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THUAT TOAN TIM NHANH MINIMAL GENERATOR
CUA TAP PHO BIEN PONG

Lé Hoai Biic, Vo Pinh Biy
Truong Pai hoc Khoa hoc Ty nhién, PHQG- HCM
(Bai nhdn ngay 18 thang 05 ndm 2006, hoan chinh sia chita ngay 16 thang 09 nam 2007)

TOM TAT: 56 leong tap phé bién dong (FCI) thuong nho hon so véi tdp phé bién. Tuy
nhién, dé khai thdc ludt két hop tir chiing can phdi tim Minimal Generator (mG) [3].[5]. Viéc
t.rep can tim mG dua vao phuong phdp sinh ung vién nhu trong [3],[3] mat nhiéu thoi gian khi
56 lwong tdp pho bién lom. Trong bai bdo nay chung toi a‘e xuat thudt todan MG-CHARM, mot
thudt toan hiéu qua d@é tim tat ca cdc mG cia cdc tdp phé bién @ong. Dwa vao nhén xét vé cdc
tinh chat ciia mG o phan 2.4, chiing 16i phdt trién mét thudt todn khong sinh trng vién bang
cach tryc lzep khai thac mG cia mét tdp dong cimg lic voi viéc tqo ra no. Vi vdy, thoi gian d@é
tim mG ciia mét tdp dong la khong dang ké. Thuc nghiém chu'ng 16 thoi gian khai thdc theo
MG-CHARM nho hon nhiéu so véi tim mG sau khi tim tdt cd cdc tdp dong (CHARM) nhdt la
khi 56 lwong tdp phé bién Ién.

1. GIOI THIEU
Hién nay, viéc tim Minimal Generator cia tip phé bién dong déu dya vao thuit todn
Apriori nhu trong [3],[5].

Phuong phap thir nhét duogc trinh bay boi Bastide va dbng su trong [3], cac tac gia dd mo
réng thudt toan Apriori dé tim mG. PAu tién thuit toan tim cc-ung vién la cac mG, sau do nd
tinh bao déng (closure) cuia chiung dé tim tap déng.

Phuong phép thir hai dugc trinh bay boi Zaki trong [5]. Pau tién, tac g1a dung thuat toén
CHARM [4] dé tim tat ca céc tap déng. Sau do, img v6i moi tap dong tac gia sir dung phuong
phap Apriori dé tim tit ca cac mG cua no.

Ca hai phuong phdp nay déu gap bét loi khi kich thudc cua tap phd bién 16n boi vi sb
luong tap Gmg vién cAn xét 16n.

Bai bédo trinh bay mot phuong phép tim nhanh mG dya vao thudt toan CHARM. N6 khéc
phuc nhugc diém cua hai phuong phap trén bang céach dua vao thuét toan khéng sinh ung vién
(CHARM) dé sinh tap phé bién déng va ddng thoi cling tim luén mG cla ching dua vao cac
nhan xét trong phan 2.4.

2. TAP PHO BIEN PONG VA MINIMAL GENERATOR
2.1 Mét s6 dinh nghia [4], [5]:
2.1.1. Dinh nghia vé dir li¢u giao dich:
Cho T = {iy, ix..., ia} 12 t4p tAt ca cac muc dit liéu (ItemSet). T = {t;, t,, ..., tm} 12 tap tht ca

cac giao dich (Transactions) trong CSDL giao dich D. CSDL duoc cho 1a quan hé hai ngdi 3¢
I x T. Néu muc il xay ra trong giao dich teT thi ta viét 1a: (i, t) €8, ki hiéu: i8t.

Vi du: xét CSDL sau [4].
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Bang 1: CSDL méu = Pinh dang dir liéu doc
Mai giao dich Noi dung giao Mai danh muc | Céc giao dich co
dich chita danh muc
1 AC T, W A 1,3,4,5
2 C,D,W C 1,2,3,4,5,6
3 AC,T,W D 2,4,5,6
4 A, C,D,W T 1,3,5,6
5 AC,D,T,W W 1,2,3:4,5
6 C,D, T

Giao dich thir hai c6 thé dugc biéu dién 1a {C82, D82, W82},

2.1.2. Dinh nghia d6 phd bién:

Cho CSDL giao dich D va tip dir ligu Xc 7. DY phd bién cita X trong D, ki hidu o(X),
dugc dinh nghia 14 s6 giao dich ma X xuat hién trong D.

2.1.3. Pinh nghia tip phd bién:

X < I duge goi 1a phd bién néu o(X) = minSup (véi minSup 1a gia tri do ngudi dung chi
dinh).

2.1.4. Két ndi Galois:

Cho quan hé hai ngéi § ¢ I x T chira CSDL cén khai thac. Dat: X <l va Y < T. Vi
P(S) gbm tat ca cic tap con cta S. Ta dinh nghia hai 4nh xa gitta P(I) va P(T) dugc goi la két
noi Galois nhu sau:

a. t:P(I) P(T), t(X)={yeT|Vxe X,xd y}.
b.i: P(T) > P(), i(Y)={xel|Vye¥,x5y}.

Hinh 1 minh hoa hai 4nh xa nay trong d6 anh xa #(X) la tap tit ca cac giao dich c6 chira
itemset X (hay con goi 1 Tidset cta Itemset X) va i(Y) la tip tat ca cac muc dit liéu co trong
tAt ca cac giao dich trong Y. Ki hiéu itemset X va tdp céc giao dich tuong img v&i n6 (X) la:
X xT(X) va dugc goi 1a IT-pair. Tuong tw v6i tap giao dich Y'va i(¥)1a i(Y)x Y.

Vidw — ((ACW)=t(A) " H(C) N t(W) = 1345123456 N 12345 = 1345
i(245) = i(2) N i(4) N i(5) = CDW ~ ACDW ~ ACDTW = CDW
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Hinh 1.Ké&t ndi Galois.

2.1.5. Pinh nghia todn i dong:
Cho: X = I vaénhxa c:P(I)— P(I) véi c(X)=i(t(X)). Anh xa ¢ dugc goi 14 toan
tr dong.
Vi du: xét CSDL dugc cho trong bang 1 ta co
c(AW) = i(t(AW)) = i(1345) = ACW.
c(ACW) = i(t(ACW)) = i(1345) = ACW .

2.1.6. Dinh nghia tip dong:
Cho X < I. X duoc goi la tp déng khi va chi khi ¢(X) = X. X dugc goi 14 tap phd bién
dong néu X phd bién va X 14 tap déng.
Vi du: xét CSDL dugc cho trong bang 1 ta co:
Do: c(AW) = i({(AW)) = i(1345) = ACW = AW khéng phai 1a tap dong.
Do: ¢(ACW) = i(#((ACW)) = i(1345) = ACW = ACW la tap déng.
2.2. Cic tinh chét ciia IT-pair [4]
Cho X, x#(X,) va X, x#(X ;) la hai IT-pair. Ta c6 4 tinh chét sau:
1.Néu #(X,) = #(X,) thi e(X,)=c(X ;) =c(X,VX)).
2.Néu t(X,) c (X ) thi ¢(X,) # c(X ;) nhung c(X,) =c(X; W X)).
3. Néu {(X,) D #(X ) thi ¢(X,) # c(X ;) nhung (X)) =c(X; W X)).
i X)) gelx )
4. Né oL,
HA) b))
2.3. Khai niém Minimal Generator (mG) [5]

Cho X latap dong. Ta néi itemset X* 1a mot generator ctia X khi va chi khi:
1. X cX.
2. o(X) =o(X).

Goi G(X) 1a tap céc generator cia X. Ta n6i ring X° € G(X) 1a mot mG néu né khong cé tap
con trong G(X). Goi G™"(X) la tp tt c cic mG cua X. Theo dinh ngha, G™™(X) = & vi néu
no khong c6 generator hoan toan thi chinh X'1a mG.

Chang han: xét tap dong ACTW, cac generator 1a {AT, TW, ACT, ATW, CTW} va
G™"(ACTW)={AT, TW}.

thi c(X,) # (X ;) # (X, VX))
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2.4. Mot s6 nhan xét vé mG
1.mG cia 1-itemset 1a chinh no.
2.Trong qué trinh ap dung thuit toin CHARM dé tim tap phd bién déng, néu thoa tinh
chét 1 thi: mG(X; UX)) = mG(X) + mG(X)).
3.Néu théa tinh chat 2 thi mG(X; UX;) = mG(X).
4, Néu théa tinh chét 3 thi mG(X; LX) = mG(X)).
5.Néu thoa tinh chit 4 thi mG(X; LX) = U[mG(X;), mG(X))]
Chirng minh:
1. Hién nhién vi khong thé c6 tap con khac rdng cla tap 1-itemset.
2. Ta 6 (X)) = (X)) = {mG(X)) = (mG(X) = 1(X; LX)
= mG(X;) va mG(X)) la mG cia X; UX,.
3. Tacé (X)) = (XiukX;) = (mG(X)) # {mG(X)))
= Chi ¢6 mG(X)) 1a mG cua X; UX,.
4, Tuong tyu 3.
5. Dé chimg minh 5, ta ¢An chimg minh:
5.1. U[mG(X;), mG(X;)] 1a cac generator cla X; LX;.
That vay, xét Z = mGyX) v mG(Xj) (trong d6 mGX)emG(X),
mG(X;)emG(X;)) ta co: do (mG(X3)) = 1(Xi) va (mG[X))) = #(X)) nén (XiUX))
= {(Z) = Z 14 generator cua X; UX;.
5.2. U[mG(X;), mG(X))] 1a cac mG cua X; UX,.
That vay, gia st & mirc m+1 trén cdy IT-tree, xét Z = mGi(X;) U mG(X)) (trong
d6 mGy(X))e mG(X), mG(X)e mG(X))) ta c6: mG(X;) va mG(X;) cung & mirc
m va (fhia sé¢ chung (m—l)—iten?set. R& rang, mG(X;) va mG(X)) la cic tdp con
truc tiép clia Z nén s& khong ton tai tip con Y ciia mG(X;) W mG(X)) sao cho
HY)=(Z) hay Z 1a mG cia X; UX,

3. THUAT TOAN MG-CHARM

3.1. Thuit toan

Piu vao: CSDL D va nguﬁng’phé bién minSup

Két qua: tit ca cac tip phd bién dong thoa minSup cing véi mG cua ching
Phwong phap thue hién:

MG-CHARM(D, minSup)
1. [@={lxt(),(L): liel A o(l}) = minSup}
2. MG-CHARM-EXTEND([J], C=O)
3. Return C
MG-CHARM-EXTEND([P], C)
4, for each [;x#(;),mG(l) in [P] do
P; =Pi U f; and [P,] =
for each /x«(1}),mG(l;) in [P], with j > i do
X=Land Y= ) N (1)
MG-CHARM-PROPERTY (XxY./;,/;,P;, [P],[P])
SUBSUMPTION-CHECK(C, P)
MG-CHARM-EXTEND([P], ©)
delete [P;]

— =0 %W

=5
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MG-CHARM-PROPERTY (XxY .., P;, [P],[P])
12. if o(X) = minSup then )
13.  if «(%;) = «(};) then // tinh chét 1

14. Remove /; from P

15, Pi=P Ul

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

i%. else if #(/;) < #(};) then // tinh chét 2

18. Pi=Piulj

19. else if #(/;) o> #(/) then // tinh chét 3
20. Remove /; from [P]

21. Add XxY, mG(l;) to [P;]

22. else if #(1;) # #(7) then // tinh chét 4
23. Add XxY, u[mG(l)), mG([)] to [P;]

Trong d6 ham SUBSUMPTION-CHECK kiém tra xem tap phd bién P; co 1 tap dong
hay khong'? Néu dung thi bd sung vao C, néu khong thi loai bo. N6 sir dung bang bam dé luu
C, chinh vi vy viéc kidm tra chiém thoi gian khéng dang ké[4].

3.2. Nhan xét
Viéc tim mG cua mot tp dong X theo thuat todn trén 1a day di.
Chitng minh:
Gia sir ton tai mot tap phd bién X’ sao cho:
NX <X

i) 6(X?) = o(X)
1) Z ¢ X°, VZ € mG(X)
Nghia la X’ 1a mot minimal generator cuia X nhung khong thudc vé tap mG(X).
Do X’ « X nén X’ khong thé 13 tép déng, vi vay X’ pha1 la generator ciia mot tip dong Y
nao d6. Do #(X?) = #(X) va #(X?) = #Y) nén (X) = (Y) va vi vy, theo tinh chit 1 cua IT—palr
X, Y khéng 12 tap dong vi ¢(X) = ¢(Y) = ¢(XUY), nghia 12 Y khong ton tai hay X khong ton
tai theo gia thuyét (dpcm).

3.3. Minh hoa

Xét CSDL trong bang 1 v6i minSup = 50%, ta ¢6 két qua nhu sau:
DPau tién, 16p tuong duong {} chira cac tdp phd bién 1-itemset. Theo nhén xét 1: mG cla
tdp l-itemset 1a chinh né nhu minh hoa trong hinh 2.

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

fx123456

Cx123456

W‘ﬂ 2345

Hinh 2: mG cua tap 1-itemset
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K& tiép, khi két hop hai IT-pair Dx2456 va Tx1356 thanh DTx56 ta c6 o(DT) =[56] =2 <
minSup = logi. Tuong tu cho DA.
Ké tiép, khi két hop hai IT-pair Dx2456 va Tx1356 thanh DTx56 ta ¢6 o(DT) = 56| = 2 <

minSup = loai. Tuong tu cho DA.
Xét DW, do #(D) # #(W) nén theo nhn xét 5 ta c6 mG(DW) = mG(D) U mG(W) =DW.

Xét DC, do #D) < #C) nén theo nhan xét 3 ta c6 mG(DC) = mG(D).

(123456

Do M:’} ) mﬁ:m} !
=mGD) =D

€}
_ﬁxﬂmﬁ ,

74

i Txﬂﬁﬁ

Hinh 3: Minh hoa viéc cip nhit mG khi thoa nhan xét 3

Pé minh hoa cho nhan xét 4, ta xét két quéa sau khi thuc hién viéc Kkét hop T véi cac IT-
pair sau n6 nhu hinh 4.

123456

€y

TCABE  Aus Wai2ss Cx123ess

TR}, [(TW),
TACXI35 W1

Hinh 4: Két qua sau khi két hop T véi cac IT-pair dimg sau n6

Xét viée két hop TAC v6i TWC ta c6: do (TAC) = t(TWC) nén mG(TAWC) = mG(TAC)
+mG(TWC) = {TA, TW}. Ta c6 cdy biéu dién két qua cudi cung trong hinh 5.
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W),

TCx1356

[x123456

DAX45, DUCXAS  TANCX13S.

ﬂw;;ﬂads'?

wenn2us

Hinh 5: Cy tim kiém IT-tree sau khi thyc hign MG-CHARM
(trong ngoic 12 mG cua tip dong twong tng)

4. KET QUA THUC NGHIEM

Két qua thue nghiém duoc thuc hién véi nhiéu CSDL c6 ddc diém khac nhau duoc lay tur
http:/fimi.cs.helsinki.fi/data. Chuong trinh duoc cai dat bang ngén ngit VC7, hé diéu hanh

Windows XP, CPU: 1GHz, RAM: 384MB.

Bang 2: Dic diém ctia cic CSDL thir nghiém

{C}
Tyl 23456

Tén CSDL | S6 giao dich | S5 danh muc | D6 dai trung binh | Do di t6i da
Chess 3196 76 37 37
Mushroom 8124 120 23 23
Pumsb* 49046 7117 50.48 63
Pumsb 49046 7117 74 74
Connect 67557 130 43 43
Accidents 340183 468 33.8 51

Bang 3: Két qua thyc nghiém so sinh CHARM va MG-CHARM

. . sé Thoi gian thuc hién
. So SO minSup ) -
Tén CSDL Items | Trans (%) luong | CHARM | MG-CHARM | ti1& (1)/(2)
RCE (1 )
80 5083 5.52 0.24 23
75 11525 40.11 0.43 93.28
Chess 76 3196
70 23892 120.8 1.05 115,05
65 49034 651.12 2.44 266.85
Mushroom | 120 8124 40 140 0.32 0.25 1.28
30 427 0.45 0.4 1.13
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20 1200 1.29 1.03 1.25
10 4095 7.82 2.54 3.08
5 12940 56.03 8.55 10.1
94 216 0.69 0.66 1.05
Pumsb 2117 | 49046 02 610 1.21 1.09 1.11
90 1465 1.77 1.52 1.16
88 3160 4.05 1.88 2.15
60 68 0.69 0.65 1.06
WL e — 116 1.11 1.02 1.09
50 248 2.51 2.01 1.25
45 713 4.72 3.62 13
95 811 L.32 1.16 1.14
Commect 130 | 67557 90 3486 5.91 233 2.54
85 8252 28.24 4.56 6.19
80 15107 100.77 5.86 17.2
80 149 2.55 2.5 1.02
Accidents | 468 |[340183 1 2 i 2 e
60 2074 16.21 15.18 1.07
50 8057 49.34 31 1.59

(1) Thoi gian tim FCI theo CHARM + thoi gian tim mG cua cac FCI
(2) Thoi gian thuc hién MG-CHARM

Két qui & bang 3 cho thiy thoi gian thuc hién cia MG-CHARM nho hon so voi
CHARM két hop v6i tim mG theo phuong phap cua M. J. Zaki. Ching han, xét CSDL chess
v61 minSup = 65%, MG-CHARM nhanh hon glp 266 lan. Sé luong tap phd bién dong cang

1dmn, ti 1€ nay cang gao.

5. KET LUAN VA HUONG PHAT TRIEN

Bai bao dua ra mdt phuong phap méi dé tim mG cia tap phod bién déng ma khong cin phat
sinh tng vién. Thuc nghiém chimg t6 thoi gian dé cap nhat mG cla cac tip dong la khéng
dang ké. Dic biét 13 (mg véi céc trudng hop kich thudce cia tdp dong 1o, thoi gian cip nhét

nay nhé hon nhiéu so véi phwong phap sinh (mg vién trong [3],[5].

Trong tuong lai, chung t6i sé& sir dung két qua ndy cho bai todn khai thac tap ludt khong du
thira, truy van luat khéng du thira,....
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FAST ALGORITHM TO FIND MINIMAL GENERATOR

Le Hoai Bac, Vo Dinh Bay
University of Natural Sciences, VNU- HCM

ABSTRACT: Number of frequent closed itemsets (FCI) is usually fewer than frequent
itemsets. However, it is necessary to find Minimal Generator (mG) for mining association rule
from them [3],[5]. Finding mG approach based on the method of generating candidate is very
time-consuming when number of frequent itemsets is large. In this paper, we present MG-
CHARM, an efficient algorithm to find all mG of frequent closed itemsets. Based on the
considering of mG features mentioned in 2.4 section we develop an algorithm which do not
generate candidate by mining directly mG of closed itemsets at the same time of generating.
Thus, the time for finding mG of closed itemsets is insignificant. Experiment shows that the
time of MG-CHARM mining method. is significant fewer than the time of finding mG afier
finding all closed itemsets (CHARM), especially in case the frequent itemsets number is

large.
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