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Tém tit: Theo cdch khai thdc ludt két hop truyén thong, viéc tim tdt ca cdc luat két hop
tu CSDL thoa minSup va minConf gdp nhzeu bat lgi khi so tap pho bién lom. Do do can co mot
phmg phap thich hgp dé khai théc véi sé ludt it hon nhung van bao dam tich ho’p day di tdt
ca cac ludt cua phwo’ng phdp khai thac truyén thong. Mt trong nhitng cdch tzep can do la khai
thdc ludt thiét yéu nhat (Essential rules): chi heu lgi cdc lugt c6 vé trdi i tiéu va vé phaa 16
dai (theo quan hé cha — con). Trong bai bdo nay, chung 16i dé nghi mét thudt todn moi dé khai
thac ludt thiét yéu nhat tir dan tdp phé bién dong voi mong muon lam giam thoi gian khai thac
ludt. Chung t6i sir dung quan hé cha — con trén dan d@é giam chi phi xét quan hé cha con va vi
vay lam giam dwgc thoi gian khai thac ludt.

Tir khéa: Tdp phé bién, tdp phé bién déng, Minimal generator, ludt truyén thong, ludt
thiét yéu nhat, dan tdp déng, khai thdc ludt tir dén.

1. GIOI THIEU

Trong hau hét cac thudt toan khai théc ludt, céc tc gia dac biét chi y dén van dé lam thé
nao dé khai thac nhanh tap phd bién. Chinh vi vdy, co kha nhiéu tic gia chi tap trung vao viéc
nghién ctru nhim tim ra thuét toan hiéu qua nhét cho bai toén tim tap phé bién. Tuy nhién, véi
cac CSDL déc (mét do trung lap cic item giifa cdc dong dir lidu cao) hodc khi minSup nhod dan
dén s6 luong tép pho bién kha 16n thi thoi gian khai thac va khéi lrgng bd nhé yéu ciu dé lwu
trir tap phd bién va lugt két hop kha 16n — Vi vdy, céc tac gia M. Zaki [12] va Y. Bastide [6]
da dua ra mot cach tiép can méi nham lam giam khéi luong luwu trir va thcn glan khai thac: do
chinh 1a khai thc luat két hop khéng du thira dya vao tap dong. Cach tlep cén nay c6 uu diém
1a 56 luat két hop giam dang ké so vO1 phuong phap truyén thong nhung van bao dam tich hop
diy du cac luat con lai. Do muén bao toan thong tin vé do phd bién (support) va dg tin cdy
(confidence) cua ludt nén ca hai déu chi rat gon trén céc tap luat c6 cung do pho bién va do tin
cay. Tuy nhién, khi nguoi dung mudn khai thac tap cac ludt théa minSup va minConf (nhung
khong can biét thong tin ve do pho bién va do tin cdy cua tung luat), lam thé nao dé khai théc
tap luat nho nhat thoa man yéu cau nguoi dung? Gan day, cac tac gia T. Xia, Y. Du, J. Shan
D. Zhang trong [10] dé xuit phuong phap khai théc ludt thiét yéu nhét dua vao tip phd bién t6i
dai nhidm gi6i han khong gian luu trir va thoi gian khai thac so voi phuong phap cua Aggarwal
va Yu [3]. Nhung do khai thdc truc tiép trén tap pho bién t6i dai nén viéc tinh d6 phd bién cua
céc tap con mét nhiéu thoi gxan do phai doc nhiéu lan CSDL.

Trong [5], chung t6i dé xuat thuét toan khai thac lut thiét yeu nhét dwa vao tap phd bién
dong. Cach tiép can nay nhim tranh viéc doc CSDL nhiéu lan, chi cin dya vao minimal
generator cua tap dong X va tap déng Y dé sinh luat Viéc tmg dung tap phd bién déng dé khai
thac luat thiét yéu nhat da mang lai hi¢u qua nhit dinh. Tuy nhién, thuét toan khai thac luat
thiét yéu nhat trong [5] van ton nhleu thoi gian cho viéc xét quan h¢ cha — con giira céc tép
déng véi nhau. Vi véy, chung t6i mudn thir nghiém dung dan tap phd bién dong cho vigc khai

théc luat 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

Pé khai thac tap phd bién déng, ching toi sir dung thuat toin CHARM dugc trinh bay
trong [11]. CHARM c6 uu diém la khong sinh (mg vién va dya vao phuong phap chia dé tri
nhim tim kiém céc tap phd bién déng véi chi mot lan doc CSDL.

3. XAY DUNG DAN TAP PHO BIEN PONG

Xay dung dan tap phd bién dong la xay dung quan hé cha con (tryc txep) giita cac tap phd
bién déng voi nhau. Do vay s& tiét kiém dugc thoi gian khi duyét dan dé sinh luat so véi cach
sinh luét trong [5]. Co6 nhiéu thuat toan xdy dung dan khai niém duoc trinh bay trong [7, 10]
Tuy nhién, hdu hét ching duoc x4y dung dudi dang tng cudng nén khong thich hop cho vige
xay dung dan tdp dong trong trudng hop CSDL ¢6 dinh vi nhu thé sé mét nhiéu thoi gian.
Trong [11], cdc tac gia Zaki va Hsiao trinh bay thuét toan CHARM-L md rong truc tiép tir
thuat tosn CHARM dé sinh ra dan tép dong. Do sir dung phuong phap tim phan glao ctia hai
Cidset (Closed Identification Set) dé tim quan hé cha — con nén cach tiép can nay c6 han ché 1a
tén bd nhé dé luu Cidset va tén thoi gian dé tinh phan giao ciia Cidset khi s6 lugng tap déng
l6n. Chinh vi vdy, chung t6i dé nghi thuat todn xiy dung dan sau khi tim tap dong. Thuét todn
dé nghi c6 thé cham hon so véi CHARM-L nhung bd nhé yéu cdu dé luu quan hé trén dan 1a
khéng dang ké so véi CHARM-L.

3.1. Thuét toan xay dung dan tap déng
Péu vao: tap FCI théa 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() o
SORT (FCT) // Sap xép FCI ting theo k-itemset
r=0
foreach Y e FCI do
INSERT_LATTICE( Y, Ir)

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

f = true
for each {X}e /r.Chiidren do
if XcVY then
f = false

INSERT_LATTICE( ¥, {X})
if f= true then
Ir.Children.Add ({¥})

Hinh 1. Thudt todn xay dung dan tap dong

Qua trinh x4y dung dan chi don gian la chén tat ca cac tap phd bién dong ¥ thudc FCI vao
dan (ban dau duoc khéi tao béng rong). Nhu véy, dé xem xét thuat toan, ta chi can xét ham
INSERT LATTICE: ham nay nhan du vao 1a nit dan can chén {¥} va nit goc dan Ir, c6 2
kha nang xay ra nhu sau:

1. Néu Yla tap cha cua bat ki nut con /c ndo cua Ir thi chén ¥ vao dan véi gbc 1 /c.
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2. Néu tt ca cac nat con cia /r khong la tap con cta Y (f = true) thi {¥} 1a nit con
truc tiép cua fr = {Y}1a nit dan con cta nut goc Ir.

3.2. Minh hoa
Xét CSDL sau:
Bang 1. CSDL mau =  Dinh dang dit liéu doc

i . o ; " ~ Cic giao dich ¢
Ma giao dich | Noi dung giao dich | Ma danh muc chira danh mye

1 ACT,W A 1,3,4,5

2 C,D,W C 1,2,3,4.5, 6
3 A C, T, W D 2,4,5,6
4 A,C,D,W i 1,3.5,6
5 A,C,D, T, W W 1,2,3,4,5
6 C.D. T

Xét céc tap dong trong CSDL cua Bang 1 theo thuat toan CHARM véi minSup = 50% sau
khi dugc sap x¢p nhu sau:

Bing 2. Danh séch cc tip phd bién déng

FCI |C|CD |CT|CW | ACW | CDW | ACTW
sup |6 | 4 4 3 4 3 3
Qua trinh xdy dung dan dugce minh hoa trong hinh 2.
XéaC Xét CD Xét CT Xét CW.
T {ll {‘) {
c ¢ & L
Xét ACW Xét CDW Xét ACTW
{|} [‘} Q
C C
/\\ cb/hw
¢cd cr cw|lcd cr cw
/ CoW ACW
ACW CDW ACW AC

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

Xét tap dong CDW véi céc nit con cla {}: dau tién no 1a tép cha cua tap dong C, vi vy
nat CDW dugc chén vao con cua nut C. Tiép tuc xét CDW v&i cac nat con cia C: do CDW la
tap cha cia CD va CW nén né dugc chén vao con cua nat CD va nat CW. Do cac nut con cua
nat CD, CW khéng 1a tap con cia CDW nén CDW la nut con truc tiép cua cac nut CD, CW =
dimng.
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4. LUAT KET HQP THIET YEU NHAT
4.1. Luat két hop

4.1.1. Dinh nghia 1 [12]
Ludt két hop 1a phép kéo theo c6 dang ¥ —22 5 X — ¥ (X, Y 12 céc tap phd bién) trong do
Y X,Y #@vap=SPX) > inConf goi 1a do tin cdy cita ludt con q = Sup(X) goi 14 d phd bién
Sup(Y)
ciia luat. Do X 1a phé bién nén lugt sinh ra Ia phd bién.
4.1.2. Tinh chét

L. Nef:u X > Y laluatkéthopthi XU A4 —V\ 4 cing la luat kéthop VA Y.

2. Neéu X - Y laluatkét hop t}xi X = Y\ 4 cing la luat két hop V4 c Y. ’

3. Néu X — Y khéng la ludt két hop thi X\ 4 — ¥ U 4 ciing khong 14 luét két hop
VAc X.

4.2. Minimal Generator (mG)
Dinh nghia 2 [12]: Cho X 1a tp déng. Ta noi itemset X 1 mét generator cia X khi
va chi khi:
i ¥ ef
2. Sup(X") = Sup(X)
Goi G(X) 1a tap cac generator clia X. Ta néi rang X’ G(X) 1a mot mG néu n6 khong c6
tf,‘iP con trong G(X). Bat G™(X) 1a tap tat ca cdc mG cia X, Theo dinh nghia, G™(X) # @ vi
néu n6 khong c6 generator hoan toan thi chinh X'la mG. Chang han: xét tdp dong ACTW, cic
generator 13 {AT, TW, ACT, ATW, CTW} va G™(ACTW) = {AT, TW} = mG(ACTW) =
Thuét todn tim mG cua tép déng dugc trinh bay trong [6, 12], cac thudt toan nay dua vao
nguyén ly Apriori (sinh ing vién) nén lam cho qud trinh tim mG cham. Vi vdy, ching t6i dyua
vao thudt todn MG-CHARM dugc ching toi dé xuét trong [4] dé khai thac tap dong cung voi
mG cia chung bang phuong phap khéng sinh (g vién.
4.3. Khai thic luat thiét yéu nhit
4.3.1. Dinh nghia 3 — Luit tdng quat
Cho R; chi ludt X; —=£— ¥ ; Ta néi ludt R, 1a tong quat hon luat R,, ki hiéu R, < R, néu

X, cX,, ¥, oY, va XjuY, c XoUY,, nghia 14 R, c6 thé duge sinh ra tir R, bing cach thém
cdc item vao vé trai hogc giam bot cac item & vé phai ciia R, ddng thoi né phai 1 luat chia
trong R,.
4.3.2. Dinh nghia 4 — Tdp lujt thiét yéu nhit _
Cho R={R,,..,R, }(R, = X, —2PY,) 1a tap tat ca cac ludt két hop truyén théng. Dat
Re= {R; € R: (=3R; €R: R; < R))}, Rg dugc goi 1a tap luat thiét yéu nhét cia R.
4.3.3. Nhén xét
. Céc lugt thiét yéu nhét dugc suy tir Minimal Generator ciia tip déng X sang tip déng
Ytrongdo X ¢ Y.
2. Ludt thiét yéu nhat c¢6 do tin cdy 100% dugc suy tir Minimal Generator cua tap dong
X sang chinh X.
3. NéuXcYvaX— Y-X(R)laluat thiét yéu nhét thi
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(@A) X—>Z-X(Ry) va
(b) Z— Y~ Z (Rs) khéng 12 luit thiét yéu nhdt VZ: Xc Zc V.

Cht’mg minh:
(a)DoXcha Y-X>5Z-X(viZcY)néntheo dinhnghia3,R; < R, = R,
khong 14 luat thiét yéu nhat.
(b)DoXc Zva Y-X>Y-Z(vi X c Z) nén theo dinh nghia 3, R, < R; = R;
khong 14 luat thiét yéu nhit.

4.3.4. Thuit toén sinh tap luat thiét yéu nhit dua vao dan tap phd bién déng

Nhu da dugc dé cap ¢ phén 1, hién nay c6 nhiéu thuat toan nhdm khai théc luat thiét yéu
nhit [3, 5, 8]. Trong [3], cac tac gia dya vao tép pho bién dé khai thac luat. Pén ndm 2004, cic
tac gla trong [8] sir dung tdp pho bién t5i dai va dén dau nim 2008, thuét toan khai thac ludt
thiét yéu nhat dva vao tap phd bién dong duge trinh bay [5]. Muc tiéu cua cac cai tién nay la,
nhim ting téc dd khai thac luat. Bai béo ndy ciing nhim muc dich tang téc do khai thac luat
bang cach dva vao dan tap phd bién dcmg

Péu vao: dan chita cc tap phd bién déng thoa ngudng phd bidn minSup véi nut gbe L, va
nguong tin cay mmConf

Két qua: tap AR gom tat ca cac luat thiét yéu nhét thoa minConf.
Phuong phap thuc hién: dugc trinh bay chi tiét trong Hinh 3.

Thudt toan xét tat ca céc nut con clia nit goc dan va goi ham ENUMERATE_RULE(L,),
ham nay duyét qua tat ca c4c nut con ctia nit hién hanh L, dé tim luét. Dya vao nhan xét 4.3.3,
ham tim ludt s& xét cac nut con L (tryc tiép) ciia L, dé kiém tra luat tao ra gitra L, va L c6 thoa
minConf hay khong‘? Néu c6 thi luét tao ra gilta L. va L, khong la luét thiét yéu nhét. Nguoc
lai thi tao ra lut gitta mG(L.) va L, néu cac luat nay thoa minConf.

MINING_ESSENTIAL_AR_LATTICE(L,)
AR=0
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
foreach L, € L..Children do
AR_LATTICE( L)

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

FIND_RULE(L,, L,)
Forall L € L,.Children do
if Sup(L)/ Sup(L,) 2 minConf then
return
conf = Sup(L;) / Sup(L,.)
if conf > minConf then
forallZ e mG(L,) do
if ESSENTIAL_RULE(Z, Litemset\Z) then
AR=ARU{Z—L.itemset\Z (Sup(L,),conf)}

Hinh 3. Thudt toan sinh luat thiét yéu nhét tir dan tap phd bién déng
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4.3.5. Minh hoa thuét toan
Xét CSDL trong bang 1 v6i minSup = 50%, minConf = 50%: két qua cd 7 luét thiét yéu

nhét trong khi s6 luat truyén théng 1a 60. Ti 1é tich hop luat =

5. KET QUA THUC NGHIEM

Céc CSDL thuc nghiém chuén dugc ldy tir [9] cé dac diém nhu sau:
Bang 3. Dac diém cia cac CSDL chuén

7/60*%100% = 11.67%.

.1'1_-" I
AGTW%AT ™)

ACW(A)

BJl

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

Tén CSDL S& giao dich | S6 danh muc | D§ dai trung binh | D§ dai toi 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 33.8 51
0
Tap dang |§
C 6
CD 4
CT 4
CW |5
CDW | 3
ACW | 4
ACTW 3

Két qua tir bang 4 cho thay thoi gian khai thac ludt tir dan thuong nhanh hon so voi khai
théc truc tiép tir tap phd bién dong ((4) so v6i (2)). Néu tinh ludn ca viéc khai thac tip pho
bién déng va xdy dung dan thi tong thoi gian khai thac tir dan c¢6 cham hon déi chat so voi
khai thac tryc tiép. Tuy nhién, néu ching ta tiép tuc khai thac trén dan véi cac minConf khic
thi thoi gian khai thac tir dan sé hi¢u qua hon.

6. KET LUAN VA HUONG PHAT TRIEN

Bai bao trinh bay mot cach khai thac luat thiét yéu nhét tir dan tép dong. Co thé thay thoi

gian khai thac ludt tir dan thudng nho hon so voi khai théc tryc tiép tir tap phd bién dong. Do
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do, c6 thé néi dan 1a mot cong cu hitu hiéu dé khai théac lut két hop. Vi vay, cén c6 su nghién
ctru sdu veé khia canh toan hoc cua dan dé ap dung hiéu qua vao khai thac dir liéu qéi chung va
luét két hop ndi riéng. Bén canh do, chat lugng tap luét ciing s€ dugc quan tdm nham tim kiém

céc luat dép g cac yéu cau khai thac ctia ngudi sir dung chung.

Viéc phat trién thuét todn hiéu qua dé xay dung dan tap phd bién déng ciing dugc quan
tdm nham lam giam thoi gian khai thac luat.

Bang 4. Két qua thuc nghiém trén cac CSDL v6i minConf= 50%

Theo FCI (giay) [5] | Theo dan (giay) Tile Ti g
minSup 3 ¥ - + 3 100%| L x100%
CSDL | | #FCI | #Lugt Ll::;{ " L fﬂ.@ﬁ?)" EibeD 16 =
" 80 5083|1678 | 7.78 7.61 8.12 5.03 104.4 66.1
70 P3892 7466 | 27028 |255.16 | 28531 183.5 105.6 71.9
Mushroom |20 B27 1294 1039 0.1 0.42 0.09 107.7 90
20 k8s___[879 113 0.52 1.36 0.5 120.4 9.2 |-
iR 95 110 [119 [ 034 0.1 0.33 0.02 97.1 20
90 1465|1389 | 2.17 1.41 2.66 147 122.6 104.3
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 95.5 294
Acoident |10 B20 1126 |35 0.08 | 3.1 0.03 98.9 375
60 2074 486 8.91 1.05 8.84 0.36 99.2 343
— 04 B3l |44l 9.42 0.11 9.42 0.02 100 18.2
02 D690 [1368 | 42.81 153 | 42.75 0.27 99.9 17.6
commot |97 P84 (230 036 0.03 | 039 0.03 108.3 100
92 pa12_ [1443 [ 4.36 294 | 438 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
Jfrequent 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.

Trang 55




Science & Technology Development, Vol 12, No.11- 2009_

[1].

[8].
[9].
[10].
[11].

[12].

[13].

TAI LIEU THAM KHAO

R. Agrawal, T. Imielinski, and A. Swami, Mining association rules between sets of
items in large databases, Proceedings of the 1993 ACM SIGMOD Conference
Washington DC, USA, May 1993, 207 — 216 (1993).

. R. Agrawal and R. Srikant, Fast algorithms for mining association rules, In VLDB’9%4

(1994).

. C. C. Aggarwal and P. S. Yu, Online Generation of Association Rules, In Proceedings

of International Conference on Data Engineering (ICDE), 402 — 411 (1998).

. L& Hoai Béc, V& binh Bay, Thuat todn tim nhanh Minimal Generator ciia tap phd bién

dong, Tap chi Phat trién Khoa hoc va Cong nghé, Pai hoc Quéc gia Tp. HCM, tap 10,
s 12, 11-19 (2007).

. L€ Hoai Béc, V6 Pinh Bay, Khai thac luat thiét yeu nhét tir tap phd bién dong, Tap chi

Phat trién Khoa hoc va Céng ngh¢, Pai hoc Quéc gia Tp. HCM, tap 11, s6 1, 40-50
(2008).

. Y. Bastide, N. Pasquier, R. Taouil, G. Stumme, L. Lakhal, Mining Minimal Non-

Redundant Association Rules using Closed Frequent Itemsets, In 1% Intematlonal
Conference on Computational Logic, 972 — 986 (2000).

. V. Choi, Faster Algorithms for Constructing a Concept (Galois) Lattice,

arXiv:cs. DM/0602069 (2006).

T. Xia, Y. Du, J. Shan and D. Zhang, ERMiner:A Novel Method to Mine Essential
Rules, ACM SIGKDD’04 August 2225, 2004. Seattle, USA, (2004).
http://fimi.cs.helsinki.fi/data/ (download on april 2005).

S. O. Kuznetsov, S. A. Obiedkov, Comparing performance of algorithms for generating
concept lattices, J. Exp. Theor. Artif. Intell. 14(2-3), 189-216 (2002)

M. J. Zaki, C.J. Hsiao, Efficient Algorithms for Mining Closed Itemsets and Their
Lattice Structure, IEEE Transactions on Knowledge and Data Engineering, Vol. 17, No
4, April 2005, 462-478 (2005).

M. J. Zaki, Mining Non-Redundant Association Rules, Data Mining and Knowledge
Discovery, 9, Kluwer Academic Publishers. Manufactured in The Netherlands, 223—
248 (2004).

M. J. Zaki and K. Gouda, Fast Vertical Mining Using Diffsets, Proc. Ninth ACM
SIGKDD Int’l Conf. Knowledge Discovery and Data Mining, Aug. 2003, 326 — 335
(2003).

Trang 56



