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TOM TAT - Mdic dix mé hinh ludt két hop c6 wu diém la cho phép viéc tao ra ‘mot cach khong giam sat cac ludt thé hién
nhitng khuynh hudng kéo theo trong dit liéu nhung lai ¢ nhugc diém ld tao ra mgt sé lwgng qud Ion cdc lugt. pé giip nguoi s
dung (nguoi ra quyét dinh hay chuyén gia phan tich dir liéu) dé dang hon trong viéc tim kiém céc ludt két hop hap dan nhat hay t6t
nhat tir hang nghin ludt hién 6, bai bao nay thyc hién danh gia viéc phan cum cdc do do loi ich dya trén ma trn gia tri twong tdc.
Cdc két qua cuia nghién ciru nay gom: xdy dung dwoc ma trdn gid tri twong tdc cua cdc dg do loi ich dya trén ma tran gid tri fuong
quan; phan cum ma trdn gia tri twong tdc; chon duwoc so phan cum tot chon ra d@é do dai dién c6 chdt lwong t6t; rit ra cac ludt tot
nhat dwa vao céc dé do dai dién. Viéc chon ra céc ludt chat luong tot (tri thirc tot) giup cdac chuyén gia cé thém mot kénh thong tin
16t trong khi hdu xit Iy lugt két hop.

Tir khoa - Ludt két hop, gia tri twong tac, do do loi ich.
1. GIOI THIEU

Nhiing tri thtrc tiém 4n trong dit liéu thuong thé hién dudi hinh thirc luat két hop. Vi vay, qua trinh rat trich tri
thirc tir tap dit liéu da cho chinh 1a qua trinh rat trich luat két hop. Tuy nhién, luat két hop duoc rut trich trong qua trinh
khai pha tri thirc thudng rat 16n, thuong 1a hang trim ngan luat. Diéu nay dan dén tinh hudng 1a phai hau xtr Iy cac luat
nay dé co dugc nhiing luat c6 ich 1an trong hang nghin luat dang hién hiru.

Cong viéc tim ra nhiing tri thuc t6t nhét dudi dang luat thuong dugc thuc hién thong qua viée su dung cac do do
loi ich. Hai loai 6 do 1oi ich dugc phan biét [15] la: d do lgi ich chi quan va d6 do loi ich khach quan. Bai bao nay
chi tap trung vao cac d¢ do loi ich khach quan. Thong qua viéc phan cum cac gia tri d6 do lgi ich dua trén sy tuwong tac,
cac do do dai dién cho mdt nhém cac do do 1¢i ich hién dién trong phan cum s€ duoc xac dinh. Tt d6, cac luat hép dan
¢6 ich cho cong viéc cua nguoi st dung s€ dugc rit trich.

Bai bao nay duoc to chirc thanh 5 phan. Phan I gidi thidu dong luc nghién ciru va cac ndi dung nghién ciru. Phan
II trinh bay nhiing co s& phuc vu cho nghién ctru nay nhu: luat Kkét hop, do do loi ich, gia tri d6 do lgi ich, va viéc xay
dyng ma tran cac gia tri d6 do lgi ich. Phan III tap trung vao viéc gidi quyét van dé thong qua dé xut: xay dung ma
trén gia trji twong quan giira cac do do dwa trén hé sd tuong quan gia tri Pearson; xdy dung ma tran gi trj tuong tac
phuc vu cho viéc phan cum cac d§ do; sir dung k¥ thuat Silhouette dé tim ra sb phén cum t6t nhat; sir dung giai thuat
PAM dé tim ra d6 do dai dién cho tng phan cum. Phan IV trinh bay Kkét qué thuc nghiém trén tdp dir licu thuc
MUSHROOM va str dung 40 d6 do loi ich khach quan. Vi¢c thuc nghiém dugc tién hanh theo hai huéng: st dung ma
tran gia tri tuong quan manh va khong manh. Phan cudi cing 14 két luan va hudéng nghién ctru sip t6i.

II. PQ PO LOI iCH
A. Ludgt két hop

Goi: I={I;, I, ..., I,} 1 tap m thudc tinh (muyc) riéng biét; D 1a mot co s& dit liéu ma trong d6 mdi ban ghi T 1a
mdt giao dich, T chira cac muc < 1. Mot luat két hop 1a mot quan hé c6 dang X — Y [1], trong d6: X duoc goi la gia
thuyét, Y dugc goi la két luan; X, Y 114 cac tap muc; va XNY = J.

Do hd tro (support) duge sir dung dé dai dién cho tinh téng quat ctia luat. Po hd tro cta luat két hopX —>Yla
ty 1& phan trim cac ban ghi XUY véi tong s6 cac giao dich co trong co s& dit lidu. D6 tin cdy (confidence) dugc st
dung dé dai dién cho tinh tinh cay cua luat. Viéc khai thac cac luat két hop tir co s¢ dir li€u chinh 1a viéc tim tat ca cac
luat c6 do hd tro va do tin cay 16n hon ngudng ciia d6 hd tro va do tin cay do ngudi sir dung xac dinh trudc.

Luat két hop dugc tng dung trong nhiéu linh vuc khac nhau nhu: khoa hoc, hoat dong kinh doanh, tiép thi,
thwong mai, phan tich thi trudng chimg khoén, tai chinh va dau tu, ... Nhin chung, cc ky thuat khai pha luat két hop
dugc thuc hién thong qua hai budce [3]: (i) Tim céc tip phd bién, 1a tit ca cac tap co do hd trg 16n hon hodc bing mot
ngudng cho trude; (i) Sinh ludt két hop dwa trén tap phd bién. Cac giai thuat khai pha luat két hop thuong tim tit ca
cac luat thoa méin yéu ciu vé do hd tro va do tin cay.

Sau qua trinh khai pha dit liéu, nguoi st dung phai danh gia mot sé lugng 16n cac luat két hop. Dé gioi han sb
luat cAn xem xét, cac do do loi ich duoc st dung dé loc ra va phan loai céac luat, va sau d6 trinh bay cho nguoi st dung
cac luat chon ra duoc.
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B. D¢ do lgi ich

Po d6 lgi ich cua cac mau (luat két hop, tri thirc) dugc tim théy that su 1a mot linh vuc thiét thuc va quan trong
trong nghién ctru khai phé dir liéu. Mdi do do loi ich dic trung cho mét khia canh nao d6 cua tap dit liéu. Vi vay, nguoi
sir dung c6 thé dya vao nhu cau cia minh dé chon ra do do phu hop véi cong viée, sau d6 dua trén cac gia tri loi ich
cao cua d¢ do dugc chon, nguoi st dung cod thé rat ra cac luat manh.

Theo [31], cac d6 do loi ich c6 thé duoc chia thanh hai dang: 36 do lgi ich chi quan (subjective inte-estingness
measures) va do do loi ich khach quan (objective interestingness measures). D6 do loi ich chu quan chu yéu dua vao
hai yéu t6 co ban 1a dir liéu va ngudi sir dung dir liéu. N6 danh gia cac mau tim dugc dya trén muyc tiéu, tri thirc va
niém tin cua ngudi st dung. Do do loi ich khach quan dwa hoan toan vao cau tric dir lidu va khong doi hoi gi vé su
hiéu biét ciia ngudi sir dung hay cac chuong trinh tmg dung. D6 do lgi ich khach quan tap trung danh gia céc mau dua
trén sy phan phdi cua dir lidu. Hau hét cac do do loi ich khach quan dua trén: 1y thuyét xac sudt, ly thuyét thong ké va
1y thuyét thong tin.

Nhiéu tiéu chudn da dugc dua ra dé hiéu rd hon cac khia canh hay cac diém dac trung cua cac do do lgi ich
[7][27][31][32]. Nhimng tiéu chuin nay [15] gdém: bién thién gia tri, tinh hudng ca biét (tinh huéng doc 4p va tinh
hudng can bang), hién tugng nghich 1y, dém dugc, da dang hoa, kha niang phén biét, c6 thé giai thich, khong can bang,
thudc tinh lgi ich, va Quasi-.

Hinh 1 thé hién vai tro ciia do do loi ich khach quan trong qua trinh khai pha dir liéu. Trong bai bao ndy, cac do
do loi ich khach quan dugc st dung dé hau xt ly céac luat két hop.

14n loai

Hinh 1. Vai tro cta d6 do lgi ich khach quan trong qua trinh khai pha dir li¢u
C. Gia tri do do lgi ich
Luat Kkét hop X —->Y can 4 yéu td dé tinh toan d9 do loi ich, chung bao gf“)m: n, ny, Ny, va n YT Trong d6: nla
s6 giao dich; ny 1a sé giao dich c6 chira X; ny la sb giao dich c6 chira Y; va N,y 1a sb giao dich c6 chira X nhung
khong co mat Y.

Mbi d6 do 1a mot ham sO dwa trén tap hop luat, tuan theo cong thire: m(X — Y) = f(n, ny, ny, nyy). Gié tri do
do loi ich dugc sur dung dé loc ra cac ludt manh.

Hinh 2. Céc yéu t6 ciia ludt sinh X — Y

D. Ma trdn cdc gid tri do do lgi ich

Nhu ta d3 biét, tuy vao nhu cau cong viéc, nguoi su dung cod thé chon ra d6 do phu hgp va sau d6 ratra cac luat
manh dua trén cac gia tri loi ich cao cia d¢ do dugc chon. Tuy nhién, khong phai Iuc nao ta ciing chon dugc do do phu
hop. Mot cach 1am khac 1a dua trén sy tuwong tac gitra cac d§ do loi ich d€ phan cum ma tran twong tac, ket qua cua viée
phan cum s€ dugc dai dién boi cac do do dai dién, tur dd giup ngudi su dung gidm dugce s6 d§ do phai quan tZm.

Goi R(D) = {r|, 1, ..., 1,} dit liéu dau vao g6m p luat Kkét hop dugc rat ra tir tap dit liu D. Vi mdi 46 do m; €
M, ta xay dyng cong thirc: m(R) = {m;;, my, ..., m;p} v6ii= 1..q va m; tuong g 1a gia tri d0 do m; dugc tinh tir luét r;
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da cho. Viéc ap dung cong thirc nay gilp ta thu dwoc ma trén cac gia tri d6 do loi ich. Ma trén c6 s6 dong 14 s6 cac do
do loi ich khach quan va s ¢ot 1a s6 cac luat két hop. Ma tran cac do do loi ich c6 hinh anh nhu sau:

My Myp - My

My, My, .. M
m=|"2 Tz o T

Mgy Mgy .. Mgy

III. MA TRAN GIA TRI TUONG TAC
A. Ma trdn gid tri twong quan
1. Gia tri tuong quan

Gi4 trj twong quan giita hai d6 do bat ky m;, m; {i,j = 1..q} trén tap ludt R duoc tinh dya trén hé s6 twong quan
gia tri Pearson [19] theo cong thuc:

o [(mic — m)(mj —m;)]
Y N2
VIR (i~ m) )R (e — m))° ]
Trong d6: m; la gia tri 1¢i ich ctia d6 do m; trén ludt rj; 7, 12 gid tri trung binh ctia vector my(R); va m; la gia tri
trung binh cta vector m;(R).

()

p(miam]’):

Gia tri tuong quan bang 1 trong trudng hop twong quan tuyén tinh dong bién va -1 trong truong hop tuong quan
tuyén tinh nghich bién. Gia tri tuong quan cang gan vdi -1 va 1 thi trong quan gilta cac bién cang manh. Néu cac bién
1a doc lap thi gia tri twong quan bang 0.

2. Ma tran gié tri tuong quan

Dé xay dung ma tran gia tri twong quan, ta tinh gia trj twong quan cho tl‘rng cap df) do loi ich my, m;. Gia tri
tuong quan nay c6 tinh d6i xung p;; = pji. Ma trén gia tri twong quan c6 s6 dong bang vai sb cot va chinh 13 sé cac do
do loi ich. N6 ¢6 dic diém 1a ma tran vudng ddi ximg.

P11 - o Pig
p=|m P Pu
Pq1 Pqz - Pqq

3. Khoang cach trong quan

Khoang cach twong quan duge st dung dé do sy khac nhau vé tuong quan giita cac d6 do [19]. Khoang cach
tuong quan d; gitta hai d§ do m;, m; duogc tinh theo cong thirc sau:

dijzl_ p(miamj) (2

Khoang cach tuong quan cua cac d¢ do loi ich khach quan dugc cho boi ma tran gid tri tuong quan, va do
khoéang céc gifta d;; bang v6i khoang cach d; nén ma trén gia tri khoang cach la mot ma trén dbi xtmg. Ma tran gia trj
khoang cach dugc st dung lam nén tang cho viéc xay dung ma tran gia tri tuong tac.

B. Ma trdn gid tri twong tdac
1. Ham kha nang

Gia tri twong tac gitra hai d¢ do lgi ich khach quan dugc tinh b?mg ham kha nang [17][19][21]. Ham kha nang p
trén mot tap hop Q cac do do loi ich dwoc tinh nhu sau: p: 2°* —[0,1]. Ham p thoa cac diéu kién sau: (i) p(@) = 0; (ii)
w(Q) = 1; va (iii) Néu A € B  Q thi p(A) < p(B)

Gia tri kha nang cua mot tdp do do dugc xem 1a mrc tdc dung hodc mirc quan trong trén tap do do nay. Ham
kha ning c6 thé xem 1a sy mé rong kha ning vé mot hudng. Véi mot s6 16n tham s, ham kha ning c¢6 thé mé hinh hoa
su twong tac (hoac sy phu thudce) giira cac do do. Mot cach téng quat, co ba loai tuong tac [19]:

o Tuwong tdc tiéu cuc (hodc bé sung): hai 6 do m;, m; tuong tic tiéu cuc néu téng muc tac dung nhé hon tong
timg murc tac dung: p({m, mJ}) < w(m;) + p(mj) Trong truong hop ndy, mot ludt duoc danh gia boi ca hai do
do s& khong t6t bang luat nay duoc danh gia chi bang mét do do.

e Tuwong tdc tich cuc (hodc du thira): hai 40 do m;, m; tuong tac tich cuc néu téng mirc tic dung 16n hon tdng
timg muc tac dung: p({m;, mJ}) > w(m;) + p(my). Trong truong hop nay, mét ludt duge danh gia bdi ca hai do
do s& tot hon 12 n6 dwoc danh gia chi bai mot do do.

e Tuwong tac tinh: Trudng hop nay khong co sy tuong tac nao ton tai giita hai d6 do m;, m;: u({m;, m;}) = p(m;)
+ p(my). Khi mdi tap con ctia d do 1a doc 1ap nhau, ham kha ning mang tinh chat cong, nghia la p(AUB) =
wWA)+uB)vGiANnB=JvaA, BcQ.
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2. Xay dung ham kha nang

Khoéng cach twong quan d;; dung dé do sy khac nhau vé turong quan giira hai do do loi ich m; va m;. Do gid tri
tuong quan p(m;, m;) nam trong khoang [-1,1] nén khodng cach tuwong quan d; = 1 - p(m;, m;) thudc vé khodng [0,2].
e Néu dyj <y v6i 0<y <<1 thi hai d6 do m; va m; duoc goi la twong quan manh.
e Néu djj=1 thi hai d0 do m; va m; dugc goi l1a doc 1ap hoan toan.
e Néu dij >y voi 1<<y <2 thi hai d6 do m; va m; dugc goi 1a tuong quan yéu.

3. Ma tran gia tri trong tac

Trong bai bdo nay, sy twong tac tinh gitra hai d6 do m;, m; dugc chon dé danh gia sy tuong tac giira cac do do
loi ich, vi vy gié tri twong tac gilta hai do do m, m; chinh la khoang cach dj gilta hai do nay: u({m;, m;}) = djj. Nhu
vay ma tran gia tri twong tac chinh 1a ma trén gié tri khoang cach. Ta c6 thé dung mang gom q(q-1)/2 phan tir dé luu trit
mot nra ma trén gia tri twong tac va su dung n6 cho giai thuat PAM.

Az1
A= }\31 }\32
)\ql )\qz

Hai d6 do m; va m; duoc goi la twong tdc manh [19][21] dbi voi tap dir liéu D néu gia tri trong tac cia chung
nho hon hay bang mot ngudng t: A; <71

Hai d6 do m; va m; duoc goi la khong twong tdc manh [19][21] dbi voi tap dir liéu D néu gid trj trong tac cua
ching 16n hon mét ngudng 0: A;; > 6.

C. Silhouette

Silhouette duoc xem nhu mét phuong phap giai thich va dugce cong nhén trong gom cym dir liéu. Ky thuét nay
cung cap sy mo ta ngan gon bang do thi: sy hop ly ciia moi doi tugng khi nd thude vé mot cum [28].

Silhouette cua i dugc dinh nghia nhu sau:
a(i)
|( b0’ Jif a(@) < b(i)
s(i) =<0, if a(i) = b(i)

b(i
@ —1,if a(i) > b(i)
a(i)
Trong d6: a(i) 1a gia tri khac nhau trung binh cua i v6i tat ca cac ddi twong khac trong cing mot cum; b(i) 13 gia
tri khac nhau trung binh thap nhat trong tat ca cac cum.

Tur cong thire trén, ta thay -lss@) <1 Dé s(i) gan bang 1, ta can a(i) << b(i). Gia tri a(i) nho cho biét sy phu
hop tot. Gia tri b(i) 16n cho biét i phu hop xau véi cum lang giéng clia no. Gia tri s(i) gan bang 1 ¢ nghia la céc dir liéu
dugc gom cum rat phu hop. Néu s(i) gan bang -1, thi i s& phu hop hon néu né duoc gom vao cum lang giéng ciia no.
Néu s(i) bang 0, c6 nghia la cac dir liéu dang nam trén vién cta hai cum.

Gia tri trung binh s(i) cia mot cum 1a d6 do dung dé xac dinh xem cac dit !iéu trong cum dugc két thanh nh()m
chat ché nhu thé nao. Gié tri trung binh s(i) cua toan tap di li€u 1a d6 do d}‘lng dé xac c,iinh xem cac dir liéu duogc két
nhom phu hop nhu thé nado. Silhouette trung binh chinh 1a cong cu manh dé xac dinh s6 lugng cum ty nhién cé trong
tap dir liéu.

D. PAM

Giai thuét phan cum PAM (Partioning Around Mediods) [20] thiét thuc hon khi c6 sy hién dién nhidu va biét 18.

N6 ciing rat hitu hiéu trong cac tap dir liéu nho va cho mét két qua phan cum duy nhat trong nhiéu 1an thyc hién giai
thuat gom cum ddi v6i cing mot tap dit lidu. Do sb luong tap dir liéu can phan cum trong bai bao nay 1 nhé (40 d6 do
lgi ich khach quan) nén PAM duogc chon lam giai thuat phan cum. Cac budc cia giai thuit PAM:

e Budc 1 (khdi tao): ChQn ngau nhién k trong s6 n diém lam cac doi tugng dai dién.

e Budc 2: Két hop mdi diém dir liéu véi d6i tuong dai dién gan nhét.

e Budc 3: V6i mbi dbi tugng dai dién m

V6i mbi diém dl:l’ liéu khong phai »1:‘1 dbi twong dai dién o
Poi cho m va o va tinh tong chi phi hinh dang.
e Budc 4: Chon hinh dang c6 tong chi phi thip nhat.
e Budc 5: Lap lai tir budce 2 dén bude 5 cho dén khi cac dbi tuong dai dién khong thay doi.
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E. Hinh chiéu cum
_Hinh chiéu cum [20] tao nén mot db thi hai bién dé thay sy phan hoach (gom cum) cua dfr~1iéu. Tét ca cac diém
trén do thi dai dién cho tat ca cac dir li€u, st dung cac thanh phan chinh hoac ti 1¢ da chiéu. Moi cum dugc v€ xung
quanh boi mot hinh ellipse. Viéc sir dung hinh chiéu cum gitip nguoi str dung dé dang thay dugce hinh anh cac cum, va
su twong tac gilra cac doi tuong mét cach truc quan.
1V. THUC NGHIEM

A. Dirli¢u

Dt liéu thuc nghiém MUSHROOM (8] tu k}lo co s¢ dir liéu may hoc Irvine dugc st dung. Dir liéu nay bao gém
23 thudc tinh danh nghia twong ing voi 23 1o§1i nam cé 14 tja, duoc 9hia lam hai loai: an dugc va c6 doc. Thong qua
cong cu ARQAT [16], tap luat thg duoc bao gom cac dac di€m sau: so luong cac muc: 128; so giao dich : 8416; d6 dai
trung binh cua giao dich: 23; va so ludt thu dugc: 123228.

Ngoai ra, 40 d6 do loi ich (xem phu luc) duge st dung. Ciing thong qua cong cu ARQAT, ma trén gia tri cac do
do lgi ich ¢6 40 cot (twong rng vai s6 do do loi ich) va 123228 dong (twong tng véi s0 luat két hop) duge xac dinh.

B. Cdc budc thuce hién
1. Xdy dung ma trdn gia tri twong quan. St dung ma tran gi tri cac do do lgi ich dé xdy dung ma tran twong

quan theo hé sO twong quan gia tri Pearson theo cong thire (1). Ma tran thu duoc c6 kich thude 40x40 (twong ting
v6i s d9 do loi ich khach quan dugc st dung).

2. Xdy dung ma trdn gid tri khodng cdch. St dung ma tran gia tri tuong quan dé x4y dung ma tran khoang cach
tuong quan theo cong thuc (2).

3. Xdy dung ma trdn gia tri twong tac. Nhu da dé cap & trén, sy twong tac tinh dwoc sir dung trong bai bao nay
nén ma tran gia tri tuong tac chinh 1a ma trén gia tri khoang cach.

Tién hanh thuc hién theo hai nhénh (twong téc manh va tuong tic khdng manh)

4.1. Xay dung ma trdn gia tri nguong tuwong tac 4.2. Xay dung ma trgn gia tri nguong twong tac khong
manh. St dyng ma tran gia tri twong tdc va | manh. Su dung ma tran gia tri tuong tac va ngudng tuong
ngudng tuong tic T = 0.15 dé chon ra cac gia tri | tac © = 0.15 dé chon ra cic gia tri twong tic khong manh.
twong tac manh.

5.1. Phan cum ma trdn gia tri twong tac manh. 5.2. Phan cum ma trdn gia tri tuong tac khong manh.
Céc do do co su twong tac vdi nhau s€ dugce phan
vao cung modt phan cum. Dya vao do do
Silhouette trung binh dé danh gi4 chat lugng phan
cum, phan cum c6 Silhouette trung binh cao nhat
chinh 13 phan cum can tim.

6.1. Xac dinh do do dai dién cho tung phdn 6.2. Xac dinh do do dai dién cho tieng phan cum.
cum.
7.1. Rut trich cac ludt chat luong 16t. 7.2. Rut trich cac luat chdt lwong tot.

Nhu vay, thay vi phai xét tit ca cac do do trong timg phan cum, ta chi cin thong qua su tuong tac cua cac do do
trong phan cum ma st dung do do dai dién cua phan cum dé rut trich ra cac luat két hop dai dién cho phan cum theo
thir tu gia tri do do loi ich giam dan, day chinh 14 cac ludt két hop hiru ich (tri thirc t6t). Ngoai ra, dé gi6i han cac luat
duoc sinh ra, phfin giao cua cac luat dugc xem xét. Cac ludt nay dugce rat trich theo thtr ty giam dan cua cac do do loi
ich khach quan twong tmg trong timg cum dé tim ra mot s6 luat chung cho ca cum. Trong bai bao nay, sé luat tir 5 dén
15 dwoc chon 1am tiéu chuén danh gia. Bén canh dé, dé rut trich cac luat tot dai dién cho ca cum tuong tac manh/khong
manh, ching ta tién hanh phén doan céac do do loi ich. Trudc hét, ta tién hanh quy cac gia tri d6 do 16n nhét vé 1, ké
tiép dém céc gia tri 10n nhat trong phan doan [0.9, 1], sau dé so sanh s6 luat twong ting véi phan doan [0.9, 1] va chon
ra d¢ do loi ich khach quan c6 s6 luat it nhat va rat ra cac luat dai dién cho phéan cum.

C. Két qua thuc nghi¢m
1. Duya trén ma tran gia tri ngudng tuong tac manh

Do sb do do loi ich str dung 1a 40, ma tran gia tri twong tac manh s€ dugc phan cum tir 2 dén 39 cum. S phan
cum cén tim s& ¢6 Silhouette trung binh cao nhét. Hinh anh Silhouette trung binh ctia 39 cum nhu ¢ Hinh 3. Dya vao
db thi nay, mot cach truc quan ta nhan thiy Silhouette trung binh cao nhét khi s6 phan cum 13 15. Sy twong tac gitta cac

d6 do dat hiéu qua tdt nhat khi ta phan cum ma tran gia tri twong tac thanh 15 cum va thu dugc cac cum twong tac
manh gitra cac d§ do nhu Bang 1.
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UOC LUONG GOM COM PAM()
] 10 % ’II:: 3 20 30 40
SILHOUETTE TRUNG BINH CUA 39 CUM
Hinh 3. Phan cum tét nhit t = 0.15
Bang 1. Phin cum tuong tac manh
Cum | Cum cic do do lgi ich twong tic manh Cum | Cum cac d¢ do lgi ich twong tic manh
Laplace, Descriptive.Confirmed.Confidence,
1 Confidence, Causal.Confirmed.Confidence, 9 II
Causal.Confidence
) Least.Contradiction, Causal.Confirm, 10 Imolication.index
Example...Contra.Example, Descriptive.Confirm P )
3 Phi.Coefficient, Kappa, Causal.Support, Yule.s.Q, 11 Putative.Causal.Dependency, Loevinger,
Yule.s.Y, Lerman, Rule.Interest, Lift Pavillon, Klosgen
4 Collective.Strength 12 Odds.Ratio
5 Conviction, Odd.Multiplier 13 Sebag...Schoenauer
6 F.measure, Jaccard, Cosine 14 Support
7 Gini.index, J.measure, Mutual.Information, 15 TIC
Dependency
8 EIL.2, IPEE, EIl
HINH CHIEU CUA 15 CUM
&
E . C&IJJ ’g“-\qq‘
&
S -'%5)4
1 _sr/
15 -10 03 00 05 10 15 20
Component 1

These two components explain 15.83 % of the point vanability

Hinh 4. M6 hinh tuong tac cta cac d6 do

Twong ing véi cac phan cym tuong tac tim dugc ¢ Hinh 4, ta thu dugc do do dai dién cho tirng phan cum Bang
2. V6i moi do do dai dién cho ting cum, ta rat trich 5 luat manh dai dién cho nd.
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Bang 2. D¢ do dai dién sy tuong tac cia 15 phan cum tuong tac manh

Cum Do do dai di€n Cum Do do dai dién
1 Causal.Confirmed.Confidence 9 11
2 Example...Contra.Example 10 Implication.index
3 Phi.Coefficient 11 Putative.Causal.Dependency
4 Collective.Strength 12 Odds.Ratio
5 Odd.Multiplier 13 Sebag...Schoenauer
6 F.measure 14 Support
7 J.measure 15 TIC
8 EIL.2

Ta tién hanh 14y phan giao cta cac ludt c6 trong sd tir cao nhét trd xudng cua tat ca cac do do trong cing mot
cum dé xac dinh sb luat chung cho ca cym (nhém gidi han cac luat dugc sinh ra). Bén canh do, ta tién hanh quy cac gia
tri d6 do 16m nhat vé 1, dém cac gia tri 16n nhét trong phan doan [0.9, 1], so sanh s6 luat tuong Gng v&i phan doan
[0.9, 1], chon ra d6 do lgi ich khach quan co s6 ludt it nhét va rat ra cac luat dai dién cho phéan cum. Tét ca nhitng cong
viéc trén dugc thyc hién trén nhitng cum c6 tr hai d¢ do 1oi ich tro 1€n (cac cum 1-3, 5-8, va 11) va cho Kkét qua nhu
trong Bang 3.

Béang 3. Két qua thuc hién viéc gidi han cac luat va rat trich cac luat t5t dai dién cho ca cum

Cum Sé ludit c6 trong 56 tir cao nhit tro S6 luat chung | P9 do (dugc chon) dé rit trich
xuong cua tat ca cac do do trong cum | cua ca cum cac luét

1 232 15 Causal.Confirmed.Confidence

2 7251 10 Discriptive.Confirm

3 2397 11 Lift

5 10 7 Conviction

6 22 12 Jaccard

7 1682 14 Gini Index

8 21540 5 EIl

11 1062 14 Putative.Causal.Dependency

2. Dua trén ma tran gia tri ngudng tuong tac khong manh

Hinh anh phan cum dya vao Silhouette dugc minh hoa nhu sau:

UOC LUONG GOM CUM PAM()

0.00

do rong silhouetts trung bink

005
L

T L T T T
0 10 2 20 30 40

010

SILHOUETTE TRUNG BINH CUA 39 CUM

Hinh 5. Phan cum tét nhat 0 =0.15

Dua vao Hinh 5, ta nhan théy sb phan cum tdt nhat khi ma tran tuong tdc dugc phan thanh 12 cum. Két qua 12
phéan cum tim thay dugc trinh bay nhu bang 4.

Béng 4. Cac phan cum ma tran tuong tac 6 = 0.15

Cum cac do do lgi ich khach quan twong tac Cum cac d9 do loi ich khach quan tirong
Cum A Cum . A
i khong manh : tac khong manh
. Lerman, Cosine, Yule.s.Q
7 & b B
1 Causal.Confidence, Least.Contradiction, EII.2 7 Mutual.Information, J.measure, Dependency
> Descriptive.Confirmed.Confidence, Confidence, 3 Jaccard, TIC, Gini.index, Kappa,
Causal.Confirm, Laplace, EII Rule.Interest, Phi.Coefficient
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Example...Contra.Example, Descriptive.Confirm, . .

3 Causal.Confirmed.Confidence, IPEE 9 Yule.s.Y, Loevinger, Pavillon, II
Lift, Causal.Support, F.measure, L

4 Putative.Causal.Dependency, Klosgen 10 Implication.index

5 Odds.Ratio, Collective.Strength 11 Odd.Multiplier

6 Conviction, Sebag...Schoenauer 12 Support

Su twong tac cua 12 phan cum dugc biéu dién trong Hinh 6.

HINH CHIEU CUA 12 CUM

& —

Component 2

T T T

B 4 .2 1]
Component 1
These bwo components explain 848 % of the point vanability
Hinh 6. M6 hinh tuong tac ctia cac d6 do 6 =0.15
Twong ing véi cac phan cum twong tac khong manh tim dugc ¢ Hinh 6, ta thu dugc do do dai dién cho 12 phan
cum nhu Bang 5.

Bang 5. Do do dai dién cho sy tuong tac ciia 12 phan cum

Cum | D¢ do dai dién Cum | Do do dai dién Cum | D9 do dai dién

1 Causal.Confidence 5 Odds.Ratio 9 Yules.Y

2 Causal.Confirm 6 Sebag...Schoenauer | 10 Implication.index
3 IPEE 7 Lerman 11 Odd.Multiplier

4 Causal.Support 8 Jaccard 12 Support

Sau cung, ta tién hanh gidi han cac ludt va rat trich cac luat tét dai dién cho ca cum. Trong bai bao nay, mot
truong hop (phan cum 7) dugc minh hoa trong Bang 6, cac truong hop con lai lam tuong tu.

Béng 6. Két qua thuc hién viée gioi han cac ludt va rut trich cac luat t5t dai dién cho ca cum

Cum S6 luit c6 trong s tir cao nhit tro So ludt chung | DP§ do (duoc chon) dé rat trich
xubng ciia tit ca cac do do trong cum | ciia ca cum cac luat
7 1480 6 Mutual.Information
V.KET LUAN

Bai bao da thyc hién viéc xdy dung ma trén gid tri twong tac gitra cac d6 do loi ich khach quan tir 40 d6 do cho
trude théng qua vi€e tinh toan hé s6 twong quan gia tri Pearson; danh gia két qua phén cum cac d6 do loi ich dya vao
gia tri Silhouette trung binh, tir d6 khai pha dugc cac phan cum t6t nhat theo chi s6 Silhouette; chon duoc do do dai
dién c6 chét luong tt cho phan cum dang xem xét; rit trich duogc cac luat tdt nhat nho chon duge do do dai dién c6
chét luong t6t dua trén viée giao thoa giita cac luat trong mot phan cum va sy so sanh danh gia ) luong ludt c6 trong
s6 loi ich cao trong cung phan cum. Viéc xac dinh céc luat tdt nhét dua trén cac phén cum tot nhét s& gifip cho céc
chuyén gia vé danh gia chat lugng luat c6 thém mot kénh thong tin tbt trong khi hau xu 1y luat két hop.

Céc nghlen clru gan day da de xudt thém mot sb d6 do loi ich khach quan. Vi véy, danh gia viéc phan cum dya
trén ma tran gid trj tuong tac s& tiép tuc dugc mé rong cho nhiing d6 do nay. Ngoai ra, dé c6 nhiéu cach danh gia da
dang hon, c4c cach tinh twong tac khac ciing s& dugc nghién ciru dé xuat.
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EVALUATING THE CLUSTERING OF THE INTERESTINGNESS
MEASURES BASED ON THE INTERACTION MATRIX

Huynh Hiep Xuan, Phan Lan Phuong, Huynh Van Hoang

ABSTRACT - The advantage of the association rule model is the unsupervised discovery of rules — the rules represent for
the tendencies in data, but the disadvantage of this model is the generation of a huge amount of rules. To help users (decision
makers or data analysts) find the best interesting rules in the thousands of the existing rules easily, this paper focuses on evaluating
the clustering of the interestingness measures based on the interaction matrix. The results of this study include: building the
interaction matrix of the interestingness measures based on the correlation matrix; clustering the interaction matrix;, choosing the
number of clusters being the best; selecting the representative measures, extracting the best rules based on the representative
measures.
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PHU LUC
Stt P do loi ich khach quan f(n, nx, ny,n )
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n
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