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TOM TAT

Khai thac tap pho bién dong vai tro quan trong trong khai thac luat két hop. B4i véi co so
dir liéu s6 luong, khai thac tdp dong duoc gan trong phd bién (FWCIs) 1a mét trong nhiing
phuong phép khai thac tap pho bién da dugc tac gia dé xuat. Tuy nhién ddi véi co so dit liéu day
dic, thoi gian khai thac tap phd bién (FWCIs) van con cao. Trong bai béo niy, tac gia d& xuat
thuat toan sir dung diffset dé khai thac tap dong dugc gan trong phd bién (FWCIs-DIFF). Dya
trén co s cac dinh 1y va tinh chét, tac gia d& xuat thuat toan (FWCIs-DIFF). Két qua thuc
nghiém cho thiy, véi co sé dit liéu day dic thoi gian khai thac ciia (FWCIs-DIFF) 1a nhanh hon
so véi (FWCls).

Tir khéa: khai thac tap phd bién, khai thac tp dong duoc gan trong phd bién, diffset.

1. GIOI THIEU

Diéu kién chit hon cua tap dong phd bién so véi tap phd bién 1am giam dang ké sé luong
tap duoc sinh ra, va vi vay khai thac luat tir tap dong pho bién s& hiéu qua hon. Khai niém tap
dong phd bién duoc dua ra 1an dau tién vao ndm 1999 [1] boi Pasquier va dong sur.

Vé sau nay, thuat toan dugc sir dung nhiéu nhat 1a CHARM [2]. Vao nam 2013, V5 Pinh
Bay, Frans Coenen, Lé Hoai Bic da dua ra thuat toan khai thac tap dugc gan trong pho bién
(FWIs) [3]. Cudi ndam 2013, V4 Dinh Bay, Ngé Dwong Ha, Tran Nhu Y d3 dwa ra thuat toan
(FWCls) [4].

Dua trén WIT-tree [1], FWCIs [4], tinh chit cta IT-pair trén co so Diffset [2], Diffset la
mot phan nho cua kich thudc Tidset nén thao tac tinh phan khac nhau dwoc thyuc thi kha hiéu
qua. Bén canh d6 Diffset con 1am giam kich thudc by nhé yéu cau dé luu trir Tidset. Trong cing
mot 16p twong duong, Diffset duoc tinh dua trén su khac biét gitra hai Tidset. Vi vay, di voi
CSDL day dic, kich thudc cua Diffset 1a nhé hon Tidset. Tac gia dé xuat thuat toan cai tién
(FWCIs-DIFF) nham rat ngin thoi gian khai thac tap dong dugc gan trong phé bién déi véi
nhitng co s& dir lidu day dic, tir d6 giup cho viéc khai thac luat két hop dugc nhanh hon.

Phan con lai caa bai bao dwogc t6 chic nhu sau: Phan 2 ching t6i trinh bay nhiing tinh chét
va dinh 1y lién quan, phan 3 chung toi trinh bay thuat toan cai tién FWCIs-DIFF, phan 4 ching
t6i s& trinh bay két qua thuc nghiém, danh gia va cudi cung 1a két luan lai van dé.
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2. MOQT SO PINH LY VA TINH CHAT
2.1.Co sé dir liéu sé lweng giao dich
Cho CSDL D vai tap giao dich T = {t;, t, ....tn}, tap cac items | = {iy, iy, ...,in} va tap

trong s6 duong W = {wy, W,, W3, W,} twong ng voi moi item trong tap 1 [3].

Trong Bang 2.1 qé 6 giao dich T = {ty, ty, t3, t4, ts5, tc}, 5 items | = {A, B, C, D, E}. Trong sb
cua nhitng items nay lan lugt 1a W = {0.6, 0.1, 0.3, 0.9, 0.2}.

Bang 2.1. CSDL sb luong giao dich: a. CSDL giao dich, b. Trong s6 (loi ich) cua cac item.

M4 giao dich| Néi dung giao dich item Trong s6
1 4, B, D E A 0.6
2
2 B C E B o1
3 A4 B, D E

C 0.3
4 A4 B, C E
D 0.9
5 A B C D E
2
6 B CD E 02
(a) (b)

Két néi Galois [6]:

Cho quan hé hai ngodi 6 < IxT chira CSDL can khai thac. Pat X | va Y — T. Ta dinh
nghia hai anh xa gitra P(I) (T4p tat ca cac tap con = & cua I) va P(T). Ta co:

a.t:P()i— P(M),tX)={y eT| "k e X, x 5y}
b.i: P(T)—» P, i(Y)={x el| "y €Y, x5y}
Tinh chat cua két ndi Galois:

Cho X, X1, X, e P(I) va Y, Yy, Y, € P(T)

1) X1 Xo= t(X1) 2t(X2)

i) Yic Y= i(Y) 2i(Yy)

i) X ci(t(X)) va Y < t(i(Y))

Pinh nghia|2]:

- batxcl la tap dp:qc gan trong phd bién. X dugc goi la tap dong dugc gan trong phd bién
néu va chi néu khong ton tai bat ky tap dugc gan trong pho bién Y, sao cho X c Y vaws(X) =
ws(Y).

Pinh 1y 1: Cho 2 tap item X, Y v6i X € Y, ws(X) = ws(Y) & t(X) = t(Y).
XxtX) . Yxt®)

Pinh ly 2: Cho 2 node ws(X) va ws(Y)

trong l6p twong duong [P]. Co cac ménh dé
Sau:

i. Néu t(X) = t(Y) thi X, Y khong 1a tap dong.

ii. Néu t(X) c t(Y) thi X khong 1a tap dong.

iii. Néu t(X) o t(Y) thi Y khong 1a tap dong.
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2.2. Sfrvdm!g Diffset dé 1am giam khéong gian luu trir va cho phép tinh nhanh ws (trong sé
pho bien) [3].

Xét mot 16p tién t6 1a P, PX va PY 1a hai thanh vién bat ki cta 16p twong dwong P. Goi
d(PX), d(PY) 1a Diffset cia PX va PY, ta c6 cac cong thuc [5]:
d(PXY) = t(PX)\t(PY)
d(PXY) = d(PY)\d(PX)
Va céc cong thire tinh trong s6 [3]:
Dteacpxy) tw(t)
Yeer tw(t)
Néu d(PXY) = & thi ws(PXY) = ws(PX)

ws(PXY) = ws(PX) —

2.3. Sir dung tinh chit IT-Pair trén co sé Diffset

Do CSDL ban déu duoc luu dudi dang Tidset va viée tinh toan dugc ap dung trén 4 tinh
chat cua IT- -pair, vay néu muon ap dung Diffset va viéc tinh todn cling 4p dung dugc hi¢u qua
trén 4 tinh chat cua IT-pair ta can phai xem xét mdi quan hé giira Tidset va Diffset [2].

Goi m(X;) va m(X;) 1a s6 phan tir khac nhau caa d(X;) va d(X;). Gom bén tinh chét:
Tinh chdt 1: Néu m(X;) = 0 vam(X;) = 0 thi d(X;) = d(X;) hay t(X;) = ¢(X;).
Tinh chédt 2: Néum(X;) > 0 vam(X;) = 0 thi d(X;) 2 d(X;) hay t(X;) < ¢(X).
Tinh chat 3: Néu m(X;) = 0 vam(X;) > 0 thi d(X;) < d(X;) hay t(X;) o t(X)).
Tinh chat 4: Néu m(X;) > 0 vam(X;) > 0 thi d(X;) # d(X;) hay t(X;) # t(X)).
Vay c6 thé xur 1y trén Diffset twong ty nhu trén Tidset.

Tir 2.2 va 2.3 ¢6 thé tng dung hoan toan Diffset dé cai tién thuat toan WIT-FWCls.

3. THUAT TOAN WIT-FWCIS-DIFF

Cac buorc thuc hién thuét toan:
Budc 1: Khai bao va khai tao 1 s6 bién sau:
bat | 1a tap cac item.
bat [P] = {i € I / ws(i) = minws}

Xepet(d fW(fk)
Sepertw(ty) ’ tw(ty) =

Zl Etk ]

bat ws(i) = ; Trong d0, ty 1a giao dich thta k trong CSDL

vaik=1..n
FWCIs_DIFF = {§)
Budc 2: Sip xép tang cac node ciia [Pyo] theo s lugng tidset:
[Poo] = {look € [Pool / 1toor)| < 1tUoom); loom € [Pool
,Ym = k.. (|[Pooll — 1), Yk = 0.. (|[Poo]| — 1)}
Budc 3: Tim cac 16p twong duong con cua [Py, |:
Budc 3.1:
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Look = {looxUloom / tUook) € tUUoom); loom € [Pool
,Ym = (k+ 1)..(I[Pooll = 1)}, look € [Pool, Vk = 0..(|[Pooll — 1)}

Buéce 3.2:

t(loor) = t(loom) = remove loom V6i Look, loom € [Pool

,Ym = (k+ 1)..(|[Pooll —1),Vk = 0..(|[Pooll = 1)

Budc 3.3:
[P11e] = {loorUloom / tlloor) 2 t(loom) o7 tlloox) # t(loom)
and ws(lyox U loom) = minws; look, loom € [Pool
,vm = (k + 1).. (I[Pooll = D}, vk = 0.. (I[Pooll — 1)
Trong d6, tinh d(lyox Ulpom) va Ws(loor Ulpom) Cu thé:
d(loorUloom) = t(loor) \tloom)

z:'f‘fﬂl(lookUloom) tw(t)
Xter tw(t)

ws(lookUloom) = wslook) —
Buoc 3.4:
t(loox) 2 t(loom) = remove lyom V6i look, loom € [Pool
,vm = (k+1)..(I[Pooll = 1), Yk = 0.. (|[Poo]| — 1)

Budc 4: Tim céc 16p tuong duong con cua [Pl- j]:
Budc 4.1:
lijie = {LijreUlim / d(lijic) 2 d(lijm); Lijm € [Py]

,vym = (k+ .. (|[P;]] — D} Lje € [Pi], vk = 0..(|[P;]] — 1)}
Trong d6, v&i d(1ijxUlijm) = d(liji) va ws(LijeUlijm) = ws(liji)
Budc 4.2:

d(lljk) = d(lljm) = remove ll]m VGi lijk! lUm € [PU]

,vym = (k+ 1..(|[P;]] — 1), vk = 0..(|[P;]]| — D}
Budc 4.3:

1P o (s2zilpeel) o) = Lo Ulim / Al = dijm)

or d(ll]k) * d(ll]m) and WS(lijk U lljm) = minws; lijk' ll]m € [Pl]]

Trong do, tinh d(lijk Ulijm) va ws(ljUlijm) Cu thé:
d(lijiUlijm) = dlimm)\diji)
ted(lyjm) WO

)
ws(lijeUlijm) = ws(lijic) — Yeer tw(t)

Budc 4.4:
d(lljk) C d(lum) = remove ll]m VGi lijk! ll]m € [Pl]]
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vm = (k +1)..(|[P,]| - 1), vk = 0..([P]| - D
Buoc 5: Lap lai buéc 4 véi cac 16p tuong duong khac [P;;], j= 0..(n — 1)
Budc 6: Lap lai budc 5 véi cac mite khéc cua cdy [P j], i=0.(n—1)
Bu6c 7: FWCIs_DIFF = {I;j: Lijy. € [Py],Vi,j,k =0..(n— 1)}
Thuat tean WIT-FWCIs-DIFF:

WIT-FWClIs-DIFF()

FWCIs_DIFF = J

[D] = {ie I: ws(i)>zminws}

SORT([@]) //Sap xép nhiing node trong [&] ting theo tidset va ws
WIT_FWCIs_DIFF_EXTEND([Q],FWCIs_DIFF = &)

return FWCIs_DIFF //ltemset phd bién thoa ngudng minws
WIT_FWCIs_DIFF_EXTEND([P], FWCIs_DIFF)

6. foreachl; € [P]do

o M~ w0 Dp e

7. P,=PUl;jand [P;]] =D

8. for each [; € [P],withj > i do

9. if t(l;) = t(l;) then //Theo tinh chat 1 ciia myc 2.3

10. Pp=1LUl

11. remove [; from [P]

12. for each [, € [P;] do //HGi thém [; cho cic node thugc I6p twong
duong [P;]

13. Ly =1 Ul

14. else if t(l;) c t(l;) then //Theo tinh chét 2 ciia muc 2.3
15. Pp=Lul

16. for each [, € [P;] do // Héi thém [; cho cac node thudc I6p twong
duong [P;]

17. Ly =1L Ul

18. else

19. X=Lul

20. Y =d(;UL) = ed\t())

21. ws(X) = ws(l;) — %

22. if t(l;) o t(l;) then //Theo tinh chat 3 ciia myc 2.3
23. remove [; from [P]

24. add X Xy5(x) Y to[P;]

25. else//Theo tinh chét 4 cua muyc 2.3
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26. if ws(X) > minws then

217. add X X,,5x) Y t0 [P;]

28. WIT_FWClIs_DIFF_EXTEND_level2([P;], FWCIs_DIFF)

29. if (SUBSUMPTION_CHECK(C, P;)==TRUE) then //Kiém tra tap dong
30. Add P; to FWCIs_DIFF

WIT_FWClIs_DIFF_EXTEND_level2([P], FWCIs_DIFF)
31. foreachl; € [P]do

32. P=PUljand [P] =D

33. for each [; € [P],withj > i do

34. X=Lul

35. Y =d(;;UL) = d()\d()

36. if Y = @ then ws(X) = ws([;)//Stt dung cong thirc cua muc 2.2

37.

38. else ws(X) = ws(l;) —%

39. if (ws(X)>minws) then

40. if d(l;) = d(l;) then // Theo tinh chat 1 cua myc 2.3

41. P, =1Vl

42. remove [; from [P]

43. for each [, € [P;] do// Hoi thém [; cho cic node thudc I6p twong
duong [P;]

44, Ly =L Ul

45, else if d(l;) > d(l;)then // Theo tinh chat 2 cia myc 2.3

46. P, =1 Ul

47. for each [, € [P;] do // Hgi thém [; cho cac node thugc I6p twong
duong [P]

48. Ly =L Ul

49. else

50. if t(1;) < t(l;) then // Theo tinh chat 3 ciia muc 2.3

51. remove |; from [P]

52. add X X,,5(x) Yto[P{]

53. else // Theo tinh chét 4 cia muc 2.3

54, if ws(X) > minws then

55. add X X,,5(x) YtO[P{]

56. WIT_FWClIs_DIFF_EXTEND_level2([P;], FWCIs_DIFF)

57. if SUBSUMPTION_CHECK(C, P;)==TRUE) then // Kiém tra tap dong
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58. Add P; to FWCIs_DIFF
SUBSUMPTION_CHECK(C, P)
59. for each Ye HASHTABLE [|t(P)]|] do

60. if o(Y) = o(P) and P c Y then
61. return FALSE
62. C=CuUP

63. return TRUE

Vay FWCIs_DIFF chinh 1a tap dong dugc gan trong phd bién trong CSDL sb luong voi
minws cho truéc.

Vi du minh hea thuat toan WIT-FWCIs-DIFF:
T bang dir liéu 2.1 véi minws = 0.4,

x123456
1N
Cx2456 Dx1356 Ax1345 Ex12345 Bx123456
;”\Ann ) AE 072  £monm 1.0
DBAx6
0.38 0.32 CBE DBAE DBE
na1 0.59

Hinh 3.1. Hinh minh hoa vi du thuit toan WIT-FWCIs-DIFF.

Khei tao [D] ={A, B, C, D, E}

Khoi tao FWCIs-DIFF = &

Sau khi sip xép va gom nhom ta duoc [@] = {C, D, A, E, B}
Ta lan lugt tim cac 16p twong dwong cua [D]

*Voil; =C

Két hop véi cac I; € {D, A, E, B}

+ Do d(CD) = t(C)\t(D) = 24 = ws(CD) = 0.6 — 0.240.3

2.25

= 0.38 < minws. Vay khong

thém node (C8§824) vao cay.

+ Do d(CA) =t(C)\t(4) =26 =ws(CA) =0.6 — 0.22+205.43

khoéng thém node (Cé>§22 6) vao cay.

= 0.32 < minws. Vay

+ Do d(CE) = t(C)\t(E) = 6 = ws(CE) = 0.6 — 2—‘; = 0.41 > minw. Viy ta thém

node (COE_4X16) vao cdy.
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+ Do t(C) c t(B) nén theo tinh chat 2 ciia muc 2.3 thi C khong thé 1a tap dong. Vay thay
Cx2456) ;.. (CBx2456) . CEx6) ;.. (CBEx6
( 0.6 ) bang ( 0.6 ) va thay ( 0.41 ) bang ( 0.41 )
Kiém tra CBE trong bang bam thay rang CBE la tap dong nén thém CBE vao FWCIs-DIFF

— FWCIs-DIFF = {CBE}.

Kiém tra CB trong bang bam thay rang CB la tap dong nén thém CB vao FWCIs-DIFF =
FWCIs-DIFF = {CBE, CB}.

*V6il; =D
Két hop véi cac I; € {A,E, B}
0.43

+ Do(DA) = t(D)\t(4A) = 6 >ws(DA) = 0.78 — YT 0.59 > minws. Vay ta thém
node (%A5>§6) vao cdy.
0.43

+ Dot(DE) = t(D)\t(E) = 6 >ws(DE) = 0.78 — == = 0.59 > minws. Viy ta thém
node (DOE5>§6) vao cdy.

+ Do t(D) c t(B) nén theo tinh chat 2 cia muyc 2.3 thi D khong thé 1a tap dong. Vay thay
(D6.17?é56) bing (DBO>.<718356) (DOAx 6)béng (DBAx 6) (DEx6) bing (DBExG)

, thay | "0 59 059 || 059 0.59

.Do t(DBA) = t(DBE) nén theo tinh chit 1 cua muc 2.3 thi DBA khong thé 1a tip dong. Viy ta
ey (B356) tann (OBAE6) vaxsn (OBES ).

Kiém tra DBAE trong bang bam thiy rang DBAE 14 tip dong nén thém DBAE vao FWCls-
DIFF = FWCIs-DIFF = {CBE, CB, DBAE}.

Kiém tra DB trong bang bam thay ring DB 1a tip dong nén thém DB vao FWCIs-DIFF =
FWCIs-DIFF = {CBE, CB, DBAE, DB}.
*Veoil;=A
Két hop véi cac |; € {E, B}
+ Do t(A) c t(E) nén theo tinh chat 2 cia muyc 2.3 thi A khong thé 1a tap dong. Vay thay
Ax1345 b3 AE x1345
0.72 ang 072 )
* Do t(AE) c t(B) nén theo tinh chit 2 cia muc 2.3 thi AE khong thé 1a tap dong. Vay
AE x1345) | . AEB x1345
thay ( 0.72 ) bang ( 0.72 )

Kiém tra AEB trong bang bam thay rang AEB la tap dong nén thém AEB vao FWCIs-DIFF
— FWCIs-DIFF = {CBE, CB, DBAE, DB, AEB}.

* VO"l li = E
Két hop véi cac | € {B}
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+ Do t(E) c t(B)nén nén theo tinh chit 2 cia muc 2.3 thi E khong thé 14 tap dong. Vay
thay (E ><0%%45) bing ( EB 6'%21345) .

Kiém tra EB trong bang bam thiy rang EB 1a tap dong nén thém EB vao FWCIs-DIFF =
FWCIs-DIFF = {CBE, CB, DBAE, DB, AEB, EB}.

* Vé’l li = B
Két hop véi cac | € {}
Kiém tra B trong bang bam thay rang B 1a tap dong nén thém B vao FWCIs-DIFF =
FWCIs-DIFF = {CBE, CB, DBAE, DB, AEB, EB, B}.
Két qua: Tap dong duoc gan trong phé bién FWCIs-DIFF = {CBE, CB, DBAE, DB, ABE,
EB, B} thoa ngudng minws = 0.4.
4. KET QUA THUC NGHIEM

Giai thuat trinh bay trong bai duoc hién thuc bang ngon ngir C# 2010, dit liéu duoc luu trit
file text; va chay trén may Intel Core i5 2.5GHz 8GB RAM, Windows 8 Bai bao str dung tap
CSDL chuan dugc lay tur http://www.fimi.ua.ac.be/data/ véi dac diém dugc mod ta trong
Bang 4.1.

Bang 4.1. CSDL chuén dung dé thir nghiém.

Tén CSDL S giao dich Sémuc | Do dai trung binh | Do dai tdi da
Chess 3196 75 37 37
Mushroom 8124 120 23 23
Connect 67557 130 43 43
Accident 340183 467 33.8 51

Pic diém cho biét CSDL la thwa (mat do trung Iip cia cac item trén cac giao dich thap)
hay dac (mat do trung lip cao). Tinh chat cua cac CSDL ciing khac nhau. CSDL Chess voi $0
lwong giao dich va sb item it nhung rat dic. Mushroom vdi s giao dich, sé item it va 1a CSDL
thua. Connect véi s6 giao dich trung binh va sé item it.

Két qua danh gia thoi gian gitra thuat toan WIT-FWCls va thuat toan WIT-FWCIs-DIFF:

10 Chess

Times(s)

80 75 minws (%) 70 65
Hinh 4.1. Biéu @6 thoi gian gitta WIT-FWCIs va WIT-FWCIs-DIFF v6i CSDL Chess.
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1 Mushroom
_. 05
& —e— FWCls
g —=— DIFF
E 0
25 2ominws(%) 15 10

Hinh 4.2. Biéu db thoi gian gitta WIT-FWCIs va WIT-FWCIs-DIFF véi CSDL Mushroom.

Connect
10
g 5 —e—FWClI
] S
£
|_ O T ﬂ -
98 %minws(%) 94 92

Hinh 4.3. Biéu db thoi gian gitta WIT-FWCIs va WIT-FWCIs-DIFF v&i CSDL Connect.

Accident

30

20
) —e—FWClIs
e 10 —=—DIFF
£

0+ i u

75 70 65 60
minws(%6)

Hinh 4.4. Biéu db thoi gian gitta WIT-FWCIs va WIT-FWCIs-DIFF véi CSDL Accidents.
5. KET LUAN VA HUOGNG PHAT TRIEN

Bai bao di dwa ra thuat toan cai tién trong khai thac tap dong dugc gan trong phd bién trén
co s6 dit liéu s6 lugng bang cach st dung diffset nham rat ngan dwoc thoi gian khai thac tap phd
bién. Diffset lam giam kich thudc bo nhé yéu cau dé luu trir Tidset. Trong ciing mot 16p tuong
duong, Diffset dugc tinh dua trén su khac biét giita hai Tidset. Vi vay d6i voi CSDL day dic,
kich thu6c cua Diffset 1a nhé hon Tidset. Vi vy thoi gian khai thac tap dong phd bién caa WIT-
FWCIs-DIFF 14 ti vu hon WIT-FWCls.

Trong tuong lai, nhom tac gia s& nghién ctru khai thac luat két hop duwa vao tap dong duoc
gan trong pho bién.
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ABSTRACT

USING DIFFSET FOR MINING FREQUENT WEIGHTED CLOSED ITEMSETS ON
WEIGHTED ITEMS TRANSACTION DATABASES

Tran Nhu Y*, Nguyen Van Tung, Ngo Duong Ha
Ho Chi Minh city University of Food Industry
*Email: ytn@cntp.edu.vn

Mining frequent itemsets plays an important role in mining association rules. For weighted
items transaction databases, mining frequent weighted closed itemsets (FWCIs) is one of the
method proposed by author. However, for dense databases, the mining time of FWCls is still
high. In this paper, an algorithm for mining frequent weighted closed itemsets using diffset
(FWClIs-DIFF) is proposed. Some theorems are presented first, base on them, an algorithm for
mining FWCIs-DIFF is proposed. For dense databases, experimental results show that the
mining time of FWClIs-DIFF is always smaller than that of FWCls.

Keyword: mining frequent itemsets, mining frequent weighted closed itemset, diffset.

94


mailto:ytn@cntp.edu.vn

