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PHAT HIEN TAP MUC SPORADIC KHONG TUYET DOI HAI NGUGNG M

CU THU THUY! , HA QUANG THUY?

LKhoa Hé thong Thong tin Kinh té, Hoc vién Tai chinh
2Khoa Cong nghé Thong tin, Dai hoc Cong nghé, Pai hoc Quéc gia Ha Noi

Tém tit. Luat sporadic 13 luat két hop hiém. Luat sporadic duge chia thanh hai loai 1a: luat sporadic
tuyet dbi va luat sporadic khong tuyét d6i. VAn dé phét hién luat sporadic tuyét déi vé co ban da
duge gidi quyét trén ci cd sd dit lieu (CSDL) tac vu va dinh lugng. Tuy nhién, cho dén nay ngusi ta
méi nghién ctu dé xuit mot sé phuong phap tim cac luat sporadic khong tuyét déi tren CSDL tac
vu. Van dé phat hién cac luat sporadic khong tuyét déi trén CSDL dinh lugng van chua duge nghién
citu dé xudt. Bai bdo nay sé gidi quyét mot phan van dé do. Gisi thieu thuat toan MFISI (Mining
Fuzzy Imperfectly Sporadic Itemsets) dya trén thuat todn MCISI dé tim cac tap myc dit liéu sporadic
khong tuyet d6i hai ngudng md. Mot s6 két qua thuc nghiem tim tap muc di lieu sporadic khong
tuyét déi hai nguéng mo trén co s6 dit lieu thic Census Income da dugc chi ra.

Abstract. A sporadic rule is a kind of rare association rules (which have low support but high
confidence). Sporadic rules are divided into two types: perfectly and imperfectly. The problem of
mining perfectly sporadic rules has been completely solved by both transactional and quantitative
databases. However, the problem of mining imperfectly sporadic rules on quantitative database has
not been studied so far. The aim of this paper is to give a solution to this problem. Firstly, we define
the problem of mining fuzzy imperfectly sporadic rules with two thresholds. Secondly, the MFISI
(Mining Fuzzy Imperfectly Sporadic Itemsets) algorithm based on our MCISI algorithm is proposed
to find fuzzy imperfectly sporadic itemsets with two thresholds is. Some experiment results for find-
ing fuzzy imperfectly sporadic itemsets with two thresholds on the Census Income database are given.

1. GIOI THIEU CHUNG

Trong nhitng ndm gan day khai pha luat két hgp hiém (cac luat ¢6 do hd trg thap nhung
c6 do tin cay cao) nhan dugc nhiéu quan tam clia cac nha nghién citu. Cac luat nhu vay du
it khi xay ra nhung trong nhiéu truong hgp ching lai 1a céc luat rat c6 gid tri. Cac tac gia
trong [4-7, 12-20] khéng dinh viéc sit dung cac thuat toan tim tap phd bién truyén théng dé
tim céc tap khong pho bién (cho cic luat két hgp hiém) 1a khong higu qua. Khi st dung céc
thuat toan truyén théng dé tim cac tap khong pho bién thi phai diat ngudng do hd trg cuc
tiéu rat nhé cho nén s6 lugng cac tap tim duge s& kha 16n (ma chi ¢6 mot phan trong cac
tap nay 1a tap khong phd bién theo ngudng do hd trg cyc tiéu minSup); chi phi cho viéc tim
kiém sé ting léen. Nham khic phuc nhitng khé khan nay, cAc nha nghién ctu da phat trién
cac thuat toan rieng dé phat hien céc luat két hop hiém. C4c huéng nghién cttu chinh tim cic
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luat két hop hiém duge gidi thieu trong [24]. Theo huéng tiép can sit dung duong bién phan
chia gitta cac tap, cac tac gia trong [4, 5] dua ra khai niem luat sporadic (luat két hgp hiém
hay con goi la luat hiém) va phan chia luat sporadic thanh hai loai 1a: luat sporadic tuyét
do6i va luat sporadic khong tuyét déi. Van dé tim cac tap sporadic tuyét ddi cho luat két hop
sporadic tuyét déi vé co ban da duge giai quyét trén cd CSDL tac vy va CSDL dinh lugng.
Tuy nhién, véi cac luat sporadic khong tuyét doéi thi cdc phuong phap dé xuat mdi chi nham
tim luat nay trén CSDL téc vu. Van dé phét hién luat sporadic khong tuyét ddi tren CSDL
dinh lugng hién van chua dugc gidi quyét triet dé. Muc 2 sé gidi thieu cu thé vé céc phuong
phép tim luat sporadic.

Bai bao dé xuat gidi phap nhim tim cac luat sporadic khong tuyét doi tréen CSDL dinh
lugng bang cich 4p dung ly thuyét tap md. Cu thé, bai bdo sé gidi thidu phuong phép tim
cac tap sporadic khong tuyét déi mo bang cach dé xuat bai toan tim cic luat két hgp mo ¢
dang r = X is A — B is B sao cho:

conf(r) > minConf,
minSup < sup(< X UY, AU B >) < maxSup,
Jdre< XUY, AU B >, sup(x) > maxSup,

trong do, minCon f, minSup, maxrSup 1a nhitng gi& tri do nguoi sit dung dua vao trong qua
trinh thyc hién phat hién luat, va ching tuong tng dude goi 1a do tin cay cuc tiéu, do hd trg
can dudi va do ho trg can trén (minSup < maxSup) cia luat. Bai bao goi cac luat dang nay
13 luat sporadic khong tuyét doi hai ngudng md va bai toan trén ciing duge goi l1a bai toan
phat hién luat sporadic khong tuyét déi hai ngudng mo. Do hd trg can dudi minSup duge
dua vao xuat phat tit nhan xét ring mot tap sporadic khong tuyét ddi mo du ¢6 do ho trg
nhé dén dau ciing phéi duong.

Phan con lai ctia bai bao dude cau tric nhu sau. Muc 2 gidi thiéu vé cac cong trinh nghién
citu c6 lien quan. Muc 3 gidi thieu vé luat két hgp mo va tap sporadic khong tuyét doi hai
ngudng ma lam co sd cho viée dé xuat thuat todn tim cic tap sporadic khong tuyét déi hai
ngudng ma. Muc 4 trinh bay thuat todn MFISI va céc vi du minh hoa cac buée thyc hién cta
thuat toan. Muc 5 trinh bay céc thyc nghiém thuat toan trén co sé dit lieu Census Income.
Va cudi ciing dua ra mot s6 két luan va huéng nghién cttu tiép theo.

2. CAC CONG TRINH LIEN QUAN

Koh Y. S. va cong sy lan dau tién gi6i thieu vé luat sporadic va phan chia luat sporadic
thanh hai loai 1a: luat sporadic tuyet doi va luat sporadic khong tuyét doi [4]. Luat sporadic
tuyet doi véi do hd trg cuc tiéu maxSup v do tin cay cuc tiéu minConf 1a cac luat két hop
dang X — Y sao cho

conf(X —=Y)>minConf,
sup(X UY') < mazxSup,
Ve e X UY, sup(z) < maxSup,

Nhu vay, luat sporadic tuyét déi sé bao gom ca phan tién dé va phan hé qua la cac tap
hiém. Ciing trong nghién citu nay, cac tac gia dé xuit thuat todn Apriori-Inverse dé tim cac
tap sporadic tuyet dbi tren CSDL téc vu. Thuat toan Apriori-Inverse dugc phat trién dya trén
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tur tudng ctia thuat todn Apriori 4 tim kiém theo titng miic (level-wise search). Nham han ché
cac tap muc ¢6 do hoé trg qua nho, trong thuat toan con st dung ngudng minAS (minimum
absolute support). Thuat todn Apriori-Inverse cho két qua la tap céc tap muc c6 do hd trg
nho hon maxzSup nhung 16n hon ngudng minAS. Tuy nhién hiéu qua cua thuat toan chua
cao do thuat toan duge phét trién dya trén thuat toan Apriori (la thuat todn c¢6 do phic tap
trung binh so véi cac thuat toan khac tim tap pho bién).

Zhou A. va cong sy da dé xuat hai thuat toan MBS va HMS nham tim luat két hgp hiém
gitta cic tap muc dit lieu hiém tréen CSDL tac vu trong [7]. Qué trinh phat hien luat dugce chia
lam hai giai doan:

Giai doan 1: Tim tat ca cac tap khong phd bién tiém ning,tic 13 cac tap dit lieu I thda man
diéu kién:

JA,B: ANB=0,AUB = 1,Vi} € A, jir € B,sup(ix) < minSup, sup(jr) < minSup,
interest(X,Y) > minInterest
trong d6 minSup 1a do hd trg cyc tiéu, Interest(X,Y) = |sup(X UY) — sup(X)supY'|

minInteres 1a tham s6 x4c dinh tap di liéu tiém nang do nguoi sit dung dua ra.

Giai dogn 2: Sinh luat c6 ¥ nghia tit cdc tap khong pho bién tiém ning, titc 14 sé sinh céc
luat A — B théa mén diéu kién: sup(A) < minSup, sup(B) < minSup,interest(A, B) >
minlnterest, correlation(A, B) > 1 va CPIR(A, B) > minConf.

Hai thuat toén chi cin duyét qua CSDL hai 1an. St dung ham interest(X,Y) dé giam
khong gian tim kiém va st dung 2 chi 86 correlation(X,Y) va CPIR(X,Y) nham rat ra cac
luat c6 gia tri. Han ché ctia hai thuat toan 1a giéi han vé do dai ctia luat tim duge do phéi
chi phi nhiéu vé bo nhé. Ciing trong nghién citu nay cic tac gia gisi thieu cach ap dung hai
thuat toan trén trong viéc sinh cac luat hiém dinh lugng bang cach gin sb lugng di cuing cac
muc dit lieu va coi cac muc dit lieu v6i s6 lugng khac nhau 14 khac nhau. Céac luat sinh ra sé
c6 dang nhu {A = ¢l} — {B = ¢2};{A = ¢q1} — {B > ¢2} hay {A="s6 lugng 16n"} — {B
=“s6 lugng nho”}.

Tuy nhién phuong phap rdi rac hod CSDL dinh lugng nhu trén cé mot s6 nhuge diém
chinh nhu sau [3, 21]: (i) Khi r&i rac hod CSDL dinh lugng, s6 thuoc tinh c¢6 thé sé ting lén
nhiéu va dan dén phinh to CSDL nhi phan. (ii) Néu mot thuoc tinh dinh lugng duge chia
thanh nhiéu khoang khi dé do hd trg ctia thuoc tinh khoang don phan chia c6 thé 1a rat nho.
(iii) Tai cac diém “bién gdy” ctia cAc thuoc tinh duge roi rac hoa thuong I thidu tinh ti nhién
do nhiing gia tri rat gan nhau (ho#ic tuong tir nhau) ctia mot thuoc tinh lai ndm ¢ hai khoéng
chia khac nhau. Dé khic phuc nhuge diém trén, ngudi ta stt dung 1y thuyét tap md trong qui
trinh chuyén déi CSDL dinh Iugng thanh CSDL méi tya nhu co s§ dit liéu nhi phan (c6 thé
goi 1a CSDL md), va tit d6 van dé phat hien luat két hgp mo duge ra doi.

Trong [22], céc tac gia da dé xuat bai toan tong quat hon 1a phat hién luat sporadic tuyét
d6i hai ngudng va gidi thiu thuat toan MCPSI dé tim céc tap sporadic tuyét dbi hai ngudng
déng. Khéc véi cach tiép can trong [4], thuat toan tim tap sporadic tuyét doi hai ngudng
MCPSI dugc phéat trién theo cach tiép can ctia thuat toan CHARM [9]. CHARM la mot trong
nhitng thuat todn tim tap pho bién tit co sd dit lieu tac vu hiéu qua nhat. Thuat toan CHARM
duge xay dyng dya trén tinh chat cau tric dan Galois clia cac tap muc dit lieu dong. Thuat
todn niy tim cAc tap pho bién déng theo chidu sau ctia khong gian tim kiém nén tap pho bién
déng tim dugc thite chat cling gdm cé tap pho bién déng cuc dai. Gidng nhu truong hgp thuat
toan CHARM, khong gian tim kiém cic tap sporadic tuyét doi hai ngudng déng ciia thuat
toan MCPSI da duge thu hep, dong thoi do s6 lugng cac tap sporadic tuyét dbi hai ngudng
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déng giam di dan dén viéc loai bé duge nhiéu luat sporadic tuyét ddi hai ngudng du thita.

Trong [24], da trinh bay bai toan tim cac tap sporadic tuyét doi hai ngudng tréen CSDL
dinh lugng. 0 day, bai toan tim cac luat sporadic tuyét d6i hai nguéng mo c6 dang r = X is
A — Y is B sao cho

conf(r) > minConf,
minSup< sup(< X UY, AU B >) < mazSup,
Ve e< X UY, AU B > minSup < sup(z) < mazSup.

Trong nghién cttu nay, thuat toan MFPSI da dugc gidi thieu nham tim céc tap sporadic
tuyéet d6i hai ngudng md cho cac luat sporadic tuyét d6i md tréen CSDL dinh lugng. Thuat
toan MFPSI dugc phat trién dya trén tu tudng ctia thuat toan Apriori.

Dé xuat dau tién vé tim cic luat sporadic khong tuyét déi duge Koh Y. S. va cong sit gidi
thiéu trong [5]. Luat sporadic khong tuyét d6i v6i do hd tro cuc tiéu mazSup va do tin cay
cyc tieu minConf 1a cac luat két hogp dang X — Y sao cho

conf(X —=Y) > minConf,
sup(X UY) < maxSup,
Jr € X UY, sup(x) > maxSup.

Céc tac giad phan chia luat két hop sporadic khong tuyet doi thanh 4 dang co ban 1a: (1)
Céc luat c6 sy xuat hién dong thoi ctia tap pho bién va khong pho bién trong ca hai phan tién
d& va he qud; (2) Cac luat chi c6 cac tap phd bién trong ca hai phan tién dé va hé qua nhung
hgp clia céc tap nay lai 1a tap khong pho bién; (3) Cac luat chi c6 cac tap pho bién ¢ phan
tién dé va chi c6 cac tap khong pho bién ¢ phan he qua; (4) Céc luat chi cé tap khong pho
bién ¢ phan tién dé va chi c6 tap pho bién & phan hé qua. Ciing trong nghién citu nay thuat
toan MIISR da dugc dé xuit nhung chi dé tim luat két hop sporadic khong tuyét ddi ¢ dang
thit 3 tren CSDL tac vu. Trong [23], cac tac gid da phat trién tiép huéng nghién ctiu nay bing
viéc dé xuat bai todn phét hién luat két hop sporadic khong tuyét déi hai nguéng. Thuat toan
MCISI da duge gidi thieu nham tim tap sporadic khong tuyet déi hai ngudng déng cho cac
luat sporadic khong tuyet déi tren CSDL tac vu. Thuat toan MCISI ciing duge phat trién dya
trén tu tudng cta thuat toan CHARM. Nhu vay viéc khai pha luat sporadic khong tuyét déi
vé co ban da duge gidi quyét trén CSDL tac vu. Tuy nhién, van dé phat hién cac luat sporadic
khong tuyét ddi tren CSDL dinh Iugng van chua ditge nghién citu dé xuat. Bai bdo nay sé dé
xuat bai toan phat hién luat sporadic khong tuyét ddi hai ngudng ma va gidi thieu thuat toan
MFISI nham tim céc tap muc dit ligu sporadic (tap sporadic) khong tuyét déi hai ngudng mo
cho céc luat nay. Thuat toan MFISI duge phat trién dya trén § tudng ctia thuat toan MCISI
tim tap sporadic khong tuyét déi hai ngudng tit CSDL téac vu.

3. TAP SPORADIC KHONG TUYET DOI HAI NGUONG MO

3.1. Luat két hop mo

Gia st I = {iy,i9,...,9n} 1 tap cdc thudc tinh nhan gia tri dinh lugng hodac phan loai;
tap X C I dugc goi 1a tap thudc tinh; O = {1, t2,..., ¢y} 1a tap dinh danh ctia céac tac vu.
Quan hé nhi phan D C Ix O dugc goi 1a c¢o s6 dit ligu. Gia st mdi thude tinh ix(k = 1,...,m)
¢6 mot sO tap md tuong ting véi n6. Ky hieu F;, = {X}k,xi, .. ,X?k} 13 tap cac tap mo tuong



146 CU THU THUY, HA QUANG THUY

ting véi thuoc tinh i va ng la tap mo thit j trong F;, . CSDL D c6 cac thudc tinh gan véi
tap mo duge goi 1a CSDL mo.

Luat két hgp mo c¢6 dang: 7 = X is A — Y is B, hoicr = X € A -+ Y € B (nghia 1a
néu X thuoc vé tap md A, khi d6 Y sé thuoc vé tap mo B) v6i X = {1, 22,...,2p},Y =
{y1,y2,...,yq} lacéc tiip thudc tinh, XNY = 0: A = {Xzy, Xaos -+ Xap | » BU: {Xy1s Xyos s Xyg }
la nhitng tap mo lién két v6i cac thudc tinh trong tap X va Y tuong dng, chang han thudc tinh
z, trong X $& ¢6 tap md g, trong A véi diéu kien x,, ciing phai thuoe F, . Cap < X, A >
véi X 1a tap thudce tinh, A 14 tap gom mot s6 tap mo nao d6 tuong tng lién két véi cac thuoc
tinh trong X duge goi la tap k muc dit lieu (k-Itemset) néu tap X chita k thuoc tinh.

Do ho trg ctia tap muc dit lieu mo < X, A > ddi vdi co s6 dit lieu D ky hieu 1a sup < X, A >
dugc xac dinh nhu sau

> enex{ [ (e}

sup < X, A >= teo 01|

trong do:
® 1a toan t1t T-norm, duge lya chon phép tich dai sé cho nghién citu nay.

tilx;] 1a gid tri cta thudc tinh z; trong ban ghi thit i cta O,

X 0 Neu Nguogc lai,

voi my, (ti[z4]) 1a ham thanh vién ctia thugc tinh z; tng véi tap ms (hay khai nigm ma) x.,
va wy, € [0,1] la ngudng (xdc dinh bdi ngudi dimg) ctia ham thuge.

Do ho trg ctia luat két hgp mo X is A — Y is B la sup(< Z,C >) v6i Z = {X,Y},C =
{A, B} va do tin cay cuia luat ky hiéu 1a conf(< Z,C >) dugc xac dinh béi conf(< Z,C >
) = Sup(< Z,C >)/Sup(< X, A >).

Luat két hop mo X € A — Y € B dugc goi 1a luat tin cay néu do ho trg va do tin cay cta
n6 tuong ng 16n hon hodc bang cac ngudng do hd trg cuc tiéu va do tin cdy cuc tiéu duge
xac dinh trude bdi ngusi sit dung.

3.2. Tap sporadic khéng tuyét déi hai nguéng mo

Dinh nghia 1. Tap < X, A > dugc goi la tap sporadic khong tuyét dbi hai ngudng mo néu
minSup < sup(< X, A >) < mazSup, va Jr e< X, A >, sup(x) > mazSup.
Dinh nghia 2. Tap sporadic khong tuyét déi hai nguong mo < Y, B > dudc goi 1 tap con
cia< X, A>néuY C X vi B C A.
Dé dang nhan thay ring, cac tap sporadic khong tuyet ddi hai ngudng md khong c6 tinh
chat Apriori, tic 1a tap con ciia tap sporadic khong tuyeét déi hai ngudng mo chua chac 1a tap
sporadic khong tuyet d6i hai ngudng md.
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4. TAP SPORADIC KHONG TUYET DOI HAI NGUONG MO

4.1. Y tudng xay dung thuit toan

Qua4 trinh tim tap sporadic khong tuyeét d6i hai ngudng md dugce tién hanh tuong ty nhu
viéc tim céc tap pho bién md néi chung va bao gdm cac bude co ban sau:
i) Xay dyng tap md cho cac thuoc tinh phan loai va thugc tinh s6 ctia CSDL.
ii) Chuyén CSDL ban dau thanh CSDL ms.
iii) Tim cac tap sporadic khong tuyeét ddi hai ngudng ma.
Cu thé ting budc sé dude thye hién nhu sau:
a. Xay dung tap mo cho cdc thuoc tinh phan loai va thudce tinh s6 cia CSDL
bé xay dyng tap mo cho céc thuoc tinh phan loai va thuodc tinh s6 nén dé ngudi st dung
lya chon mot trong hai cach la:
- Ngudi st dung ty dua ra tap md cho ting thudce tinh dya trén kinh nghiém hay quan niém
clia ngudi st dung vé thugc tinh doé.
- Chuong trinh sé dua ra tap md bang céch tng dung cac ki thuat phan cum dé phat hién
cac tap ma.
Dt 4p dung hinh thitc nao thi viéc xay dung tap mao cho céc thudc tinh phai ddm bao tinh
rdi rac cua cac tap va phai bao phu tap thudc tinh do.
b. Chuyén CSDL ban dau thanh CSDL mo
Sau khi xay dung dugc cac tap md cho cac thuoc tinh phan loai v thuoc tinh s6 sé chuyén
CSDL ban dau thanh CSDL médi cho viéc phat hién luat sporadic khong tuyét ddi hai nguéng
md. Trong giai doan nay can dién gia tri cho cac cot méi bang cach st dung ham thanh vién.
Bai béo stt dung phuong phap phan hoach va cach xay dyng ham thanh vién trong nghién
ciu [3].
c. Tim céc tap sporadic khong tuyét doi hai ngudng mo
Muc 4.2 sé trinh bay vé thuat toan dé xuat, thuat toan MFIST (Mining Fuzzy Imperfectly
Sporadic Itemsets with Two Thresholds) nham tim cac tap sporadic khong tuyét d6i hai
ngudng md.

4.2. Thuat toan MFISI tim tap sporadic khéng tuyét déi hai ngudng mdo

Input: CSDL D, minSup, mazSup.
Output: Tap céc tap sporadic khong tuyét doi hai ngudng mo (The Set of Fuzzy Imperfectly
Sporadic Itemsets with Two Thresholds).
(1) Chuyén CSDL D(I,0) ban dau thanh CSDL m& D x(I,0F) Budce nay sit dung cach chia
khodng vd ham thanh vién nhu mo té trong [24], trong d6, I 1a tap cac thudc tinh trong
Dy, mdi thuge tinh z; ciia Ir déu duge gén véi mot tap md x,;. Moi tap md x,,; déu c6 mot
nguong Wya -
(2) Tu tap thuoc tinh ban dau tach thanh hai tap:
FI ={< X;, A; >, sup(X;, 4;) > mazxSup; < X;, A; >€ Ip}
# F1I 1a tap cac thuoc tinh phd bién theo mazSup.
IFI ={< X;,A; > minSup < sup(< X;,A; >) < mazSup; < X;,A; > Ip}
# IFI 1a tap céc thudc tinh khong pho bién theo mazSup nhung c6 do hd trg lén
hon hodc bang minSup.
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Bdng 1. Bang CSDL dinh lugng

Dinh danh | Tudi | S6 xe may | Thu nhap | C6 gia dinh
(trieu dong)
t 20 0 0.6 Khong
tg 40 3 6,0 06
ts 30 0 15 06
t4 25 1 3,0 Khong
s 70 2 0,0 06
e 57 4 4,0 6

(3) Tim céc tap sporadic khong tuyét doi hai ngudng mo.
(3.1) V6i mdi thuoe tinh trong FI khéi tao khong gian tim kiém nhu sau:

Két hop mdi thuoc tinh trong FI véi cac thuoc tinh khac bén phéi thuoc tinh dang xét
trong F'I va v6i tat ca cac thudce tinh trong I F1. Loai bo cac tap c6 do ho trg nhé hon minSup
dé tao khong gian tim kiém.

For each < Xi, Ai > in FI

Nodes = {{< X;,A; >, <Y;,B; >},(<Y;, B, >¢ FI\ < X;,A; > hoac <Y, B; >€
IFI) A sup(< X;, A; >, <Y, B; >) > minSup}.

MFISI-EXTEND(Nodes, C')) # Ham nay thyc hién tim cac tap sporadic khong tuyét
d6i hai ngudng mo trén khong gian tim kiém khdi tao ¢ trén.
(3.2) FIS = FISUC.

Ham MFISI-EXTEND nh#m tim céc tap sporadic khong tuyét doi hai ngudng mo trén
khong gian tim kiém.

MFISI-EXTEND(Nodes, C):

For each < X;, A; > in Nodes
NewN = and X =< X;, A; >
Foreach < Xj,A; > in Nodes
X=Xu<Xy,Ay>
If NewN # () then MFISI-EXTEND(NewN)
If sup(X) < maxSup.
C=CuX # if X is not subsumed

4.3. Vi du minh hoa

CSDL dutge mo ta trong Bang 1 dudi day gdm cac thudce tinh Tudi, S6 xe may, Thu nhap,
Co gia dinh.

Thuyc hién xay dung tuong tu nhu trong [24] sé nhan duge CSDL md nhuw Bang 1:

Do ham thudc ctia moi tap mo x,; ¢6 mot ngudng Wy, nén chi nhitng gid tri ndo vugt
ngudng méi duge tinh dén, nguge lai nhimg gia tri khong vugt ngudng duge xem bang 0.
Ngudng Wy, phu thuoc vao mdi ham thuoc va ting thude tinh. Gia thiét cac thuoc tinh trong
CSDL trén deu lay wy,, = 0.4.
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Bang 2. Bang CSDL mao
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Dinh | Tudi | 1 2 3 S6 | 4 |5 | Thu| 6 | 7 [8]Co6 | 9 | 10

danh XM nhap GD
t 20 1 0 0 0 1|0 06 1 oo kx [0,0]1,0
to 40 | 0 1 0 3 105/05] 60 | 0|0 |1] ¢ |1,0]0,0
ts 30 05| 05 0 0 1|0 1,5 1 01]0| ¢ |1,0]00
ty 25 1 0 0 1 1101 30 |05[05(0| k [00]1,0
ts 70 | 0 0 1 2 10| 00 1 0]0| ¢ |1,0]00
te 57 | 0 |0,83]0,17 | 4 0| 1| 40 | 0| 1]0] ¢ |[101]0,0

Bdng 3. C4c thudc tinh va do hd trg cua cac thude tinh

Tap thudc tinh Do hd tro
{[Tudi, Tudi_trd} (1) 0.4
{[Tudi, Tudi_trung nien]}(2) 0,39
{[Tudi, Tuoi_gia]}(3) 0,17
{|S6 xe may, S6 xe may it|}(4) 0,75
{[S6 xe may, S6 xe may nhiéu]}(5) 0,25
{|Thu nhap, Thu nhap_thap|}(6) 0,58
{|Thu nhap, Thu nhap trung binh]|}(7) 0,25
{|[Thu nhap, Thu nhap cao|}(8) 0,17
{[Gia dinh, Gia dinh_co]}(9) 0,67
{|Gia dinh, Gia dinh_Kkhong]} (10) 0,33

Néu chon do hd trg minSup = 0.2 va mazSup = 0.4, ta c6 bang két qua tinh do hd tro
ddi véi timg thugc tinh nhu Bang 1.
Nhuvay FI = {{1}, {4}, {6}, {9}}; TFT = {{2}, {5}, {7}, {10}}. Xét phan tit thit nhét {1}
ctia tap FI, sé di ghép cap dé tao khong gian tim kiém {{1,4}, {1,6},{1,9},{1,5},{1,7},{1,10}}

(Béng 1).

Luuw gj: Khi ghép cic thuoc tinh dé tao tap tng cit vien khong duge ghép cac thuoc tinh c6
cling ngudn gdc ban dau véi nhau. Chang han, khong duge ghép {[Tudi, Tudi_tré]} véi {[Tuoi,
Tudi_gia]} vi ¢6 cing goc ban dau I3 [Tudi].

Nhu vay Nodes ={{1,4},{1,6},{1,10}} T khong gian tim kiém trén, thyc hien ham
MFISI-EXTEND(Nodes, C) ta tim dugc tap cac tap sporadic khong tuyét ddi hai ngudng mo
la: {{1,6},{1,10},{1,4,6}, {1,4,10}, {1,6,10},{1,4,6,10}} (Bang 1).

5. KET QUA THUC NGHIEM

Dé danh gia hiéu qué thyc hién ctia thuat toan MFPSI, ta tién hanh tht nghiem thuat
toéan nay tren CSDL thuc Census Income tit nguon [I1]. Phan thit nghiém thiyce hién trén may
tinh Lenovo-IBM Codual 2.0ghz, 2GB bo nhd, cai dit he diéu hanh Windows Vista. Thuat
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Bdng 4. Cac tap 2-muc di liéu va do ho trg cia cac tap muc

Tap thudc tinh | Do hd trg
1,4} 0,41
(1,6 0,33
{1,9} 0,09
{1,5} 0,0
{1,7} 0,09
{1,10} 0,33

Bdng 5. Cac tap sporadic khong tuyét doi hai ngudng md tim duge & Nodes thit nhat

Tap thuoc tinh | D6 hd trg
11,6} 0,33
11,10} 0,33

{1,4,6} 0,33
11,4,10} 0,33
{1,6,10} 0,25
11,4,6,10} 0,25

toan MFPSI dugc 1ap trinh trén ngon ngit C++. CSDL Census Income ban dau gom 14 thuoc
tinh va 48842 ban ghi. Cac phan dit lieu thiéu dugc loai bé trude khi thit nghiem. Céac thuoc
tinh dugce chon danh cho viéc thit nghiém thuat toan gom:

(1) age: continuous.

(2) sex: Female, Male.

(3) workclass: Private, Self-emp-not-inc, Self-emp-inc, Federal-gov, Local-gov, State-gov, Without-
pay, Never-worked.

(4) occupation: Tech_ support, Craft repair, Other_service, Sales, Exec_managerial,

Prof _specialty, Handlers _cleaners, Machine op_inspct, Adm_ clerical, Farming_fishing, Trans-
port _moving, Priv_house_serv, Protective _serv, Armed_Forces.

(5) capital-gain: continuous.

(6) capital-loss: continuous.

(7) hours-per-week: continuous.

Thudc tinh (1) c6 khai niem mo: T-tré (17,35) , 2) T-trung nién [35,55) , 3) T-gia [55,80)
Thuoc tinh (5), (6), (7) chia thanh 3 phan tuong ting v6i gia tri: Thap, Trung binh, Cao. Cach
phan chia chting t6i thiyc hién dya trén viéc dém s gid tri ctia thuoc tinh va chia déu cac gia
tri nay trén 3 khoang.

Truong hop 1: chon tham s chong lap 14 10%, hé s6 minSup = 0,1, hé s6 maxSup thay doi
¢6 két qua nhu Bang
Truong hop 2: chon tham s chong lap 14 40%, hé s6 minSup = 0,1, hé s6 maxSup thay doi
6 két qua nhu Bang
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Bdng 6. Két qua thit nghiem Truong hgp 1

mazrSup ] 0.15 0210310405
S6 tap tim duge | 6 6 8 8 | 12

Bdng 7. Két qua thit nghiem Truong hgp 2

mazxSup 0,1510,2]03|0410,5
S6 tap tim duge | 6 8 9 9 | 11

Truong hop 3: chon tham s6 chong lap 14 10%, hé s6 maxzSup = 0,5, hé s6 minSup thay ddi
¢6 két qua nhu Bang
Truong hop 4: chon tham s chong 1ap 14 40%, hé s6 maxSup — 0,5, hé s6 minSup thay doi
6 két qua nhu Bang

Két qua thit nghiém cho thay, khi ¢d dinh hé s6 minSup, lta chon gia tri hé s6 maxSup
tang dan thi s6 tap sporadic khong tuyét déi hai ngudng mo tim dugdce ciing tang dan (truong
hop 1 va 2). Ngugce lai, khi ¢6 dinh hé s6 maxSup, lya chon gia tri hé s6 minSup ting dan
thi s6 tap sporadic khong tuyet doi hai ngudng mo tim duge giam dan (truong hop 3 va 4).
Diéu nay hoan toan phit hop vdi quy luat chung trong khai ph4 luat két hop.
Truong hop 5: ¢6 dinh hé s6 minSup — 0,1, hé s6 maxSup v tham s6 chong lap thay ddi c6
két qua nhu Bang

S6 tap sporadic khong tuyét déi hai ngudng md tim duge ciing khac nhau khi chon ciing
ngudng minSup va maxrSup nhung thay déi gia tri ctia tham sé chong lap (truosng hop 5).

6. KET LUAN

Bai bao da gép phan giai quyét van dé khai ph4 luat két hop hiém trén CSDL dinh lugng
bang cach dé xuat bai toan phét hién luat két hgp sporadic khong tuyet déi hai ngudng mo.
Bai bao da xay dung thuat toan MFISI nham tim cac tap sporadic khong tuyét ddi hai ngudong
mo. MFISIT st dung phuong phap phan hoach va cach xay dyng ham thanh vién do Gyenesei
A. va Teuhola J. gidi thiéu trong [3], dugc phat trién dya trén tu tudng ciia thuat todn MCISI
[23]. Tién hanh thit nghiem két qua nghién ctu tréen CSDL Census Income [I1]. Nghién citu
tiép theo sé& 1a tim gidi phap nham sinh cac luat sporadic khong tuyét déi ma cé gia tri tir cac
tap sporadic khong tuyét doi hai ngudng mo tim dugc.

Bdng 8. Két qua thit nghiém Truong hgp 3

mazxSup 0,11]0,151(0,2]0,3]0,4
S6 tap tim duge | 12 | 6 6 | 4 | 4
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Bdng 9. Két qua thit nghiem Truong hgp 4
mazxSup 0,11]0,151(0,2]0,3]0,4
S6 tap tim duge | 11 5 3 2 | 2

Bdng 10. Két qua thit nghiem Truong hgp 5
Tham s6 chong lap

minSup | mazxSup | 10% | 20% | 30% | 40% | 50%
0.1 015 | 6 | 7 | 6 | 6 | 7
0.1 0.2 6 | 7 1 6 | 8 | 9
0.1 0.3 8 [ 9 1 9 [ 9] 9
0.1 0.5 12 | 12 | 11 | 11 | 1
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