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Tém tit: Theo cdch khai thdc ludt két hop truyén théng, viéc tim tdt ca cdc ludt két hop
tir CSDL théa minSup va minConf gdp nhiéu bat loi khi sé tdp phé bién Ién. Do dé can cé mot
phwong phap thich hop dé khai thac véi s6 ludt it hon nhung van bao dam tich h(fp ddy i tat
ca cdc ludt cua phiong phap khai thac truyén thong. Mot trong nhitng cach tze:z) can do la khai
théc ludt thiét yéu nhat (Essential rules): chi lwu lai cac ludt c6 vé trdi toi tiéu va vé phaz 16i
dai (theo quan h¢ cha — con). Trong bai bdo nay, chiing t0i de nghi mot thudt toan moi dé khai
thdc ludt thiét yéu nhat tir dan tdp phé bién dong véi mong muon lam giam thoi gian khai thac
ludt. Chiing téi sir dung quan hé cha — con trén dan dé giam chi phi xét quan hé cha con va vi
vay lam giam dwoc thoi gian khai thac ludt.

Tir khéa: Tap phé bién, tdp pho bién déng, Minimal generator, ludt truyén thong, ludt
thiét yéu nhat, dan tdp dong, khai thac ludt tir dan.

1. GIOI THIEU

Trong hau hét cac thuat toan khai thac luat, cac tac gia dac biét chu y dén véan dé 1am thé
nao dé khai thac nhanh tap phd bién. Chinh vi vay, c6 kha nhiéu tac gia chi tap trung vao viéc
nghién ctru nhim tim ra thuat toan hidu qua nhit cho bai toan tim tdp phd bién. Tuy nhién, véi
cac CSDL déc (mat d6 trung 1ap céc item giita cac dong dit li€u cao) hoac khi minSup nho din
dén sb lugng tap phd bién kha 16n thi thoi gian khai thac va khdi lugng bo nhé yéu cau dé luu
trit tap phd bién va luat két hop kha 16n — Vi vay, cac tac gia M. Zaki [12] va Y. Bastide [6]
da dua ra mot cach tiép cAn mai nham lam giam khéi lwong luu trit va thoi gian khai thac: d6
chinh 1a khai thac luat két hop Kkhong du thura dwa vao tap dong. Cach tiép can nay c¢6 uu diém
1a s6 luat két hop giam dang ké so voi phuong phap truyen thong nhung van bao dam tich hop
ddy du cac luat con lai. Do mudn béo toan thong tin vé do phd bién (support) va do tin cay
(confidence) ctia luat nén ca hai déu chi rat gon trén céc tép luat co cung do pho bién va do tin
cdy. Tuy nhién, khi nguoi dung mubn khai thac tap cac ludt thoa minSup va minConf (nhung
khong can biét thong tin v€ do pho bién va do tin cdy cua tung ludt), lam thé nao dé khai thac
tap ludt nho nhit thoa man yéu cau nguoi dung? Gin day, cac tac gia T. Xia, Y. Du, J. Shan,
D. Zhang trong [10] dé xuit phuong phap khai thac luat thiét yéu nhit dya vao tap phd bién tdi
dai nham gi6i han khong gian luu trix va thoi gian khai thac so v6i phuong phap cua Aggarwal
va Yu [3]. Nhung do khai théc tryc tiép trén tap pho bién t6i dai nén viéc tinh d6 phd bién cuia
c4c tip con mét nhiéu thoi glan do phai doc nhiéu lan CSDL.

Trong [5], chung t61 d& xuét thudt toan khai thac luat thiét yeu nhét dua vao tap phd bién
dong. Céch tiép can nay nhdm tranh viéc doc CSDL nhiéu lan, chi cdn dwa vao minimal
generator cua tap dong X va tap dong Y dé sinh luat. Viéc img dung tap phd bién déng dé khai
thac luat thiét yéu nhat da mang lai hiéu qua nhit dinh. Tuy nhién, thut toan khai thac luat
thiét yéu nhét trong [5] van ton nhleu thoi gian cho viéc xét quan hé cha — con gitlia cac tap
dong voi nhau. Vi vdy, chung t61 mubn thir nghiém ding dan tap phd bién dong cho viéc khai
thac lut thiét yéu nhat nhdm lam giam chi phi xét quan hé cha con nay.
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2. KHAI THAC TAP PHO BIEN PONG

Dé khai thac tap phd bié'nv dong, chung t6i str dung thuat toan CHARM dugc trinh bay
trong [11]. CHARM c6 uu diém la khong sinh (mg vién va dya vao phuong phap chia dé tri
nham tim kiém cac tip pho bién dong voi chi mot 1an doc CSDL.

3. XAY DUNG DAN TAP PHO BIEN PONG

Xay dung dan tap phd bién dong 1a xay dung quan hé cha con (tryc tiép) giita cac tap phd
bién dong v&i nhau. Do vay sé tiét kiém dugc thoi gian khi duyét dan dé sinh ludt so véi cach
sinh luat trong [5]. C6 nhiéu thuat toan xay dung dan khai niém dugc trinh bay trong [7, 10].
Tuy nhién, hau hét ching duoc xay dung dudi dang ting cudng nén khong thich hop cho viée
xdy dung dan tap déng trong truong hop CSDL ¢6 dinh vi nhu thé s& mat nhiéu thoi gian.
Trong [11], cac tac gia Zaki va Hsiao trinh bay thuft toan CHARM-L m¢ rong truc tiép tur
thuat toan CHARM dé sinh ra dan tap dong. Do sir dung phuong phap tim phan giao ctia hai
Cidset (Closed Identification Set) dé tim quan hé cha — con nén cach tiép can ndy c6 han ché 1a
tén bd nhé dé luu Cidset va tén thoi gian dé tinh phan giao ctia Cidset khi s6 luong tap dong
16n. Chinh vi vdy, chung t6i d& nghi thuat toan xay dung dan sau khi tim tap déng. Thuat toan
dé nghi c6 thé cham hon so voi CHARM-L nhung bd nhé yéu cau dé luu quan hé trén dan 1a
khong dang ké so voi CHARM-L.

3.1. Thuit toan xay dung dan tap dong

Dau vao: tap FCI thoa ngudng phd bién minSup.

Két qua: dan FCI chira tat ca cac tap phd bién dong cia CSDL D.

Phuong phap thuc hién:

BUILD-LATTICE()
SORT (FCI) // Sép xép FCI ting theo k-itemset
=90
for each Y € FCI do

INSERT_LATTICE( Y, Ir)

INSERT_LATTICE( Y, Ir)
if Ir.daDuyet = false then
Ir.daDuyet = true

f = true
for each {X}e Ir.Children do
if XcY then
f = false

INSERT _LATTICE( Y, {X})
if f = true then
Ir.Children.Add ({Y?})

Hinh 1. Thuét toan xay dung dan tap dong
Qué trinh x4y dung dan chi don gian 1a chén tit ca cac tap phd bién dong Y thude FCI vao
dan (ban dau duge khoi tao béng réng). Nhu vy, dé xem xét thuét toan, ta chi can xét ham
INSERT _LATTICE: ham nay nhan dau vao 1a nut dan can chén {Y} va nat gbc dan Ir, ¢ 2
kha nang xay ra nhu sau:
1. Néu Yla tap cha ctia bat ki nit con /c nao ctia Ir thi chén Y vao dan véi gbc 1a lc.
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2. Néu tat ca cc nat con cta Ir khong 13 tap con cua Y (f=true) thi {¥} la nat con
tryc tiép ciia fr = {¥}1a nit dan con ciia nut gbe Ir.

3.2. Minh hoa
Xét CSDL sau:

Bang 1. CSDL mau =  Dinh dang dit liéu doc

s . A . . = Cac giao dich cé
Ma giao dich | Noi dung giao dich | Ma danh muc chl’rag danh muc
1 A,C,T,W A 1,3,4,5
2 C,D,W C 1,2,3,4,5,6
3 ACT, W D 2,4,5,6
4 A,C,D,W T 1,3,5,6
5 A,C,D, T, W W 1,2,3,4,5
6 C,D, T

Xét cac tap dong trong CSDL cua Bang 1 theo thuat toan CHARM v6i minSup = 50% sau
khi dugc sap x€p nhu sau:
Bang 2. Danh sach cac tap phd bién dong

FCI |C|CD |CT | CW | ACW | CDW | ACTW
sup |6 |4 4 5 4 3 3

Qua trinh xay dung dan dugc minh hoa trong hinh 2.

e C et CD & OT 3ér CW
T {} {‘} {‘}
C C c c
c/ CMCT ¢ COT CW
Het ACW et CDW Wit ACTW

{¥
¢ /cb
/N /\\ cb Cwr
cb

CW CD CT R

cT
/ w oW ACW

AT CTW ACTW ACTW

Hinh 2. Minh hoa qua trinh chén tép dong vao dan

Xét tap dong CDW véi cac niit con cua {}: ddu tién no 13 tip cha cua tap déng C, vi vay
nat CDW duogc chén vao con cua nut C. Tiép tuc xét CDW véi cac nat con cua C: do CDW la
tap cha cia CD va CW nén no6 dugc chén vao con cua nut CD va nat CW. Do céac nit con cia
nut CD, CW khong 1a tap con cua CDW nén CDW la nut con truc tiép cua cac nut CD, CW =
dung.
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4. LUAT KET HQP THIET YEU NHAT
4.1. Luit két hop

4.1.1. Pinh nghia 1 [12]
Luat két hop 1a phép kéo theo co dang ¥ —22— X —Y (X, Y la cac tap phd bién) trong d6
YcX, YO vap= Sup(X) > minConf goi 1a do tin cdy cta luat con q = Sup(X) goi 12 dd phd bién
Sup(Y)
ctia ludt. Do X 1a phd bién nén luét sinh ra 1a phd bién.
4.1.2. Tinh chat
1. Néu X > Y laluatkéthopthi X U4 —> Y\ 4 ciing la ludt két hop VA Y.
2. Néu X » 7Y lalvatkeéthgp thi X — Y\ 4 ciing 1a luat két hgp V4 Y.
3. Néu X — Y khong la luat két hop thi X\ 4 — Y U 4 cling khong 1a ludt két hop
VAc X.
4.2. Minimal Generator (mG)
Dinh nghia 2 [12]: Cho X 1a tap dong. Ta noi itemset X 1a mot generator cia X khi
va chi khi:
. X cX
2. Sup(X')=Sup(X)

Goi G(X) 1a tap cac generator cua X. Ta ndi rang X’ e G(X) 1a mot mG néu nod khong cd
tap con trong G(X). Dit G™™(X) 1a tap tit ca cic mG cua X. Theo dinh nghia, G™"(X) = & vi
néu n6 khong co generator hoan toan thi chinh X 1a mG. Chang han: xét tap dong ACTW, cac
generator 13 {AT, TW, ACT, ATW, CTW} va G™"(ACTW) = {AT, TW} = mG(ACTW) = .

Thuat toan tim mG cua tap dong dugc trinh bay trong [6, 12], cac thuat toan nay dua vao
nguyén ly Apriori (sinh ing vién) nén lam cho qua trinh tim mG cham. Vi vay, chung t6i dya
vao thudt toan MG-CHARM duoc chung t61 d¢ xuat trong [4] dé khai thac tap dong cung voi
mG cua ching bang phuong phap khong sinh ung vién.

4.3. Khai thac luat thiét yéu nhit
4.3.1. Pinh nghia 3 — Luit tong quat
Cho R; chi luat X, —2Z—Y,; Tanéi luat R, 1a tong quat hon luat R,, ki hi¢u R, T R, néu

X, cX,, Y oY, vaXjuY, c X,uY,, nghia la R, co thé dugc sinh ra tir R, béng cach thém
chc item vao vé trai hodc giam bot cac item & vé phai cia R, dong thoi né phai 13 luat chia
trong R;.
4.3.2. Pinh nghia 4 — Tap luit thiét yéu nhat
Cho R=1{R,,...R, }(R, = X, —%L Y ) 1a tap tAt ca cac luat két hop truyén théng. Pat
Re={Ri € R: (=3R; eR: Ry © R)}, R dugc goi 1a tap luat thiét yéu nhét cta R.
4.3.3. Nhén xét
1. Céc luat thiét yéu nhat dugc suy tir Minimal Generator ciia tap dong X sang tap dong
Y trong Qé)(" c Y.’
2. Luat thiét yéu nhat c6 d6 tin cay 100% duoc suy tu Minimal Generator cua tap dong
X sang chinh X.
3. NéuXc YvaX— Y—X(R)laluat thiét yéu nhat thi
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@QX>Z-X(Ryva
(b) Z— Y—Z (R;) khong 1a luat thiét yéu nhat VZ: Xc Zc Y.

Chirng minh:

(@DoXcXvaY-X>Z-X(viZcY)néntheo dinhnghia3, Ry m R, = R,
khong 12 luat thiét yéu nhat.
b)DoXcZvaY-X>Y—-Z(viXc Z) néntheo dinhnghia3, Ry m R; = R;
khong 14 luat thiét yéu nhat.

4.3.4. Thuit toan sinh tap luat thiét yéu nhit dua vao dan tip pho bién déng

Nhu da duge d& cap ¢ phan 1, hién nay c6 nhiéu thuat toan nham khai thac luat thiét yéu
nhat [3, 5, 8]. Trong [3], c4c tac gia dya vao tap pho bién dé khai thac luat. Dén nam 2004, cac
tac gia trong [8] sur dung tap pho bién t6i dai va dén dau nam 2008, thuat toan khai thac lut
thiét yéu nhat dya vao tap pho bién dong duoc trinh bay [5]. Muc tiéu cua cdc cai tién nay 1a
nham tang tbc do khai thac luat. Bai bao nay cling nhim muc dich tang tdc do khai thac luat
bang cach dwa vao dan tap phd bién dong.

Pau vao: dan chira cac tdp phd bién dong théa ngudng phd bién minSup véi nat gbe L, va
ngudng tin cdy minConf .

Két qua: tap AR gdm tt ca cac luat thiét yéu nhét thoa minConf.

Phuong phap thyc hién: dugc trinh bay chi tiét trong Hinh 3.

Thuat toan xét tit c cac nit con ciia nit goc dan va goi ham ENUMERATE_RULE(L,),
ham nay duyét qua tat ca cac nit con ciia nut hién hanh L. dé tim luat. Dya vao nhan xét 4.3.3,
ham tim luat s& xét cac nit con L (truc tiép) cia L, dé kiém tra ludt tao ra gitra L, va L c¢6 thoa
minConf hay khong? Néu c6 thi ludt tao ra giita L, va L, khong 13 luat thiét yéu nhat. Ngugc
lai thi tao ra luat giita mG(L.) va Ly néu cac luat nay thoa minConf.

MINING_ESSENTIAL_AR_LATTICE(L,)
AR=¢
for each L. € L,..Children do
EXTEND_AR _LATTICE(L,)
return AR

AR_LATTICE(L,)
if L..flag=False then
ENUMERATE_RULE(L,, L,.)
L..flag = True
for each L; € L..Children do
AR_LATTICE( L,)

ENUMERATE_RULE(L,)
For all L ChildrenNode(L,) do
FIND_RULE(L,, Ly)

FIND_RULE(L,, L)
For all L € L,.Children do
if Sup(L)/ Sup(L,.) > minConf then
return
conf = Sup(L,) / Sup(L,)
if conf > minConf then
forallZ € mG(L,) do
if ESSENTIAL_RULE(Z, L,.itemset\Z) then
AR=ARU{Z—> L .itemset\Z (Sup(L,),conf)}

Hinh 3. Thuat toan sinh luat thiét yéu nhét tir dan tap phd bién dong
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4.3.5. Minh hga thuit toan
_Xét CSDL trong bang 1 v6i minSup = 50%, minConf= 50%: két qua c6 7 luat thiét yéu
nhat trong khi so ludt truyén thong la 60. Ti I tich hop luat = 7/60*100% = 11.67%.

5. KET QUA THU'C NGHIEM

Cac CSDL thyc nghiém chuén duoc léy tr [9] c6 dic diém nhu sau:
Bang 3. Pic diém cta cac CSDL chudn

¢b(b)

ACTW(AT,TW)

Hinh 4. Két qua khai thac luét thiét yéu nhét tir dan tap phd bién dong

Tén CSDL S6 giao dich | S6 danh muc | P9 dai trung binh | Pj dai t6i 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
¢
Tép dong |Sup

c s

o |4

T |4

W |5

CDW | 3 336 g

ACW [ 4

ACTW 3

Két qua tir bang 4 cho thay thoi gian khai thac luét tr dan thuong nhanh hon so véi khai
thac truc tiép tir tap pho bién dong ((4) so vdi (2)). Néu tinh luén ca viéc khai thac tap pho
bién dong va xdy dyng dan thi tong thot gian khai thac tir dan ¢6 cham hon doi chut so voi
khai thac tryc tiép. Tuy nhién, néu ching ta tiép tuc khai thac trén dan véi cac minConf khac
thi thoi gian khai thac tr dan s€ hiéu qua hon.

6. KET LUAN VA HUONG PHAT TRIEN

Bai bao trinh bay mot cach khai thac luat thiét yéu nhat tir dan tap dong. C6 thé thay thoi
gian khai thac ludt tor dan thuong nhé hon so voi khai thac tryc tiép tr tap phd bién dong. Do
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d6, c6 thé noi dan 1a mot cong cu hitu hiéu dé khai thac lut két hop. Vi vay, can c6 su nghién
ctru sdu vé khia canh toan hoc cua dan dé ap dung hi€u qua vao khai thac dit liéu n6i chung va
luat két hop noi ri€éng. Bén canh do, chét luong tap luat ciing s€ dugc quan tim nhim tim kiém
cac ludt dap umg cic yéu cau khai thac ciia ngudi sir dung ching.

Viéc phat trién thudt toan hiéu qua dé xay dung dan tap phd bién dong ciing dugce quan
tam nham lam giam thoi gian khai thac luét.

Bang 4. Két qua thyc nghiém trén cac CSDL véi minConf'= 50%

Theo FCI (giay) [5] Theo dan (gidy) Ti 1€ Ti 1€
CSDL Z%S"P #FCI  |#Lujt FCI+ |} aeq [FCLEDan ) ) Qxloo% @ 1009
Lugt 1y [ O puge@) |[MH@ D
Chess 80 5083 1678 7.78 7.61 8.12 5.03 104.4 66.1
70 23892 7466 270.28 255.16 285.31 183.5 105.6 71.9
Mushroom 30 U27 294 0.39 0.1 0.42 0.09 107.7 90
20 688 879 1.13 0.52 1.36 0.5 120.4 96.2
Pumsb 95 110 119 0.34 0.1 0.33 0.02 97.1 20
90 1465 1389 2.17 1.41 2.66 1.47 122.6 104.3
Pumsb* 50 248 107 1.23 0.016 1.22 0.021 99.2 131.3
45 [713 246 2.67 0.17 2.55 0.05 95.5 29.4
Accident 70 529 126 3.75 0.08 3.71 0.03 98.9 37.5
60 2074 486 8.91 1.05 8.84 0.36 99.2 343
Retail 0.4 831 441 9.42 0.11 9.42 0.02 100 18.2
0.2 2690 1368 42.81 1.53 42.75 0.27 99.9 17.6
connect 97 R84 230 0.36 0.03 0.39 0.03 108.3 100
92 2212 1443 4.36 2.94 4.38 2.88 100.5 98

MINING ESSENTIAL RULES USING FREQUENT CLOSED ITEMSETS
LATTICE

Le Hoai Bac"”, Vo Dinh Bay?
(1) University of Science, VNU-HCM
(2) University of technology, VNU-HCM

ABSTRAC: In traditional mining of association rules, finding all association rules from
databases that satisfy minSup and minConf faces with some problems in case of the number of
frequent itemsets is large. Thus, it is necessary to have a suitable method for mining fewer
rules but they still embrace all rules of traditional mining method. One of the approaches that
is the mining method of essential rules: it only keeps the rule that its left hand side is minimal
and its right side is maximal (follow in parent-child relationship). In this paper, we propose a
new algorithm for mining the essential rules from the frequent closed itemsets lattice to reduce
the time of mining rules. We use the parent-child relationship in lattice to reduce the cost of
considering parent-child relationship and lead to reduce the time of mining rules.

Keywords: association rules, essential rules, minimal generator, the frequent closed
itemsets lattice, mining rules.
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