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TOM TAT: Khai thic mau pho bién trén co s¢ dit liéu giao dich la mét trong nhitng bdi todn quan trong trong khai pha div
liéu noi chung. Trong do, khai thac mau pho bién trén co sé dit lidu ting trong la bai toan cd nhiéu g dung trong thuec té, do co
$6 dit lidu thiong xuyén cé sw cdp nhdt bé sung cdc giao dich méi. Thoi gian gan ddy déi ¢é nhiéu nghién civu lién quan dén badi
toan nay trén co so dit liéu loai nay, trén cd co s dit ligu nhi phan va co s¢ dir liu dinh heong. Tuy nhién, cac giai phap dé xudt
trén co s¢ dir lidu ting trudng hién tai van con ton kha nhiéu thoi gian trong khai thac. Bai bdo ndy ching t6i dé xudt mét thudt
todn hiéu qua khai thac idp pho bién trén co sé dir liéu dinh lirong tang trudng diea trén cdy ITW-Tree. Thudt todn do chiing t6i dé
xudt dat hiéu qua 1ot hon cdc phwong phép di c6 trén cde CSDL thir nghiém.

Tir khéa: Mau phé bién, co s dit lidu tang trieong, co sé dit liéu dinh heong, co sé dir liéu dinh lirong tang trieong..

I. GIOI THIEU

Bai toan khai thac mau phé bién 13 bai toan co ban va quan trong cia linh vuc khai thac dir liéu [1-4]. Tir bai
toan nay, mot loat cc bai toan khai thac mau phé bién trén cac loai co sé dit liéu (CSDL) khac nhau di duoc quan tam
nghién ctru. Trong d6 ¢6 cac CSDL 1a CSDL tinh, ¢6 nghia 1a CSDL ¢6 dinh khong c6 su thay d6i hay thém bét cac
giao dich trong qua trinh khai thac va c6 ca CSDL dong 1a CSDL ting truong. Trén thyc té, CSDL giao dich qua mdi
thoi gian s& c¢6 sy thay doi nhat dinh, va viéc khai thac trén loai CSDL nay (CSDL ting truong) van ap dung phuong
phap nhu trén CSDL tinh s& it hidu qua, ton thoi gian khai thac do da duyét lai CSDL dé duyét ¢ nhing lan khai thac
truge d6. Nam 2000, Hong va cac cong su [5] da dé xudt phuong phap khai thac mau phd bién trén CSDL giao dich

tang truong vdi s dung khai niém pre- large itemset (tap gan phé bién) dé khai thac trén CSDL ting trudng. Tiép sau

d6 c6 mot sb nghién ctru da cai tién phuong phap nay dé dat dwoc hiéu qua cao hon nhu [6], [7] Trong d6, nam 2012
Ahmed [7] dé xuit phuong phap khai thac tip phd bién trén CSDL dinh luong (c6 trong s0) dua trén tiép can FP-
Growth. Tuy nhién, giai phap do Ahmed va cOng sy dé xuét chua dat dugc hidu qua tot nhat 1a trén cac CSDL 16n, do
phai doc CSDL dén hai lan.

Trong bai bao nay, ching tdi dé xut thuat toan khai thic mau phd bién trén CSDL dinh luong tang trudng dua
trén cay IT-Tree ket hop khai niém pre-large itemset [5], dong thoi trong bicu dien tidset cua cac itemset ching toi sur
dung cau tric IWS [8] dé ning cao hiéu qua qua thuat toan.

Bai bao duoc trinh bay trong 5 phan chinh, tiép theo muc II s€ la phan céc nghién ctru lién quan; Thudt toan deé
xuat s€ duoc trinh bay trong muc III; muc IV trinh bay két qua thyc nghiém trén 1 s6 CSDL mau; phan cudi cung la
Keét luan va Hudng nghién ciru tiép theo.

Il. CAC NGHIEN CUU LIEN QUAN
2.1. Bai toan khai thdc tip phé bién cé dinh lwong trén CSDL dinh lugng

Dinh nghia 1. Mot CSDL trong sé (WD) duoc dinh nghia 1a 1 bo ba (T, 1, W), trong do T = {ts, to, .., L
cac giao dich, 1 = {iy, i, .., i} la tap céc item, W = {wy, w,, ..., w,} 1& tap cac trong s6 cua cAc item trong tap .

Vi du 1: Cho CSDL trong s6 nhu Bang 1. Trong do, tap cac giao dich T = {t;, t, ts, ty, ts, to, t7, tg, to} (Bang 1A).
Tapcacitem1={A,B,C, D, E, F, G, H}. Tap trong so6 cua cac item W ={0.8, 0.1, 0.5, 0.9, 0.2, 0.3, 0.4, 0.7} (Bang 1B).
Bang 1. Vi du WD

m} la tap

Dé khai thac FWI trén WD, F. Tao va cac cong su [3] dinh nghia hai dai lugng 1a ws (weight support) va tw

(transaction weight) nhu sau:

A - Transaction Database B - Item Weight
1D Items Item Weight
1 A B, D E A 0.8
2 B,E F B 0.1
3 |ABF C 0.5
4 |ABCE D 0.9
5 |ABCDE E 0.2
6 B,C,D,E F F 0.3
I A, D G 0.4
8 D E G H 0.7
9 C,EG
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Dinh nghia 2. Trong s6 giao dich (tw) ciaa mét giao dich t, duge dinh nghia nhu sau:
Lijet,Wj

179

M)

tw(ty) =

trong d6: - w; |a trong sb cua item ij;
- |t, | 1a sb lwong item xuét hién trong giao dich ;.
Vi du 2: tw(t,) cua CSDL trong bang 1 dugc tinh theo cong thuc (1)
w(B) + W(E) +w(F) _ 01+02+03

tw(t,) = =0.2
w(t,) 3 3

Tinh toan twong ty, ta co tw cta céc giao dich trong Vi du 1 dugc mo ta trong Bang 2A.

Dinh nghia 3. Do hd trg trong s6 (ws) cua mot itemset X dwoc dinh nghia nhu sau:

2ty e e twW(te)
Ztk ertw(ty)

ws(X) = 2

trong d6, - t(X) la tap hop cac giao dich c6 chira itemset X.
Vi du 3: ws cua itemset AB trong Vi du 1 dugc tinh nhu sau:
ws(AB) = tw(ty) + tw(ts) + tw(t,) + tw(ts) _ 05+04+04+05 _ 044
Zepertw(ty) 4.12
Tinh to4n twong tu, ta c6 ws cua cac item trong Vi du 1 duoc thé hién trong Bang 2B.
Bang 2. Trong sb cua cac giao dich trong WD

A B
Transaction weights Weighted support
1D tw Item WeightSupport (ws)
1 0.50 A 0.64
2 0.20 B 0.58
3 0.40 C 0.4
4 0.40 D 0.67
5 0.50 E 0.7
6 0.40 F 0.24
7 0.85 G 0.21
8 0.50 H 0
9 0.37
Sumtw 4.12

Dé khai thac FWI, nguoi ta sir dung mot ngudng goi 1a minws (minws e [0, 1]). Theo dé cac itemset c6 ws thoa
man ngudng minws nay duoc goi 18 FWI theo ngudng minws d6. Bai toan khai thac FWI tir WD & bai toan tim tat ca
cac FWI thoa méan ngudng minws cho trudc.

2.2. Khai théc tdp phé bién trén Co sé dir liéu dinh lwgng ting trwéng

) Pé khai thac tap phd bién trén CSDL ting truong, Hong va cong su [5] da dé xué}t khai niém tap h(jpﬂ can phd
bién. Hong vé' cong sy da su dung hai ngudng duoc goi la ngudng trén va ngudng dudi dé xac Cé{C tap can pho bien va
dua trén chi s6 an toan f cua cac giao dich dugc chén thém dé giam nhu cau quét lai CSDL ban dau dé duy tri hiéu qua
cac tap pho bién. Cdng thac tinh chi so6 an toan f nhu sau:

_ (Su_sl)d
f= 1- S, ]

trong d6: S, 1a can trén, S, 1a can dudi va d 1a s6 lugng giao dich trong CSDL ban dau va s& c¢6 9 trudng hop nhu Hinh
1 dudi day:

@)

Ngirong duwit Ngwomg trén

s, S,
IAP G140 DcH | Small itemsets [Pre-large itemsety  Large itemsets
BAN DAU 1 1
—
9

>

Tar

MOT (BO SUNG)
) Ngwromg dwoi Ngwong trén
B S, s

=, .
[mp GIAO DICH Smallitemsets  [Pre-large itemsetd  Large itemsets |
i >

Hinh 1. Hinh mé ta 09 trudng hop can phd bién
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Bang 3. 09 truong hop va két qua timg treong hop

Trudng hop: CSDL Ban dau - CSDL Méi Két qua
Trwang hep 1: Phé bién - Phé bién Phé bién (Théng thay dbi tap phd bién)
Trudng hep 2: Phé bién - Can phé bién Phé bién hozc can phd bién, c6 thé xac dinh tir thong tin da luu
Trudng hep 3: Phd bién - it phd bién Phé bién hozc can phé bién hoac it phé bién, c6 thé xac dinh tir thong tin da luu
Trudng hep 4: Can phd bién - Phd bién Can phé bién hoic phd bién, c6 thé xac dinh tir thong tin di luu

Trwdng hep 5: Can phé bién - Can phd bién |Ludn can phé bién
Truong hep 6: Can pho bién - It phd bién | Can phd bién hoic it phd bién, c6 thé xac dinh tir thong tin di luu

Trudng hep 7: It phd bién - Phé bién Can phé bién hoic it phd bién, khi s6 lugng giao dich nhd
Trwong hop 8: it phd bién - Can phd bién  |it phd bién hoic can phé bién
Truong hep 9: It phd bién - It phd bién Ludn it phd bién

Tir Bang 3, ta thay cac treong hop 1, 5, 6, 8 va 9 s& khong anh huong dén cac tap phé bién sau khi thém giao
dich méi. Truong hop 2 va 3 c6 thé lam bot di cac tap phd bién hién co va truong hop 4 va 7 ¢o the thém cac tap phd
bién mai. Néu ching ta giir lai tat ca céc tap pho bién va can phd bién vai do hd trg cua ching sau m0| lan thay doi, thi
cac truong hop 2, 3 va 4 ¢6 thé duoc xur ly d& dang. Ngoai ra, trong giai doan cap nhit, ty I¢ gitra sb luong giao dich
méi va sé luong giao dich cti thuong rat nho. Piéu nay rd rang hon khi co so dir licu phat trién 16n hon. V& mat ly
thuyet da chi ra raing mot tap muc trong truong hop 7 khong thé 1a tap phé bién cho toan bo co sa dit liéu cap nhat khi
s6 lwong giao dich mé&i nho hon chi sb an toan f.

Cong thirc 3, Hong va cong su [5] d& xuat khi khai thac tap phd bién trén CSDL nhi phan, trong d6 d 1a s6 lwong
giao dich cia CSDL, dai luong d nay déng vai tro chi phol trong viéc xac dinh support cua céc itemset, twong duong
v6i dai lugng d nay trén CSDL dinh lugng la sumtw - téng trong sb tat ca cac giao dich, trong d6 trong sé mdi giao
dich dugc xac dinh theo cong thirc 1. Bdi voi CSDL dinh lugng dang xét, ching t6i dé xuat sir dung cong thuc 4, trong
d6, dai luong d trong cdng thirc 3 dugc thay thé bang sumtw

_ | Sy = S)sumiw
f= 1- S,

Vi dy 4: Gia sir sumtw = 4.12, S, = 30 %, S, = 40 % va mot tap itemset | thuoc tap Tr (khong thugc tap phd bién
hay can pho bicn) trong co s¢ dir li¢u ban dau. Tong trong so tat ca giao dich méi sé khong lam thay doi tap pho bien
trong d6 co s& dir liéu ban dau dugc xac dinh bai ngudng an toan f dudi day:

_ Sy = S)sumtw] (0.4 —0.3)4.12
- 1-S, - 1-04

Do d6, néu cac giao dich méi dugc chén co tong trong s6 giao dich bang hodc nho hon 0,6, thi s& khong thé 1am
thay doi tap pho bién cho toan b co s& dit liéu cap nha;. Tir s6 an toan f, s6 lugng giao dich moi can thiet dé xu ly hiéu
qua truong hop 7 duf()’C’Xé.C dinh bai Sy, S; va sumtw. Néu sumtw Ién hon, thi t cling ¢6 thé 1én hon. Do d6, khi co s¢ dit
liéu phat trién, cach tiép can nay ngay cang tré nén hiéu qua. Pac tinh nay dac biét hitu ich cho cac (tng dung trong
thuc té.

(4)

= 0.69

Bai toan khai théc tap phé bién trén CSDL ting truéng dugc quan tam tir khd soém, ban dau la cac nghién ciu
trén CSLD nhi phan [3], [6], cac nghién cau nay st dung cau trdc 1T-Tree theo thuat toan Eclat. Nam 2012 nhém
Ahmed [7] da dé xuit phuong phép khai thac tap phd bién trén CSDL dinh luong (CSDL c6 trong s6) theo tiép can FP-
Growth [2]. Tuy nhién tiép can nay quét CSDL hai lan nén chua hiéu qua vé mat thoi gian nhat 1a d6i vaoi cac CSDL
16n. Ciing theo tiép can nay, mot sé nghlen cau khai thac trén CSDL dinh lugng téng treong nhu [9] khai thac tap phd
bién tdi dai; hay [10] khai thac tap pho bién trén trén co so dir liéu dong (thém xo4, thay doi giao dich).

I1l. THUAT TOAN DPE XUAT
3.1. Ky higu

Cac ky hiéu duogc sir dung trong thuat toan Pre-FWIs dugc dé xuit duoc dua ra dudi day:

D Tap giao dich ban ddu (CSLD Ban déu)

T Tap giao dich m&i b sung

U Tép giao dich sau khi da cap nhat, D T

sumtwy Tong trong so tat ca giao dich trong tap ban dau D

sumtw; Tong trong so tat ca giao dich trong tap méoi T

sumtw, Téng trong s6 cac giao dich dd dugc thém vao D trudce khi D duge duyét lai toan bo
S Chi s0 can dudi cta tdp can pho bién

Sy Chi s cén trén cia tap can phé bién S, > S

X Pai dién cho 1 phéin tor

Tr Cay IT-tree luu toan bd tap can phd bién va tap phd bién cua tap giao dich ban dau D
T(X) Tap chi s6 giao dich tidset ctia phan tir X trong Tap giao dich méi T

I Tap itemset mot phan tir trong tap giao dich moi T
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ws'"(X) Do hd tro trong s6 cua phan tir X trong tap Tr
[P] Lép twong duong ctia nut P trong tap Tr
(%] Lé6p tuong duwong véi nat gbe trong tap Tr, dai dién 14 niit rdng &

3.2. Thudt toan Pre-FWIs

Y tudng chinh cia thuat toan duoc dé xuat 1a duyét theo chiéu sau cay ITW-tree (1a mot mé rong cua IT-tree[2],
v6i viéc mdi nut thém mot dai lugng 12 s cua itemset d6) dé cap nhat do hd trg va cac tap muc tidset duoc luu triv
trong cay ITW-tree, trong d6 sir dung cdu trac IWS, [8] dé luu trir tidset nham ting tdc tinh toan trong qué trinh tinh
giao tidset cta cac itemset. Thuat toan dugc dé xuét chi xtr 1y cac giao dich dugc chén mai dé cap nhat do hd trg sau
cling ciia cac tap itemset bang cach sir dung k¥ thuat duyét chiéu sau. Sy gia ting vé d6 hd trg ciia cac tap itemset dugc
tinh todn nhanh chong béng cach st dung phép giao cta cac tdp IWS. Thuét toan ciing st dung thudc tinh bao dong
giam (downward-close) [1 ] dé loai bét cac tap hop itemset khong thoa ngudng trong khi duyét qua ITW-tree. Do do,
cac tap pho bién co thé du(rc lay truc tlep tir qué trinh duyét cdy. Cac tap itemset c6 d6 hd trg nhé trong co sd dit lidu
ban dau nhung can phd bién hodc phd bién trong tap cac giao dich méi s& dugc chén vao céc tap hop itemset dugc quét
lai. Khi s6 luong giao dich mdi duge chén vao vuot qua mirc an toan f, thudt toan phai quét lai co so dir lidu ban dau dé
xir Iy. Cac chi tiét clia thuat toan nhu sau.

INPUT: Ngudng hd trg dudi S), ngudng trén Sy, cay IT-tree Tr luu trir cac tap pho blen va can phd bién bét
ngudn tir co s¢ dir licu gbc D bao gdbm (Sumt\Nd + Sumt\Nc) giao dich (sumtwg 1a téng trong so tat ca cac giao dich trong
co s6 dit liéu cubi cing quét lai va sumtw, 14 tong trong s tat ca cac giao dich dugc chén tir 1an quét lai cudi cung dén
nay) va mot tap hgp t giao dich mai.

OUTPUT: Cay IT-tree Tr luu trir cic tap phd bién va cin phd bién va cic tip itemset duoc quét lai tir U.

BEGIN PROCEDURE
1. f= [—(S“_i’)sumtwd] // theo cong thirc 4
—s.,
2. foreachitem X €/:{// I latipitemset 1 phantlrtirtdp T
3. if (X ¢ Tr){//Trwdng hop 7, 8, and 9 trong Bang 4
4. if { Zaeero v o
sumtwe
5. Thém X vao cay Tr
6. wsup(X) = 2oy € 700 2
sumtwg+ sumtwc+ sumtwe
7. if (wsup”'(X) <S,) {danh d&u X (danh ddu vao tap duyét lai)} //end if
8. }//end if
9. }/end for
10. for each item X € Tr/ (X d3 danh d3u) {//Truéng hop 1, 2, 3, 4, 5, va 6 trong Bang 4
11. if (X el7){
12, f (wsupTr(X)*(sumtw(ﬁ sumtwe)+ ka eT(X) tw(ty) > Sl>
sumtwg+ sumtwe+ sumtw
13, WsupTr (X) _ supTT(X)*(sumtwg+ sumtwe)+ ka eT(x) tw(tk)
sumtwg+ sumtwe+ sumtw
14. else loai bo X khéi Tr
15, Yelse if (wsupTr(X)*(sumtw(ﬁ sumtw;) > Sl) {
sumtwg+ sumtwe+ sumtwyg

16. WsupTr X) = supTT(X)*(sumtwg+ sumtwy)

sumtwg+ sumtwe+ sumtwg
17. } else loai bd X khéi Tr
18. }//end for
19. ENUMERATE_FWIs (Tr, [&]) // th( tuc dé quy dé cap nhat ho tro va

// tidsets cla cdac itemset dua trén dd sau cla th& tu dau tién
duyét

// va céc tap tidset cha cac item trong cac giao dich thém méi
20. if (sumtw;, + sumtw, > f) {
21. sumtwy = sumtwy + sumtw; + sumtw,
22. sumtw,.=0
23. duyét lai tp itemset dwoc danh dau trong Tr vdi giao dich U dé chuan héa tap Tr}
24, else sumtw, = sumtw, + sumtw,
END PROCEDURE
PROCEDURE ENUMERATE_FWIs (Tr, [P])
BEGIN PROCEDURE
25. for each itemset X; € [P] and X; khéng dwoc danh dau{
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26. for each itemset X; € [P] with j>iand X; khéng duwoc danh dau{
27. Z=X; UX;
28. T(Z) = T(X) N T(X)
29. if (Z c6 trong Tr)
30, f (wsupTT(Z)*(sumtwd+ sumtwe)+ ka eT(z) tw(ty) > Sl)
sumtwg+ sumtwe+ sumtwe
31 WsupTr (Z) _ supTT(Z)*(sumtwg+ sumtw,)+ Ztk eT(z)tw(tk)
sumtwg+ sumtwe+ sumtwe
32. [Pi] =[Pl U{Zx T(2)}
33. else loai bd Z khéi Tr
34. else if ( Xy 1) VD > 1){
sumtwg+ sumtwe+ sumtwy
35. Thém Z vao Tr va danh diu Z vao tap rescanned itemset
36. wsupT” (2) = — e
sumtwg+ sumtwe+ sumtw
37. }// end for
38. ENUMERATE_FWIs(Tr, [Pi])
39. }/end for
END PROCEDURE

Hinh 2. Thuat toan khai thac tap phd bién trén CSDL dinh lugng ting truong

Thuét toan trong Hinh 2 dugc dé xuit dé xur Iy cho cac giao dich dwoc chén tudn tw. Dong 2 dén dong 7 xur 1y
tap 1- itemset c6 trong tap giao dich méi Iy nhung thudc tip co do support nho trong co' s¢ dit li¢u ban dau (Trudng
hop 7, 8 va 9 trong Bang 4) va dong 8 dén dong 16 xur 1y tap itemset 1 phan tir c6 trong tap Tr trong co s dit liéu ban
dau va xuat hién lai trong tap giao dich méi It (Truong hop 1, 2, 3, 4, 5 va 6 trong Bang 3). Sau dong 16, d6 hd tro va
tap tidset cua cac itemset 1 phan tur trong cdy Tr da dugc cap nhat va cic tap itemset chli y can duyét lai da dugc danh
dau. Do do, dong 18 dén 22 kiém tra xem sd tong trong s6 tat ca giao dich méi duge chén c6 vuot qua muc an toan f

hay khong, néu dung thi thuat todn s& quét lai co s dir lidu gbc dé xir 1y cac tap itemset da danh déu.

3.3. Vi du minh hoa

Trong phan nay, mét vi du dugc dua ra d& minh hoa thuat toan Pre-FWIs. Gia st rang co s& dit liéu D ban dau

bao gdbm 9 giao dich trong Bang 1. Déi véi S

=30 % va S, = 40 %, cay IT-tree Tr duoc xdy dung tir D dugc thé hién

trong Hinh 3. Trén thuc té, thong tin tidset cua cac tap itemset dugc khai thac tir co so dir liéu géc khong duogc gitr lai
vi thudt toan nay xtr 1y khi qua trinh cap nhat thém giao dich mai.

AB (044) AD (045) AE(034) BC(0.32) BD (0.34) BE (0.49) CE (0.41)
Tx1345 Tx157 Tx145 Tx456 Tx156 Tx12456 Tx4569
ABE (0.34) BCE (0.32) BDE (0.34)

Tx145 Tx456 X156

{Tr}

N

A (0.64) B (0.58) C (0.9) D (0.67)
Tx13457 Tx123456 Tx4569 Tx1567

Hinh 3. Cay IT-tree Tr dugc xay dung tir co s& dix liéu (Bang 1) véi sumtw =4.12; S, =

Tx1245689

Gia su hai giao dich méi trong Bang 4 dugc chén vao sau khi cy Tr duoc xdy dung va dang doc cua hai giao

dich mai.
Bang 4. Trong sb cua cac giao dich trong WD
Transaction Database (T) Pinh dang doc
ID Item Item Transaction
10 {B, E, F, H} B 10
11 {E, F} E 1011
Sumtw, 0.575 F 1011

Dé6i v6i dir lidu trén, thuit toan dé& xuat Pre-FWIs tién hanh nhu sau. Bién sumtw, ban dau c6 gia tri 0, gia trj f

dugc tinh theo cong tlic trong thuat toan:
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= 0.69

Sy = S)sumtw,] (0.4 —0.3)4.12
a 1- 5, h 1-0.4
Vi sumtw; + sumtw, = 0.575 < f, viéc quét lai co s dit liéu gbc 1a khong can thiét. Sau d6 cap nhat do hd tro va

tap tidset ctia cac 1- itemset trong Tr duya trén tidset ctia cac 1-itemset trong hai giao dich méi va két qua duoc thé hién
trong Hinh 4.

{Tr}
A (0.57) B (057) C (0.36) D (0.6) E@©7) Fo32)x H@o)x
Tx Tx10 Tx Tx Tx1011  Tx1011 Tx10
AB AD AE BE CE DE
Tx1345 Tx15  Tx145 Tx456 Tx156 Tx12456 Tx456 Tx156
ABE BCE BDE
Tx145 Tx456 Tx156

Hinh 4. Cay két qua trudc khi dé quy

Va sau khi thu tuc d¢ quy cua thuat toan két thic thi két qua cho ra cta thuat toan 1a cay Tr luu trit cac tap phd
bién (v&i ngudng tir S, trd 1én) va tap can phd bién (voi ngudng S) cho toan bd co s dit lidu cap nhat, ciing nhu cac
tap hop itemset dugc danh dau khi can quét lai. Cay Tr sau d6 co thé dugc sir dung dé xur Iy cac giao dich méi duoc
chén tiép theo sau do.

{Tr}
A (O 57) B (0.57) C (0 36) D (o 6) E(073) F(0.32)x H (0.07) x
Tx10 \ Tx1011 Tx10 11 Tx10
AB (039 AD  AE(03) > BD(3 BE(©49) CE(036) DE (0.41)
Tx (0.4) Tx Tx Tx Tx Tx Tx
ABE (0.3) BDE (03)
Tx TX

Hinh 5. Cay két qua khi két thic thuat toan Pre-FWIs

Két qua cay Tr sau qua trinh cap nhat cua thudt toan Pre-FWIs nhu Hinh 5, mau pho bién khai thac dugc 1a cac
itemset c6 do hd trg 16n hon Sy: Cu thé 1a 07 tap pho bién nhu sau: {{A: 0.57}, {B: 0.57}, {D: 0.6}, {E: 0.73}, {AD:
0.4}, {BE: 0.49}, {DE: 0.41}}.

IV. KET QUA THU'C NGHIEM

TAt ca céc thuét toan trong thtr nghi€ém déu duoc thuc hién bﬁmg Java. Céu hinh PC bao gém CPU Intel Core i7-
8550U 1.8 GHz, RAM 16GB va HPH Windows 10. Bén co s¢ dit liéu tir http://fimi.cs.helsinki.fi/data duoc mé ta
trong Bang 5.

Bang 5. M6 ta CSDL thyc nghiém

STT CSDL $6 lrgng muc| S6 lwgng giao dich Ghi chd

1. RETAIL 16.470 88.162 | Thém trong s6
2. BMS-POS 1.657 515.597 | Thém trong sd
3. CONNECT 468 340.183 | Thém trong so
4 ACCIDENTS 130 67.557 | Thém trong so
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Céc thir nghiém dwoc thuc hién dé so sanh thoi gian thyc hién khai thac tit ca cac tap phd bién bang thuét toan
thuat toan IWFPFD [8] va thuat toan Pre-FWIs dugc dé xudt. Vi mdi CSDL trén, ching t6i tién hanh thyc nghiém
bang cach liy can trén bang dung minws va can dudi S, = 0.7*minws, tir d6 tinh ham f theo cong thirc 4 dé xac dinh ¢
duyét lai CSDL hay khong. Vi mdi CSDL thyc nghiém ching t6i 1y ra 1000 giao dich chia thanh nim nhém (mdi
nhém 200 giao dich), mdi 1an thyc nghiép ching t6i thém mot nhom vao CSDL dé chay 1y sé liéu va chia trung binh
thoi gian chay, nhu vady mdi CSDL va mot ngudng minws ching toi chay nam 1an mdi lan thém 200 giao dich.

Céc két qua thyc nghiém duoc mé ta qua cac biéu dd dudi day.

80 - 60 -
=== |WFPFD
=== |WFPFD 64.141 50 - 48.479
60 1 = 40 -
— Pre-FWIs 2 Pre-FWIs
D =
T 40 - =30 -
E 27.69 § 0 | ¢—=e ————O—& 24.002
" 20 - £
N g 10 -
o === 0
0.6 0.5 0.4 0.3 0.2 0.1 0.6 0.5 0.4 0.3 0.2 0.1
minws minws

Hinh 6. Két qua v6i CSDL RETAIL

K&t qué thuc nghiém trong Hinh 6 cho thay thut todn IWFPFD theo tiép can FP-Growth trong [7] c6 két qua t6t hon
ca thoi gian 1an bo nhé. O CSDL nay Pre-FWIs chdm hon hén, thoi gian va bo nhé déu hon gap déi so véi IWFPFD.

150

120 - 112.725

== |WFPFD 125.091 100 - _/103 .
7,100 7 Pre-FWIs 92.511 g 80 - ,——-—-—/v
] 5% 1 e wrprD
£ 50 - . £ 40 -

€ 20 - Fre-FWIs
0 0
06 05 04 03 02 01 06 05 04 03 02 01
minws (%) minws(%)

Hinh 7. Két qua véi CSDL BMS - POS

Két qua thye nghiém trong Hinh 7 cho thay két qua kha quan hon cua Pre-FWIs so voi IWFPFD. Méc du ca thoi gian
1an bo nhé déu cao hon IWFPFD nhung co ban sy chénh 1éch khong qua nhiéu nhu so véi két qua trén CSDL RETAIL.

250 - 200 -
200 - WFPFD 22081 —&— IWFPFD 148.81
Pre-FWIs 150 - :
150 160.094 =
= 2100 1 —m—Pre-FWIs 66.094
2100 - = A —
£ 2 50 .
=] 50 - 4
[}
£ —
0 0
096 095 094 093 092 09 096 0.95 094 093 092 09
minws minws

Hinh 8. Két qua voi CSDL CONNECT

Trong Hinh 8, két qud thyc nghiém trén CSDL CONNECT cho théy Pre-FWIs c6 két qua t5t hon han so véi
IWFPFD, nhat 1a vé thoi gian thi Pre-FWIs luon thap hon mét nura so véi IWFPFD.

o 142,667 120 - 112,667
—o— IWFPFD 100 | —&—IWFPFD
%:100 I Pre: 90742| |28 71 _ — Pre-FWis
E T 60 — 60782
S 50 - £ 40 -
()]
E201 g
0 0
0.9 o8 07 06 05 09 08 07 06 05
minws minws

Hinh 9. Két qua v6i CSDL ACCIDENT

Vé6i CSDL ACCIDENT, két qua thuc nghiém trong Hinh 9 da cho théy su vuot trdi cia Pre-FWIs so véi
IWFPFD. Tham chi v&i ngudng minws =0,5, thoi gian khai thac ctia IWFPFD nhiéu gap 1,85 1an so véi Pre-FWIs.
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Céc két qua thuc nghi¢ém trén cho thdy véi CSDL thua (nhu RETAIL) Pre-FWIs chay cham hon hin va ciing st
dung nhiéu bo nhé hon so véi IWFPFD. Sang CSDL BMS-POS tuong ddi day thi hai thuat toan nay cho két qua twong
duong nhau, IWFPFD du van c6 két qua tdt hon ca thoi gian 1an bo nhé nhung su chénh léch khong nhiéu. Vi cac
CSDL day nhu CONNECT va ACCIDENT thi khac hin, Pre-FWIs nhanh hon hin so v6i IWFPFD nhit 1a dbi véi
CSLD ACCIDENT.

Tir cac két qua thyc nghiém trén co thé thay Pre-FWIs cho hiéu qua rat tot vé mat thoi gian va bo nhé dbi véi
cac CSDL day va it ¢6 hiéu qua, han ché d6i véi cac loai CSDL thura.

V. KET LUAN VA HUONG NGHIEN CUU TIEP THEO

Bai bao nay dé xuat mot cach tiép can méi dua trén cdu tric cay IT-tree dé khai thac tap phd bién trén CSDL
dinh luong tang trudng véi viée st dung khai niém “tap cén phd bién” va sir dung cdu triic doan bit vector IWS [8]
trong biéu dién tidset ciia cac itemset nham tang tc thuat toan. Cac két qua thir nghiém cho thay tinh hiéu qua Ve mat
thoi gian va bo nh¢ cua phuong phap dé xuét trén cac CSDL thyc nghiém. Trong thoi gian téi ching toi s& tiép tuc
theo dudi chui dé nay trén cac loai CSDL dinh luong khac, ciing nhu hudng t6i cac giai phap song song cho bai toan
nay trén cac CSDL 16n.
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AN EFFICIENT ALGORITHM FOR MINING FREQUENT WEIGHTED ITEMSETS
FROM INCREMENTAL DATABASES

Vuong Dinh Bac, Nguyen Duy Ham

ABSTRACT: Mining pattern from transactional databases is one of the most important problems in data mining. In
particular, the mining pattern on the incremental database is a problem that appears many applications in practice, because the
database is updated and added with new transactions. Recently, many research related to this problem on both of binary databases
and quantitative databases. However, the solutions proposed on the current incremental database still take a lot of time to mine. In
this paper we propose an efficiency algorithm on a incremental quantitative database based on ITW-Tree. The algorithm we
propose has a better performance than the methods already available on the experiment databases.

Keywords: pattern, experiment database, quantitative database, incremental quantitative database.



