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TOM TAT

Pé tai "Khao sat anh huong cua cac do do loi ich 1€n d6 chinh xac trong bai toan
phan 16p dya trén luat két hop” nham khao sat d6 chinh xac trong bai toan khai thac
CARSs véi cac do do loi ich khac nhau.

Dé tai str dung k¥ thuat kiém tra chéo (k-fold-cross-validation) dé tinh do chinh
Xac phan 16p cla cac, cac mau ban dau duoc chia thanh k fold véi kich thuédc bang
nhau. Trong k fold, mét fold duy nhat duoc giit lai nhu 13 dit liéu xac nhan dé thir
nghiém, va k - 1 fold con lai dugc sir dung nhu dir liéu huén luyén. Quaé trinh kiém
tra duoc 1ap lai k 1an, v6i mdi k fold dugc diung duy nhat mot 1an nhu dit liéu xéc
nhan, tap dit liéu huin luyén k — 1 fold s& dung thut todn CARIM va ap dung cac
d6 do loi ich dé tao ra tap luat phan 16p, dung tap luat duoc tao ra tur dir liéu huan
luyén k — 1 dé kiém tra mAu thtr nghiém c6 duoc phan 16p dung. Cudi cung ta co

duoc s6 mau phan 16p ding va tinh d chinh xéc.



ABSTRACT

The research topic "The survey effect of Interestingness Measures to the
accuracy of classification problem based on association rules™ survey accuracy for
the CARs with interestingness measures.

This study using k-fold cross-validation to calculate accuracy classification of
database, the original sample is randomly partitioned into k equal sized fold. In k
fold, a single fold is retained as the validation data for testing the model, and the
remaining k — 1 fold are used as training data. The cross-validation process is then
repeated k times, with each of the k fold used exactly once as the validation data,
with k-1 training data used algorithm CARIM and apply interestingness measures to
generate classification rules which for check validation data. Finally we get some

samples correctly classified and accuracy.
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CHUONG 1: MO PAU
1.1 Pit van dé

Trong qua trinh hoat dong, con nguoi tao ra nhiéu dit liéu nghiép vu. Cac tap
dir liéu duoc tich lily co kich thudc ngdy cang 16n, va ¢ thé chira nhiéu thong tin an
dang nhitng quy luat chura duge kham pha. Chinh vi vdy, mot nhu cau dit ra 13 can
tim cach trich rat tir tap dir liéu d6 cac luat vé phan 16p dir liéu hay du doan nhing
xu huéng dir liéu tuwong lai. Nhitng quy tic nghiép vu thong minh duoc tao ra sé
phuc vu dic luc cho cac hoat dong thuc tién, ciing nhu phuc vu dic luc cho qua
trinh nghién ctru khoa hoc. Cong nghé phan 16p va du doan dir liéu ra doi dé dap

ung mong mudn do.

Cong nghé phan 16p dir lidu da, dang va s& phat trién manh mé truéc nhiing
khao khat tri thirc cua con nguoi. Trong nhitng nam qua, phéan 16p dir liéu d& thu hat
su quan tdm cac nha nghién ctru trong nhiéu linh vuc khac nhau nhu hoc may, hé
chuyén gia, thong ké, v.v. Cong nghé nay ciing ing dung trong nhiéu linh vuc thuc
té nhu: thuong mai, nha bang, maketing, nghién ctru thi trudong, bao hiém, y té, giao

duc, v.v.

Mot trong nhitng chirc ning duge dé cp rat nhiéu trong khai thac dir liéu 1a
khai thac su két hop giita cac miu trong dir liéu hay con goi 1a luét két hop. Trong
thoi ky dau luat két hop chi don gian 1 khai thac sy hién dién ctia mot mau A thi
dan dén su xuat hién miu B. Sau d6, luat két hop duoc phat trién dé khai thac quan
hé c6 thudc tinh sb lugng gitra cac mau va dugc goi la luat két hop sb lugng. Mot $6
khai niém dugc bd sung vao dit liéu dé khai thac luat két hop ¢ mirc tong quat, V.v.
Khai thac luat két hop 1a mot trong nhiing phuwong phap khai thac tri thirc tir co s&
dir liéu (CSDL) va di nhan duoc nhiéu sy quan tim trong gi6i khoa hoc may tinh va
cong nghé tri thirc. Thut toan ndi tiéng 1a Apriori do tic gia Agrawal cung cac
dong sy dé xuat nam 1994 [4], ban dau nd duoc ing dung vao viéc khai thac luat

két hop trong linh vuc thuong mai. Luat két hop khong chi dimg lai nhitng tng



dung trong thuong mai ma da c6 nhirng ing dung rong rai trong cac linh vuc khéc

nhu trong y khoa, quan ly, thwong mai va cong nghiép, Vv.v.
1.2 Tinh cép thiét cia dé tai

Gan ddy, mot phuong phap méi vé phan 16p trong khai thac dir liéu duoc goi
1a phan 16p dua trén su két hop (CBA [6]), duoc dwa ra dé khai thac luat phan 16p
két hop (CARs). Phuong phéap niy thuong c6 do chinh xac cao hon so v6i phuong
phap C4.5 [3] va ILA [7]. Vi vay mot s6 thuat toan dé khai thac luat phan 16p dua
trén khai thac luat két hop duoc phat trién trong nhitng nim gan dy nhu : phan 16p
dua trén luat két hop doan truéc [12], phan 16p dua trén nhiéu luat két hop [10],
phén 16p dya trén su két hop [6], phan 16p da 16p dua trén luat két hop [17], v.v.

Tuy nhién nhiing phuong phéap trén chi tip trung chu yéu trong viéc xdy
dung thuat toan phan 16p dua trén luat két hop hodc xdy dung luat phan 16p ma
khong thao luan nhiéu vé van dé thoi gian thyc thi (khai thac) cua cac thuat toan.
Hon thé nita, khai thac phan 16p dwa trén luat két hop (CARs) tiéu ton rat nhiéu thoi
gian bdi vi nd khai thac mot tap day du cac luat thoa ngudng. Vi thé, cai thién thoi
gian khai thac phan 16p dua trén luat két hop 1a mot trong nhitng van dé chinh can

duoc giai quyét.

Nim 2013, Nguyen va cac dong sy da dé xuit thuat toan CAR-Miner nham
cai tién thoi gian khai thac phan 16p dua trén luat két hop [29]. Thuat toan xay dung
ciu truc ciy va st dung mét sb 1y thuyét dé cit tia cac node nhim giam thiéu thoi

gian xu ly trong qua trinh duyé¢t cac tap dir licu.

Hién tai, cac thuat toan khai thac luat phan 16p két hop hau hét tap trung vao
do phé bién va do tin cay cua luat. Mot s6 thuat toan cling cai tién do chinh xac
bang cach dua ra cac do do. Tuy nhién, chua c6 cong trinh nao nghién ciru sy anh
huong cua cac d do loi ich 1€n dd chinh x4c cua bd phan 16p. Sd lugng cac do do
hién nay 1én dén hon ba muoi va mdi d6 do c6 mot s6 diém manh riéng. Chinh vi
vay, viéc khao sat sy anh huong ctia cac do do 1oi ich 1én dd chinh xac phan 16p rat

cap thiét giup cho viéc chon lya do do phii hop dbi véi cac CSDL.



1.3. Muc tiéu ciia dé tai

Pé tai nghién ciru thuat toan CAR-Miner [29], thuat toan CARIM [32], cac
do do loi ich va khao sat anh hudng ctua cac do do 1oi ich 1én d chinh xac
trong bai toan phan 16p dua vao luat két hop s dung k¥ thuat k-fold cross-

validation.

1.4. N§i dung nghién ctru

Nghién ctru bai toan phan 16p dwa vao luat két hop dung thuit toan CAR-
Miner [29], thuat toAn CARIM [32] va 4p dung cic d6 do loi ich dé tao ra
cac tap luat.

Khao sat anh huong cua cac d do lgi ich 1én d§ chinh xac trong bai toan

phan 16p dua vao luat két hop str dung k¥ thuat k-fold cross-validation.

1.5. Phuwong phap luan va phwong phap nghién ctru

Tim hiéu cac tai liéu trong va ngoai nudc vé khai thac luat phan 16p va luat
két hop. Nghién ctru thuit toan CAR-Miner [29] trong bai toan phan 16p dua
vao luat két hop va &p dung cac do do lgi ich dé tao ra cac tdp luat trong
thuat toan CARIM [32].

Tim hiéu cac do do loi ich va khao sat anh hudng cua cac do do loi ich 1én
d6 chinh x4c trong bai toan phan 16p dua vao luat két hop sir dung k¥ thuat

k-fold cross-validation.



CHUONG 2: TONG QUAN VE LINH VUC NGHIEN CUU

2.1. Khai thac luat phan lép

Bai toan khai thac luat phan 16p két hop co thé dugc phat bicu tém tit nhu

Sau:

Cho co s¢ dit liéu D voi cac thude tinh 1a {Ay, Ay, ..., Ay} va thudc tinh phan
16p C, trong d6 A, chira cac gia tri {aj, ai,..., &im}, C = {Cy, Cy,..., C} (k 16p) 1a cac
nhan 16p. Dya vao tap dir li¢u da cho, thuat toan tim ludt phan 16p s& tim ra cac luat
cua dir li€u tir d6 hinh thanh dugc bo phan 16p va dya vao bd phan 16p doé ta co thé

du doédn duogc 16p cua mau maéi.

D3 c6 nhiéu phuwong phap duoc phat trién dé phan 16p dir liéu nhu cay quyét
dinh (ID3 [1], C4.5 [3]), hoc quy nap (ILA [7]), V.v. Cach tiép can nay c6 uu diém
1a s6 luat sinh ra it, don gian, dé hiéu nhung do chinh x4c thudng khong cao. Nam
1998, khai thac luat phan 16p két hop dugc dé nghi, day 1a phuong phéap két hop
giita phan 16p va luat két hop [10]. Phuong phap nay duoc danh gia 1a ¢ do chinh
xéac cao hon so véi cac phuong phap phan 16p dua trén ludt trude do. Mot sb thuat
toan dién hinh nhu CBA [10], CMAR [10], MMAC [15], ECR-CARM [21], CAR-
Miner [29], CARIM[32].

2.2. Khai thac luat két hop

Luat két hop 1a dang luat biéu dién tri thic ¢ dang twong d6i don gian. Muc
tiéu ctia phurong phap nay 1a phat hién va dua ra cac mdi lién hé gitra cac gia tri dir
lidu trong co so dit liéu. Mau dau ra cia giai thuat khai thac dir liéu 1a tap luat két
hop.

Tuy luat két hop 1a mot dang luat khd don gian nhung lai mang rat nhiéu y
nghia. Thong tin ma luat nay dem lai rit ¢o loi trong cac h¢ hd tro ra quyét dinh

gitip ta tim dugc nhitng luat két hop dic trung va mang nhiéu thong tin tir co sé dix



lidu tac nghiép 1a mot trong nhitg hudng tiép can chinh cua linh vuc khai thac dix
liu.

Béang 2.1. m6 t4 mdt vi du minh hoa vé bai toan khai thac luat két hop. Mot
tap dit liéu gom 5 giao dich chira cac mat hang {Banh mi, Bo, Sita, Tring, Bia} va

bén phai 13 vi du vé hai ludt két hop duoc sinh ra tir tap dit 1iéu bén trai.

Bang 2.1. Khai thac luat két hop.

STT M:it hang Luit két hop

1 | Banh mi, Bo, Stra

2 | Bia, Banh mi
{Bo} — { Banh mi}

3 | Bia, Bo, Trting, Stta -
{Banh mi, Stta} —
Bia, Banh mi, Tring, .
4 g {Bla}
Stra

5 | Bo, Tring, Stta

2.3. Khai thac luat phéan 16p dua vao khai thac luat két hop

Khai thac luat phan 16p dua vao khai thac luat két hop 1a tim mét tip con cta
cac luat két hop co trong co s dit liéu. Tap con nay chira vé phai 1a gia tri cia

thudc tinh 16p. Bai toan duoc phét biéu nhu sau:

Cho mot CSDL gé)m N mau va L thudc tinh phan bi¢t da dugc chuin hoa,
nghia la céc gia tri da duoc bién d6i va roi rac héa theo mot cach nao do cho nhat
quan. Ban dau, mot thudc tinh co6 thé 1a roi rac hay lién tuc va gia su r?mg tat ca
cac thudc tinh déu cung kiéu. Poi voi thudc tinh roi rac, tat ca cac gia tri dugc anh
xa thanh mot tp cac sé nguyén dwong lién tiép nhau. Dbi v6i thude tinh lién tuc,

gia tri cua n6 duoc chia thanh cac khoang roi rac, va cac khoang nay dugc anh xa



thanh cac s6 nguyén duong lién tiép. Vi su anh xa nay, dé tai co thé xem dit lidu
nhu mot cap cac thudc tinh hodc gia tri nguyén va mdt nhan 16p. Cap thudc tinh,

gia tri nguyén duogc goi la mot item.
Cho co sé dir liéu D, 1 12 tap tat ca cac item trong D va C 1a tap cac nhan 16p
Do dé mau d e D chia tap X c |.

Luat phan 16p két hop 1a phat biéu c6 dang X — ytrongd6 X c lvay e C.
Do tin cay cia luat 1a ¢ néu ¢% mau trong D chira X dugc gan nhan 14 16p y. Do

pho bién cua luat 13 s néu ¢ s% mau trong D chtra X dugc gan nhin 13 16p y.
Muc ti€u cua khai thac luat phan 16p dya vao khai thac luat két hop la:

- Sinh ra tdp CARs day du thoa ngudng d6 phd bién tdi thiéu va ngudng do
tin cay tdi thiéu.

- Xay dung b phan 16p tir CARs.

2.4. D9 do lgi ich

Tao ra cac luat trong luat két hop hoac véi phan 16p két hop c6 thé dan dén
mot tap hop rat 1on cac quy tic ma 1am cho né khong thé, cho du cic mién chuyén
gia, dé nghién cru. CO hang ngan hoic tham chi hang triéu cac luat, khéng tranh
khoi c6 mot s6 khong lién quan, khong thuc té. Bé giai quyét van dé nay, cac do do
loi ich c6 thé duoc st dung dé loc hodc Xép hang céc luat.

C6 nhiéu do do loi ich khac nhau duoc ding rong rai trong hoc mdy, khai
thac dit liéu va théng ké. Nam 1991, Piatetsky—Shapiro dé xuat thong ké doc 1ap céc
luat, 1a d6 do loi ich [2]. Sau d6, nhiéu d6 do duoc dé xuat. Nam 1994, Agrawal va
Srikant dé& xuat do hd trg va do tin cdy cho khai thac luat két hop [4]. Thuit toan
Apriori khai thac cac luat ciing dugc thao luan [4]. Lift va y% nhu d6 do tuong quan
duoc dé xuét [5]. Hilderman va Hamilton so sanh sy khac nhau cua cac do do loi
ich va giai quyét cac khai niém cua giao dich null [30]. Omiecinski [14], Lee va cac

cong su [13] giai quyét tat ca do tin cdy, tinh mach lac, va ho ¢6 duoc do do tdt cho



khai thac cac luat tuong quan trong co s¢ dir li¢u giao dich. Tan va céc cong su thao
luan thudc tinh cua 21 do do loi ich va phan tich tdc dong cua cac Gng cur vién cat
tia dya trén ngudng hd tro [11]. Shekar va Natarajan dé xuét 3 d6 do cho viéc nhan
duge cac mbi quan h¢ gitra cap item [16]. Bén canh, vi¢c tao ra nhiéu do do, mot sb
nghién ctru duogc dé xuét 1am thé nao dé chon ra d6 do cho mot co s& dit liéu [27,
28, 25].

Nhiéu do do dugc dé& xuat nhu support, confidence, cosine, lift, chi-square,
gini-index, Laplace, phi-coefficient (khoang 35 d9 do [20]). Mac du ching khac
nhau tir cong thtrc, ho déu dung bon yéu td dé tinh toan gia tri d§ do cua luat X —»
Y: n; ny; Ny; Ny, trong do n la téng $b giao dich, ny 1a $b giao dich chtra X, ny la )
giao dich chtra Y, nyy la $6 giao dich chtra ca X va Y. M{t ) yéu td cho viéc tinh

toan gia tri 0 do duogc xac dinh thong qua n, Ny, Ny, Nxy nhu sau: n, =n-n,,

n,=n-n,, N=n,-n,, N

7 =N, =Ny, Ny =N—Ny, .

XY XV
Bang 2.2: M6t co so dif liéu mau dé tinh do do loi ich.
TID Item bough
1 ACTW
C,.D,W
ACTW
A,C.D,W
A,C,D,TW
C,D,T

o O | W DN

Chung ta c6 thé tinh toan gia tri do do nhu sau: dat vm(n, Ny, Ny, Nxy) 12 gia
tri do do cua luat X — Y, gia tri vm cé thé duoc tinh toan khi chuing ta biét d6 do

can tinh toan dua trén (n, N, Ny, Nxy).



Vi du: xem xét co s& dir liéu mau tir bang 2.2 v6i X =AC, Y =TW = n = 6,

Nx =4, ny =3, Nxy =3 = n, =2, n, =3. Ching ta c6 gia tri mot s6 do do trong

bang 2.3.
Bang 2.3: Mot ) gia tri do do voi luat AC—>TW.
Po do Mién gid tri | Cong thirc Ny | Ny | Nxy Vi dy
Confidence 0.1 Ny 4 3 3 |3
Ny 4
Cosine 0.1 Nyy 4 3 3 3
nyny V4x3
Lift 0.. NN 4 3 3 | 3x6_3
nyn, 4x3 2
Rule 0.. h n.n, 4 3 3 3_4><3=1
interest n 6
Laplace 0.1 N, +1 4 3 3 |4
ny +2 6
Jaccard 0.1 Ny 4 3 3 3 3
ny +n, =Ny, 6+3-3 4




CHUONG 3: THUAT TOAN CAR-Miner va CARIM

3.1. Giéi thiéu tong quan

Luat phan 16p déng vai trd quan trong trong cic hé théng ra quyét dinh,
chinh vi vy, c6 rit nhiéu phuong phap dugc phat trién nhu C4.5 [3], ILA [7]. Cac
phuong phdp nay dya trén k¥ thuat heuristic/tham lam nén d§ chinh x4c thuong
chua cao. Chinh vi vy nam 1998, Liu va cic dong su dé xuit phuong phap phin
16p dua vao khai thac luat két hop, dugc goi 1a phan 16p két hop (CBA [10]).
Phuong phap nay thuong c6 d6 chinh xac cao hon C4.5 [3], ILA [7]. Ly do chinh la
nhd n6 khai thac tap luat diy da hon C4.5 [3], ILA [7], c6 thé str dung da luat dé du
doan nhin ciia mau mdi. Mot s6 phuong phap nham nang cao hiéu qua khai thac
dugc d& nghi vé sau nhu phan 16p dya trén luat két hop du doan (CPAR [12]), phan
16p dya trén luat két hop da nhan (CMAR [10]), phan 16p dua trén luat két hop da
16p, da nhan (MMAC [15]), phan 16p dua trén luat két hop da 16p (MCAR [17]),
khai thac luat phan 16p két hop duya trén 16p turong duong va cdy ECR (ECR-CARM
[21]) va khai thac luat phan 16p két hop dua trén cady MECR (CAR-Miner [29]).
Mot s6 nghién ctru chi ra bo phan 16p duoc tao ra tir luat phan 16p két hop thuong
c6 do chinh xac cao hon cac phwong phéap truyén thong nhu C4.5 [3], ILA [7] ca vé
Iy thuyét 1an thuc nghiém. Khai thac CARSs dua trén cac do do loi ich [32].

Niam 2008, Vo va Le da trinh bay mot cach tiép can dé khai thac CARs voi
chi mot 1an quét CSDL. Céc tac gia da phat trién ciy c6 tén 1a ECR-tree va dya vao
d6, thuat toan ECR-CARM [21] ciing di dwoc phat trién. Nam 2013, MECR-tree,
mot cdu trac cdy mé rong tir ECR-tree dugc phat trién[29], cac tic gia dua vao
MECR-tree dé phat trién thuat toan CAR-Miner [29],thuat toan CARIM [32] va 4p
dung cac do do loi ich dé khai thac nhanh CARs.



10

3.2. Cac dinh nghia va ménh dé

Goi D 1a tap cac dit liéu hudn luyén véi n thudc tinh Ay, A,, . .., A, va D|
dbi teong (miu). Goi C = {cy, Cy, . . . , C} 12 tAp cac nhin 16p. Mdi gia tri cia thudc

tinh A; va thudc tinh 16p C duoc ky hiéu boi cac ky tu thuong a va ¢ twong Gng.

+ Pinh nghia 3.1: Mt itemset 1a mét tap cac cdp (thudc tinh, gia tri), dugc
ky hiéu boi {(Air, ai), (Aiz, @2), - - -, (Aims &im)}-

+ Pinh nghia 3.2: Mot luit phan 16p két hop r c6 dang {(Ai1, ain), (Aiz, air), -
.y (Aimy @im) } — ¢, trong d6 {(Ai1, ain), (Aiz, &2), - - - » (Aim, @im)} 12 mot itemset va ¢
€ C la mot nhan 16p.

+ Pinh nghia 3.3: Kha ning xay ra cua luat r, ki hiéu ActOcc(r), 14 s6 dong
trén D chira vé trai cta r.

+ Pinh nghia 3.4: Dém d6 hd tro cua luat r, ki hiéu Sup(r), 1a sé dong trén D
chira vé trai va vé phai cuar.

+ Pinh nghia 3.5: Do tin cdy cua luat r 1a ti s6 giira Sup(r) chia cho

ActOcc(r), nghia 1a Conf (r) = Ai%c(cr()r) _

Ching han, xét luat r: {(A, a;)} — y tir CSDL ¢ bang 3.1, ta c6 ActOcc(r) =
3 va sup(r) = 2. Do c6 3 d6i twong co gia tri A = a,, trong d6 hai dbi twong c6 16p 1a

y = D0 tin cdy cua luat 1a conf (r) = 2/3.

att, x value, . att, x value,

+ Ménh dé 3.1. Cho truéc hai nat va . :
Obidset, (c,;,....c) ~ Obidset,(C,,,...,Cy)

néu att;= att, va value; # value,, thi Obidset; N Obidset, = @.

Dua vao ménh dé 3.1, thuét toan khong can két hop hai itemset X va Y néu

1xa,

ching c6 cung tap thudc tinh do sup(XY) = 0. Chang han, xét hai nit 127(2.1) va
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1xa,
38(1,1)

({(A, a1),(A, a»)}) = Obidset ({(A, a;)}) N Obidset ({(A, a5)}) = @. Tuong tu ta co
Obidset ({(A, a1), (B, b1)}) = 1 va Obidset ({(A, a1); (B, b,)}) = 2 = Obidset ({(A,
a1), (B, by)}) N Obidset ({(A, a1); (B,b2)}) = @.

, trong d6 Obidset ({(A, a;)}) = 127 va Obidset ({(A, a)}) = 38 = Obidset

itemset, . itemset,

+ Ménh dé 3.2. Cho tru6c 2 nit va . ,
Obidset, (C,;,....c)  Obidset,(Cy,...,C,)

néu itemset; C itemset, va |Obidset;| = |Obidset,| thi Vi € [1, k] : ¢4 = Cyi.

T ménh dé 3.2, khi két hai nut cha thanh mot nit con, c6 thé kiém tra sb
phan tir ciia Obidset két qua, néu cé két qua bang véi mot trong hai nat cha thi chép

cac thong tin ctia nlt cha twong g cho nut con.

3.3. Céu tric ciy MECR

Vé6i cay MECR, mdi nut trén ciy chira duy nhat mot itemset voi cac thong
tin nhusau:

(a) Obitset: 1a tap cac dong dir li¢u chira cac itemset.

(b) (#cy,#Cy, ... #e,) 12 mot danh sach cac sd nguyén, trong dé cj 1a sb cac
dong trong Obidset thudc vé 16p c;.

(c) pos - 1a mot s6 nguyén duong luu vi tri ciia 16p ¢ s6 1an xuét hién nhiéu

nhét. Nghia la pos =arg max, ,  {#¢} -

Ching han, xét nut chtra itemset X = {(A, as), (B, by)} tir bang 3.1. Do X

chtra trong cac ddi twong 4, 6 va tit ca déu thudoc vé 16p y. Vi vay, nut

{(A,ae),(B'bs)

46(2,0)

3xagh,

46(2,0)) duogc tao ra trén cay, pos = 1 (dugc

} (hay viét don gian 1a

gach chan tai vi tri 1 ctia nfit ndy) do s6 dém thudc vé 16p y 12 16n nhat (2 so vdi 0).

Bi€u dién sau khac cach bi€u dién dau ¢ chod luu trir tap thude tinh. Biéu dién dau
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lwu day du tap thudc tinh trong khi biéu dién sao luu tip thudc tinh dudi dang bit
cho tiét kiém bd nhé (str dung cach biéu dién bit nhu sau: A c¢6 gia tri la 2°=1;B
c6 gid tri 1a 2" =2; C c6 gia tri 1a 2° = 4 nén AB = 2%2' = 3; twong tu ABC =
2%2Y2% = 7). V6i cach biéu dién sau, itemset dugc chia thanh 2 thanh phin att x
value.

Cung ndi tir nat X dén nut Y sao cho X.itemset  Y.itemset va [X.itemset| =
|Y.itemset| — 1. Hinh 3.1 [29] mo6 ta cay tim kiém dé khai thac luat phan 16p két hop.
Pau tién, muc 1 cta cay chura cac nut voi 1-itemset, sau do mdi nat trén cay s dugc
két hop voi cac nut ding sau nd c¢6 cung nit cha dé tao ra mot tap cac nut con cua
nat hién hanh. Qua trinh nay dugc thyc hién mét cach dé qui cho cac nlt con cua

nGt hién hanh cho dén khi khong con nut nao dugc tao ra.

Béang 3.1: Mot co s& dit ligu mau huin luyén

oD | A B C Lop

1 a by C1 y
2 ay b, C1

3 as b, C1 n
4 as bs C1 y
5 as b, Cy

6 as bs C1 y
7 & bs C2 y
8 as b, Cy n




13

1xal 1xa3 1xbl 4xc2
38(0.2) 456(2.1) 15(1.1) 238(0.3) 467(3.0) 12346(3.2) 578(12)

NN

3xalbl 3xalb2 3xalb3 Sxalcl Sxalc? 3xaZh2 Sxalcl 5xale? 3xadbl 3xadb3 Sxadcl 5xad2 6xblcl 6xblc2 6xb2cl 6xb2c2 6xbicl Gxb3c2
1L0) 20.) 70) 12(L1) 7A0) 38002 30D 80D 50.1) 462.0)462.0)50.) 110 501 2302 80D 462.0) 7(L0)

Txalblel  Txalb2el Txalb3c2 Txalblcl Txalb2el? Txa3blel Txaldb3cl
11.0) 0. A0 3(0.1) 8(0.1) 50D 4620

Hinh 3.1: Cay MECR-tree tur tap dir liéu cua bang 3.1 vdi thuat toan CAR- Miner
[29].

3.4. Thuat toan CAR-Miner

3.4.1. Thuat toan
DPau vao: Cho bd dit liéu D, minSup va minConf.

Dau ra: Tat ca CARs théa minSup and minConf.

Phuwong phap thwe hién:
CAR-Miner (L;, minSup, minConf)

CARs = ;

for all I; € I, children do
ENUMERATE-CAR (l; minconf)
Pi=(;

1

2

3

4

5 For all I; € I, children do, with j>i do
6 If i att # | att then

7 O.att = l; att U |; att;

8 O.values = |; values u [; values;
9

O.Obidset = I; Obidset n | Obidset;
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10  If |O.Obidset| = |I; Obidset| then
11 O.count = |; count;
12 O.pos = |; pos;
13 else if |O.Obidset| = |I; Obidset| then
14 O.count = | count;
15  O.pos = |;pos;
16 else
17 O.count = {count(xe O.Obidset | class (x) = ¢; ¥ie [1,k]};
18  0O.pos = arg max{l.count;};
i e[1K]
19  if O.count[O.pos] = minSup then
20 Pi=PjuO0;
21  CAR-Miner (P; minSup, minConf)

ENUMERATE-CAR (I, minConf)

22  Conf = l.count [l.pos]/ |I.Obidset|;
23 If conf = minConf then
24  CARs =CARs u {l.itemset = c.pos (l.count[l.pos], conf)}

Xét mdi nat 1; v6i tat ca cac nut l; khac trong cay L, voi j>i (dong 2 va 5) dé
sinh ra mot nut tng vién con O. Vi mdi cip (1;1j) thuat toan kiém tra l.att # I;.att
hay khong (dong 6, st dung dinh 1y 2.1). Néu ching khac nhau, thuat toan tinh ba
yéu td att, values, Obitset cho nit O méi (dong 7-9). Dong 10 kiém tra néu sb dong
chura 1; 1a bang s6 dong chira O (dung dinh 1y 2.2). Néu dtng thi dung dinh 1y 2.2,
thuat toan sao chép tit ca thong tin tir nut I; sang nat O (dong 11-12). Twong tu nhu
vay, néu két qua ¢ dong 10 13 sai, thuat toan kiém tra l; véi O, néu s6 dong chura
chung 14 gidng nhau (dong 13), thuat todn sao chép tat ca thong tin tir l; sang O
(dong 14-15). Nguoc lai, thuit toan tinh O.count bang cach ding O.Obitset va
0.pos (dong 17-18). Sau khi tinh tat ca thong tin cho node O, néu O.count[O.pos] >
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minSup (dong 19-20) thuat toan s& dua nat O vao P; (P; da dugc khai tao rong &
dong 4).

Cudi cing, CAR-Miner s& goi d¢ quy v6i mot tap méi P; (P nhu 13 tham sb
dau vao) (dong 21).

Tha tuc ENUMERATE-CAR (I, minConf) sinh ra mét luat tir nat 1. Tha tuc
trude tién tinh dg tin cdy cua luat (dong 22), néu do tin cdy cua luat thoa man

minConf (dong 23) thi né thém luat nay vao tap CARs (dong 24).

3.4.2. Vi du minh hoa

Ching ta ding tap dit liéu trong bang 3.1 dé mé ta tién trinh cua thuét todn
CAR-Miner véi d6 hd tro (minSup) = 10% va do tin cdy (mincof) = 60%. Hinh 3.1
thé hién két qua cta tién trinh nay.

Cay MECR duogc xay dung tur tap dir liéu bang 3.1 nhu sau:

Dau tién, nit gbc L, chira cac 1-itemset phd bién gdm

1xa, 1xa, 1xa, 2xb 2xb, 2xD, 4xc, 4xc,
127 (2,1) 38(0, 2)456(2,1)15(1,1) 238(0, 3) 467 (3, 0)12346(3, 2)578(1, 2)

1xa,

Sau d6, thi tuc CAR-Miner s& duoc thuc thi v6i tham sd L,. NGt ;= 38(0,2)
duoc dung nhu vi dy minh hoa tién trinh CAR-Miner, n(t I; két hop véi tat ca cac

nut thé hién trong L,:

e Voinutl = e, . ching ta c6 nat I va | co cung thude tinh 1a 1 va
456(2,1)
khac gia tri. Dua vao ménh d& 3.1 chung ta s& khong tinh gia tri két
hop cia 2 nuat nay.

2xb,
15(1,1)

toan gié tri cho 3 yéu té sau O.att = l;.att U ljatt=1]|2=3lacac biéu

e Véinat] = > vi nut I; va lj khac thudc tinh, chung ta sé& tinh

dién bit; O.values = I;.values U lvalues = a, U by = ab, , va
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O.Obidset = I;. Obidset n ;. Obidset = {3,8} n {1,1} = {<J}. Boi vi
O.count[O.pos] = 0 < minSup, nén nat O khong dugc thém vao tap
P;.

2xh,

Vo1 nut lj = 238(0 3)

: vi nut |; va [; khac thude tinh, chung ta s€ tinh

toan gié tri cho 3 yéu té sau O.att = l;.att U ljatt=1]2=31acac biéu
dién bit; O.values = l.values U lj.values = a, U b, = ab, , va
O.Obidset = I;. Obidset n I;. Obidset = {3,8} n {2,3,8} = {3,8}. Boi
vi | Ii. Obidset | = | O. Obidset |, thuat toan s& liy toan bo nodi dung cia
l; to1 O. Diéu nay c6 nghia ring O.count = l;.count = (0,2) va O.pos =

2. Vi O.count[O.pos] = 2 > minSup, O dugc thtmvao P; = P; =
3xayb,
38(0,2)

fi o x Db,
Véi nut 1j =

467(3,0): vi nut I; va |j khac thudc tinh, chung ta s€ tinh
toan gié tri cho 3 yéu té sau O.att = l;.att U ljatt=1]2=31acéc biéu
dién bit; O.values = li.values U lj.values = a, U by = ab;, va
O.Obidset = [;. Obidset n [;. Obidset = {3,8} n {4,6,7} = {J}. Boi
vi O.count[O.pos] = 0 < minSup, nén nat O khong dugc thém vao
tap P;.

4xc,

VOInith = 1o346(3,2)

: vi nat | va lj khac thudce tinh, ching ta sé tinh

toan gié tri cho 3 yéu té sau O.att = l;.att U ljatt=1]4=51acéc bicu
dién bit; O.values = l.values U l.values = a, U ¢, = ax;, va
O.Obidset = [;. Obidset n ;. Obidset = {3,8} n {1,2,3,4,6} = {3}.
Thuat toan tinh toan b6 sung ndi dung gdm O.count = {0,1} va
O.pos = 2. Bai vi O.count[O.pos] = 1 > minSup, O dugc thém vao P;

3xa,h, 5xa,c,

= Pi= {38(0,2)3(0,1)}'
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4dxc <, . . o , o
e Véinat]; = £78 (122): vi nut |; va [; khac thudc tinh, ching ta s€ tinh

toan gié tri cho 3 yéu té sau O.att = l;.att U ljatt=1]4=51acac biéu
dién bit; O.values = Ivalues U lj.values =a, U ¢, = ax,, va
O.Obidset = I;. Obidset n I;. Obidset = {3,8} n {5,7,8} ={8}. Thuat
toan tinh toan bd sung ndi dung gdbm O.count = {0,1} va O.pos = 2.
Béi vi O.count[O.pos] = 1 > minSup, O dugc thém vao P; = P;
_{3><a2b2 5xa2c15><a2c2}

38(0,2) 3(0,1) 8(0,1) [
Sau khi P; dugc tao, thuat toan CAR-Miner dugc goi dé quy voi tham
sb P, minSup, va minCof dé tao tat ca cAc nut con cua P;. Xem xét

3xa,b,

tién trinh tao cac nit con cua nit 1; = :
' ' 38(0,2)

. 5xac, . , . , o , N
o Véinat] = 3 (021)1: vi n0t |; va lj khac thugc tinh, chung ta s&

tinh toan gié tri cho 3 yéu to sau O.att = l;.att U ljatt=3[5=7
hodc 111 trong biéu dién bit; O.values = I;.values U l;.values =
ab, U a,c; = ab,cl, va O.Obidset = I. Obidset n |;.
Obidset = {3,8} n {3} = {3}. Thuat toan s€ chép toan bo noi
dung cua Ij cho O. Diéu nay c6 nghia ring O.count = I;.count =
(0,1) va O.pos = 2. Vi O.count[O.pos] = 1 > minSup, O dugc

7xa,b,c
thémvéoPi:>Pi: Sy
3(0,1)
\ Aoy . 5xa,C, . .
0 Dung tién trinh tuwong ty cho nlt |; = 8(0,1) ching ta c6 duoc

, 7xab.c, 7xab,c

3(0,1) 8(0,1)
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Céc luat duoc d& dang tao ra trong cac budc duyét qua nit I (dong 3) bang
cach goi thu tuc ENUMERATE-CAR(I;, minConf).

1xa,
38(0,2)°

xa,

: tha tuc s€ tinh toan d0 tin cay cua nut

e V{41 nat lj =

chung ta c6 conf = l;.count[l;.pos] / |I;.Obidset| = 2/2 =1 > 0, Boi vi
conf > minCof (60%), thém luat {(A az)}—>n(2,l) vao tap luat
CARSs. Y nghia cta luit ndy 1a “néu A = a, thi 16p la n” (d6 hd trg =2
va d¢ tin cay = 100%).

%3 i tuc s tinh todn d6 tin cly clia nit <=
56(2,1) 456(2,1)

e Vi nuat lj =
chung ta c6 conf = [;.count[l;.pos] / |I;.Obidset| = 2/3 = 0.6 >0, Baoi vi
conf > minCof (60%), thém ludt {(Aa,)}—>n(2,0.6) vao tap luat
CARSs. Y nghia cta luit ndy 1a “néu A = a5 thi 16p la n” (d6 hd trg =2
va d¢ tin cay = 60%).

2 , ~ i1 o aA e A a2
<by : tha tuc s€ tinh todn do tin cdy cua nut <by

15(1,1) 15(1,1)

s0 dém gia tri & moi 16p bang nhau nén ta s€ tinh do tin cdy cua nut

e Voinutl;=

trén ting 16p, chung ta co6 conf = li.count[1] / |I;.Obidset| = 1/2 =0.5 >
0, Bai vi conf > minCof (60%), thém luat {(Bbl)} — y(1,0.5) vao tap
luat CARs. Y nghia cua luit nay 1a “néu B = by thi 16p 14 y” (d6 h tro
=1 va d¢ tin cdy = 50%). Chung ta c6 conf = Il;.count[2] / |I;.Obidset|
1/2 = 05 > 0, Boi vi conf > minCof (60%), thém luat
{(B,bl)} —n(1,0.5) toi tap luat CARs. Y nghia cua luat nay 1a “néu B

= b, thi 16p 1a n” (40 ho trg = 1 va do tin cay = 50%).

2xb, 2xh,

e Voinutl;= 238(0,3) : thu tuc s€ tinh toan do tin cdy cua nut 238(0,3) ,

ching ta c6 conf = [;.count[l;.pos] / |I;.Obidset| = 3/3 =1 > 0, Bai vi
conf > minCof (60%), thém luat {(B,b,)} >n(3,1) vao tap luat
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CARSs. Y nghia cta lut nay 1a “néu B = b, thi 16p la n” (d6 hd tro =3
va d¢ tin cdy = 100%).

2x Db,
467(3,0)"

xh,

2
e Voinut lj = 467(3 O)

: thu tuc s€ tinh toan d tin cdy cua nut

chung ta c6 conf = l;.count[l;.pos] / |I;.Obidset| = 3/3=1 > 0, Boi vi
conf > minCof (60%), thém luat {(B,b,)} > y(3,1) vao tap luit
CARSs. Y nghia cta lut nay 1a “néu B = bs thi 16p la n” (d6 hd tro =3
va d¢ tin cady = 100%).

e V6i nat | = 4x6 : thu tyc s€ tinh todn d¢ tin cdy cua
12346(3,2)
nut 4xc, , chiing ta cé conf = I;.count[l;.pos] / |I;.Obidset| = 3/5 =
12346(3,2)

0.6 >0, B6i vi conf > minCof (60%), thém luat {(C,cl)} — y(3,0.6)
vao tap luat CARs. Y nghia cua luat nay 1a “néu C = ¢, thi 16p 1a y”
(40 hd trg = 3 va do tin cay = 60%).

e Voinutl]; = 2 : thu tyc s€ tinh toan do tin cay cua nut 4xc, ,
578(1,2) 578(1,2)

chang ta cé conf = I;.count[l;.pos] / |I;.Obidset| = 2/3 = 0.6 >0, Bdi vi
conf > minCof (60%), thém luat {(C,c,)}—n(2,0.6) vao tap luat
CARSs. Y nghia cta luat nay 1a “néu C = ¢, thi 16p 1a n” (d hd tro =2
va do tin cay = 60%).

Duya vao ménh dé 3.2, ching ta s€ khong can tinh toan ndi dung mot s6 nat
nhu {3 Xagbg, 7><a1b1 Cy, 7><a1b2 Cy, 7><a1b3 Co, 7><azb2 Cy, 7><azb2 Co, 7><azb2 Co, 7><a3b1

Cy, 7xaghs ¢ }. Bang 3.2 thé hién céac luat duoc tao ra tir cic nut trong hinh 3.1.
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Bang 3.2: Tién trinh khai thic CARs cta thuit toan CAR- Miner [29].

ID Node Luit dwoc tao Ny Ny n, vm
1 1xay NéuA=a;thilop=y 3 4 2 0.7
2 1xay NéuA=aythilsp=n 2 4 2 1
3 1xa3 NéuA=asthilsp=y 3 4 2 0.7
4 2xb, | NéuB=h,thilsp=n 3 4 3 1
5 2xbs NéuB =bsthilop=y 3 4 3 1
6 4dxcy NéuC=cithilép=y 5 4 3 0.6
7 4xc, NéuC=c,thilép=n 3 4 2 0.7
8 3xaib; | NéuA=a vaB=b;thilop=y 1 4 1 1
9 3xaib, | NéuA=a vaB=h,thilsp=n 1 4 1 1
10 3xaibs | NéuA=a vaB=bsthilop=y 1 4 1 1
11 5xac; | NeuA=avaC=cythilop=n 2 4 1 1
12 5xac; | NeuA=avaC=cythilép=y 1 4 1 1
13 3xah; | NéuA=a,vaB=h,thilép=n 2 4 2 1
14 5xax; | NeuA=avaC=cythilop=n 1 4 1 1
15 5xaxc; | NeuA=avaC=cythilop=n 1 4 1 1
16 3xash; | NéuA=azvaB =Dy thilép=n 1 4 1 1
17 3xashs | NéuA=azvaB=bhsthilop=y 2 4 2 1
18 5xas¢; | NeuA=azvaC=cythilsp=y 2 3 2 1
19 5xasC; | NeuA=azvaC=cythilop=n 1 4 1 1
20 6xbic; | NeuB=b;vaC=cithilép=y 1 4 1 1
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21 6xbic; | NéuB =byva C=c,thilép=n

22 6xb,c; | NéuB=b,vaC=cythilop=n

23 6><b2C2 NéuB=b2vaC=C2th‘| 16p=n

24 6xbsc; | NéuB=bsvaC=cythilsp=y

25 6xbsc, | NéuB=bzvaC=c2thilop=y

26 7><8.1b1C1 Néu A=a vaB = b1 vaC= C1 thi
lop=y

27 7 xaib,cy Néu A = a;vaB =b,vaC =c thi
lop=n

28 7><a1b3C2 Néu A=a vaB = b3 vaC= Co thi
lop=y

29 7 x asb,cy Néu A = a, va B =b,va C =c; thi
lop=n

30 7 x azb,Co Néu A = a, va B =b,va C =c,thi
l6p =n

31 7><8.3b1C2 Néu A=a3 vaB = b1 vaC= Co thi
lop=n

32 7 x azbscy Néu A = azva B =bsva C =c; thi
lop=y

3.5. Thuat toan CARIM

3.5.1. Thuat toan

PAau vao: Cho bd dit liéu va mot do do loi ich vm.

Pau ra: Tt ca CARs va d6 do loi ich.

Phwong phap thue hién:
CARIM(P, minSup)
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1 CAR=0;

2 foralll,ePdo

3 CAR = CAR U ENUMERATE_RULE_IM(I);
4 Pi=0;

5 forall I € P, with j > i do

6 if l;.atts # 1;.atts then

7 latts = l;.atts U |;.atts;

8 l.vals = [;.vals U I;.vals;

9 |.Obidset = I;.Obidset N 1;.0Obidset;

10 if |l.Obidset| > 0 then

11 for all ob € O.Obidset do
12 O.count[ob]++;

13 Pi=PiUI,

14 CARIM(P;, minSup);

ENUMERATE_RULE_IM(l)
15 CAR=0;
16 forie[l,k] do
17 if l.count[i] > 0 then

18 nx=|l.Obidset];

19 Nxy= l.count[i];

20 ny= Count[i];

21 CAR=CAR, U{l.itemset — c;(l.count[i], vm(n, ny, ny,
Nxy)};

22  return The rule with highest information from CAR;;

Xét mdi nut 1; véi tat ca cac nit I; khac trong cay L,, véi j>i (dong 2 va 5) dé
sinh ra mot nut ung vién con 1. Véi mdi ciip (1;,1j) thuat toan kiém tra l;.att # Ij.att hay

khong (dong 6). Néu chung khac nhau, thuit toan tinh ba yéu t6 att, values, Obitset
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cho nat O méi (dong 7-9). Néu s dbi twong dinh danh 16n hon khéng (dong 10),
thuat toan s& dém d6i tuong trong mdi 16p ma chira Litemset va thém nit ndy toi P;
(Pi duoc khoi tao 13 rdng trong dong 4). Cudi cing , thu tuc CARIM duoc goi dé
quy voi mét tap méi P nhu mot tham sé (dong 14).

Thu tuc ENUMERATE_RULE_IM(]) sinh ra mdt luat tir nut 1. Trudc tién s€
duyét qua cac 16p (dong 16) dé tao ra luat. Néu dém cua 16p nay 16n hon khong
(dong 17), c6 nghia rang nut 1 c6 thé tao ra mot luat tir Litemset — ¢;. Thu tuc sau
d6 s& tinh toan gia tri tham sd cua luat ndy, bao gém ny, Ny VA Nyy (dong 18-20),
trong d6 X 1 Litemset va Y 13 16p c;. Pé ldy d6 hd tro ciia X, cac yéu té trong
Obibset s& dugc dém. Do hd tro ctia Y (l.count[i]) va n (s6 cac ddi twong) co thé thu
duoc khi duyét dit liéu. Sau khi bdn yéu tb thu duogc, gia tri cta bat ky do duoc ap
dung co thé dé dang tinh toan (dong 21). Cubi cung, thu tuc tra vé luat véi do do
cao nhét tir tap luat CAR, (dong 22).

3.5.2. Vi du minh hoa

Vi du trong bang 3.1 s& duoc dung dé mo ta tién trinh cua thuit toan CARIM
v6i d6 do Jaccard (bang 2.3). Hinh 3.2 [32] thé hién ciu tric cdy MECR tir dit liéu
trong bang 3.1, trong d6 s trude ky tu 'x' 13 biéu dién dudi dang bit cua cac thude

tinh.

1xal 1xal 1xbl 4xcl
380D 456(2.1) 15(1.1) 238(0.3) 7(3.0) 12346(3.2) 578(12)

A NN

3xalbl 3xalb2 3>alb3 5xalcl Sxale2 3xalbl 5xalcl 5xalc? 3Ixadbl 3xalb3 Sxaldcl 5xadc? 6xblcl 6xblc2 6xb2cl 6xb2c2 6xb3cl 6xb3c2
1.0 200.h 7(.0) 12L1) 7(L.0) 38(0.2) 3(0.1) 8(0.1) 5(0.1) 46(2.0)46(2.0) 5(0.D) 1(L.0) 5(0.1) 23(0.2) 8(0.D) 46(2.0) 7(L.0)

Txalblel Txalblel Txalb3cl Txalb2cl Txalb2e? Txalblel Txaldblcl
110 20D 700 0D sOD 0D 460

Hinh 3.2: Cay MECR-tree tir tap dir liéu ctia bang 3.1 vai thuat todn CARIM .
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Cay MECR duogc xay dung tur tap dit liéu bang 3.1 nhu sau

Dau tién, nat gbc L, chira cac 1-itemset phd bién gdm

Ixa, 1xa, 1xa, 2xb 2xb, 2xb, 4xc 4xc,
127(2,1)38(0,2)456(2,1)15(1,1)238(0,3)467(3,0)12346(3,2)578(1,2)

Sau d6, thii tuc CARIM s& dugc thyc thi voi tham sb L,. Chling ta dung nat |;

_ 1xa,

= 38(0,2) nhu vi dy minh hoa tién trinh CARIM, n(it I; két hop véi tat ca céc nut thé

hién trong L,:
ooaor - Ixag L R . A s R .
e Voinutl = : chiing ta c6 nat I va | co cung thude tinh la 1 va
456(2,1)
khac gia tri. Dya vao ménh dé 3.1 chung ta s& khong tinh gia tri két
hop cta 2 nuat nay.

2xb,

e Voinutl]; = 15(1.1)

: vi nat I; va |j khac thudc tinh, chung ta s€ tinh

toan gia tri cho 3 yéu t6 sau lLatts = I .atts U lj.atts =1 |2 =3 la céac
biéu dién bit; L.vals = l.vals U l.vals =a, U b; = a,b; , va |.Obidset
= I;. Obidset n I;. Obidset ={3,8} n {1,1} = {<J}. Bai vi | l. Obidset
| = 0, nén nt 1 khong dugc thém vao tap P;.

2xDb,

e Vo1 nuat lj = 238(0 3)

- vi nut | va [ khac thude tinh, chung ta sé€ tinh

toan gia tri cho 3 yéu t6 sau latts = I .atts U lj.atts =1 |2 =3 la cac
biéu dién bit; L.vals = l.vals U l.vals =a, U b, = a,b, , va |.Obidset
= |;. Obidset n |I;. Obidset = {3,8} n {2,3,8} = {3.8}. Boi vi | L.
Obidset | > 0, thuat toan s& tinh toan gia tri O.count. Piéu nay c6

3xa,h, }

nghia rang O.count = (0,2). NGt | dugc thém vao Py = P; = {38(0, 2)
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o Véinutl =

xh,

167 (3’0): vi nat [; va |; khac thugc tinh, chung ta s€ tinh
toan gia tri cho 3 yéu t6 sau lLatts = I .atts U lj.atts =1 |2 =3 la cac
biéu dién bit; Lvals = l.vals U l.vals =a, U bs = a,bs, val.Obidset
;. Obidset n [;. Obidset = {3,8} n {4,6,7} = {J}. Bai vi | |.
Obidset | = 0, nén nut 1 khong dugc thém vao tap P;.

4xc,
12346(3, 2)

Véinat |j = 2 vi nut |; va lj khac thudc tinh, chung ta sé tinh

toan gia tri cho 3 yéu tb sau latts = l.atts U lj.atts = 1| 4 =5 la cac
biéu dién bit; Lvals = l.vals U lvals =a, U ¢, =a,;, val.Obidset
= I;. Obidset n I Obidset = {3,8} n {1,2,3,4,6} = {3}. Boi vi | L
Obidset | > 0, thuat toan s& tinh toan gia trj O.count. Diéu nay cé

nghia ring O.count = (0,1). NGt | duoc thém vao P = P; =
3xa,b, 5xa,c,
38(0,2)3(0,1) [

xC,

V61 nut lj = 578(1 2)

: vi nGt [; va |j khac thudc tinh, chung ta s€ tinh

toan gia tri cho 3 yéu tb sau latts = l.atts U lj.atts = 1| 4 =5 la cac
biéu dién bit; l.vals = I;.vals U l;.vals =a, U c, =a,C,, val.Obidset
= I Obidset n . Obidset = {3,8} n {5,7,8} = {8}. Boi vi | L
Obidset | > 0, thuat toan s& tinh toan gia trj O.count. Diéu nay c6
nghia ring O.count = (0,1). NGt | dugc thém vao P; = P
_{3><a2b2 5xa2c15><a2c2}

38(0,2) 3(0,1) 8(0,1) '
Sau khi P; dugc tao, thuat toan CARIM duoc goi d€ quy véi tham sb
Pi, minSup, dé tao tAt ca cac nat con cua P;. Xem xét tién trinh tao cac

3xa,b,

nut con cua nut l; = 38(0,2)'
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., oxa,c, . . , o , N
o Véinat] = 3 (021)1: vi n0t |; va lj khac thugc tinh, chung ta s&

tinh toan gia trji cho 3 yéu t6 sau l.atts = l,.atts U I;.atts = 3 | 5
= 7 hoic 111 trong biéu dién bit; L.vals = l;.vals U l;.vals = a;b,
U a,C; = aph,cl, val.Obidset = I;. Obidset n ;. Obidset =
{3,8} n {3} = {3}. Baivi| Ll Obidset | >0, thuat toan sé tinh
toan gia trj O.count. Piéu nay c6 nghia rang O.count = (0,1).

7x azbzcl}

NUt | dugce thém vao Py = P; = { 3(0,)

. i Sxa,c , .
0 Dung tién trinh twong ty cho nit |; = 8 (021)2 , chung ta co dugc
. 7xa,b,c 7xab,c
kbt qua P: = 221 accly
e { 3(01) 8(0,1)

Céc luat duoc d& dang tao ra trong cac budc duyét qua nut 1 (dong 3) bang

cach goi thi tue ENUMERATE_RULE_IM(ly).

1xa
e Véinutl = 38(0 22): chdng ta c6 l.count[2] = 2 > 0, Thu tuc sau do s&

tinh toan gia tri tham sb cua luat nay, bao gé)m Ny, Ny Va Nxy, VoI ny

|l.Obidset| = 2, nxy = l.count[2] = 2, ny =4 = vm = L TR
Ny +Ny —Nyy

2 1 N R 1, . A
a2 o Thém luat {(A az)} = n(2,§) vao tap luat CARs.

e Véinut] = . 1xa, : chdng ta c6 l.count[1] = 2 > 0, thd tuc sau d6 sé

56(2,1)

tinh toan gia tri tham s6 cua luat nay, bao gém Ny, Ny Va Ny, vOi ny

|l.Obidset| = 3, nxy = l.count[1] = 2, ny =4 = vm = L TR
Ny +Ny —Nyy
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3 +i_2 =§- Thém luat {(Aa;)}— y(2,§) vao tap luat CARs. Ching

ta c6 l.count[2] = 1 > 0, thi tyc s& tinh toan gia tri tham s cua luat
nay, bao gdm ny, Ny Va Nxy, voi nx = |I.Obidset| = 3, nyy = l.count[2]

= Lnn=4=wm= — M = b L oqpan
ny +n, =Ny, 3+4-1 6

{( A a, )} —-n(1, %) vao tap luat CARs.

Véinit I; = lézlbi): ching ta cé l.count[1] = 1 > 0, thu tuc sau do6 sé

tinh toan gia tri tham sb cua luat nay, bao gém Ny, Ny Va Ny, vOi ny

|l.Obidset| = 2, nxy = l.count[1] = 1,ny =4 = vm = L TR
Ny +Ny —Nyy

1
2+4-1

=%. Thém luat {(Bbl)} - y(l%) vao tap luat CARs. Chlng

ta co Lcount[2] = 1 > 0, thi tuc s& tinh toan gia tri tham s cua luat

nay, bao gdm ny, Ny Va Nxy, voi nx = |I.Obidset| = 2, nyy = l.count[2]

n R A
= 1I,ny=4=>vm= —X = _ =~ _—- Thém luat

{(B,bl)} N n(l%) vao tap luat CARs.

xh,

Vo1 nat lj = 238(0 3)

: chdng ta ¢6 l.count[2] = 3 > 0, Thu tuc sau do
s€ tinh toan gié tri tham s6 cua luat nay, bao gém Ny, Ny Va Nxy, Vo1 ny

= |l.Obidset| = 3, nxy = l.count[2] = 3,ny =4 = vm = S
Ny +Ny —Nyy

3+j_3 :% Thém luat {(B,b,)} - n(&%) Va0 tap luat CARSs.
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xh,

2
467(3,0) ching ta c6 I.count[1] = 3 > 0, Thi tuc sau do

e Véinat]; =
s€ tinh toan gia tri tham so cta luat nay, bao gom ny, Ny Va Nxy, vOi ny

= |l.Obidset| = 3, nxy = l.count[1] = 3,ny =4 = vm = LU
Ny +Ny —Nyy

3 3 n N K A A
YWECE Thém luat {(B b3)} - y(3, Z) vao tap luat CARs.

4xc,

: chiing ta ¢6 l.count[1] = 3 > 0, thu tuc sau do6
12346(3,2)

e Voinut lj =
s€ tinh toan gia tri tham s6 cua luat nay, bao gém Ny, Ny Va Ny, VoI ny

= |1.Obidset| = 5, nyy = L.count[1] = 3,ny =4 =>vm= — X =
Ny +Ny —Nyy

5:1_ 3 =%- Thém ludt {(C,c, )} — y(3, %) vao tap luat CARs. Ching

ta cé l.count[2] = 2 > 0, thu tuc s€ tinh toan gia tri tham s6 cua luat

nay, bao gdm nx, Ny VA Nxy, VOi nx = |I.Obidset| = 5, nxy = l.count[2]

= 2,nvy=4=>vm= —X — = —=E. Thém lujt
ny +n, =Ny, 5+4-2 7

C.c )l - n(2,2) vao tap lugt CARS.
{( 1)} 7 p

4xc,
78(1,2)

tinh toan gia tri tham s6 cua luat nay, bao gé)m ny, Ny Va Nyy, vOi ny

e Voéinutlj= : chdng ta c6 l.count[1] = 1 > 0, thi tuc sau d6 sé

I1.Obidset| = 3, nyy = l.count[1] = 1,ny =4 =>vm= — =
Ny +Ny —Nyy

1
3+4-1

:%. Thém ludt {(C.c,)} > y(l%) vao tap luit CARSs. Chiing

ta cé l.count[2] = 2 > 0, thu tuc s€ tinh toan gia tri tham s6 cua luat

nay, bao gdm nx, Ny VA Nxy, voi nx = |I.Obidset| = 3, nxy = l.count[2]
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n
=2, ny =4 =vm = X

2

Ny +Ny —Nyy

C,c,)l—> n(2,g) vao tap luat CARs.
{( 2)} 5 p

3+4-2

=§. Thém luat

Bang 3.3 thé hién cac luat dugc tao ra tir cac nat trong hinh 3.2. Céac quy tac

trong in ddm 12 manh nhét trong sd nhitng luat duoc tao ra tir cc nut trong cdy

tuong tng.

Bang 3.3: Tién trinh khai thac CARs cua thuét toan CARIM véi d6 do Jaccard.

ID Node Luit dwoc tao ny ny nyy | Do do

, Jaccard
1 Ixay Neu A=a; thilép=y 3 4 2 2/5
NéuA=a;thilsp=n 3 4 1 1/6
2 1xa, NéuA=a, thilop=n 2 4 2 2/4
3 1xa3 Néu A =as thilép=y 3 4 2 2/5
NéuA=azthilop=n 3 4 1 1/6
4 2xb; NéuA=b;thilép=y 2 4 1 1/4
Néu A = by thilop =n 2 4 1 1/4
5 2xb, NéuB =b, thi 16p =n 3 4 3 3/4
6 2xbs NéuB =bhsthilsp=y 3 4 3 3/4
7 4xcy Néu C=c; thilép=y 5 4 3 3/6
NéuC =cythilép=n 5 4 2 217
8 4xc, NéuC=cythilép=y 3 4 1 1/6
Néu C = ¢, thilép =n 3 4 2 2/5
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3X8.1b1

NéuA=a;vaB=b;thilép=y

1/4

10

3><8.1b2

NéuA=a;vaB=hythilsp=n

1/4

11

3><a1b3

NéuA=a, vaB=hsthilsp=y

1/4

12

5xaicy

NéuA=a,vaC=cithilop=y

1/4

NéuA=avaC=c;thilép=n

1/4

13

5xa;ic,

NéuA=a,vaC=cythilop=y

1/4

14

3><a2b2

NéuA=a,vaB=h,thilsp=n

2/4

15

5xascy

NéuA=avaC=cithiléop=n

1/4

16

5xasc,

NéuA=a,vaC=cpthilop=n

1/4

17

3X8.3b1

NéuA=a;vaB=b;thilsp=n

1/4

18

3X8.3b3

NéuA=azvaB=bsthilép=y

2/4

19

5xas3c;

NéuA=azvaC=cithilsp=y

2/4

20

5xasc,

NéuA=azvaC=cythilép=n

1/4*

21

6 x b1C1

NéuB=b;vaC=cithilép=y

1/4*

22

6 x blCz

NéuB =by;vaC=c,thilsp=n

1/4*

23

6 x bZCl

NéuB=h,vaC=c;thilép=n

2/4*

24

6 x szz

NéuB=h,vaC=c,thilép=n

1/4*

25

6 x b3C1

NéuB=bsvaC=cithilép=y

2/4*

26

6 x b3C2

NéuB=bsvaC=c2thilsp=y

1/4*

27

7><8.1b1C1

Néu A =a; vaB =b; va C =cy thi

I6p=y

1/4*

28

7% alszl

Néu A =a; vaB=h,va C=c thi

lop=n

1/4*




31

29 7xahsc; | NéuA=a;,vaB=hsvaC=c,thi 1/4*
lop=y

30 7xahyc; | Néu A =a,vaB=bh,vaC=cthi 1/4*
l6p =n

31 7xabyc, | Néu A =a,vaB =bh,vaC=c;thi 1/4*
lop=n

32 7xasbic; | NeuA=azvaB=b;vaC=c,thi 1/4*
l6p =n

33 7xashsc; | Néu A =azvaB =bhsvaC=cthi 2/4%

lop =y
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CHUONG 4: KHAO SAT ANH HUONG CUA CAC PO PO LOI iCH
LEN PQ CHINH XAC

4.1 . k-fold cross-validation

Cross-validation (hay con goi 1a kiém tra chéo) 1a mot k§ thuat mé hinh xéc
nhan dé danh gia nhu thé nao vé cac két qua ciia mot phan tich thong ké va s& khai
quat dén mot bo dix licu doc 1ap. N6 chu yéu dugc st dung trong cai dat noi ma muc
tiéu 1a du doan, dé udc tinh nhu thé nao vé do chinh xdc mot mé hinh dy doan sé
thuc hién trong thuc té. Trong van dé du doan, mot mo hinh thuong duoc dua ra
mot bo dit liéu cua dir liéu duoc biét trén d6 hudn luyén duoc chay (bd dir liéu hudn
luyén), va mot bo dit liéu cta di liéu khong 16 (hodc dit 1iéu dau tién nhin thiy) dyua
vao d6 cac mo hinh duoc kiém tra (dir liéu kiém tra). Muc tiéu cua cross-validation
1a dé xac dinh mét tap dir liéu dé "thu nghiém" cdc mo hinh trong giai doan dao tao
(tire 13, x4c nhan bo dit liéu), cung cap cho mot cai nhin sau sic vé cac md hinh nay
s€ duoc phé bién cho mot tap dit liéu doc lap (tuc 1a, mot bg dir liéu khong ro rang,
cho cac truong hop tir mot van dé thuc té).

Mot vong ciia cross-validation lién quan dén viéc phan ving mot miu dir
liéu thanh cac tap con bo sung, thuc hién céc phan tich trén mot tap con (goi 1a tap
huén luyén), va xac nhan cac phan tich trén cac tip con khac (goi 13 tdp xac nhan
hodc kiém dinh). bPé giam d6 da dang, nhiéu vong qua xac nhan duoc thuc hién
bang cach str dung phan vung khac nhau, va cac két qua xac nhan dugc tinh trung
binh qua cac vong.

Panh gia do chinh x4c ctia bd phan 16p rat quan trong, bai vi nd cho phép du
doan dugc d6 chinh xac cua cc két qua phan 16p nhing dit liéu twrong lai. Do chinh
x4c con giup so sanh cac mé hinh phan 16p khac nhau. Mot sé phuong phap danh
gia pho bién bao gém: Holdout (Splitting), k-fold cross validation, Leave-one-out

cross validation.
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Trong k-fold cross-validation, cac mau ban dau dugc phin chia ngdu nhién
thanh k fold kich thudc bang nhau. Trong sb k fold, mét fold duy nhat dugc gitr lai
nhu 13 dir liéu x4c nhan dé thtr nghiém cac mé hinh, va k - 1 fold con lai duogc st
dung nhu dir liéu hudn luyén. Sau d6 qua trinh k-fold cross-validation duoc lap di
lap lai k 1an, vi mbi k fold duoc st dung dung mot 1an nhu cac dit liéu x4c nhan.
Céc két qua tir nhirng fold sau d6 c6 thé duoc 13y trung binh (hodc két hop) dé cung
cap mot du toan duy nhat. Uu diém cua phuong phéap lap di lap lai ngiu nhién trén
cic mau con 1a tat ca céc quan sat nay dugc st dung cho ca dir li¢u dao tao va xac
nhan, va mdi quan sat dugc st dung dé xac nhan ding mot lan. 10-fold cross-
validation thudng dugc sir dung, nhung noi chung k-fold van 1a mot tham sb khong
¢ dinh. Trong phan tang k-fold cross-validation, céc fold dugc lya chon sao cho
gia tri trung binh hoi dap x4p xi bang tat ca nhirng fold. Trong truong hop ctia mot
phan loai nhi phan, diéu nay c6 nghia 1a mdi fold co chira x4p xi ty 1¢ gidng nhau
cua hai loai nhan 16p.

k-fold cross validation la mot k¥ thuat chung dé tinh hiéu suét ctia mot phan
l6p. Cho mot tip m mAu huén luyén, chay duy nhat k-fold cross validation thu duoc

nhu sau:

Pit cac miu hudn luyén theo mot thtr tu ngau nhién.

Chia mAu huén luyén thanh k fold.

Cho i chay tur 1 to1 k
0 Huén luyén phan 16p dung cho tit ca cac mau ma khong chira
fold i.
0 Kiém tra phan 16p trén tat ca cic mau trong fold i.

o Tinhn;, sé mau trong fold i ma duoc phan 16p dang.

k

2N

Tra vé d6 chinh xac phan 16p dung nhu sau: E =-=L
m




34

4.2. Do chinh xac

Chung ta dung k¥ thuat kiém tra chéo (k-fold cross-validation) dé tinh do
chinh x4c va phan 16p ding ctia cac mau, tién trinh duoc tién hanh nhu sau:
e Dung k¥ thuat kiém tra chéo (k-fold cross-validation), phan chia thanh
cac fold va ngau nhién cac mau ban dau thanh k fold.
e Choichay tir 1 téi k, véi mdi buée i
0 Mot fold duy nhat dugc giit lai nhu 14 dit liéu xac nhan dé thir
nghiém, va k - 1 fold con lai duoc st dung nhu dir liéu huin
luyén.
0 Véi tap dir liéu hudn luyén k — 1, ta s& dung thuit toan
CARMIN va ap dung cac do do lgi ich (bang 2.3) dé tao ra tap
luat phan 16p.
0 Ta dung tap luadt dugc tao ra tur dir li€u huin luyén k — 1 dé
kiém tra mau thir nghiém c6 duoc phan 16p diing. Néu mau thir
nghi¢m dugc phan 16p dung, ta tinhnj=n; + 1
e Cudi cung ta ¢ n; s6 mau phan 16p ding, do chinh xac dugc tinh nhu
k
2N
sau: E="2—,
m
Vi du: Ta c6 mot tap dit liéu mAu huin luyén (bang 3.1), véi 8 mau huin
luyén va dugc phan theo tung 16p. Véi k¥ thuat k-fold cross-validation, cac
mAau huin luyén s& dugc chia thanh 8 fold.
Cho i chay tur 1 toi 8:
0 Véii=1, ta lay fold 1 1dm mAu thir nghiém, 7 fold con lai 1am
tap mau huin luyén (bang 4.1).
o Tu tap mau hudn luyén niy ta s& dung thuat toan CARIM va &p

dung cac do do loi ich (bang 2.3) dé tao ra tap luat phan 16p.
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0 Ta dung tap luat duoc tao ra dé kiém tra mau thir nghiém co
dugc phan 16p ding. Néu mau thir nghiém duoc phéan 16p dung,
tatinhny=n; + 1.
Bang 4.1 mo ta tién trinh k-fold cross-validation véi i = 1, lay fold 1 1a mau
thr nghiém va léy cac fold 2,3,4,5,6,7,8 lam tap mau huin luyén.
Bang 4.1: M6 ta tién trinh k-fold cross-validation véii= 1.

OID A B C Class
1 ay b, C1 y — Mau thir nghiém
2 a b, Cy n A
3 as b, C1 n
4 as bs C1 y
5 as b, C, > Tap mau huan luyén
6 as bs C1 y
7 a bs C2 y
8 as b, Cy n )

Bang 4.2 m ta tién trinh k-fold cross-validation véi i = 2, lay fold 2 1a mau
thir nghiém va lay céc fold 1,3.4,5,6,7,8 lam tdp mau huan luyén.

Bang 4.2: Mo ta tién trinh k-fold cross-validation véi i = 2.

oI | A B C | Class
1 ag by C, y
2 ay b, Cy N |— | Mau thir nghiém
3 a2 b, C1 n A
4 a3 b3 Cy y
S as b, C, ~ ,"
6 as bs C y > Tap mau huan luyén
! a bs C y
8 a b, ) n )
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Bang 4.3 mo ta tién trinh k-fold cross-validation véi i = 3, lay fold 3 1a mau

thir nghiém va léy cac fold 1,2,4,5,6,7,8 lam tap mau huin luyén.

Bang 4.3: Mo ta tién trinh k-fold cross-validation véi i = 3.

OID A B C Class
1 a b, c y 1
2 a b, Cy n J
3 g2 b e g — | Mau thir nghiém
4 az bs C1 y A
5 as by C, n
6 as bs (o y > Tap miu huan luyén
7 ap bs Cy y
8 as b, Cy n )

Bang 4.4 mo ta tién trinh k-fold cross-validation véi i = 4, 1ay fold 4 1a mau

thir nghiém va léy cac fold 1,2,3,5,6,7,8 lam tap mau huin luyén.

Bang 4.4: M6 ta tién trinh k-fold cross-validation véi i = 4.

OID A B C Class
1 a | b | o y I
2 a b, C1 n
3 a b, C1 n
4 as bs C1 Y |~ | Mau tht nghiém
5 as b, C )
6 as b C1 y
7 & bs C2 y s
8 a b, C, n
/

Tap mau huan luyén
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Bang 4.5 mo ta tién trinh k-fold cross-validation véi i = 5, lay fold 5 1a mau

thir nghiém va léy cac fold 1,2,3,4,6,7,8 lam tap mau huin luyén.

Bang 4.5: Mo ta tién trinh k-fold cross-validation véi i = 5.

OID A B C Class
1T | a | b | ¢ | y |
2 ay b, C1 n
3 a b, C1 n ”
4 as b3 C1 y
Y
S as b; C2 N |—| Mau thir nghiém
6 as b3 C1 y
7 a bs C y Tap mau huén luyén
8 a b, C, n

Bang 4.6 mo ta tién trinh k-fold-cross-validation véi i = 6, 14y fold 6 1a miu

thir nghiém va léy cac fold 1,2,3,4,5,7,8 lam tap mau huin luyén.

Bang 4.6: Mo ta tién trinh k-fold cross-validation véi i = 6.

OID A B C Class
1 ay b, C1 y
2 ap b, C1 n
3 a b, Cy n
4 as bs C1 y
5 as b, Cy n
6 az bs C1 y
7 aj bs C2 y
8 a b, C, n

h'd

\ /l\

Mau thir nghiém

N

y

Tap mau huan luyén
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Bang 4.7 md ta tién trinh k-fold cross-validation véi i = 7, 14y fold 7 1a mau

thir nghiém va ly cac fold 1,2,3,4,5,6,8 1am tap mau huan luyén.

Bang 4.7: Mo ta tién trinh k-fold cross-validation véii=7.

luyén

OID A B C Class
I | a | b | & | y |
2 a b, C1 n
3 a b, C1 n = .
2 o b o y > Tap mau huan
5 as b, C, ‘
6 as b3 C1 y Y,
7 a bs C2 Y || Mau thit nghiém
8 a b, C, n

A

Bang 4.8 mo ta tién trinh k-fold cross-validation véi i = 8, 1dy fold 8 1a mau

thir nghiém va ly cac fold 1,2,3,4,5,6,7 1am tap mau huan luyén.

Bang 4.8: Mo ta tién trinh k-fold cross-validation véi i = 8.

OID A B C Class
1 a; b, C1 y
2 ap b, C1 n
3 a b, Cy n
4 as bs C1 y
5 as b, C, n
6 as bs C1 y
7 aj bs C2 y
8 a b, C, n

l\

Tap mau huan

luyén

Mau thir nghiém
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x £ ~ , ~ , , n
mau huan luyén. Ta tinh dugc d0 chinh xac nhu sau: E=—

8

Khi duyét hét cac mau huyén luyén ta s& c6 n; sé mau phan 16p dung trong 8

4.3. Két qua thwe nghiém

Céc thuat toan dugc str dung trong cac thu nghiém da dugc chay trén may
tinh ¢4 nhan co cai cac phan mém Microsoft Visual Studio 2010, Windows 7 (64

bit), voi cau hinh may Core i5 x 3.20 GHz, 16 GB bo nhd RAM.

Céac két qua thyc nghiém duoc thuc nghi¢m trong cac tap dir li¢u thu dugc tir
UCI Repository tai dia chi (http: // mlearn.ics.uci.edu). Bang 4.9 cho thiy cac dic
tinh cua cac bg dir liu thuc nghiém, cac bd dir 1i€u thir nghi€ém c6 cac dac tinh khac
nhau. Vi du bo dit liéu breast-cancer c6 it thudc tinh khac nhau nhung cé nhiéu

mau, lymph chira nhiéu thugc tinh nhung lai c6 it mau.

Béang 4.9. Dac tinh cua tap dir li¢u thuc nghiém

Tap dir liéu | So6 thudc tinh | S6 16p S6 miu

breast-cancer 9 2 286
lymph 18 4 148
Vehicle 19 4 846

Két qua thuc nghiém trén 3 tap dit liéu tir bang 4.9, dung thuat toan CARIM
v6i minSup = 1 va ap dung cac do do loi ich dé tim cac tap luat phan 16p, sir dung
k¥ thuat k-fold cross-validation dé tinh do chinh xac cua tap dir liu. Két qua thuc

nghiém nhu sau:

> D¢ do Confidence:
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Béang 4.10 thé hién két qua thuc nghiém tinh d chinh xac trén tap dir li€u
breast-cancer v6i do do confidence. Vi @6 do confidence ¢6 mién gia trj tir 0 toi 1,
nén ta chon mot s ngudng tdi thiéu nam trong mién gia tri dé thuc nghiém:

0 V&i min-conf =0.3 thi s6 mau phan 16p dang 1a 271, d6 chinh xac la 94%.

0 V&i min-conf =0.4 thi s6 miu phan 16p dang 1a 230, 6 chinh xac 1a 80%.
0 Vi min-conf =0.5 thi s6 mau phan 16p dung 1a 186, do chinh xac 14 65%.
o

Véi min-conf =0.6 thi s6 mau phan 16p ding 13 42, do chinh xac 13 15%.

Bang 4.10. Két qua thye nghiém trén tdp dir liéu breast-cancer vdi dé do

Confidence
Breast Min-conf = 0.3 Min-conf = 0.4 Min-conf = 0.5 Min-conf = 0.6
Phan lép dang 271 230 186 42
Do chinh xac (%) 94% 80% 65% 15%

Béang 4.11 thé hién két qua thuc nghiém tinh d chinh xac trén tap dir liéu
lymph véi d6 do confidence. Véi do do confidence c6 mién gia tri tir 0 t6i 1, nén ta
chon mot s6 ngudng tdi thiéu nam trong mién gié tri dé thuc nghiém:

0 V&i min-conf =0.3 thi s6 miu phan 16p dang 1a 140, d6 chinh xac 1a 94%.

0 Vi min-conf =0.4 thi s6 mau phan 16p dung 1a 136, do chinh xac 12 92%.
0 Véi min-conf =0.5 thi s6 mau phan 16p dang 1a 122, 6 chinh xac 1a 82%.
(0]

Véi min-conf =0.6 thi s6 mau phan 16p ding 1a 32, do chinh xac 1a 22%.

Bang 4.11. Két qua thwe nghiém trén tdp dit liéu lymph véi dé do Confidence

Lymph Min-conf = 0.3 Min-conf = 0.4 Min-conf =0.5 Min-conf = 0.6

Phén 16p dung 140 136 122 32

Do chinh xac (%) 94% 92% 82% 22%
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Bang 4.12 thé hién két qua thuc nghiém tinh d chinh xac trén tap dir liéu

Vehicle v6i do do confidence. Vi d6 do confidence c6 mién gia tri tir 0 toi 1, nén ta

chon mot s6 ngudng t6i thi€u nam trong mién gia tri dé thuc nghiém:

0 V&i min-conf =0.3 thi s6 mau phan 16p diing 1a 743, d6 chinh xac 1a 88%.

Véi min-conf =0.4 thi sé miu phén 16p ding 13 255, do chinh xac 1 32%.

(6]
0 Vé6i min-conf =0.5 thi s6 mau phan 16p dung 1a 161, d6 chinh xac 1a 19%.
o]

Véi min-conf =0.6 thi s6 mau phan 16p ding 1a 21, do chinh xac 1 2%.

Bang 4.12. Két qua thyc nghiém trén tdap dir liéu Vehicle voi do do Confidence

Vehicle Min-conf = 0.3 Min-conf=0.4 Min-conf = 0.5 Min-conf = 0.6
Phén I6p dung 743 255 161 21
b6 chinh xac (%) 88% 32% 19% 2%

Bang 4.13. So sanh do chinh xac trén cac tap dir liéu voi do do Confidence

DATASET Breast | Lymph | Vehicle
03| 94% 94% 88%
04| 80% 92% 32%
Confidence
05| 65% 82% 19%
06| 15% 22% 2%

Két qua so sanh tir bang 4.13, ta thiy d6 chinh x4c cang giam khi cac ngudng tdi

thiéu cang 16n, véi 2 tap dit liéu nho (breast, lymph) thi ¢6 d6 chinh xac cao, trong

khi do6 véi tap dir li¢u 16n hon lai ¢6 do chinh xéc thép hon.
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> D¢ do Cosine:

Bang 4.14 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir liu

breast-cancer v&i do do cosine. Véi d6 do cosine ¢ mién gia tri tor 0 té1 1, nén ta

chon mdt s0 ngudng toi thi€éu nam trong mien gia tri dé thuc nghi¢m:

0 Véi min-cosine =0.3 thi s6 mau phan 16p dung 1a 246, d6 chinh xac 13 86%.

0Véi min-cosine =0.4 thi s6 mau phan 16p diing 14 178, d6 chinh xac 1a 62%.

0 Véi min-cosine =0.5 thi s6 mau phan 16p dung 1a 160, d6 chinh xé4c 13 56%.

0 Véi min-cosine =0.6 thi s6 mau phan 16p dung 14 160, d6 chinh xac 1a 56%.

Bang 4.14. Két qua thuc nghiém trén tdp dir liéu breast-cancer voi do do Cosine.

Breast Min-cosine = 0.3 | Min-cosine =0.4 | Min-cosine =0.5 | Min-cosine = 0.6
Phén I6p dung 246 178 160 160
Do chinh xac (%) 86% 62% 56% 56%

Bang 4.15 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir liéu

lymph véi do do cosine. V&i do do cosine c6 mién gia tri tir 0 t6i 1, nén ta chon mot

s0 ngudng to1 thi€u ndm trong mién gia tri dé thuc nghiém:

0 Véi min-cosine =0.3 thi s miu phan 16p diing 1a 145, 6 chinh xac 1a 98%.

0 Véi min-cosine =0.4 thi s6 mau phan 16p diing 1a 144, 6 chinh xac 1a 97%.

0 V6i min-cosine =0.5 thi s6 mau phan 16p dung 13 78, d6 chinh xéc 1a 53%.

0 Véi min-cosine =0.6 thi s6 mau phan 16p ding 1a 71, do chinh xac 1a 48%.

Bang 4.15. Két qua thuc nghiém trén tdp dir lieu lymph voi do do Cosine.

Lymph Min-cosine = 0.3 | Min-cosine =0.4 | Min-cosine =0.5 | Min-cosine = 0.6
Phan 16p dung 145 144 78 71
D¢ chinh xac (%) 98% 97% 53% 48%
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Bang 4.16 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir liéu

Vehicle v6i d6 do confidence. Vi d6 do confidence c6 mién gia tri tir 0 toi 1, nén ta

chon mot s6 ngudng t6i thi€u nam trong mién gia tri dé thuc nghiém:

0 V&i min-conf =0.3 thi s6 mau phan 16p ding 1a 1, do chinh x4c 1a 1%.

Véi min-conf =0.4 thi sé miu phén 16p ding 13 0, d6 chinh xé4c 13 0%.

o
0 Vi min-conf=0.5 thi sé mau phan 16p dung 1 0, d6 chinh xac 14 0%.
o]

Véi min-conf =0.6 thi s6 mau phéan 16p ding 1a 0, d6 chinh xé4c 13 0%.

Bang 4.16. Két qua thyc nghiém trén tdp dir liéu Vehicle voi dé do Cosine

Vehicle Min-cosine = 0.3 | Min-cosine=0.4 | Min-cosine=0.5 | Min-cosine = 0.6
Phéan l6p dung 1 0 0 0
Do chinh xac (%) 1% 0% 0% 0%

Bang 4.17. So sanh do chinh xdc trén cdc tdp dir lieu voi do do Cosine

DATASET | Breast | Lymph | Vehicle
03| 86% 98% 1%
04| 62% 97% 0%
Cosine
05| 56% 53% 0%
0.6 | 56% 48% 0%

Két qua so sanh tir bang 4.17, ta thiy d6 chinh x4c cang giam khi cac ngudng toi

thiéu cang 16n, véi 2 tap dit liéu nho (breast, lymph) thi ¢6 d6 chinh xac cao, trong

khi d6 voi tap dit 1iéu 16n hon lai c6 d6 chinh xac 1% véi ngudng téi thiéu 0.3 va do

chinh xéc 0% vo&i cac ngudng toi thicu khac.
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> Do do Lift:

Bang 4.18 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir liéu
breast-cancer vai d6 do lift. V&i do do lift c6 mién gid tri tr 0 to1 oo, nén ta chon
mot s6 ngudng t6i thiéu nam trong mién gia tri dé thyc nghiém:

0 V6i min-lift =0.7 thi sé miu phén 16p dung 13 219, d6 chinh xac 1a 77%.

0 V&i min-lift =0.8 thi s6 mau phan 16p dung 1a 109, do chinh xéc 1a 38%.

0 V6i min-lift =0.9 thi sé mau phén 16p dung 13 99, d6 chinh xéc 13 34%.

0 V&i min-lift =1 thi s6 mau phén 16p dung 14 90, d6 chinh xac 1a 31%.

Bang 4.18. Két qua thye nghiém trén tdp dir liéu breast-cancer voi do do Lift.

Breast Min-lift =0.7 Min-lift = 0.8 Min-lift =0.9 Min-lift=1
Phéan l6p dung 219 109 99 90
Do chinh xac (%) 77% 38% 34% 31%

Bang 4.19 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir lidu
lymph véi do do lift. Vi do do lift c6 mién gia tri tir 0 t6i o, nén ta chon mot s6
ngudng toi thiéu nim trong mién gia tri dé thuc nghiém:

0 V&i min-lift =0.7 thi s6 mau phén 16p dung 1a 136, dd chinh xéac 1a 92%.

0 V&i min-lift =0.8 thi s6 mau phén 16p dung 1a 123, do chinh xéc 1a 83%.

0 V&i min-lift =0.9 thi s6 mAu phén 16p dung 14 112, d chinh xac 1a 75%.

0 V&i min-lift =1 thi s6 mau phén 16p dung 14 56, 6 chinh xac 1a 37%.

Bang 4.19. Két quad thuc nghiém trén tdp dir lieu lymph voi do do Lift.

Lymph Min-lift = 0.7 Min-lift= 0.8 Min-lift = 0.9 Min-lift=1

Phén 16p dung 136 123 112 56

Do chinh xac (%) 92% 83% 75% 37%
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Bang 4.20 thé hién két qua thuc nghiém tinh d chinh xac trén tap dir li€u

Vehicle voi @6 do lift. Vi do do lift co mién gia tri tir 0 t&i oo, nén ta chon mot sd

ngudng toi thi€u nam trong mién gia tri d€ thuc nghi¢m:

0 V&i min-lift =0.7 thi s6 mau phén 16p dung 1a 791, do chinh xéc 1a 93%.

Véi min-lift =0.8 thi sé mau phan 16p ding 13 780, do chinh xac 13 92%.

0
0 V&i min-lift =0.9 thi s6 mau phén 16p dung 1a 764, do chinh xac 1 90%.
o

Véi min-lift =1 thi sé mau phan 16p dung 13 760, do chinh xac 1a 89%.

Bang 4.20. Két qua thwe nghiém trén tdp dir liéu Vehicle véi dg do Lift

Vehicle Min-lift = 0.7 Min-lift = 0.8 Min-lift = 0.9 Min-lift =1
Phan lép dung 791 780 764 760
Do chinh xac (%) 93% 92% 90% 89%

Bang 4.21. So sanh d¢ chinh xdc trén cac tdp dir liéu voi do do Lift

DATASET | Breast | Lymph | Vehicle
0.7 | 7% 92% 93%
0.8 | 38% 83% 92%
Lift
09 | 34% 75% 90%
1 31% 37% 89%

Két qua so sanh tir bang 4.21, ta thiy d6 chinh xac giam khi cac ngudng tbi thiéu

cang 16n, voi tap dir li¢u 16n (vehicle) c6 d6 chinh xac cao hon so vai 2 tap dir li€u

(breast, lymph) va ty 1& giam do chinh xac ciing thap hon.
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> Do do Rule interest:

Béang 4.22 thé hién két qua thuc nghiém tinh do chinh xéc trén tap dir li¢u

breast-cancer véi do do rule interest. Vi d6 do rule interest c6 mién gia trj tir 0 t6i

o, nén ta chon mot s6 ngudng toi thi€u nam trong mién gia tri dé thuc nghiém:

0 Vi min-interest =0.7 thi s mau phan 16p dang 1a 44, d6 chinh xéac 13 15%.

0 Véi min-interest =0.8 thi s6 mau phan 16p dung 1a 40, d6 chinh xac 1a 13%.

0Véi min-interest =0.9 thi s miu phan 16p dung 1a 32, d6 chinh xéc 1a 11%.

0 Véi min-interest =1 thi sé miu phén 16p ding 1a 32, d6 chinh xé4c 1a 11%.

Bang 4.22. Két qud thwee nghiém trén tdp dir liéu breast-cancer voi dé do Rule

interest.
Breast Min-interest = 0.7 | Min-interest=0.8 | Min-interest=0.9 | Min-interest = 1
Phan 16p diing 44 40 32 32
Do chinh xac (%) 15% 13% 11% 11%

Bang 4.23 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir liéu

lymph véi do do rule interest. Vi do do rule interest c6 mién gia tri tir 0 t6i oo, nén

ta chon modt sO ngudng toi thi€u ndm trong mién gié tri dé thuc nghi¢m:

0 Vi min-interest =0.7 thi s mau phan 16p dang 1a 53, d6 chinh xéac 13 35%.

0 V6i min-interest =0.8 thi s6 mau phan 16p dang 1a 53, d6 chinh xéac 13 35%.

0 Véi min-interest =0.9 thi s6 mau phan 16p dung la 47, d6 chinh xac 1a 31%.

0Véi min-interest =1 thi sé mau phan 16p dung 14 45, d chinh xac 1a 30%.

Bdng 4.23. Két qud thuwe nghiém trén tdp dit liéu lymph véi dé do Rule interest.

Lymph Min-interest = 0.7 | Min-interest=0.8 | Min-interest=0.9 | Min-interest = 1
Phén I6p dung 53 53 47 45
Do chinh xac (%) 35% 35% 31% 30%
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Bang 4.24 thé hién két qua thuc nghiém tinh d chinh xac trén tap dir li€u

Vehicle v&i d6 do rule interest. Vi d6 do rule interest c6 mién gid tri tir 0 téi oo,

nén ta chon mgt s6 ngudng to1 thi€u nam trong mién gia tri d€ thuc nghiém:

0 Véi min-interest =0.7 thi s6 mau phan 16p dung 14 426, dd chinh xac 1a 50%.

0 Véi min-interest =0.8 thi s6 mau phan 16p dang 1a 368, d6 chinh xéac 13 43%.

0 V6i min-interest =0.9 thi s mau phan 16p dang 1a 353, d6 chinh xéac 13 41%.

0 Véi min-interest =1 thi sé mau phéan 16p ding 1a 323, d6 chinh xac 1a 38%.

Bang 4.24. Két qua thye nghiém trén tdp dir liéu Vehicle voi do do Rule interest

Vehicle Min-interest = 0.7 | Min-interest =0.8 | Min-interest =0.9 | Min-interest =1
Phéan l6p dung 426 368 353 323
Do chinh xac (%) 50% 43% 41% 38%

Bang 4.25. So sanh d¢ chinh xdc trén cac tdp dir liéu voi do do Rule interest

DATASET | Breast | Lymph | Vehicle
0.7 15% 35% 50%
08| 13% 35% 43%
Interest
09| 11% 31% 41%
1 11% 30% 38%

Két qua so sanh tir bang 4.25, ta thay d6 chinh xac giam khi cac ngudng t6i thiéu

cang 16n nhung ty 1é giam d6 chinh xac khong nhiéu chi chénh 1éch tir 1% dén 2%,

véi tap dir li€u 16n (vehicle) c6 d chinh xac cao hon so voi 2 tap dit liéu (breast,

lymph).
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> D¢ do Laplace:

Bang 4.26 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir liéu

breast-cancer véi do do laplace. Véi do do laplace c6 mién gia tri tir 0 t6i 1, nén ta

chon mdgt s0 ngudng toi thi€éu nam trong mien gia tri dé thuc nghi¢ém:

0 Véi min-laplace =0.3 thi s6 mau phan 16p dung 1 276, do chinh xéac 1a 96%.

0 Véi min-laplace =0.4 thi s6 mau phan 16p ding 1a 262, d6 chinh xéc 1a 92%.

0 Véi min-laplace =0.5 thi s6 mAu phan 16p dang 1a 186, d6 chinh xac 13 65%.

0 V6i min-laplace =0.6 thi s mAu phan 16p ding 1a 35, d6 chinh xac 1a 12%.

Bang 4.26. Két qua thuc nghiém trén tap dir liéu breast-cancer voi do do Laplace.

Breast Min-laplace = 0.3 | Min-laplace = 0.4 | Min-laplace =0.5 | Min-laplace = 0.6
Phan 16p dung 276 262 186 35
D¢ chinh xac (%) 96% 92% 65% 12%

Bang 4.27 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir liu

lymph vé&i d6 do laplace. Vi do do laplace c6 mién gia tri tir O t6i 1, nén ta chon

mat sO ngudng toi thi€éu nam trong mién gia tri dé thuc nghi¢m:

0 Vé6i min-laplace =0.3 thi s6 mau phan 16p dung 1a 142, do chinh xéac 1a 95%.

0 Véi min-laplace =0.4 thi s mau phan 16p ding 1a 137, d6 chinh xéc 1a 93%.

0 Vi min-laplace =0.5 thi s6 mau phan 16p dung 12 122, do chinh xéac 1a 82%.

0 V6i min-laplace =0.6 thi s6 mau phan 16p dang 1a 30, d6 chinh xac 13 20%.

Bang 4.27. Két qua thwe nghiém trén tdp dir liéu lymph véi dé do Laplace.

Lymph Min-laplace = 0.3 | Min-laplace =0.4 | Min-laplace =0.5 | Min-laplace = 0.6
Phén 16p dung 142 137 122 30
Do chinh xac (%) 95% 93% 82% 20%
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Béang 4.28 thé hién két qua thuc nghiém tinh d6 chinh xac trén tap dir liéu

Vehicle voi d6 do laplace. Véi d6 do laplace c6 mién gia tri tir 0 t&i 1, nén ta chon

mot sO ngudng to1 thi€u nam trong mién gia tri dé thuc nghiém:

0Véi min-laplace =0.3 thi s6 mau phéan 16p dung la 756, d chinh xéac 1a 89%.

0 Véi min-laplace =0.4 thi s mau phan 16p dang 1a 717, d6 chinh xac 1a 85%.

0 Véi min-laplace =0.5 thi s mAu phan 16p dang 1a 161, d6 chinh xac 1a 19%.

0 Véi min-laplace =0.6 thi s6 mau phan 16p dtng 13 21, d6 chinh xéc 1a 2%.

Bang 4.28. Két qua thwe nghiém trén tdp dir liéu Vehicle voi do do Laplace.

Vehicle Min-laplace = 0.3 | Min-laplace =0.4 | Min-laplace =0.5 | Min-laplace = 0.6
Phan 16p dung 756 717 161 21
D¢ chinh xac (%) 89% 85% 19% 2%

Bang 4.29

. So sanh d¢ chinh xdc trén cac tdp dir liéu voi do do Laplace

DATASET | Breast | Lymph | Vehicle
0.3 | 96% 95% 89%
04| 92% 93% 85%
Laplace
05| 65% 82% 19%
06| 12% 20% 2%

Két qua so sanh tir bang 4.29, ta thiy d6 chinh xac cang giam khi cac ngudng tbi

thiéu cang 16n, voi 2 tap dir liéu nho (breast, lymph) thi ¢c6 d6 chinh xé4c cao, trong

khi do6 véi tap dir li¢u 16n hon lai ¢6 do chinh xéc thép hon.
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Tir nhitng két qua thuc nghiém trén, voi timg do do ta s& 14y ngudng t6i thiéu

c6 d0 chinh xac dé so sanh véi cac do do khac.

100
90 -
80 A
70 A
m Confidence
60 A
M Cosine
50 A
i Laplace
40 1 m Lift
30 A M Interest
20 A
10 A
0 n T T T T T T T
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Hinh 4.1: Biéu dé so sanh do chinh xdc ciia cac do do loi ich trén tap dir liéu
breast-cancer

100
90 -+
80 A
70 -+
B Confidence
60 -~
B Cosine
50 7
m Laplace
40 W Lift
30 W Interest
20
10 A
0 - T T T T T T T
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Hinh 4.2: Biéu do so sénh do chinh xdc cia cac do do loi ich trén tap dir liéu

Lymph



51

100

90

80

70

60

50

40

30

20

10

B Confidence

M Cosine

Laplace

| Lift

W Interest
0.6 0.7 0.8 0.9 1
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Hinh 4.3: Biéu do so sanh do chinh xdc cia cac do do loi ich trén tdp dir liéu

Vehicle

Hinh 4.1 13 biéu dd so sanh d6 chinh xac theo timg d6 do trén tap dir liéu breast-

cancer, hinh 4.2 13 biéu dd so sanh d6 chinh xac theo tung do do trén tap dir liéu

lymph va hinh 4.3 12 biéu do so sanh do chinh xéc theo timg d6 do trén tap dir lidu
Vehicle.

v Vi tap dir liéu nho (breast, lymph) (ng véi cac do do thi c6 d6 chinh xéac

tuong d6i cao va ty Ié giam do chinh xac khdng nhiéu, riéng voi do do
interest lai co do chinh xac thap hon nhiéu so véi cac d6 do khac.

Vi tap dir liéu 16n hon (vehicle) ta thiy do do confidence, laplace, lift c6 do
chinh xac cao, nhung d6 do confidence, laplace thi ty 1€ giam d6 chinh xac
chénh léch nhiéu ¢ ngudng tdi thiéu tir 0.4 dén 0.5, trong khi d6 d6 do lift,
interest co ty 1 giam do chinh xac khong nhiéu.

Tir két qua so sénh trén ta thiy do do lift ludn co do chinh xac cao trén ca tap
dir liéu nho va 16n, ty Ié giam do chinh xéac ciing khong nhiéu. Vi thé do do

lift dwoc xem 1a d6 do tbt nhat trong cac d6 do duoc khao sat.
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN

5.1. Kétluan

Luan van da khdo sat anh hudng ctia cac do do loi ich 1én do chinh xac trong

bai toan phan 16p dua trén luat két hop. Thuc té, cac khai niém nay di duoc sir dung

riéng ré trong cac cong trinh trudc day nhung lai chua c6 khao sat lién quan dén anh

hudng ciia cac do do loi ich 1én do chinh xé4c trong bai toan phan 16p dua trén luat

két hop. Mot s6 dong gop cu thé nhu sau:

0]

O O O O O

Nghién ctru thudt toan CAR-Miner.

Nghién ctru thuat toan CARIM.

Tim hiéu vé céc do do loi ich.

Tim hiéu vé k¥ thuat kiém tra chéo (k-fold cross-validation).

Nghién ctru cach thuc ap dung cac do do loi ich dé khai thac CARSs.
Thuc nghiém khao sat cac d¢ do loi ich 1én do chinh xac trong khai
thac CARs.

5.2.  Nhan xét

s Uu diém:

0 Lu4n vin di trinh bay chi tiét cach tinh d6 chinh xac trén cac
tap dir liéu voi cac do do loi ich khac nhau.

0 Khao sat cho thay su thay ddi do chinh xac trong viéc ap dung
cac do do lgi ich khac nhau dé khai thic CARs. Tir d6 c6 thé
chon ra do do thich hop dé khai thac CARs.

0 Co thé ap dung trén cac CSDL gbc v6i s6 dong dir liu 16n.

** Han che:

0 Luén vian da trinh bay chi tiét cach tinh do chinh xéc trén cac
tap dir liéu véi cac do do lgi ich khac nhau nhung lai chua quan
tam dén thoi gian thuc thi. Do d6 voi cac CSDL 16n s& tén

nhiéu thoi gian dé tinh do chinh x4c.
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5.3. Huwéng phat trién

Nghién ctru céi tién thoi gian khai thac CARs va tinh d6 chinh xéc trén céc
CSDL 16n vo1 cac do do loi ich khac nhau.

Duya vao két qua ctia luan van dé tim ra d6 do t6t nhat, c6 thé lam giam dang
ké sb lwong cac luat cho gan nhu tat ca cac bo dit liéu, trong khi do chinh xac hau
nhu khong giam hoac tham chi cai thién hon. Chon lya d§ do loi ich cho ting
CSDL.
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