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1. GIOI THIEU

Hién nay, viéc tim Minimal Generator cua tap phd bién déng déu dwa vao thuat toan
Apriori nhu trong [3],[5].

Phuong phép thir nhit dugc trinh by boi Bastide va dong sy trong [3], cac tac gia da mo
rong thuat toan Apriori dé tim mG. Pau tién thuat toan tim c&c ang vién 1a cac mG, sau d6 nd
tinh bao d6ng (closure) cia ching dé tim tap dong.

Phuong phép thir hai dugc trinh bay boi Zaki trong [5]. Pau tién, téc gia dung thuat toan
CHARM [4] dé tim tat ca céc tap dong. Sau d6, iing véi mdi tap dong téc gia sir dung phuong
phép Apriori dé tim tat ca c&c mG cia no.

Ca hai phuong phép nay déu gap bit loi khi kich thudc cia tap phé bién 16n boi vi s lugng
tap tng vién can xét [on.

Bai béo trinh bay mot phuong phép tim nhanh mG dwa vao thuat todn CHARM. N6 khic
phuc nhuoc diém caa hai phuong phép trén bang céch dua vao thuat toan khéng sinh (ng vién
(CHARM) & sinh tap phd bién déng va dong thoi ciing tim lubn mG cua ching dya vao cac
nhan xét trong phan 2.4.

2. TAP PHO BIEN PONG VA MINIMAL GENERATOR
2.1 Mt sb dinh nghia [4], [5]:
2.1.1. Pinh nghia vé di liéu giao dich:
Cho | = {iy, iz,..., in} |atap tat ca c&c muc dit ligu (ItemSet). T = {ty, t,, ..., t,} latap tit ca

céc giao dich (Transactions) trong CSDL giao dich D. CSDL duoc cho laquan hé hai ngéi di 1~
T. Néumucil | xay ratrong giao dich tl T thi taviét1& (i, t) T d, ki hiéu: idt.

Vi du: xét CSDL sau [4].

Bang 1: CSDL méau =} Pinh dang dir liéu doc
Magiao dich Noi dung giao Madanh myc | Céac giao dich cd
dich chira danh muc
1 ACT W A 13,45
2 C,D,W C 1,2,3,4,56
3 ACT W D 2,4,5,6
4 A C,DW T 1356
5 A C,D T, W wW 1,2,34,5
6 C,D,T

Giao dich thir hai ¢ thé dugc biéu dién la{Cd2, Dd2, Wd2}.




2.1.2. Pinh nghia dé phd bién:

Cho CSDL giao dich D vatap di ligu Xi 1. Do pho bién ciia X trong D, ki higu s(X), duoc
dinh nghiala so giao dich ma X xuat hién trong D.

2.1.3. Pinh nghiatap phd bién:
X1 1 duoc goi laphd bién néu s(X) 3 minSup (véi minSup lagiatri do nguoi dung chi dinh).
2.1.4. Két néi Galois:

Cho quan hé hai ngdi di |~ T chira CSDL cin khai théc. Bat: X 1 1 vaY |l T.vai P(S
gom tit ca céc tap con cua S. Ta dinh nghia hai anh xa giita P(1) va P(T) dugc goi 1a két noi
Galois nhu sau:

at:P()aP), t(X)={yl T|"x1 X,xdy}.
b.i:P(T)a P(l), i(Y)={xi 1'|"yT Y,xdy}.

Hinh 1 minh hoa hai 4nh xa nay trong d6 anh xa t(X) latap tit ca céc giao dich ¢ chia
itemset X (hay con goi 1a Tidset cialtemset X) va i(Y) latap tat ca cac muc dit li¢u cd trong tat
ca cé&c giao dich trong Y. Ki hi¢u itemset X va tap cac giao dich twong tng véi no t(X) 1&
X7 T(X) vadugc goi lalT-pair. Twong tu véi tap giao dich Y vai(Y) lai(Y) " Y.

Vide:  t(ACW) =t(A) Ct(C) C t(W) =1345C 123456 C 12345 = 1345
i(245) =i(2) Ci(4) Ci(5) = CDW C ACDW C ACDTW = CDW
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Hinh 1.Két ndi Galois.

2.1.5. binh nghia toan ti# déng:
Cho: X I | vaanhxa c:P(1)® P(I) vsi c(X) =i(t(X)). Anhxa c duoc goi |atoan tur
dong.
Vi du: xét CSDL duogc cho trong bang 1 taco
C(AW) = i(t(AW)) = i(1345) = ACW.
C(ACW) = i(t((ACW)) =i(1345) = ACW .

2.1.6. Binh nghia tdp dong:
Cho X I 1.X dugc goi latap déng khi va chi khi c(X) = X. X dugc goi latap phd bién déng
néu X pho bién va X latap dong.
Vi du: xét CSDL dugc cho trong bang 1 ta co:
Do: c(AW) =i(t(AW)) =i(1345) = ACW b AW khdng phai latap dong.
Do: c(ACW) =i(t(ACW)) =i(1345) = ACW b ACW latap dong.



2.2. Céc tinh chét caa | T-pair [4]
Cho X; " t(X;) va X, " t(X;) lahai IT-pair. Tacé 4 tinh chat sau:
1 Néu t(X;) =t(X;) thi c(X;) =c(X;) =c(X; E X,).
2. Néu t(X;) T t(X;) thi ¢(X;)* c(X;) nhung c(X;) =c(X; E X;).
3.Néu t(X;) Et(X;) thi ¢(X;)* c(X;) nhung c(X,) =c(X; E X;).
4 Néu {a‘-("ﬁ- JE A
HA )il
2.3. Kh& niém Minimal Generator (mG) [5]
Cho X latap déng. Tandi itemset X' lamaot generator caa X khi vachi khi:
1. X1 X
2. s(X) =s(X).

Goi G(X) latap cac generator cia X. Tandi rang X'1 G(X) 1a mét mG néu né khéng co tap
con trong G(X). Goi G™"(X) la tap tit ca c&c mG cua X. Theo dinh nghia, G™(X) * A vi néu nd
khong cd generator hoan toan thi chinh X [amG.

Chang han: xé tap dong ACTW, céc generator la {AT, TW, ACT, ATW, CTW} va
G™(ACTW)={ AT, TW}.

2.4. Mt sb nhan xét vé mG

1.mG cua 1-itemset [a chinh no.
2.Trong qué trinh &p dung thuat todn CHARM d¢ tim tap pho bién d¢ong, néu thoatinh chat
1 thi: mG(X EX;) = mG(X;) + mG(X)).
3.Néu theatinh chét 2 thi mG(X E X)) = mG(X).
4.Néu thoa tinh chét 3 thi mG(X E X)) = mG(X)).
5.Néu théatinh cht 4 thi mG(X E X)) = E[mG(X;), mG(X)]
Ch#rng minh:
1. Hién nhién vi khdng thé c6 tap con khéc rong ciiatap 1-itemset.
2. Taco t(X) = t(X) = t(mG(X)) = (mG(X)) = t(X EX)
P mG(X) vamG(X)) lamG cua X EX;.
3. Tacot(X) = t(XEX) = (mG(X)) * (mG(X))
P Chi c6 mG(X;) lamG cia X E X
4. Tuong tu 3. i
5. bé chitng minh 5, ta.can chung minh:
5.1. E[MG(X;), mG(X;)] lacéc generator caaX; EX;.
That vay, x& Z = mG(X) E mG(X) (trong d6 mG(X)I mG(X;),
mG.(X,)T mG(X,)) ta cé: do t(mGk(X.)) = t(X.) va t(mG.(X,)) = t(X,) nén t(X.E XJ) =
t(Z2) b Zlagenerator ciaX EX;.
5.2. E[MG(X), mG(X;)] lacac mG cia X; EX;.
That vay, gia st & mic m+1 trén cdy | T-tree, xét Z = mG(X;) E mG,(X;) (trong d6
mMG,(X)I MG(X), mG(X)I mG(X)) ta cd: mG(X) va mG,(X)) cling & mirc m va
chia s¢ chung (m-1)-itemset. RO rang, mG(X;) va mG(X;) la cac tap con tryc ticp
ciaZ nén sg khong ton tai tap con Y caa mG(X;) E mG(X;) sao cho t(Y) = t(2) hay
ZlamG ciaX; EX;.

thi ¢(X;)* c(X;)* c(X, E X))



3. THUAT TOAN MG-CHARM

3.1. Thuat toan

Piu vao: CSDL D vangudng pho bién minSup

Keét qua: tat ca cac tap pho bien dong thoa minSup cung véi mG caa chang
Phwong phép thuc hién:

MG-CHARM(D, minSup)
1 [A={t(),0): 1T 1 Us(l;) 3 minSup}
2. MG-CHARM-EXTEND([AH,C=A)
3. ReturnC
MG-CHARM-EXTEND([P], C)
4, for each I;” t(l;),mG(l;) in [P] do
P =PEland[P] =&
for each I;" t(l;),mG(l;) in [P], withj > i do
X=ljand Y =t(l;) C t(l})
MG-CHARM-PROPERTY (X" Y I;l;,P;, [P],[P])
. SUBSUMPTION-CHECK(C, P)
10. MG-CHARM-EXTEND([P], C)
11. delete [P}]
MG-CHARM-PROPERTY (X" Y Iil;,P;, [P].[P])
12. if s(X) 3 minSup then
13.  if t(l;) = t(;) then // tinh chat 1

©o N U

14. Remove l; from P

15. Pi = Pi E |j

16. mG(P) = mG(P)) + mG(P,)

17. dseif t(I) 1 t(;) then // tinh chat 2

18. Pi=PiE |j

19. dseif t(l;) E t(l;) then // tinh chat 3
20. Remove |; from [P]

21. Add X" Y, mG(l)) to [P]

22. dseif t(l)) * t(I;) then // tinh chat 4
23. Add X" Y, E[mG(l}), mG(l;))] to [P]

Trong d6 ham SUBSUMPTION-CHECK  kiém tra xem tap pho bién P; co 1a tap déng hay
khong? Neu dung thi bo sung vao C, neu khong thi loai bo. NO sir dung bang bam dé luu C, chinh
vi vay viéc kiém tra chiem thoi gian khdng déang ké[4].

3.2. Nhan xét
Viéc tim mG ciamot tap déng X theo thuat toan trén laday du.
Churng minh:
Gia sir ton tai mot tap phé bién X’ sao cho:
X1 X
i) s(X") =s(X)
i) ZE X'," 2T mG(X)
Nghiala X’ lamét minimal generator cia X nhung khéng thudc vé tap mG(X).
Do X’ 1 X nén X’ khong thé | tap déng, vi vay X’ phai |a generator cia mot tap dong Y
nao dé. Do t(X’) = t(X) vat(X’) = t(Y) nén t(X) = t(Y) vavi vay, theo tinh chat 1 caalT-pair, X,
Y khéng latap déng vi ¢(X) = c(Y) = c(XEY), nghialaY khéng ton tai hay X’ khong tdn tai theo
gia thuyét (dpcm).



3.3. Minh hoa

Xét CSDL trong bang 1 véi minSup = 50%, taco két qua nhu sau:

bau tién, 16p twong duong {} chira cac tap pho bién 1-itemset. Theo nhan xét 1: mG caa tap
1-itemset |a chinh nd nhu minh hoatrong hinh 2.

mG(D) = (D); mG(T) =(T),...
mG(1-itemset) = (itself).

\ W)

Wx1234% Cx123456

{x123456

)\

Ax1349

(M /
Tx

Dx2456

Hinh 2: mG cuatap 1-itemset
Ké tiép, khi két hop hai | T-pair D" 2456 vaT 1356 thanh DT” 56 tacd s(DT) = [56| = 2 <
minSup b loai. Twong tu cho DA.
Ké tiép, khi két hop hai 1 T-pair D" 2456 vaT” 1356 thanh DT" 56 taco s(DT) = [56] = 2 <
minSup b loai. Twong tu cho DA.
Xét DW, do t(D) * t(W) nén theo nhan xét 5 tacé mG(DW) = mG(D) E mG(W) = DW.
Xét DC, dot(D) 1 t(C) nén theo nhan xét 3 tacé mG(DC) = mG(D).

{x123456
Do (D) = {C). mG(DC)
=mG(D) = (D)
o — m,/ (a) (W) (€)
DCx2456 Tx1356 Ax1345 Wix12345 Cx123456
(oT) (PA}\ |(DW),

DTx56 DAx45 DWCx245

Hinh 3: Minh hoaviéc cip nhat mG khi théa nhan xét 3

Dé minh hoa cho nhan xét 4, ta xét két qua sau khi thuc hién viéc két hop T véi céc | T-pair
sau n6 nhu hinh 4,



{x123456

(D) (M A) W) (©)
DCx2456 TCx1356 Ax1345 Wx12345 Cx123456
(T) DAY\ BW),  (TA), (TW),

DTx56 DAx45 DWCx245> TACx135 TWCx135

Hinh 4: Két qua sau khi két hop T véi cé&c I T-pair diing sau n6

X ét viéc két hop TAC véi TWC taco: do t(TAC) = t(TWC) nén mG(TAWC) = mG(TAC) +
mG(TWC) = {TA, TW}. Tacd cay biéu dién két qua cuoi cung trong hinh 5.

[x123456
(D) (M (A) W) (C)
DCx2456 TCx1356 AWCx1345 WCx12345 Cx123456

oT) (BA)\ |owj,, (TATW)

DTx56 DAx45 DWCx245 TAWCx135

Hinh 5: Cay tim kiém I T-tree sau khi thuc hién MG-CHARM
(trong ngoac la mG cuatap dong tuong trng)

4. KET QUA THUC NGHIEM

Két qua thuc nghiém duoc thyc hién véi nhiéu CSDL ¢6 dac diem khac nhau duoc lay tu:
http://fimi.cs.helsinki.fi/data. Chuong trinh dugc ca dat bang ngdn ngir VC7, hé dieu hanh
Windows XP, CPU: 1GHz, RAM: 384MB.

Bang 2: Dic diém cuacac CSDL thir nghiém
Tén CSDL S6 giao dich | S6 danhmuc | D6 dai trungbinh | D6 dai toi da

Chess 3196 76 37 37
Mushroom 8124 120 23 23
Pumsb* 49046 7117 50.48 63

Pumsb 49046 7117 74 74



http://fimi.cs.helsinki.fi/data

Connect

67557

130

43

Accidents

340183

468

33.8

51

Bang 3: Két qua thyc nghiém so sénh CHARM vaMG-CHARM

) ) s6 Thoi gian thyc hién
Ten | So | S0 mnSup oy oo tile (1)/(2)
FCI @ )
80 5083 5.52 0.24 23
75 11525 40.11 0.43 93.28
Chess 76 319
70 23892 120.8 1.05 115.05
65 49034 651.12 2.44 266.85
40 140 0.32 0.25 1.28
30 427 0.45 0.4 1.13
M“i‘roo 120 | 8124 [ 20 1200 1.29 1.03 1.25
10 4095 7.82 254 3.08
5 12940 56.03 5.55 10.1
94 216 0.69 0.66 1.05
92 610 1.21 1.09 111
Pumsb | 7117 | 49046
90 1465 1.77 1.52 1.16
88 3160 4.05 1.88 2.15
60 68 0.69 0.65 1.06
55 116 1.11 1.02 1.09
Pumsb* | 7117 | 49046
50 248 251 2.01 1.25
45 713 4.72 3.62 1.3
95 811 1.32 1.16 1.14
90 3486 5.91 2.33 2.54
Connect 130 67557
85 8252 28.24 4.56 6.19
80 15107 100.77 5.86 17.2
80 149 255 25 1.02
_ 70 529 6.39 5.7 112
Accidents | 468 | 340183
60 2074 16.21 15.18 1.07
50 8057 49.34 31 1.59

(1) Thoi giantim FCI theo CHARM + thoi gian tim mG cua cac FCI

(2) Thoi gian thyc hien MG-CHARM

~ Két qua 6 bang 3 cho thay thoi gian thuc hién cia MG-CHARM nhé hon so véi CHARM
ket hop véi tim mG theo phuong phap cia M. J. Zaki. Chang han, xét CSDL chess véi minSup =




65%, MG-CHARM nhanh hon gip 266 lan. S6 lwong tap phd bién déng cang [6n, ti 18 ndy cang

Ccao.

5. KET LUAN VA HUONG PHAT TRIEN

Bai b&o dwara mot phuong phap méi dé tim mG caa tap phd bién déng ma khong can phéat
sinh &ng vién. Thuc nghiém chang to thoi gian & cap nhat mG cua céc tap déng 1a khéng dang
ké. Pac biét 1atng véi céc truong hop kich thudc ciia tap déng 16n, thoi gian cap nhat nay nho
hon nhiéu so véi phuong phép sinh tng vién trong [3],[5].

Trong tuong lai, ching t6i s& sir dung két qua ndy cho bai toan khai théc tap luat khdng du
thira, truy van luat khdng du thira, ...
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