai toan khai thac FWUCP trén co so dir
lidu dinh lwong dong va cau tric dir liéu WUNList. Phan 4 mo ta ba chién luoc cit tia dugc
dé xuét va thuat toan NFWUCP, kém theo céc vi du minh hoa. Phan 5 thao luan vé két qua
thue nghiém, va Phan 6 két luan bai bao véi nhitng hiéu biét chinh va dé xuét cac hudng
nghién clru trong tuong lai.

2. Nghién ciru lién quan
2.1. Miu phd bién dong

Trong khai thac mau téng quat, ) luong mau duoc tao ra thuong rat 16n, dan dén mot
tap hop dau ra dang ké c6 thé chira nhiéu mau du thira, vn c6 thé khong co gia tri ddi véi
ngudi dung. Nhan thiy van dé nay, Pasquier et al. [6] d3 gidi thiéu bai toan khai thac mau
dong phd bién. Mot mau duge coi 1a dong néu khong ton tai siéu tap hop ndo ¢ cung tan
suat, diéu nay lam giam dang ké s6 lwong miu so véi cac FP. Cac mau dong cung cap cho
ngudi dung két qua cé ¥ nghia hon, khong du thira, va tat ca cac FP ¢ thé duogc suy ra tir
FCP. Dé giai quyét bai toan nay, céc tac gia da dé xuat thuat toan A-Close, dua trén phuong
phap Apriori. Tuy nhién, tiép can nay khong hiéu qua vi no quét co s dir liéu nhiéu 1an va
tao ra v sb ung cu vién. Dé cai thién hiéu qua, nam 2000 Pei va cac cong su [18] da dé xuét
cac thuat toan CLOSET, nam 2003, Wang va cac cong su [19] dé xuat CLOSET+ la mot cai
tién cia CLOSET [18]. Sau d¢, céc thuat toan CHARM [7] di chuyén tir biéu dién co so dit
liéu ngang sang doc, tao cAu truc tidset dé khai thac FCP. CHARM st dung cau trac IT-tree
theo tiép can Eclat[3] cing voi bang bam dé luu trit va loc hiéu qua cdc mau khong dong.
Sau d6, Le va Vo [9] da dé xuat thuat toan NAFCP, sir dung cach tiép can lai dé khai thac
FCP. NAFCP sir dung ciu trac N-list [4] két hop v&i cac dinh 1y dé nhanh chong kiém tra
xem N-list ctia mdt mau c6 phai 14 tp con ctia mau khac hay khong.

Bén canh d6, viéc khai thac mau phd bién trén CSDL dinh lugng (FWUI) ciing 1a mot
huéng dugce nhan dugce nhiéu quan tim, tir nhitng nghién ctru dau tién dit nén moéng cho bai
toan nay nhu Khan va céc cong su [11], sau d6 Nguyen va cac cong sy dé xuit ciu trac Bit
vecto [12] dé giam khong gian luu trit tidset cho cac tdp muc theo hudng tiép can Eclat [3].
Céc nghién ciru tiép theo [13-16] theo hudng tiép can N-list [4]. Gan day Nguyen va cac
cong su [17] dé xuit mot cAu trac bit EIWS mé rong t8i wu dé khai thac hi€¢u qua FWUI trén
CSDL phan cap.

Céu tric N-list ¢6 wru diém nho kha ning nén dir lidu, dic biét trén cac tap dir lidu day
dic. Gan day hon, nam 2021 Aryabarzan va cac cong sy da dé xuét thuat toan NeclatClosed
[10], dya trén thuat toan Eclat, dé khai thac FCP. Két qua thuc nghiém cho thiy
NEclatClosed hiéu qua hon cac thuat toan trudce day vé ca thoi gian khai thac va mirc st
dung bo nhd.
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3. Thuit toan khai thic miu déng trong s hiru ich trén CSDL dong — nNFWUCP

3.1. Phat biéu Bai toan

Dinh nghia 1. (Co s¢ dit liu dinh lvgng dong) Co s¢ dir liu dinh lugng dong (dQDB)
lamotdang (T,1, DW), trongdo T = {ty, t,, ..., t,} la MOt tap hop cac giao dich dinh lugng
(m 14 sé lwong giao dich), I = {iy, iy, ..,i,} 12 mot tdp hop cac muc trong mdi giao dich (n
la s Twong muyc), va DW = {dw,, dw,, ..., dwy,} } 1a mot tap hop céc trong s6 (p 1a sb luong
16). Moi giao dich t; = {Xj1, X2, - ) Xkn }, trong do X, cho biét s6 lugng muc i duoc mua
trong giao dich tk va twong tng véi dwj € DW. Mo 16 dw; = {wy, Wy, ..., wy,} 1a mot tap hop
cac trong s6 cuia cac muc. Moi giao dich c6 mét dinh danh duy nhét duogc goi la Tid.

Trong bai toan nay, “dong” dé cap dén trong s6 ctia mot muc khong duogc coi 1a mot
thudc tinh tinh, ma 1a mot thudc tinh c6 thé thay ddi ngay tu dAu trén cac giao dich khac
nhau. Do d6, cac cong thirc tinh toan cho cac sé do lién quan dén tién ich cé trong sd trong
bai toan dugc diéu chinh mot cach linh hoat dé phu hop véi su khong dong nhét nay trong
trong sd ctia cic muc trong mot quy trinh khai thac duy nhat.

Bang 1. Mot vi du vé CSDL dinh lwong déng (dQDBy).

A B
CSDL giao dich Trongsdé | A | B | C | D | E

Giaodich | A |B | C | D | E | Trong sb dw; [03[05|02[04]|0.7

t, 1 (02|31 dw, |04[03|04/02/(03

t, 0 |2|1]0|2]| dw,

ts 2 o101

ty 10320

ts 31121 dw,

te 112|2]|0(3

Vi du 1. Bang 1 trinh bay mét vi du vé CSDL dinh luong dong (dQDBg). C6 séu giao
dich {ty,t;, t3, t4, ts, ts } Va ndm mat hang (muc) {4, B, C, D, E}, véi dinh lugng giao dich
trong Bang 1A. Bang 1B | tap trong sé cia c& muc hang cho mdi 18. Giao dich ¢, t,, t5 €O
tap trong s6 dw; = {0.3,0.5,0.2, 0.4, 0.7}, va tap trong s6 cho cac muc cia cia giao dich
ty, ts, tg la dw, = {0.4,0.3,0.4,0.2,0.3}.

Pinh nghia 2. (Trong sé hiru ich caa giao dich) [11] Trong sé hiru ich (twu) cua
mét giao dich t,, véi tap trong s6 dwy, duoc dinh nghia nhu sau:

ZijEtk Wpij X xki]’
129

Vi Wpi; € dwy, la trong s6 ciia muc i, Xki la s0 lugngc cua muc i; trong ty, va |tx|

twu (tk) =

(1

1a tong s6 muc trong ty,.
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Pinh nghia 3. (P hd tro trong sé hiru ich) [11] it sumtwu = Xty edops twu(ty)
la téng cua twu trong CSDL. Po hd tro trong s6 hitu ich (wus) ciia mdi mau P duoc dinh
nghia nhu sau:

Yt etcp) twu(ty)
sumtwu

wus(P) = 2

Trong do, t(P) la tap céc giao dich chira P. t(P) con duoc goi la tidset cia mau P.

Bang 2. Gia tri twu va wus ciua dQDBg.

A B
Giao dich twu Muc wus
t1 0.65 A 0.78
t, 0.87 B 0.53
ts 0.50 C 1.0
ty 0.67 D 0.47
ts 0.52 E 0.83
te 0.68
Sum of twu values (sumtwu) 3.89

Bang 2 chi ra gia tri twu cua céc giao dich va wus caa cac muc trong dQD Bg. Vi du,
giao dich t; ¢6 twu(t;) =(03%x14+02%x2+04%x3+0.7%x1)/4=2.6/4=0.65
(theo cbng thic 1). Muc B xuét hién trong ba giao dich t,, ts, ts, Nén wus(B) =
[twu(ty) + twu(ts) + twu(ty)]/sumtwu = (0.87 + 0.52 + 0.68)/3.89 = 0.53  (Theo
cong thtrc 2).

Pinh nghia 4. (MAu phé bién trong sé hiru ich) [11] Cho truéc mét gié tri minwus
va mot mau P € I, néu wus(P) > minwus, thi P duoc goi 1a mau phd bién trong s hiru
ich theo ngudng minwus.

Pinh nghia 5. (Bao déng) Bao dong ctia mau P € I, dinh nghia 13 ¢(P), La mot mau
Q < I 16n nhat sao cho P € Q and wus(P) = wus(Q). c¢(P) ciing bang giao ciia cac giao
dich chira P: c(P) = Nker(p) ti-

Vi du 2. Trong dQDBg, ta c6 BCE 1a miu 16n nhit chira muc B, nén wus(BCE) =
wus(B), do d6 c(B) = BCE. No6i cach khac, c(B) ¢6 thé duoc tinh = t, N ts N tg = BCE.

Pinh nghia 6. (Miu déng) Cho mot mau P € I, P duoc goi 1a mau dong néu va chi
néu c(P) = P.

Vi dyu 3. Trong dQDBg, mau B khong 1a mau dong do c(B) = BCE # B, Con BCE la
mot mau dong do ¢(BCE) = BCE.
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Pinh nghia 7. (Mau phé bién treng sb hitu ich déng) Cho mot mau P < I l1a mot
mau phd bién trong sb hitu ich (FWUP), P dwoc goi 1a mau phd bién trong sb hiru ich dong
(FWUCP) khi va chi khi khong ton tai mot mau Q sao cho P € Q va wus(P) = wus(Q).

Vi du 4. Trong dQBDg v6i minwus = 0.5, BCE la mét FWUP do wus(BCE) =
0.53 > minwus. Trong vi du 3 ta da chi ra (BCE) = BCE nén BCE 1a m¢t FWUCP.

V6i ngudng hd trg trong s6 hitu ich t6i thiéu do ngudi ding dwa ra (minwus). Bai toan
khai thac cac mau pho bién trong s htru ich dong tir co sé dit liéu dinh luong dong 1a tim
tat ca cac FWUCP c¢6 gia tri ho trg tién ich c6 trong so (wus) khong nho hon minwus.

3.2. Thuat toan nFWUCP (N-List Frequent Weighted Utility Close Pattern)
a. Cdu tric WUNL st

Nguyen va cong su [15] di d& xuét cdu trac WUNLIst cho khai thac FWUPs tir CSDL
dlnh lugng dong Qua do tap thé tac gia ciing da dé xuat WUN-tree, 1a mot cdu triic cay bao
gébm mot nit gbc va mot tp hop cac nat con. Mdi nit duy tri nam thudc tmh {name,
weighted, pre, post, va child} twong tmg véi tén cia muc duoc biéu dién, tong s6 twu cta
cac giao dich di qua nut, trinh ty duyét trudc va sau cia nut, va cac nit con cua nut do.

Thuat toan xay dung cdy WUN-tree dugc Nguyen va cong su [15] dé xuét, gom ba
budc chinh. Bude I: quét toan bd CSDL dinh luong dong dQDB mat lan duy nhat dé tinh
gia tri wus cua ting muc, sau d6 chon cac muc c¢6 wus > minwus dua vao tap I va sép Xép
giam dan theo wWus.

Burée 2: véi méi giao dich t € dQDB, loai bo cac muc khong thude 71, S'Zip xép cac muc
con lai theo thir tu cda 77, r61 cheén tuan ty vao cdy bat dau tir nit goc. Khi chén mét giao dich,
néu nit con tuwong ung da ton tai thi cdng don gia tri twu ctia giao dich vao trong so (weight)
cta nut do; nguoc lai, tao nit con mdi voi weight dugce khai tao bang twu cta giao dich.

Burée 3: duyét cay theo thir tw pre-order va post-order dé gan gia tri pre va post cho
moi nut, phuc vu viéc xac dinh quan hé t6 tién — con chau (Dinh 1y 1).

Chi tiét thuat toan c6 thé tham khéo trong [13]

Bang 3. dQDBg voi minwus = 0.5.

A B
CSDL sau khi sip xép lai cac muc I,
Giao dich C E A B b twu Muc wus
t, > 1|10 s 0.65 c 1
t, 1 2 0 2 0 0.87 E 0.83
s 1 [ 1] 2]0]oe 0.50 A 0.78
t, 3 o] 1] 0] 2 0.67 B 0.53
ts 1 1 3 1 2 0.52 D 047
te 2 3 1 2 0 0.68
Tong coa cac twu (sumtwu) 3.89
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WUN:-tree duoc xay dung tir dQD B v&i minwus = 0.5 nhu sau: dau tién, quét CSDL
dé tinh gia tri wus cua mdi muc va luu FWUPs (1-FWUPS) vao tap I; (Bang 3B). Tiép theo,
mdi muc trong cac giao dich dwoc sip xép giam dan order dwa trén gi tri wus caa ching,
cac muc khoéng thudc I; s€ bi bo ra khoi bang (Bang 3A). Muc Dbi loai khoi bang do khéng
thugc 11. Céc giao dich duoc sap xép sau dé dugc thém tuan tu vao cay. Sau dé, duyét WUN-
tree dé thém céc gia tri pre va post cho mdi nat. Cudi ciing, cdy WUN két qua duoc hién thi
trong Hinh 1.

Null
0, 6)
C: 3.89
(1,5)
/\
E:3.22 A: 0.67
2,3 6,4)
A: 235 B: 0.87
3,1 (5,2)
B:1.2
4, 0)

Hinh 1. WUN-tree véi minwus = 0.5.

Pinh nghia 8. (WUN-code) [13] Cay WUN-tree, mdi WUN-code ciia mot node N la
mot bo ba (N.pre, N.post, N.weight).

Pinh ly 1 [15] Cho hai node N; va N, trén cdy WUN-tree. N; duoc goi 1a t6 tién cua
N, néu va chi néu N;.pre < N,.preva N;.post > N,.post.

Vi du 5. Tir cdy WUN-tree Trong Hinh 2, hai node C va E ¢c6 WUN-codes lan luot Ia
(1,5, 3.89) va (2, 3, 3.22). Node C 1a t6 tién cia node E vi C.pre (= 1) < E.pre (= 2) va
C.post (=5) > E.post (= 3).

Pinh nghia 9. (WUNList of 1-pattern) [13]: WUNList cua 1-pattern X, ky hiéu la
wunl(X), 1a mot diy cac ma WUN duoc sap xép theo thir ty tang dan dya trén gia tri pre cua
nat dai dién cho muc X trén cady WUN.

Trong qua trinh khai thac mau pho bién, ta can tinh wus caa cac mau c6 kich thuéc
tang dan: 1-pattern — 2-pattern — 3-pattern — ... Nhung viéc tinh wus cho mdi mau méi
bang cach quét lai CSDL la rat ton kém. WUNList 1a mét cAu trdc dit liéu nén luu thong tin
ciia mot mau trén cdy WUN-tree. M&i WUN-code (pre, post, weight) cho biét: tai nat cé
trinh ty duyét trude = pre va trinh tu duyét sau = post, mau dé xuat hién véi trong sé weight.
Tir WUNList c6 thé suy ra wus caa mau ma khdng can quét lai CSDL.

Thuat toan tinh giao cac WUNIist dugc trinh bay cu thé trong [13].

36



NGUYEN DUY HAM va cong su TAP CHIi KHOA HOC TRUONG BAI HOC SAI GON

Pinh nghia 10. (WUNL.ist cia k-pattern) [13] Cho Px va Py la hai (k-1)-patterns
cling tién té P, va y dung trudc X trong tap 1 (kY hiéu 1a y< xy <x). wunl(Px) va wunl(Py) Ian luot
la cac WUNList cua Px va Py . WUNL.st caa k-pattern Pxy, ky hiéu wunl(Pxy), duoc tinh nhu sau:

1. V&i mdi WUN-code Cu € wunl(Px) va Cv € wunl(Py), néu Cv 14 té tién cua Cu,
thi thm WUN-code (Cv.pre, Cv.post, Cu.weight) vao wunl(Pxy).

2. Gop tat ca cac WUN-code trong wunl(Pxy) c¢é cling gid tri pre lai thanh mot WUN-
code duy nhat, vai gia tri weight méi bang tong cac trong s6 (weight) caa cac WUN-
code da duogc gop.

Pinh ly 2 [13]. Gia st c6 mau P v46i WUNList 1a wunl(P) =
{(pre,, post,,weight,), (pre,, post,, weight,), ..., (pre,,, post,,, weight,,)}. Do hd tro
trong sb hitu ich cua P - wus(P), dugc tinh:

. weight;

(3)

Vi du 6. WUNLIist caa mau B 1a wunl(B) = {(4, 0, 1.2), (5, 2, 0.87)} va sumtwu =
3.89. Theo dinh ly 2, ta c6 wus(B) = (1.2 + 0.87)/3.89 ~ 0.53.

wus (P) - sumtwu

Dua trén Dinh 1y 2, ching ta c6 thé tinh toan wus ciia mot mau bat ky tt WUNList ctia
n6. Mot miu phd bién trong s6 hiru ich (FWUP) s& duoc xac dinh 1a mau dong (FWUCP)
néu n6 théa min Pinh nghia 6 va 7 & trén.

b. Thuat toan NFWUCP

Dua trén thuat toan xay dung cady WUN- tree va thuat toan tinh giao ciia 2 WUNList,
ching t6i dé xuét thuat toan khai thic miu déng trén CSDL dinh lugng dong theo dinh nghia
7 trong Hinh 2.

Algorithm 6. nFWUCP

Input: A dynamic quantitative data stream dQDB and a user-given threshold minwus;
Output: A set of frequent weighted utility closed patterns FWUCPs

1. R « Construct-WUN-tree(dQ DB, minwus)

Traverse the WUN-tree R to create WUNL.st for items in I;
FWUCPs < @

Mine-FWUCPs(9, 9, 1,)

o~ w N

Return FWUCPs

Procedure Mine-FWUCPs(Prefix, S, C)

1. Prefixges: < Prefix
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

2. fori « |C| — 1 downto 0 do
3.
4,

for j « i —1 downto 0 do
if PTP[C;][C;]/sumtwu < minwus then continue
if C; € C;. Enc then
Snext < Snext YU C;
if C;. wus = Cj.wus then
Remove C;
i--
continue
Cand < C;
Cand.wunl < WUNList-Intersection(C;. wunl, C;. wunl)
if Cand.wunl # NULL then
Cand.Enc « Ci.Enc U (. Enc
Crext < Cand U Cpex;
P « Prefixpext U Spext, P-wus « Ci.wus
if P is closed pattern in FWUCPs then
FWUCPs « FWUCPs U P
Mine-FWUCPS(Prefixpext Snexts Cnext)

Remove last item of Prefix, oy

Hinh 2. Thudt todn khai thac méu phé bién déng trén CSDL dinh lwong dong

Ngoai viéc cét tia can trén trong qué trinh tinh giao cac WUNLIst (dong 12) dugc trinh

bay chi tiét trong [13]. Thuat toan nFWUCP dé xuét 2 chién lugc cat tia khong gian tim kiém
gitip giam dang ké thoi gian khai thac mau.

(i) Tir dong 5-11: Cit tia bao dong dya trén tap Enc. Mdi mau C duy tri mot tap C. Enc

chira cac myc bi bao déng bai C. Khi xét hai mau C; va C; véi C; € Ci. Enc, néu wus(C) =
wus(C) thi G bi bao trum bdi C; U C), do d6 C; khong thé 1a FWUCP va bj loai khoi danh
sach umg vién ngay (khong can mé rong tiép). Khi sinh mau méi Cand tir C; va C;, gan
Cand.Enc «— C..Enc U C;.Enc d tich lily thong tin bao dong cho cc budc dé quy sau. Chién
lwgc nay giam manh sé phép giao WUNList can thuc hién.
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(i) Tur dong 13-18: Cit tia dwa vao kiém tra siéu tap trung wus. Trude khi thém méu
P vao tap két qua FWUCPs, thuat toan kiém tra: néu ton tai Q € FWUCPs sao cho P c Q va
wus(P) = wus(Q), thi P khong phai FWUCP va bi loai. Viéc kiém tra duoc tang tdc bang (1)
bang bam theo wus dé chi so sanh cic mau cung wus, va (2) tap P.Enc di tich liy tir Chién
lugce (i) — chi can kiém tra cac mau Q S P U P.Enc thay vi duyét toan bo FWUCPs.

4. Experiments

Béang 4. M0 ta dir liéu thuc nghiém.

CSDL S6 muc S6 giao dich S6 giao dich mot 16
Pumsb 2,113 49,046 3,000
Accidents 468 340,183 5,000
Retail 16,470 88,162 10,000
BMS-POS 1,657 515,597 50,000
Kosarak 41,270 990,002 100,000
Chainstore 46,086 1,112,949 80,000

Trong phan nay, ching toi so sanh thuat toan dé xuat NFWUCP & trén véi mot phién
ban diéu chinh cua thuat toan FAST_MINE_FWUI [17], ma ching tdi tam goi la eFWUCP.
eFWUCP dugc stra doi dé khai thac mau dong va sir dung ciu trdc EIWS cua thuat toan goc.
eFWUCP — 14 thuat toan khai thac mau phd bién hiéu qua nhat theo chiéu doc véi ciu tric
EIWS [17] dugc dé xuit nim 2022. eFWUCP duge diéu chinh dé phi hop cho viéc khai
thac mau dong trén CSDL dong ma khong 1am phat sinh thém do phic tap tinh toan trong
qua trinh khai théc.

Cac thuat toan duoc lap trinh bang ngdn ngit C# 2022 trén nén .NET Framework phién
ban 4.7.2. Viéc thur nghiém duogc thuc hién trén may tinh sir dung bo xu ly Intel Core i5-
9400F 2.9GHz, RAM 32GB, va hé diéu hanh Windows 11.

Céc tap dir liéu thuc nghiém dugc mo ta trong Bang 4. Tap di liéu Chainstore dugc
ldy tir thu vién ma ngudn mé SPMF (https://www.philippe-fournier-viger.com/spmf/), con
cac tap dix liéu khac duoc Iy tir kho dit liéu FIMI (http:/fimi.uantwerpen.be/data/).

Pé md phong co s dir lidu dinh luong dong, sé luong ciia mdi mat hang xuat hién
trong giao dich duoc sinh ngau nhién trong khoang [1, 10]. Méi tap dit liéu dugc chia thanh
nhiéu 16 (batch), mdi 16 chtra s6 lwong giao dich bang nhau, trir 16 cudi cung c6 thé chira sb
giao dich con lai. Trong s cua ting mat hang trong mai batch ciing duoc gan ngau nhién
trong khoang [1, 10].

Vi ca hai thuat toan eFWUCP va nFWUCP déu khai thac dy dua va chinh xéac céc
FWUCP, nén ching t6i so sanh hiéu nang cua chung dua trén hai tiéu chi thoi gian chay
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Hinh 4. So sanh thoi gian chay trén hai CSDL RETAIL va BMS-POS (thang do L0g?)

KOSARAK

0.2 0.17 0.13 0.1 0.08
Minwus

=@=nFWUCP =@=cFWUCP

CHAINSTORE

600

—
< 400
[<5)
£ 200
)
0
02 017 013 01 0.08

Minwus

=@=nFWUCP =@=cFWUCP

Hinh 5. So sanh thei gian chay trén hai CSDL KOSARAK va CHAINSTORE

Két qua thyc nghiém tir Hinh 3 dén Hinh 5 cho thy thoi gian khai thac cta hai thuat
toan tang khi ngudng minwus giam. Diéu nay 1a hop 1y do khi ngudng giam thi khong gian
tim kiém 16n hon va s6 luong FWUCP duoc sinh ra nhiéu hon do d6 doi hoi nhiéu thoi gian

tinh toan hon.

Thuét toan nFWUCP thé hién su vuot troi & tat ca cac CSDL thuc nghiém, trén ca cac
dit liéu day va thua. Khi ngudng minwus giam xudng khoang cach chénh 1éch cia hai thuat
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toan cang 16n, chirng té sy hi€u qua vuot trdi cuia nFWUCP véi khong gian tim kiém 16n,
kha ning mo rong trén cac CSDL 16n va phtc tap hon s& c6 hiéu qua t6t hon. Diéu nay 1a
do su hi€u qua cua cAu tric WunList — mot m& rong cua cAu tric N-List nho kha nang nén
thong tin va tinh toan giao tap hop nhanh chong. Cac chién lugc cét tia duoc tich hop trong
thudt toan giao WUNList [13] gitp loai bé sém cac nhanh khong tiém ning, tir d6 giam dang
ké khong gian tim kiém va tiét kiém thoi gian tinh toan so v6i cach tiép can cia FWUCP,

5. Két luén

Trong bai bao nay, chiing t6i da gidi thiéu bai toan khai thac cac mau dong trén CSDL
dinh lugng dong. Cac FWUCP doéng vai tro nhu mét dang nén gon cua FWUP, giup giam
s6 lwong mau dugce sinh ra nhung van bao toan toan bd thong tin quan trong, tir d6 tiét kiém
tai nguyén trong ca qua trinh khai thac va luu trit. Dé giai quyét bai toan nay, ching t6i da
dé xuat mot thuat toan mang tén NFWUCP nham khai thac FWUCP mét cach hiéu qua, su
dung cau trac dir lieu WUNList.

Sy hiéu qua ctia nFWUCP thé hién 16 trén ca cac CSDL thua nhu Retail va Kosarak,
1an cic CSDL day nhu Pumsb. Diéu nay dic biét c6 y nghia vi cac CSDL day thuong 1a
thach thire 16n ddi voi cac thuat toan khai thac mau do su bung nd to hop clia cac mau con.
Két qua nay cho thiy cau traic WUNList va cac chién lugc cat tia cia nFWUCP hoat dong
hiéu qua trong nhiéu kich ban dir liéu khac nhau.

Hudng phat trién trong twong lai, ching t6i du dinh s& kham pha thém cac k¥ thuat
méi dé nang cao hiéu suét khai thac FWUCP. Ngoai ra, chiing t6i s& nghién ctru dé trién khai
cac phuong phép song song va phan tan trong thuat toan NFWUCP nham ting tdc khai thac
trén cac co s¢ dir li¢u quy mo 1on.

“Loi cam on: Bai bao nay 1a san pham ctia dé tai nghién ctiru ma s CSA2024-01 duoc tai
tro boi Truong Dai hoc Sai Gon™.
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