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KHAI THAC LUAT THIET YEU NHAT TU TAP PHO BIEN PONG

LéHoai Bic, Vo Pinh Bay
Truong Bai hoc Khoa hoc Ty nhién, PHQG — HCM

1. GIOI THIEU

Trong hau hét céc thuat toan khai théc luat, céc téc gia dac biét chiy dén van dé 1am thé nao
dé tim tap phd bién nhanh nhat cd thé. Chinh vi vy, c6 kha nhiéu tac gia chi tap trung vao viéc
nghién ciru nham tim ra thuat todn hiéu qua nhét cho bai todn tim tap phd bién. Tuy nhién, véi cac
CSDL dic (mat do tring lap céc item giira cac dong dir liéu cao) hoac khi minSup nho din dén sd
lwong tap phd bién kha 16n thi thoi gian khai thac va khdi lugng bo nhé yéu cau dé luu trir tap
phd bién va luat két hop kha lon — Vi vay, céc téc gia M. Zaki [7] va Y. Bastide [4] d& duara
mot cach tiép can méi nham lam giam khdi luong luu trix vathoi gian khai théc: d6 chinh lakhai
théac luat két hop dua vao  tap dong Cach tlep cin ndy c6 uu diém la s luat két hop giam dang ke
so va6i phuong phép truyen thong nhung van bao dam tich hop day du cac luat con lai. Do mubn
bao toadn thdng tin vé& do phd blen(support) va do tin cay(confidence) cua luat nén ca hai deu chi
rdt gon trén céc tap lut co cling 6 phd bién vado tin cay. Tuy nhién, khi nguol dung mubn khai
théc tap céc luat thoa minSup va minConf (nhung khdng can biét théng tin vé d6 phé bién va do
tin cay caatirng luat), [am thé ndo dé khai thac tap luat nho nhat théa man yéu ciu ngudi ding?.

Gan day, cac tac gia T. Xia, Y. Du, J. Shan, D. Zhang trong [5] d& xuit phuong phép khai
thac luat thiét yéu nhét dya vao tap phd bién toi dai nham gioi han khong gian luu trir vathoi gian
khai thac so véi phuong phap cia Aggarwal va Yu [3]. Nhung do khai thac truc tiép trén tap pho
bién téi dai nén viéc tinh d6 phd bién caa cac tap con mat nhidu thoi gian do phai doc nhiéu Ian
CSDL.

2. KHAI THAC TAP PHO BIEN PONG

D¢ khai thac tap pho bién déng, ching toi sir dung thuat todn CHARM duoc trinh bay trong
[6]. CHARM c6 uu dieém la khong sinh tng vién va dua vao phuong phap chia dé tri nham tim
kieém céc tap pho bién déng vaéi chi mét lan doc CSDL.

2.1 Mt sb dinh nghia [4],[6]

2.1.1 Két ngi Galois

Cho quan hé¢ hai ngbi d i, |~ T chea CSDL can khai théc, trong d6 | 1atap cac danh muc con
Tlatapcacgiaotac. bat X | | vaY | T.Tadinhnghiaha anh xa gittaP(I) va P(T) nhu sau:
at:laT, t(X)={yl T|"xI X,xdy}
byi:Tal,i(Y)={xT 1]"yl Y,xdy}

2.1.2 binh nghia toan t# dong

Cho X I | vaanhxa c:P(1)® P(1) véi ¢(X) =i(t(X)). Anh xa ¢ dinh nghia nhu trén
duoc goi latoan tir d6ng (Closure Operator).

2.1.3 Pinh nghia tgp déng

~ Cho X I', | . 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 déng.

Vi du: xét CSDL dugc cho trong bang 1 tacé

Do c(AW) = i(t(AW)) = i(1345) = ACW b AW khdng phai |a tap doéng. Do c(ACW) =
i(t((ACW)) =i(1345) = ACW b ACW latap dong.
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2.2 Thuat toan 1 —-Thuéat toAan CHARM

Piu vao: CSDL D vangudng phd bién minSup.

K ét qua: tap FCI gém tit ca céc tap phd bién dong caa CSDL.
Phwong phép thuc hién:

CHARM(D, minSup)
(A={, " t(,):1.T 1USup(l,) 3 minSup}
CHARM-EXTEND([A, C =/A)

return C
CHARM-EXTEND([P], C)

foreach |, ~ t(I,) in [P] do
P=PEIl and[P]=£&
foreach I, “ t(l;) in P with j >i do
X=I; and Y =t(l,)Ct(l,)
CHARM-PROPERTY(X' Y, I I;, [P], [P]) SUBSUMPTION-
CHECK(C, P)

CHARM-EXTEND([P], C)
delete ([Pi])
CHARM-PROPERTY(X" Y, II,[P1.[P])
if UP(X)3 minSup then

it t(1,)=t(,) then

Remove |; from [P]

P=REI
elseif t(l,)1 t(l ;) then
P=REI

elseif t(l,) E t(l,) then
Remove |; from [P]
Add XY to [P]

else
Add X' Y to [P]

Hinh 1 - Thuat toan tim tap phd bién déng thoa ngudng minSup.
2.3 Minh hoa
Xé CSDL sau [6]:
Bang1l: CSDL mau b Pinh dang dir liéu doc

Ma Noi dung Ma Céc giao dich
giao dich giao dich danh muc ¢6 chira danh muc
1 A,CT W A 1,3 4,5

2 C,D,W C 1,2,3,4,56
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3 AC T, W D 2,456
4 A C,D,W T 1,35,6
5 A,C DT W W 1,2,3,45
6 C,D, T

Hinh 2 minh hoa quatrinh tim kiém tap FCI thoa ngudng phé bién minSup = 50% trén cay
I T-tree. DAu tién, tap | ={A,C,D,T,W} duoc sip xép theo chiéu tang dan cia do phd bién
thanh | ={D,T,AW,C}. Khi |, =D, né két hop voi cac |, T {T, AW,C} thanh cac nt
con{DT, DA, DW, DC} , do Sup(DT) = Sup(DA) =2 <minSup nén ca 2 khdng dugc sinh rad
mic ké. Mat khéc, do t(D) C t(C) = 2456 =t(D) nén D khong thé latap déng va tathay tap
D bingDE C.

(123456
B4 Feldss LI Wb Crl2Ms6
Tx1356 AW CWrl2345
ACWI3

L
DTx%6 ADdS  DWeldE  ATxIS  TWalds
CDWxlds  ACTS3S EFWRl35
ACTWx135

Hinh 2 - Cay IT-treetim tap phé bién déng thoa ngudng minSup

3. LUAT KET HQP THIET YEU NHAT

3.1 Luat két hep [7]
3.1.1 Pinh nghia
Ludt két hop 1& phép kéo theo c6 dang Y %4%4® X - Y (X, Y la céc tdp phs bién) trong do
Yi XYt Evaps 2PX)
Sup(Y)

phé bién cia ludt. Do X 1a phé bién nén ludt sinh ra la phé bién.
3.1.2 Tinh chat
1.Néu X ® Y laluatkéthopthi X E A® Y\ A ciinglaluat két hop " Al Y.

3 minConf goi la dé tin cgy cua lugt con q = Sup(X) goi la dé
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2.Néu X ® Y laluatkéthopthi X ® Y\ A ciinglaluat kéthop " A1 Y.

3. Néu X ® Y khong la luat két hop thi X \A® Y E A ciing khéng |a luat két hop
“Al X.

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

3.2.1 Pinh nghia

Cho X latap déng. Tandi itemset X |amot generator caa X khi vachi khi:

L.X' 1 X

2. up(X) = up(X)

Goi G(X) latap cac generator cua X. Tandi ring X'T G(X) lamot mG néu n6 khong co tap
con trong G(X). Pat G™"(X) latap tat ca c&c mG cia X. Theo dinh nghia, G™(X) * A vi néu n6
khong co generator hoan toan thi chinh X lamG. Chang han: xét tap dong ACTW, céc generator
la{ AT, TW, ACT, ATW, CTW} vaG™"(ACTW) = { AT, TW}.

Thuat todn tim mG dugc trinh bay trong hinh 3. N6 dua vao thuc té: mG caa mot itemset

déng X 1a c&c itemset con nho nhat caa X (thoa diéu kién trén) nhung khong chira bat ki tap déng
con nao cua X. bat

={X; 1e(X;) = X)) U(X T X)U@$X, :(c(X,)=X,)U(X; 1 X, 1 X))} latap it ca
céc itemset dong con tryc tiép cua X. Thir nhit, bat ki item xuét hién 1an dau tién trong X thudc
| =X - U X, d&éulamG theo dinh nghia. Tir c&c item con lai, tatim tat ca cic mG st dung

X1s
mot ham tua Apriori. Khai tao céc generator rng vién latit ca céc item don xuét hién trong céc
tap con cua X, nghia la Gy(X)={i | i T X-1}. Voi mdi generator ang vién hién hanh GT Gy ta

kiém traxem G c0 latap con cia bt k| itemset ndo trong S hay khéng? Néu dang thi G khong la
mG, néu sai thi G lamG, tathém G vao G™(X) va x6akhoi Gy. Sau khi ta dé xét tat ca G ] Gy,
tadatim thay tat ca ca&c mG co kich thudce k. Budc ké tiep la sinh céc tng vién cho lan lap ké
tiép. V6i mdi generator G' 1 Gy, tat ca chiing phai latap con truc tiép c6 mat trong Gy. Goi G'=
i105...Ikk+1 l@ MOt tng Vién co thé trong Gy.q, ViéC kiém tratap con duoc thuc hién bang céach kiém
tra xem li¢u tap con G; véi kich thudc k cd dat dugc bang céch bo item i; j tr G’ hién dién trong
G.. Vi chiing ta xéa tir G, minimal generator G bét ki, nén nhirng tap khdng phai tap chacua G
tham chi ciing c6 thé tro thanh cac generator rng vién. Ké tiép, ching ta lap lai toan bo quatrinh
xir 1y voi Gy, 1atap trng vién hién hanh. Xt ly két thic khi khéng con tng vién ndo duoc sinh ra.

3.2.2 Thugdt toan 2

Pau vao: Tap phd bién dong X va Slacéc tap déng con truc tiép caa X

K ét qua: G™"(X) —tap tit ca cac minimal generator cua X.

Phwong phap thuc hién:

MINIMAL_GENERATOR( X, S)
Gmln(x)
| =X- E X,

X1s

forall i T Ido

Gmm(x) — Gmm(x) E {I}
G ={i|iTX-1}
k=1
while G! A& do

for all G1 G, do

if GI X XI S then
Gmln(x) m|n(x) E {G}
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Gk = Gk -G
Gk+1 ={G'=i1i2...ikik+1 | " 1£j£k+1, $ G]T Gk, sz ilig...ikj_
a1 i}
k =k+1

Hinh 3. Thuat todn tim Minimal Generator cuatip dong X

Vi du: xét X = ACTW, Taco S={CT, ACW} b | = £vaG; ={A, C, T, W}. Tathdy ring
céc item nay latap con cua cac tap trong S nén ching khoéng la generator don. Vai lan lap ke, ta
€0 G, ={AC, AT, AW, CT, CW, TW}. Tur G,, do AT, TW khdng phai latap con caacac tap trong S
nén ta thém chiing vao G™"(X) vaxda ching khoi G, G™(X)={ AT, TW} va G, = {AC, AW, CT,
CW}. Béy gio, véi lan Igp thir 3taco Gs = {ACW}. Do day latap con cia mot itemset trong Snén
no khong thé |a generator. Cudi cing tacd G, = £P ding. Vay G™(ACTW) = { AT, TW}.

3.3 Khai théc luat thiét yéu nhat

3.3.1 Pinh nghia 1 - Ludt téng quét

Cho R chi luat X, %%A® Y,; Tandi luat R, 1aténg quéat hon luat R,, ki higu Ry p Ry, néu
X, 1 X, Y, EY, vVAX,EY,1 XEY,, nghiala R, cd thé dugc sinh ratir R, bing cach thém céc
item vao vé tré hoic giam b6t céc item ¢ vé phai cia R, dong thoi nd phai 1aluat chiratrong Ry.

3.3.2 Pinh nghia 2 — Tdp lugt thiét yéu nhat

cho R={R.,...R }(R =X, %%A® Y,) latap tit ca cac luat két hop truyén théng. Dit Re
={RT R (@$RT R R p R)}, Re duoc goi latap luat thiét yéu nhat cia R

3.3.3 Nhdn xé&

1. Céc luat thiét yéu nhat duoc suy tir Minimal Generator cia tap déng X sang tap dong Y
trongdo X 1 .

2. Luat thiét yéu nhat c6 do tin cay 100% dugc suy tir Minimal Generator cia tap déng X
sang chinh X.

3. NéuX1 YvaxX® Y—X(Ry) laluat thiét yéu nhat thi

@ X® Z-X(R)va

(b) Z® Y-Z(Rs) khonglaluat thiét yéunhat" z: X1 Z1 .

Churng minh:

(8 DoXI XvaY-XEZ-X(viZl Y)néntheodinhnghial, Ry p R, P R, khdng la
[uat thiét yéu nhat.

(b) DoXI1 ZvaY-XEY-Z(viXl Z)néntheodinhnghial, R, p Rs P Rs khong la
[uat thiét yéu nhat.

3.3.4 Thugt toan sinh tap lugt thiét yéu nhat —thugt toan 3

Piu vao: tap FCI chira c&c tap phd bién déng théa ngudng phd bién minSup va ngudng tin
cay minConf .

K ét qua: tap AR gdm tat ca cac luat thiét yéu nhit théa minConf.

Phwong phép thuc hién:

MINING_ESSENTIAL_AR()
AR =/
SORT (FCI) // SX tap FCI tang theo k-itemset
fori=1to |FCI]-1 do
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X =FC]
Superset = £
f = true
for j = [FCI| downto i+1 do
Y = FC],
if Sup(Y)/ Sup(X) 3 minConf then
if X1 Yand{@$Y'T Superset|Y Il Y?}then
ENUMERATE_RULE(X, Y)
Superset = Superset E Y
f = false
if f=true then
ENUMERATE_RULE(Y,Y)

ENUMERATE_RULE(X, Y, conf)
forallZ1T mG(X) do
if ESSENTIAL_RULE(Z, Y \2) then
AR =ARE {Z® Y\Z (Sup(Y),conf)}

ESSENTIAL_RULE(X, Y)
forall X,®Y,1 AR do
if XEX,and YT Y;andXEY 1 X, E Y,then
return false
return true

Hinh 4 - Thuat toan sinh tap luat thiét yéu nhat tir tap phd bién déng

3.35Pinh ly 1 —Thudt toan tim ludt thiét yéu nhdt ¢ trén |a ding din.

Chang minh: dé ching minh dinh ly, tacan chirng minh hai van dé sau:

1. Luat thiét yéu nhit duoc sinh ra giita tap déng X vatap dong Y (X 1Y) néu cd chi tur
mG(X) sang Y.

Ching minh: xét tit ca c&c X’ vaY’: mG(X) 1 X1 X, mG(Y)I Y'l Y. Do Sup(mG(X)) =
Up(X) = Sup(X*), up(MG(Y) = Sup(Y) = Sup(Y’) nén luat mG(X) ® Y (Ry) va luat X' ® Y’
(Ry) c6 cling d phé bién vado tin cay. C6 hai kha niang xay ra nhu sau:

+ Néu luat R, khdng thoa minConf thi luat R, ciing khéng théa minConf.

+Néu luat Ry lathiét yéu nhat thi ré rang R, khong laluat thiét yéu nhat vitaco X” EY' 1 X
EYP RPR.

2. Néu co luat thiét yéu nhat dugc sinh ra gitra tap dong X vatap dong Y thi moi luat sinh ra
gittaX vaz, giraZ vaY déu khong laluat thiét yéu nhattrongdé X 1 Z1 Y.

Ching minh: hién nhién do nhan xé 3 (phan 3.3.3).

Do thuat todn sip xép tap FCI tang dan theo k-itemset nén vi¢c xét luat sinh ra gitratap dong
X vatapdong Y (trong do X xét tir dau ve cuoi, Y xé tr cuoi ve dau) laday du ve luat. Mat khac,
do thuat toan cé kiém tramot luat cé thiét yéu hay khdng bang ham ESSENTIAL _RULE nén n6
bao dam tinh khéng du thira luat. (dpcm).

3.3.6 Minh hgathudt toan

Xét CSDL trong bang 1 véi minSup = 50%, minConf = 0%: két qua c6 7 luat thiét yéu nhat
trong khi s6 luat truyén thong 1a 60. Ti 1€ tich hop luat = 7/60* 100% = 11.67%.

Bang 2: Tap tat ca céc thiét yéu nhat véi minSup = 50% va minConf = 0%

Tap

STT doéng

Sp | MG Superset Céc luat thoa minConf




TAP CHi PHAT TRIEN KH&CN, TAP 11, SO 01- 2008

C %¥%5® ATW,
1 C 6 C ACTW, CDW 3
C %.¥%5® DW
2 CD 4 D CDW D %.%i® CW
3 CT 4 T ACTW T 3,%1® ACW
W ¥%,3%2® ACT,
4 cw 5 W ACTW, CDW a
W %3¥4® CD
5 ACW 4 A ACTW A, ¥i® CTW
6 CDW 3 DW
7 ACTW 3 AT, TW
3.4 Két qua thuc nghiém
Chess Chess
9000000 1000
8000000 — 900 1 [—e— Traditional
—e— #Traditional K
7000000 . 800 4 | s Essential
—=— #Essential 700
,, 6000000 -
8 5000000 £600
S @500
& 4000000 £
* 3000000 =400
300
2000000 200
1000000 100
0 0
85 80 yinsup 75 70 85 80 winsup 75 70
Mushroom Mushroom
25000000 1200
—e— #Traditional —e— Traditional
20000000 1000
800
£15000000 0
E 2 600
$10000000 £
400
5000000 200
0 0
85 80 75
Minsup 40 Mir?gup 20
Pumshb Pumsh
1600000 180
1400000 - | —+—#Traditional 160
1200000 | L= #Essentia 140 - | = Essential
120
1000000 D
o < 100
= 800000 £ 80
3 600000 = 60
400000 40
200000 20
0 0
95 9 85
% Mir?gup & Minsup
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Pumsb* Pumsb*
6000000 — 350
—e— #Tradition —e— Traditional
5000000 300
4000000 250
8 0 200
53000000 o
H* E 150
2000000 =
100
1000000 50
0 0
60 55 ) 50 45 40 60 55 50 45 40
Minsup Minsup
Retail 80 Retail
8000
7000 —e— #Traditional 70 —e— Traditonal
6000 —=— #Essential 60 —=— Essential
$5000 0 50
54000 @ 40
x =
#3000 = 30
2000 20
1000 10
0 0
08 06 Minsup 04 02 0.8 06 pinsup 04 0.2
4000000 Connect Connect
3500000 -| | —#—#Traditional —e— Traditional
3000000 —a—#Essential —=— Essential
2500000
o]
?000000
*#1500000
1000000
500000
0
97 9 Minsup 92 90 7 9 Minsup 92 %0
400000 Accidents Accidents
350000 —e—#Traditional — o Traditional
300000 —s—#Essential —=— Essential
$250000
200000
2
+#150000
100000
50000
0
80 70 60 50 80 70 60 50
Minsup Minsup

Hinh 5 - Két qua thyc nghiém trén cac CSDL véi minConf = 0%

Céc CSDL chuan duoc |4y tir http:/fimi.cs.helsinki.fi/data cd dac diém nhu sau:



http://fimi.cs.helsinki.fi/data
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Tén CSDL Sbgiao | Sbdanh | Bodaitrung | 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 33.8 51

Tur két qua caa hinh 5, c6 thé thiy sb luat thiét yéu nhét it hon nhiéu so véi b luat truyén
thong. Bén canh do, thoi gian khai théc luét thuong ciing nho hon so voi kha thae tap luat theo
phuong phap truyén théng. S6 luat cang 1on, d6 léch thoi gian gitrakhai luat truyén thong va luat
thiét yéu nhat cang 16n.

AKET LUAN VA HUONG PHAT TRIEN

Khai thac luat két hop truyén thong sinh ra kha nhiéu luat du thira thuong gy khé khin cho
ngudi sir dung. Vi vay, can cd phuong phép khai théc hiéu qua hon tap luat két qua. Mot trong
nhirng phuong phédp d6 1a khai théc luat tap thiét yéu nhat dya vao tap pho bién déng. Tap luat
thiét yéu nhat thuong kha nho so véi tap luat truyén théng nhung tich hop day du céc luat con lai.
Chinh vi vay, c6 thé néi day 1a mot trong nhitng phuong phép hiéu qua dé khai théac luat két hop
hiéu theo nghia: tinh tién dung trong khai théc, giam khong gian va thoi gian khai théc lut.

Tuy nhién, véi mot sb CSDL(chéng han Retail, Accidents) thi thoi gian vin chua higu qua
hon phuong phap truyen thdng do thuat toan 3 xét luat X® Y voi tat ca cac luat hién co dé kiém
trand co thiét yéu nhéat hay khdng? Vi vay, can cé phuong phép kiém tra hiéu qua hon voi mong
mudn |am giam thoi gian khai théc luat.

Xét vé khia canh khai théc luat, déi khi nguoi ding khéng can biét tat ca cac luat két qua ma
chi mudn biét cac luat theo mong mudn. Do do, cé thé huéng dén phuong phép tim luét theo yéu
ciu nguoi ding (chiang han truy van trén tap luat, ...).
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