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TOM TAT

Khai thac cac mau 1a mét trong nhitng bai todn co ban cua khai thac diz liéu hién dai. Trong
d6 khai thac mau trén cac logi co sé dit liéu cé dinh lrong (Frequent weighted patterns -PWPs) 1a
m¢t bai toan quan trong cua khai thac mau, ddy la bai todn nham tim ra c&c mau pho bién trén co
s¢ dir liu (CSDL) dinh lirong. Tuy nhién cac nghién cizu hién tai chica quan tam dén cic CSDL dinh
lirong ¢6 sur thay doi trong sé cua cac muc (dynamic weighted Database - dWDB). Trong thuc té,
nhiéu CSDL ma trong sé cia cac muc cb thé thay doi theo thoi gian, khi trong sé cia cac muc dai
dién cho mize do quan trong nhu loi nhudgn cua cac mat hang hay mize dé quan trong cua cac mat
hang trong tirng thoi diém nhdt dinh (Vi du may lanh sé diroc ban nhiéu vao mua hé, khau trang y té
sé c6 vai trd quan trong trong cdc dot dich thdng qua dirong hd hdp...). Trong bdi bédo nay, triréc hét
chiing tdi gidi thidu mét bai toan mdi vé khai thac PWPs véi cc muc c6 trong so dong tir co sé dir
lieu dinh lwong - CSDL dinh lwong dong. Tiép theo, mét thugt toan goi la dFWNL dwoc phét trién
s dung cau tric dir liéu méi la dWNList dé khai thac PWPs tir dWDB. Cugi cing, ching toi thuc
hién theec nghiém trén nhiéu dWDB khdc nhau dé chimg minh hiéu qud cua cac thuds rodn dé xuat.

Tir khod: CSDL trong sé dong; mau phd bién; ciu trac WNIist; CSDL trong sé

1. Giéi thieu
1.1. Téng quan vé bai toan Khai thac mdu phé bién

Khai thac mau phé bién (Frequent Pattern Mining) lan dau tién dugc Agrawal va cong
su (Agrawal et al., 1993) gigi thiéu va da tré thanh mot van dé quan trong trong khai thac
dir liéu. C6 nhiéu thuat toan hién co dé Khai thac mau phd bién mot cach hiéu qua nhu
Apriori (Agrawal et al., 1993; Agrawal & Srikant, 1994), FP-Growth (Han et al., 2000),
Eclat (Zaki, 2000), PrePost (Deng et al., 2012), va NSFI (Mo et al., 2016).

Mau c6 trong s6 phé bién (FWPs): Trong do, co sé dit liéu duoc quét mot lan dé tao
cac tap hop ID giao dich (tidsets) theo phuong phap Eclat (Tao et al., 2003; Vo et al., 2013;
Lee et al., 2017; Nguyen et al., 2016; Nguyen et al., 2022) hoic quét hai lan dé tao cu tric
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cay FP theo phuong phap FP-growth (Bui et al., 2018; Vo et al., 2020; Baek Y et al., 2020;
Kim et al., 2021; Bui et al., 2021). Trong bai toan khai thac mau c6 trong s phd bién, cac mat
hang c6 trong s khac nhau. Trong sé biéu thi tim quan trong cia mot mat hang, va cac mat
hang trong co s& dit liéu giao dich c6 thé c6 ¥ nghia khac nhau. Vi du, trong cac @ng dung
thuc té, mot sé san pham xuét hién it phd bién hon trong giao dich nhung mang lai gia tri
doanh thu 16n hon cac san pham khac, hoic trong khai thac cac mau duyét web, céc trang
web c6 muc do quan trong khéac nhau. Bai toan khai thac mau c6 trong sé phé bién 1a tim tat
Cca C4c mau cd do hd tro ¢ trong sb thoa man mot ngudng cho truge. Cac hé thdng thong
minh nhu phan tich dit liéu thi trudng va phan tich dit liéu y sinh déu c6 thé tan dung viéc
khai thac mau c6 trong sb phé bién.

Céc thuat toan khai thac FWUP hién c6 duogc thuc hién trén co so dir liéu ma gia tri
trong s6 cua mat hang 1a ¢ dinh va khong thay d6i theo thai gian. Tuy nhién, trong thuc té,
tam quan trong ciia mdi mat hang c6 thé bi anh huéng bai nhiéu yéu té khac nhau, chang
han nhu thay d6i hanh vi nguoi tiéu dung hoic thay di chién lugc kinh doanh. Van dé nay
c6 thé dan dén viéc trong s cua mdi mat hang can duoc diéu chinh cho phu hop. Vi du, quan
40 Am thuong ban rat chay vao dau mua dong, hodc cac dot giam gia 16n, thanh Ii san pham
cii dé ra mat san pham méi, ngoai ra con phu thudc vao céc yéu té khac. Do do, viéc danh
gia va thay d6i trong s6 cho mot mat hang cu thé tai cac thoi diém khac nhau 1a diéu ma cac
g dung yéu cau. Ngoai ra, viéc dit trong sé cho cac mat hang c6 thé nham muc dich thuc
hién cac chién lugc canh tranh trong kinh doanh tai mot thoi diém, hoic cing mét mit hang
ban & cac noi khac nhau c6 gia khac nhau. C6 nhiéu i do khién cuing mot mat hang cé trong
s6 thay ddi trong mdi don hang. Viéc bo qua nhimg dic diém d6 1am cho cac thuat toan khai
thac FWP hién tai khdng thé &p dung cho céc co s dit liéu thuc té, hodc két qua khong nhu
mong doi.

Trong bai bao nay, chung t6i dé& xuét bai toan khai thac mau phd bién trén CSDL trong
s6 dong va dé xuat thuat toan hiéu qua dé giai quyét, ddng thoi thuc hién cac thuc nghiém
trén nhiéu bo dit liéu mau dé chang minh tinh hiéu qua cia phuong phap dé xuét.

1.2. Co sé i thuyét va nghién ciu lién quan
a. Co 56 i thuyét
Mot bo ba (T, I, W) dugc goi la co so dir ligu dinh luwong. Trong do:
« Giao dich dinh lugng la mot tap hop T={t,to,...,tm}
« Céc mat hang trong mai giao dich la mét tap hop 1= {isiz, ..., in}
« VaW latap hop cac trong sb twong tng cua I, W = {wi, wz, ...,wn}a tap hop trong sé
cua cac mat hang.

Bang 1 trinh bay mét vi du vé co sé dit liéu dinh luong. Co s dir liéu ndy bao géom
tong cong nam giao dich ty, to, t3, ts, ts dugc tao tir tap hop cdc mat hang A, B, C, D, E vaéi
trong sb twong tng 12 0.3, 0.5, 0.2, 0.4, 0.7.
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Bdng 1. Vi dy vé CSDL dinh lwong

A B
CSDL giao dich Trong s6 muc
Giao dich A B C D E Muc Trong sb

t1 1 0 1 0 1 A 0.3
t2 0 1 1 0 1 B 0.5
t3 1 0 1 0 1 C 0.2
ts 1 0 1 1 0 D 0.4
ts 1 1 1 1 1 E 0.7

Vi du chi tiét, giao dich thtr 2 (t2) = 0,1,1,0,1 ¢6 nghia la khach hang dd mua mot mit
hang B, C va mat hang E.
Trong muc nay, chung tdi dinh nghia cac khai niém co ban dugc stir dung trong bai béo
nay va mo ta bai toan khai thac cac mau phd bién trén CSDL dinh lwong dong.
Mot s6 dinh nghia vé CSDL dinh lugng:
Dinh nghia 1. Trong sb cua giao dich tk dugc tinh nhu sau:
Lijesto W) (1)
ISl ’ ﬂ
trong d6 ij va w; lan luot Ia mdt muc va trong so cua no trong giao dich tk, con S(t) 1a tong
s6 muyc trong giao dich tk. Vi du 1. Dya trén Cong thtc (1), gié tri tw cua giao dich t4 duoc
tinh nhu sau: tw(t4)=(0.4 + 0.4 +0.2) / 3=0.33
Dinh nghia 2. D hd trg trong s cua tap muc (itemset) X:
Dtpeto) twty) (2)
Yeeertw(ty)
Gia tri ws cua tap muc AD dugc xac dinh bang Cong thtrc (2) nhu sau:
Ws(AD)= tw(ts) + twits)] / Ttw = (0.33 + 0.32) / 1.92 ~ 0.3385
Dua trén cac khéi niém nén tang nay, phan tiép theo s& mé rong va dinh nghia lai céc cong
thirc cho bai toan trén co s& dit liéu trong s6 dong, vén 1a trong tm caa nghién ciu ndy
b. Mdu phé bién trén CSDL dinh lwong dong
Trong mét co s& dit liéu trong sb dong, trong sé cua mot mat hang co thé thay doi trong
bat ki 16 giao dich nao dya trén tam quan trong caa mat hang do tai cac thoi diém khac nhau.
M®i 16 giao dich cd thé bao gdm mét hozc nhiéu giao dich va twong ng véi mot tap hop cac
trong sb.
Do d6, mdt co sé dit liéu trong s6 dong duoc dinh nghia nhu sau:
Mot co sé dit lidu trong s6 dong ¢ dang (T, 1, DW), trong d6:
o T={t1, to, ..., tm} 12 tap hop céc giao dich co trong sé (m la tong sé giao dich).
o 1={i1,i2, ..., in} 12 tap hop cac mat hang trong mdi giao dich (n 1a tng sé mat hang).
o DW = {dwi, dwy, ..., dwp} 1a tap hop céc 16 trong s6 (p 1a tong sb 10).
Mbi giao dich t={ik1, ik, ..., ikn}, trong d6 ikj 12 mat hang thi j trong giao dich tk va
tuong tng véi mot dwi € DW. Mdi 16 dwi = {w1, Wa, ..., Wn} 12 mot tap hop céc trong sé cua
cac mat hang.

tw(ty) =

ws(X) =
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Vi du 2: mot CSDL dong dua trén CSDL tinh trong Vi du 1 dugc mo ta trong Bang 2A
va Bang 2B. Co s¢ dit liéu ndy c6 tong cong nam giao dich (i1, t2, t3, ta, ts) va ndm mat hang
(A, B, C, D, E) véi hai 16 trong s6 (dwi, dw). Trong sé ciia cac mat hang trong céc giao dich
ta, to, t3 12 dw1={0.3, 0.5, 0.2, 0.4, 0.7}, va trong s6 cua cac mit hang trong cac giao dich ta,
ts la dw.={0.4, 0.3, 0.4, 0.2, 0.3}.

Bing 2B. Trong s6 ciia cdc item

Trong sb A B C D E
dwy 0.3 0.5 0.2 0.4 0.7
dws 0.4 0.3 0.4 0.2 0.3

Bing 2A. CSDL trong s6
CSDL giao dich
Giao dich A B C D E Trong sb
t: 1 0 1 1 1
t 0 1 1 0 1 dWl
{3 1 0 1 0 1
ts 1 0 1 1 0 dw,
{5 1 1 1 1 1

Trong co s& dit liéu trong s6 dong, mdi giao dich s& twong tng voi mot tap hop céc
trong sd. Do d6, chiing ta dinh nghia lai trong s6 giao dich nhu sau:
Dinh nghia 3.

Trong sé giao dich (tw) ciia mot giao dich tx, Vi tap hop trong s6 dwp , dugc dinh nghia
nhu sau:
Zi]-e tWpj (3)

S(t)

Trong d6 Wpj € dwp |2 trong sé ciia mat hang ij trong giao dich tk, va S(tk) 1a tong sé mat
hang trong giao dich tx.

Vi du 3. Ap dung Cong thirc (3), tit ca c4c gié tri tw trong co sé dit liéu trong s6 dong
(dWDB) duoc tinh todn va thé hién trong Bang 3.

Bdng 3. Tw cdc giao dich cua CSDL trong vi du 2

tw(ty) =

Giao dich Trong so Cong thire tw
t1 dw; (03+02+04+0.7)/4 0.4
t2 dw (05+02+0.7)/3 0.47

t3 dwy (0.3+0.2+0.7)/3 0.4
ts dw, (04+04+02)/3 0.33
ts dw; (04+03+04+0.2+0.3)/5 0.32
Sum of tw values (sumtw) 1.92

Bai toan khai thac cac mau phé bién trong s6 (FWP) nham muc dich tim tat ca cac
FWP c6 d6 hd trg trong s6 16n hon hoic bang mot ngudng cho trude, duoc ki hiéu 1a minws.
Trong do6, d6 hd tro c6 trong sé (ws) cia méi mau duoc tinh toan theo Cong thuc (3).

Pé dinh vi rd hon dong gdp cua bai bao, ching tdi s& tong quan maot sé cdng trinh
nghién ctru tién phong trong linh vyuc khai thdc mau phd bién trén CSDL trong sb trong phan
tiép theo sau day.
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c. Mét sé nghién czzu lién quan

Nim 1998, Ramkumar (Ramkumar et al., 1998) lan dau tién gioi thiéu bai toan khai thac
cac mau c6 trong sé phd bién (FWP). Sau d6, Tao va cong su (2003) da dé xuit mot khung khai
niém mai véi cac khéi niém trong sé giao dich va do hd tro ¢ trong sé dé khai thac FWP.

Trong s6 giao dich (tw — transactions weighted) Ia trung binh c6 trong s6 cua cac mat
hang trong mét giao dich, con do hd tro ¢d trong sb 1a tong cac gid tri tw cua céc giao dich
chtra mau do chia cho tong cac gia tri tw cua tat ca cac giao dich. Do d6, viéc khai thac FWP
la tim tat ca cac mau c6 d6 hd tro cd trong sé khong nho hon mét ngudng do hd tro cd trong
s6 t6i thiéu do nguoi dung chi dinh trong co s& dit liéu.

Véi céch tiép can nay, Vo va cong su (2013) da dé xuat cau tric WIT-tree nhu mot
phan mé rong cua cau tric 1T-tree dé khai thac FWP. Phuwong phép nay duoc chang minh 13
hiéu qua vi n6 chi can quét co so dir liéu mot lan dé tao céc tap hop 1D giao dich (tidset) va
thue hién khai thac trén WIT-tree. Ngoai ra, chién luoc diffset ciing duoc 4p dung dé ting
tdc qua trinh khai thac. Tuy nhién, phuong phap nay khong hiéu qua trén cac co so dit lidu
Ién vi tén nhiéu bo nhé dé Tuu trix tidset.

Tiép theo, Nguyen va cong su (2022) su dé xuat st dung cau trdc bitset IWS (Nguyen
et al., 2016) va bitset ma rong EIWS (Nguyen et al., 2022) cling voi huéng tiép can Eclat dé
t61 wu hoa viée luu trix va tinh giao tidset cua cac itemsets. O hudng tiép can FP-growth, Lee
va cong su (Lee et al., 2017) d& xuat hai thuat toan, PWP-WSD va PWP-TCD, dé khai thac
FWP duya trén cau tric FP-tree. Phuong phap ndy nén co sé dit liéu thanh ciu tric cay tién
t6 va khong can luu trir tidset. Tuy nhién, n6 phai quét cay nhiéu lan dé khai thac FWP.

Gan déy, Bui va cong su (2018) da dé xuét cau tric WN-list va thuat toan NPWP dé
khai thac FWP. Cau tric WN-list mé rong cau trac N-list (Deng et al., 2012) véi kha ning
nén dir liéu rat hiéu qua. Két qua thuc nghiém cho thay thuat toan NPWP hién la thuat toan
khai thac FWP t6t nhat hién nay (State — Of — The — Art), phuong phap nay tiép tuc duoc mo
rong ap dung cé hiéu qua cho cac bai toan khai thac top-rank-k (Mo et al., 2020), khai thac
tap dong (Bui et al., 2020) hay CSDL dang chudi (Bui et al., 2021).

Tuy nhién, céc nghién ciru trén chi tap trung vao cac CSDL trong s tinh, c6 nghia la
trong s trong céac giao dich khong c6 su thay doi. Trong bai béo ndy chung toi dé xuat bai
toan khai thac mau trén CSDL c6 trong sb thay d6i (CSDL dinh luong dong).

2. Noi dung nghién cau

Trong phan nay ching t6i s& trinh bay vé thuat toan khai thac mau phé bién cho CSDL
trong s6 dong - dFWNL, va mét vi du cu thé cho thuat toan nay.

2.1. Thudgt toan khai thac mdu phé bién trén CSDL treng sé déng

Trong phan nay chung toi dé xuat Thuat toan dFWNL (dynamic Frequent Weighted
pattern mining using weighted utility N-list structure) sir dung cau trdc di liéu WN-tree,
WNList (Bui et al., 2018 & Bui et al., 2021) dé nén dit liéu va khai thac hiéu qua mau phd
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bién trong s6. Thuat toan nay két hop phwong phap duyét cay liét ké tap hop (set-
enumerations-tree) va céc ki thuat ti wu hoa dé giam khong gian tim kiém.

Cac bwoc thuc hién

Buwoc 1. Xay dung cay WN-Tree

- Pau tién, thuat toan quét CSDL dé tim tap cac 1-FWP (ki hiéu 1a I1) va sap xép ching
theo thir tu ws giam dan.

- Cac muc trong mdi giao dich duoc sap xép lai theo thi tu cua 11, va cac muc khong
thudc 11 s€ bi loai bo.

- Mot cdy WN-tree duogc xay dung bang céch chén cac giao dich da duoc sip xép vao cay.

- Cudi cung, thuat toan duyét cay dé gan chi sb pre-order (pre) va post-order (post) cho
mai nt trong cay.

Buwoc 2. Tao WNList cho cac 1-pattern

- Tu cdy WN-tree hoan chinh, thuat toan tao ra mot WNList cho mdi muc trong 11.

- WNList caa mot muc 1a mot chudi cac WN-code (bd ba pre, post, weight) cua tat ca
cac nut dai dién cho muc do6 trén cay.

Buwdc 3. Tinh toan hé tre cho céc 2-pattern

- Pé tdi uu hoa, thuat toan st dung mot mang hai chiéu F2 dé luu trit trude trong sb cua
cac 2-pattern. Gia tri nay duoc tinh bang cach duyét cdy WN-tree va kiém tra mdi quan hé
t6 tién-hau dué gitra cac nut.

Buwoc 4. Khai thac dé quy (Tha tuc Find_FWP)

- Thuat toan duyét qua cac muc trong 11 dé tao ra cac FWP dai hon. V&i mdi tién td, nd
str dung hai danh séch: L (cho c&c mau can tinh toan giao WNList) va S (cho cac mau cd thé
suy ra nhanh).

- Chién lwoc t6i wu (Find_ FWP_sameWS): Duya trén ki thuat: néu ws(P U {i}) ==
ws(P), cd thé suy ra rang moi giao dich chira P ciing chtra i. Do d6, cac FWP mé rong tir P
véi cac muc trong tap S c6 thé duoc tao ra truc tiép ma khong can thuc hién phép giao
WNList tén kém.

- Thu tuc Find FWP duoc goi dé quy véi cac tién té moi cung hai danh sach L va S
tuong tmg dé tiép tuc tim kiém.

Céc budc trén duogc thé hién qua gia ma trong Hinh 1 nhu sau:

dFWNL Algorithm

Input: A dynamic weighted database dWDB and a threshold minws
Output: FWPs, the set of all frequent weighted patterns
Call Build_WN_Tree(dWDB, minws) to create I, and WN-Tree;
FWPs « I,
Scan Tree to create WNList of the item in I,
Create F2 = double [|I;|][|111]
Scan WN-Tree by the pre-order ranking do

. | for each node N registering item i,, do
|_ for each ancestor N, of N registering item i,, do

NooasrwbdrE
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8. F2[i,][iy] += N.weight
9. for x = |I;| — 1 downto 1 do

10. | Prefix, < {iy}, L, <« @,S, « @

11. | fory=0tox—1do

12. ws(iyy) < F2[iy][iy]/sumtw

13. if ws(iyy) == ws(iy) then S, « i,

14. else if ws(iy,) = minws then

15. lxy < Ly

16. wl(iyy) < WNList_intersection(wl (i), wi(iy))
17. T L Ly ey

18. L FWPs « iy,

19.  if |S,| > 0 then Find_FWP_sameWS(Prefix,,S,)
20.  if|L,| > 0 then Find_FWP(Prefix,,L,,S,)
21. return FWPs

Procedure Find_FWP (Prefixy, Ly, Sk)
22. Prefixyey: < Prefix;
23. fori = |Ly| — 1 downto 1 do

24. Prefixnext < Ly [i], Luext < 2, Snext < Sk

25.| forj=0toi—1do

27. wl(C) « WNList_intersection(wl(L[i]), wl(Lx [j]))
28. if wl(C) # NULL then

29. if ws(C) == ws(Li[i]) then S,,oxt < Li[J]

30. else

31. Lypext < C

32. FWPs « {Prefix; U L.[i] U L, [j]}

33. = if |S,exe| > 0 then Find_FWP_sameWS(PrefixX,ext Snext)
34.  if |Lyext| > 0 then Find_FWP(Prefix,ext) Lnext» Snext)

35. remove last item of Prefix, .t

36. Prefixpexe < Li[0]

37. if |S;| > 0 then Find FWP _sameWS(Prefix,cxt, Si)

Procedure Find_FWP_sameWS (Prefix, S)

38. Generate Child which is the set of all subsets of S
39. for each s; € Child do

40. FWPs « {Prefix U s;}

Function WNList_intersection(wl, wl,)
1. wlz « 0,5C « 0;
2.i<0,j<0;
3. CR, = ws(PX); CR, = ws(PY);
4. whilei < |wly| and j < |wl,| do
7
8
9

if wl,[j].pre < wl,[i]. pre then
if wl,[j]. post > wl,[i]. post then
if lwl3| > 0 and wis[|wl;| — 1]. pre = wil,[j]. pre then
10. wls[|wls| — 1]. weight+= wl [i]. weight;
11. else
12. Add {wl,[j].pre, wl,[j]. post, wl, [i]. weight} into wis;
13. SC+= wl,[i].weight; CR;—= wl,[i]. weight; i++;
14. | else CR,—= wl,[j]. weight; j++;
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15.  else CRy—= wl [i]. weight; i++;
16. if SC + min(CR,, CR,) < (minws X sumtw) then return NULL;
17. return wis;

Hinh 1. Gia ma thuat toan khai thac mau pha bien trén CSDL trong s dgng
2.2. Mgt vi du cu the

Trong phan nay, ching toi s& trinh bay mét vi du cu thé di véi thuat toan dé xuit trong
phan 2.1.

Vé6i dWDB trong Bang 2 va minws = 0.45, thuat toan dFWNL dau tién st dung tha
tuc Build WN_Tree dé xay dung cdy WN; cac 1-FWPs |_1={C, E, A, D} va tong trong s6
(sumtw) = 1.92. I 1 duogc thém vao két qua FWUP: FWPs={C, E, A, D}. Tiép theo, cdy WN
val 1 duoc sir dung dé tao danh séch WN cua |_1 (Hinh 2), va F2 luu trit trong sé caa cac
mau 2-itemset.

./{\

D A E C
{(4,0,0.72), (6,3,0.33)} {(3,1,1.12), (5,4,0.33)}  {(2,2,1.59)}  {(1,5,1.92)}

055 0.76 0.82 1.0

Hinh 2. 11 va WNIist twong 1#ng voi minws=0.45
Buwoc 1. Xem xét nhanh D: Prefix_ 2={D},S 2=0, L 2 =0, chiing ta c6:
o ws(DA) = F2(DA)/1.92 = 1.05/1.92 = ws(D) nén A dugc thém vao S_2.
o ws(DE) = F2(DE)/1.92 = 0.38/1.92 < 0.5 (khdng thoa man).
e ws(DC) = F2(DC)/3.21 = 1.05/1.92 = ws(D) nén C duoc thém vao S_2.

ViS_2={A, C}# @, chiung ta goi thu tuc Find_FW P_sameWS(Prefix_2={D}, S 2
= {A, C}) dé cap nhat FWPs: FWPs ={C, E, A, D, DA, DC, DAC}. Két qua ctia budc nay
duoc trinh bay trong Hinh 3. Cac ntt ¢c6 mii tén mau do duogc tao boi Find_FWP_sameWS
ma khong can giao WNList.

8,

D A E C
{(4,0,0.72), (6,3,0.33)} {(3,1,1.12),(5,4,0.33)}  {(2,2,1.59)}  {(1,5,1.92)}

0.55 0.76 0.82 1.0
./

D:ﬂ\ I';C

0.55 0.55

|

DAC

0.55

Hinh 3. Két qud cua su két hop giira D va cac 1-FWP con lgi
Buwdc 2. Xem xét nhanh A: Prefix_2 = {A}, S_2=0, L_2 = @, ching ta co:
e WS(AE) =F2(AE)/1.92 =1.12/1.92 > 0.4 vaws(AE) #ws(A) nén E duoc thémvao L_2,
wI(AE)={(2,2,1.12)}, va AE duoc thém vao FWPs.
e WS(AC) = F2(AC)/1.92 = 1.45/1.92 = ws(A) nén C dugc thém vao S_2.
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Vi S 2 ={C} # @, ching ta goi thu tuc Find_FWP_sameWS(Prefix 2 = {A},S 2 =
{C}) dé cap nhat FWPs: FWPs ={C, E, A, D, DA, DC, DAC, AE, AC}.
Mat khac, L_2 = {E} # @, vi vay chdng ta goi thu tuc Find_FWP(Prefix_2 = {A},L_2
= {E}, S_2 = {C}). Vi L_2 chi c6 mét phan tir, tha tuc Find_FWP_sameWS({AE}, {C})
duogc goi dé cap nhat FWPs: FWPs = {C, E, A, D, DA, DC, DAC, AE, AC, AEC} (Hinh 4).

%}\‘
C

D A E
{(4,0,0.72), (6,3,0.33)} {(3,1,1.12),(5,4,0.33)}  {(2,2,1.59)} {(1,5,1.92)}
0.55 0.76 0.82 1.0

DA DC AE Kc
0.55 055 {(2,2,1.12)} 0.76

| 0.58

|

l l
DAC ACE
0.55 0.58

Hinh 4. Két qua cua sw két hop giira A véi cac 1-FWP con lai
Buwoc 3. Xem xét nhanh E: Prefix_2={E}, S 2=@, L_2=@, chlng ta c6:
o WS(EC) =F2(EC)/1.92 = 1.59/1.92 = ws(E) nén C duoc thém vao S_2.
ViS_2={C} # @, chiung ta goi thu tuc Find_FWP_sameWS(Prefix 2={E}, S 2 =
{C}) & cap nhat FWPs: FWPs ={C, E, A, D, DA, DC, DAC, AE, AC, AEC, EC}.
Thuat toan két thic, két qua cudi cung 1a 11 FWP nhu sau: FWPs={C, E, A, D, DA,
DC, DAC, AE, AC, AEC, EC}. Cay liét ké tap hop cua qua trinh khai thac duoc thé hién

trong Hinh 5.
’%{}\‘
D A E C
{(4,0,1.17), (6, 3, 0.67)} {(3,1,1.67), (5,4, 0.67)} {(2,2,2.54)} {1,5,3.21)}
0.57 0.73 0.79 1.0
DA DC AE AC EC
0.57 0.57 (2, 2,1.67)} 0.73 0.79
J o.lsz
DAC ACE
0.57 0.52

Hinh 5. T4t ca cac FWP cia CSDL trong Bdng 2 véi minws=0.45
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3.  Kétquavathao luan
3.1. Co so thuc nghiém

Céc thur nghiém duoc thuc hién trén mot may tinh c6 bo xur li Intel Core i7-7700HQ
CPU @ 2.80GHz, RAM 16 GB. Céc thuat toan dugc cai dat bang Java Development Kit
(JDK) 8. Chiing tdi sir dung mot sé co so dit liéu tong hop va thuc té phd bién trong linh vuc
khai thac dir liéu dugc trinh bay trong Bang 4.

Bdng 4. Dz liéu thuc nghiém

CSDL S6 muc Sb giao dich So giao dich méi 16
Accidents 468 340,183 5000
BMS-POS 1657 515597 50000
Chainstore 46,086 1,112,949 80000
Chess 41,270 990,002 100000

Trong phan thuc nghiém nay, ching toi so sanh thuat toan dé xuat trén voi dFWT -
mot thuat toan duoc thiét ké dya trén tiép can Eclat (Zaki, 2000) véi cau tric bitsets ma rong
EIWS (Nguyen et al., 2022), day 1a phuong phap c6 hiéu qua nhat theo tiép can Eclat, voi
cac ki thuat cat bo cac bit 0 va tinh nhanh giao nhanh céc tidset. Cac két qua thuc nghiém
trén 04 dir liéu mo ta trong Bang 4 duoc trinh bay trong phan tiép theo.

3.2. So sanh thei gian thuc hién caa hai thugt toan

A ACCIDENTS B BMS-POS
__ 1000 __ 300
1 @ 200
E 500 E
£ £ 100
E E
-« o] = (o]
70 60 50 40 30 1 0,8 0,6 0.4 0,2 0,1
minws (%) minws (%)
——dFWNL dFWT ——dFWNL dFWT
(o CHAINSTORE D CHESS
__ 1500 __150
wi wi
= 1000 = 100
£ so0 £ so
g o g o
0,1s 0,1 0,08 0,06 0,04 0,02 90 80 70 60 50
minws (%) minws (%)
——— dFWNL dFWT ——dFWNL dFWT

Hinh 6. Két qua thyc nghiém vé thoi gian trén céc bg dir liéu
3.3. Sosanh bg nh¢ cria hai thugt toan
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A ACCIDENTS B BMS-POS
__ 30000 __ 600
S 20000 S 400
2 10000 2 200
o [=} — I
§ o § ©
b= 70 60 50 40 30 = 1 0,8 06 0,4 0,2 0,1
minws (%) minws (%)
——— dFWNL dFWT ——dFWNL dFWT
C CHAINSTORE D CHESS
__ 600 __ 10000
.- =]
400 p
2 _~ 2 5000
> 200 — R z
g O E 0 —
s 0,15 0,1 0,08 0,06 0,04 0,02 s 90 80 70 60 50
minws (%) minws (%)
——— dFWNL dFWT ——dFWNL dFWT

Hinh 7. Két qua thic nghiém vé bg nhé trén céc bg dir liéu
3.4. Thdo lugn

Két qua thuc nghiém thé hién trén Hinh 6 va Hinh 7 cho thay thuat toan dFWNL hiéu
qua hon hin vé& mt thoi gian. Thuat toan dFWN sir dung cAu trdc WN-list (Bui et al., 2018)
duoc phét trién tir cu tric N-list (Deng et al., 2012), day 1a ciu tric hiéu qua nhét cho dén hién
nay trong khai thac mau. Thuat todn dFWT dua trén tiép can Eclat (Zaki, 2000) c6 sir dung cau
trc bang bit mé rong EIWS (Nguyen et al., 2022) kha hiéu qua nhung cach tiép can nay cé
han ché 1on véi cac CSDL 16n ¢6 nhiéu giao dich s& phat sinh bang bit c6 d6 dai Ién.

V& bo nhd sir dung trong qua trinh khai thac, thuat toan dFWNL khéng hiéu qua bang
dFWT do day 1a CSDL 16n (hon mét triéu giao dich) nén qué trinh nén CSDL Ién cay tén
nhiéu bo nhé. Mic du viéc xay dung cdy ban dau doi hoi nhiéu bo nhé hon, cau tric WN-
Tree nén cua dFWNL lai mang lai loi thé toc do vuot troi trong giai doan khai thac, hiéu qua
hon déng ké so v6i phuong phap duyét tidset caa dFWT
4.  Kétluan

Trong bai bao nay, chung toi di gisi thidu mot van d& mai lién quan dén viéc khai thac
cac mau phd bién trong sé trén co s dit liéu trong sb (AWDBs). Bé giai quyét van dé nay,
chung t6i d& xuét thuat toan moi dFWNL. Thuat toan dFWT sir dung ciu trac di liéu tidset
dé xir I cac muc c6 trong sé dong, trong khi dFWNL sir dung cu trac dit liéu WNList hiéu
qua hon dé t6i wu hoa qua trinh khai thac. Cac thir nghiém toan dién di chiing minh ring
dFWNL vuot troi hon dFWT vé thoi gian thuc thi, khiang dinh tinh hiéu qua cia hudng tiép
can dya trén céu tric WN-List cho bai toan khai thac trén CSDL trong s dong.
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Thoi gian toi ching tdi sé tiép tuc nghién ctru ap dung cac phuong phép song song hoa
dé dat duoc su t6i wu tot hon cho bai toan nay, déng thoi nghién ctu p dung cho cac CSDL
dong 1on va phuc tap hon.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

KD

% Loi cdm on: Nghién clu nay duoc tai tro béi Truong Pai hoc Sai Gon, ma sé dé tai
CSB2024-01.
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ABSTRACT

Pattern mining is one of the fundamental tasks in modern data mining. In particular, mining
frequent weighted patterns (PWPs) from quantitative databases is an important problem aimed at
discovering frequent patterns based on item weights. However, existing studies have largely
overlooked the scenario in which item weights vary over time — known as dynamic weighted
databases (dWDBs). In many real-world applications, item weights fluctuate to reflect shifts in their
significance, such as profit margins or temporal importance (e.g., air conditioners are more popular
in summer, and medical masks become critical during respiratory disease outbreaks).

In this paper, we introduce a new problem of mining PWPs from quantitative databases with
dynamically changing item weights — referred to as dynamic quantitative databases. To address this
problem, we first propose an algorithm named dPWPT, built upon the traditional tidset structure. We
then present a second algorithm, dFWNL, which utilizes a novel data structure called dWNList to
efficiently mine PWPs from dWDBs. Finally, we conduct extensive experiments on various dWDBs
to evaluate and validate the effectiveness of our proposed algorithms.

Keywords: Dynamic weighted databases; frequent patterns; WNList structure; Weighted
databases
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