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TOM TAT: Theo cich khai thac ludt két hop !myén thc‘fng, viéc tim tdt ca cdc ludt két
hop tie CSDL théa minSup va minConf gép nhiéu bdt loi khi s6 tdp phé bién lén. Do dé cdn c6
mgt phuong phdp thich hop dé khai thdc v6i s6 ludt it hon nhung vdn bao dam tich hop ddy
tat ca cdc ludt ciia phuong phdp khai thic truyén thong. Bai bdo dé xudt thudt todn sinh Tugt
thiét yéu nhdt tir tdp phd bién dong: chi heu lai cdc ludt c6 tién kién nhé nhdt va héu kién lén
nhit theo quan hé tdp con. Thuc nghiém chimg 16 tdp ludt két qua kha nho so véi tap lugt
truyén théng, théi gian khai thac ludt ciing nhanh hon so véi truyén théng béi vi khai thac ludt
thiét yéu nhdt dua vao tdp phé bién dong (FCI — Frequent Closed Itemsets) trong khi khai
thdc lugt truyén thong diea vao tdp pho bién (FI — Frequent Itemsets) ma |FCI| < |FI].

Tir khéa: Tdp pho bién, tdp phé bién dong, Minimal generator, lugt truyén thong, ludt
thiét yéu nhat,

1. GIOI THIEU

Trong hdu hét cdc thust toan khai thic luat, céc tdc gia dic biét cha y dén van d& 1am thé
ndo dé tim tap phé bién nhanh nhét c6 thé. Chinh vi vy, c6 kha nhiéu tic gia chi tap trung vao
viéc nghién clru nhdm tim ra thudt todn hiéu qua nhat cho bai toan tim tap pho bién. Tuy
nhién, véi cic CSDL dac (mat do trung 13p cic item giita cac dong dit liéu cao) hoic khi
minSup nhé dan dén sé luong tap phd bién kha 16n thi thoi gian khai thac va khéi lugng bd
nh¢& yéu cau dé lwu trir tip phd bién va ludt két hop kha 16n — Vi vay, cdc tic gia M. Zaki [7]
vd Y. Bastide [4] da dua ra mét céch tiép c4n méi nhim lam giam khéi luong luu tri va thoi
gian khai thic: d6 chinh 1 khai thc ludt két hop dya vio tap déng. Cach tiép cin nay c6 wu
diém 1a s6 luat két hop giam dang ké so véi phuong phép truyén théng nhung van bao dam
tich hop day du cac luat con lai. Do muén béo toan thdng tin vé do phd bién(support) va d6 tin
cdy(confidence) ctia ludt nén ca hai déu chi rit gon trén cac tip lut c6 cling d6 phd bién va do
tin cdy. Tuy nhién, khi nguoi dung mudn khai thic tip cic ludt théa minSup va minConf
(nhung khéng can biét thong tin vé do phd bién va do tin cdy cua timg ludt), 1am thé nao dé
khai thdc tap luat nh6 nhét thoa man yéu ciu ngudi ding?.

Gan day, céc tic gia T. Xia, Y. Du, J. Shan, D, Zhang trong [5] dé xuat phuong phap khai
théc luat thiét yéu nhat dya vao tap phd bién t6i dai nhim gi61 han khong gian luu trir va thoi
gian khai thic so v&i phuong phap cia Aggarwal va Yu [3]. Nhung do khai thac truc tiép trén

tap phd bién ti dai nén viéc tinh d6 phd bién cua cac tdp con mat nhiéu thoi gian do phai doc

nhiéu 1in CSDL.

2. KHAI THAC TAP PHO BIEN DONG

Dé khai thac tap phd biél_l dong, ching toi sir dung thuat todan CHARM duoc trinh bay
trong [6]. CHARM c6 wu diém 1a khéng sinh {mg vién va dya vio phuong phép chia dé trj
nham tim kiém cac tap phd bién déng véi chi mét 1dn doc CSDL.
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2.1 Mét s6 dinh nghia [4],[6]

2.1.1 Két néi Galois

Cho quan hé hai ngoéi § < I x T chira CSDL can khai théc, trong do [ 1a tdp cac danh muc
con T la tap céc giao tic. Pat X </ va Y < T . Ta dinh nghia hai anh xa gitra P(I) va P(T)
nhu sau:

a)t: 1T, (X)={yeT|Vxe X,x8 y}
byi:T I, i(Y)={xel|VyeY,x5y}

2.1.2 Dinh nghia todn tir dong

Cho X c I va4nhxa ¢:P(I)— P(I) véi ¢(X)=i(t(X)). Anh xa c dinh nghia nhu
trén dugc goi la toan tir dong (Closure Operator).

2.1.3 Dinh nghia tdp dong

Cho X < /. X duoc goi la tp dong khi va chi khi ¢(X) = X. X duoc goi la tap phd bién
déng néu X phé bién va X 1a tap dong.

Vi du: xét CSDL dugc cho trong bang 1 ta cé

Do ¢(AW) = i(((AW)) = i(1345) = ACW = AW khéng phai la tap dong. Do c(ACW) =
i((ACW)) = i(1345) = ACW = ACW la tép dong.

2.2 Thuit toin 1 — Thuat toAn CHARM

Piu vao: CSDL D va ngudng phd bién minSup.

Két qua: tap FCI gdm tht ca cac tap phd bién déng cia CSDL.

- Phwong phap thuc hién:

CHARM(D, minSup)
[21= {1, xt(1,):I; € I ASup(l;) 2 minSup}

CHARM-EXTEND([@], C =O@)
return C
CHARM-EXTEND([P], C)

foreach /, x¢(l;) in [P] do
P =PuUl and [P]=2
foreach /, xt(l,) in P with j>i do
X =1, and Y=t(1)nt(;)
CHARM-PROPERTY(XxY, 4, I, [P], [P]) SUBSUMPTION-
CHECK(C, P)

CHARM-EXTEND([P], C)
delete ([P])
CHARM-PROPERTY/(XxY, i,/,[P1,[P])
if Sup(X)= minSup then

if #(/;)=1(;) then

Remove /; from [F]
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P =P Ulj
elseif #(/;) ct(/,)then
F, =R Ul

elseif 7(/;) > (/,) then
Remove /; from [P]
Add XxY to[P]

else
Add X xY to [P]

Hinh 1 - Thuit toén tim tdp phd bién déng thoa ngudng minSup.
2.3 Minh hoa
Xét CSDL sau [6]:

Bing 1: CSDLmiu =  Dinh dang dir liéu doc

Ma No6i dung Ma Céc giao dich
giao dich giao dich danh muc c0 chira danh muc
1 AC,T,W A 1,345

2 E.D W C 1,2.3,4,5,6

3 ACTW D 2,4,5,6

- A,CD,W X 1.35.6

5 A,C,D, T, W W 1,2:3.4.5

6 C.0.1

Hinh 2 minh hoa qué trinh tim kiém tép FCI thoa ngudng phd bién minSup = 50% trén
cdy IT-tree. Dau tién, tép / = {A,C A2 T ,W} dugc sip xép theo chidu ting din cia d6 phd
bién thanh / = {D,T, 4,W,C}. Khi I, = D, n6 két hop véi céc , €{T,4,W,C} thanh céc
nit con {DT, DA,DW,DC}, do Sup(DT) = Sup(DA) =2 <minSup nén ca 2 khong dugc
sinh ra & mirc ké. M3t khac, do #(D) N 1(C) = 2456 = t(D) nén D khéng thé 1a tap dong va
ta thay tdp D bang D U C.
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(1123436

jvi g Fel356 b3 Wk 5 Cx123456
CDx2456 Tx1356 AWEE (Wxl2345
ACWxI3S

DTx56 ADx4S DBWaNE AT Tiebds
CDWx245  ACTSI3E €FWel3s
ACTWx138

Hinh 2 - Cay I1-tree tim tap phd bién déng théa ngudng minSup

3. LUAT KET HQP THIET YEU NHAT

3.1 Luat két hop [7]

3.1.1 Dinh nghia

Ludit két hop la phép kéo theo c6 dang Y —22—> X =Y (X, Y la cdc tdp phé bién) trong
Sup(X)
Sup(Y)
la d6 phé bién ciia ludt. Do X la phé bién nén ludt sinh ra la pho bién.

3.1.2 Tinh chit

1.Néu X > Y laluatkéthop thi XU A — Y\ A4 ciing 13 ludt két hop VA Y.

2.Néu X > Y laluatkéthopthi X — ¥\ 4 ciing 12 luat két hop VA c Y.

3. Néu X — Y khong 12 luat két hop thi X\ 4 — Y U 4 ciing khong la lujt két hop
VAc X.

3.2 Minimal Generator (mG) [7], [9]

3.2.1 Dinh nghia

Cho X la tap dong. Ta néi itemset X 12 mot generator ciia X khi va chi khi:

=W g

2. Sup(X') = Sup(X)

Goi G(X) la tap cac generator cia X. Ta noi rang X € G(X) 12 mét mG néu n6 khéng cé
tap con trong G(X). Dt G™"(X) 1a tap tét ca cac mG cia X. Theo dinh nghia, G™"(X) = @ vi
néu n6 khdng co generator hoan toan thi chinh X 12 mG. Chang han: xét tdp dong ACTW, cac
generator 1a {AT, TW, ACT, ATW, CTW} va G™(ACTW) = {AT, TW}.

doYcX,Y#Ovap= 2>minConf goi la dj tin cdy cuia ludt con q = Sup(X) goi
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Thuét todn tim mG duoc trinh bay trong hinh 3. N6 dya vao thuc té: mG cia mdt itemset
déng X 1a céc itemset con nho nhét ciia X (théa diéu kién trén) nhung khong chira bat ki tap
dong con nao cua X. bit

=X, [ (X)) = X)A X, c X)A(=3X, :(e(X,) = X )A(X, € X, c X))} 1a tap tht
ca céc itemset déng con tryc tiép cia X. Thir nhat, bat ki item xuét hién l4n dAu tién trong X
thuoc / =X — U X, déula mG theo dinh nghia. Tir céc item con lai, ta tim tat ca cic mG

Xe§

str dung mot ham tua Apriori. Khéi tao cic gemerator (mg vién 1a tit ca cic item don xuat
hién trong céc tap con ctia X, nghia 1 G,(X)={i | i € X - I}..Véi mdi generator (mg vién hién
hanh G € G ta kiém tra xem G c¢6 1a tip con cua bét ki itemset ndo trong S hay khong? Néu
ding thi G khéong 1a mG, néu sai thi G 12 mG, ta thém G vao G™(X) va x6a khéi Gy. Sau khi
ta da xét tat ca G € Gy, ta di tim théy tit ca cdc mG c6 kich thuée k. Budce ké tiép la sinh céc
ing vién cho lan lip ké tiép. Vi mdi generator G’ € Gy, tit ca ching phai 1a tap con truc
tlep cé mit trong Gy. Goi G'= i1k dkiks1 la mgt img vién co thé trong Gy, Viéc kiém tra tap
con dugc thyc hién bing cach kiém tra xem liéu tp con G; vai kich thudce k c6 dat duoc bang
cach bo item j; tir G’ hién dién trong Gy. Vi ching ta x6a tir Gy minimal generator G bt ki,
nén nhig tap khong phai tap cha cia G thdm chi ciing c6 thé tr& thanh cic generator img
vién. K¢ tiép, chiing ta lap lai toan bd qua trinh xir 1y v6i Gys; 12 tap Gmg vién hién hanh. X ly
két thic khi khéng con (g vién nao duoc sinh ra.

3.2.2 Thudt todn 2

Piu vao: Tap phd bién dong X va S 1a céc tap dong con tryc tiép cia X
Két qua: G™"(X) — tap tt ca cic minimal generator cia X.

Phwong phap thuc hién:

MINIMAL_GENERATOR( X, S)
Gmln(X) @
I=X-v X,

X;e§
forall i € Ido
G™"(X) = G™(X) L {i}
Gi={i|lieX-1}
=1
while G @ do
for all G eGy do
if G X VXje S then
Gmm(x) Gmln X)U {G}

Gi=Gk-G
Gi+1 ={G'=iyhp. ..+ | VI<j<k+1, 3 Gje Gy, Gj= f1f2...fkj_
141« fil+1}
k= k+1

Hinh 3. Thuét todn tim Minimal Generator cua tdp dong X
Vidu: xét X=ACTW ,Tac6 S= {CT,ACW} = =D va G, = {4, C, T, W}. Ta thay ring
céc item nay 1a tép con ciia cdc tap trong S nén chiing khong 13 generator don. Véi 1an 1ap ké,
ta cd G, = {AC, AT, AW, CT, CW, TW}. Tix G,, do AT, TW khong phai 1a tip con cia cic tap
trong S nén ta thém ching vao G"“"(X) va x6a ching khoi G, = G™(X)={AT, TW} vi G, =
{AC, AW, CT, CW}. Béy gio, véi 1an 13p thir 3 ta c6 Gy = {ACW}. Do day la tap con ciia mot
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itemset trong S nén né khong thé 1a generator. Cubi cung ta c6 Gy = & = dimg. Vay
G™™(ACTW) = {AT, TW}.

3.3 Khai thac luit thiét yéu nhat

3.3.1 Pinh nghia 1 — Ludt tong qudt

Cho R; chi luat X, —22—Y,; Ta néi ludt R, 14 tong quat hon ludt Ry, ki hiéu R, <R, néu
X, C X,, Y, 2Y, vd X;UY, € X;UY>, nghfa 14 R, ¢6 the duoc sinh ra tir R, bang cach thém
cac item vao vé trai hodc giam bt cac item & vé phai cua R ddng thoi né phai la ludt chia
trong R,.

3.3.2 Dinh nghia 2 — Tép luit thiét yéu nhit

Cho R={R,,...R, }(R, = X, —EY)) 1a thp tat ca cac lut két hop truyén théng. Dat
Re={Ri € R: (=3R, €R: R, < R)}, Re dugc goi 1a tap lujt thiet yéu nhét cia R.

3.3.3 Nhan xét

1. Cac luat thiét yéu nhét dugc suy tir Minimal Generator cua tap dong X sang tap dong ¥
trongdo X c Y.

2. Luit thiét yéu nhét c6 do tin cdy 100% dugc suy tir Minimal Generator cua tap dong X
sang chinh X.

3. NéuXc YvaX— Y—X(R) 1a luat thiét yéu nhét thi

(a) X>Z-X(Ry)va

(b) Z— Y—Z(R;) khong 14 ludt thiét

Chirng minh:

(a) ’ Do X;'Xvé Y—-X>Z-X(viZcY)néntheo dinhnghial,R, < R: = R, khong l1a
luit thiét yéu nhat.

(b) Do Xc’Zvé Y—X> Y-Z (vi X c Z) nén theo dinh nghia 1, Ry < R3 = R; khong la
ludt thiét yéu nhat.

dunhit VZ: XcZc Y.

<

3.3.4 Thudt todn sinh tdp ludt thiét yéu nhiit — thufit todn 3

Piu vao: tap FCI chira céc tap phd bién dong thoa ngudng phd bién minSup va ngudng
tin cay minConf .

Két qua: tip AR gdm tit ca cc luit thiét yéu nhét thoa minConf.

Phwong phap thye hién:

MINING_ESSENTIAL_AR()
AR=0J
SORT (FCI) // SX tap FCI téng theo k-itemset
fori=1to |FCI-1do
X = FCl
Superset = &
f=true
for j = |FCI| downto i+1 do
Y= FC'}
if Sup(Y) /! Sup(X) = minConf then
if XY and {-3Y’ € Superset | Y c Y’} then
ENUMERATE_RULE(X, Y)
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Superset = Superset U Y

f = false

if f=true then
ENUMERATE_RULE(Y, Y)

ENUMERATE_RULE(X, Y, conf)
forallZ e mG(X) do
if ESSENTIAL_RULE(Z, Y\2) then
AR = AR U {Z - Y\ Z (Sup(Y),conf)}

ESSENTIAL_RULE(X, Y)
forall X;—Y; e AR do
if XoXiand YeY;and XUY < X, U Y, then
return false
return true

Hinh 4 - Thudt toan sinh t4p ludt thiét yéu nhét tir tp phd bién déng

3.3.5 Dinh Iy 1 - Thugt todn fim lut thiét yéu nhit & trén la ding din.

Chirng minh: dé chimg minh dinh 1y, ta cin chimg minh hai van d& sau:

1. Luat thiét yéu nhit duoc sinh ra giira tp déng X va tép déng Y (X < Y) néu c6 chi tir
mG(X) sang Y.

Chirng minh: xét tht ca cic X' va Y’ mG(X) c X’c X, mG(Y)cY’'cY. Do Sup(mG(X))
= Sup(X) = Sup(X’), Sup(mG(Y) = Sup(Y) = Sup(Y’) nén luat mG(X)—> Y (R)va hat X’ >
Y’ (R,) c6 cling d6 phd bién va d6 tin cdy. C6 hai kha ndng xay ra nhu sau:

+ Néu luat R, khong thoa minConf thi luét R, cling khong thoa minConf.

+Néu lujt R 1a thiét yéu nhit thi rd rang R, khong 1a luat thiét yéu nhit vi ta ¢6 X’ UY’
XUY =R/ <R,.

2. Néu c6 luat thiét yéu nhét duoc sinh ra gilra tdp dong X va tdp dong Y thi moi luét sinh
ra gitta X va Z, giita Z va Y déu khong 1a luat thiét yéu nhit trong d6 X c Z c Y.

Chiing minh: hién nhién do nhn xét 3 (phém 3.3.3).

Do thuit toan sip xép tap FCI ting din theo k-itemset nén vigc xét ludt sinh ra gifra tap
déng X va tdp dong Y (trong d6 X xét tir dau vé cudi, Y xét tir cu01 vé dau) 1a ddy du vé luat.

Mit khéc, do thuat toin c6 kiém tra mét ludt cé thiét yéu hay khéng bing ham
ESSENTIAL_RULE nén né bao dam tinh khéng du thira luat. (dpcm).

3.3.6 Minh hoa thuit toin

Xét CSDL trong bang 1 v&i minSup = 50%, minConf= 0%: két qua c6 7 luat thiét yéu nhat
trong khi s6 luat truyén thng 1a 60. Ti 1é tich hop luat = 7/60%¥100% = 11.67%.

Béng 2: Tép tit ca cac thiét yéu nhét véi minSup = 50% va minConf= 0%

STT gﬁgg Sup | mG Superset Cac luat thoa minConf
3,3/6
1 € 6 c ACTW, CDW b 3376 s
C———DW
CD 4 D CDW D—=E5CW
3 er 4 r ACTW T2 5 4CW
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3,3/5
4 Ccw 5 w ACTW, CDW ¥ - »ACT,
. L
5 ACW 4 A ACTW A OTW .
6 CDW 3 DW
7 ACTW |3 AT, TW

3.4 Két qua thyc nghiém
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60 55 50 45 40
Minsup

Time (s)
8828

55

50
Minsup

40

Retail

08 06 Minsup 04 02

08

0.6 Minsup 04

02

Cnoct

97

Connect

Accidents

150000
100000
50000

'
0 50

= Minsup 8

80

0 60
Minsup

Hinh 5 - Két qua thuc nghiém trén cic CSDL v&i minConf= 0%
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Céc CSDL chun dugc 1ay tir http:/fimi.cs.helsinki.fi/data cé dac diém nhur sau:

Tén CSDL  |-Sdgiao | Sodanh | P9 daitrung | Do dai
dich muc binh tbi da

Chess 3196 - |75 37 37
Mushroom 8124 120 23 23
Pumsb* 49046 7117 50 62

| Pumsb 49046 7117 73.6 74
Connect 67557 130 43 43
Retail 88162 16469 10.3 76
Accidents 340183 468 338 51

 Tir két qua cia hinh 5, c6 the thiy s luat thiét yéu nht it hon nhiéu so véi s6 luat truyén
thong. Bén canh do, thoi gian khai thac luat thuong ciing nho hon so v6i khai théc tép luét theo
phuong phép truyén théng. SO luat cang 16n, d§ 1éch thoi gian gitra khai lujt truyén thong va
lut thiét yéu nhat cang 16n.

4. KET LUAN VA HUONG PHAT TRIEN

Khai théc luat két hop truyén théng sinh ra kha nhiéu luat du thira thuomg gdy khé khan
cho ngudi sir dung. Vi vay, cdn c6 phuong phap khai thac higu qua hon tdp luat két qua. Mot
trong nhimg phuong phép d6 1a khai thac ludt tap thiét yéu nhét dya vao tap phd bién déng.
Tap luat thiét yéu nhit thuong khé nho so véi tap ludt truyén théng nhung tich hop day du céc
ludt con lai. Chinh vi vdy, c6 thé noi ddy 12 mot trong nhimg phuong phép hiéu qua dé khai
thac luat két hop hiéu theo nghia: tinh tién dung trong khai thic, giam khong gian va thoi gian
khai théac luat.

Tuy nhién, v6i mét s6 CSDL(ching han Retail, Accidents) thi thoi gian vén chua hiéu qua
hon phuong phap truyén théng do thuat todn 3 xét lugt X—>Y vdi tét ca cdc ludt hién co dé
kiém tra n6 ¢ thiét yéu nhét hay khong? Vi vdy, cén c6 phuong phép kiém tra hiéu qua hon
v6i mong mudn lam giam thoi gian khai théc luat.

Xét vé khia canh khai théc luat, d6i khi ngudi ding khong cén biét tat ca cac luat két qua
ma chi mudn biét céc luat theo mong mudn. Do d6, c6 thé hudng dén phuong phap tim luat
theo yéu cau ngudi dung (ching han truy van trén tap ludt, ...).

MINING ESSENTIAL RULES USING FREQUENT CLOSED ITEMSETS

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

ABSTRACT: According to the traditional association rules mining, finding all
“association rules satisfied minSup and minConf will face to many disadvantages in cases of
the large frequent itemsets. Thus, it is necessary to have a suitable method for mining in
number of fewer rules but make sure fully integrating rules of traditional methods. In this
paper, we present an algorithm of generating essential rules from frequent closed itemsets:
only stores rules having smallest antecedent and largest consequent based on parents-child
relationship. Experiment shows that the resulted rule set is rarely as small as traditional set,
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the time for rule mining is also faster than the time for traditional because the mining essential
rules are based on frequent closed itemsets (FCI) whereas mining traditional rules based on
Jrequent itemsets (FI) that satisfies |FCI| <|F]I|.

Keywords: Frequent Itemset, Frequent Closed Itemset, Minimal generator, Traditional
Association Rules, Essential Association Rules.
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