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TOM TAT: Bai rodn gam ciim it figu xudt hign tromg mhicu link vae khde nhaw, Muc tidu cor ban et gom cim [d ahom il firgmig
thank ede cym sao cho ede doi tegng i umg mgit cum thi feeemg -t nhe nhahom, fa cde 360 teomg hie-cde cum e nhaw, Gen
débv, mhicu nhi nghién ctin qran wim dén van dé gom ewm dit gy pham i (categoric ,cu',l tromge i ede dii g dit ligu dirgre mi fa
Bai cde thuge tnk khang phuf theegee pind sei. Bide it pliromg phap gom cyim p.‘mn cap dir ligu p!:q:m i sir dung IV Hunw tip .nFrr;
dd thu hiie nkidu s ehii Y. Chia khoa etia ede phicemg plidg nay ( lam thé nao @& chon dinge mot thuge gom cum' 168 mhit tol mol
theri diem tromg so nhiéu thugic: tink fimier viidn.

Trong bai beko ndy, cliing 161 xem xét ba &7 thugr dw.r trén [ thuyét tdp thé: TR (Total Roughnexs), MMR (Min-Min Rowghness) v
MDA (Maximom Dt‘pcml'mm. Astributel, v i xudr it .L.f:u(.:;‘ toen mm’ MAX-MEAN-SL f.',fu.wmum Mean of Symmetric
Uncervainties), cho vige fun c}l:m thude tinh phdn cum theo tiep egn phdn edp. MAY-MEAN-SU sie dyng d¢ do SU (Symmetric
Uncertainivh, mat dg do v thayét thang tin cho phép hepmg héa mure dg nrong quan lin nhaw gitra hai thuge rm.'i vl tim edeh vdc
dinth thugc tinh gom cum sao cho &g eong quan trung bink cia po v cae thuge tink khde dat gia tri lom nhit. £ danb gid v so
seirth Mf'l."':' MEAN-SU weid ba k7 theagit dea frén B thavét tip thi, c‘hung ru.i saf g kil nidm "B Ptnm‘g fe Frung bink J;rm trang cic
oym " ena mgt phip gom cum dE do hwcmig ehit legmp gom cum cig mdi thge tih duge chon bai mal plremg phap. Két qud thiee
nghigm cho thay chit leomg gom cum cia thage tinh chon diege hdng phm:gp&dp MAN-MEAN-SU I can hem o vt cde thige
tink chon b cde phiong phap TR, MMR v MDA, Do do, MAX-MEAN-SU ¢ thé dure sie dung nhie 1d mot k7 thudt hign gué fya
chon thuge tink trong phan cum phdn cdp die liga pham i,

Tﬁ‘.&.ﬂﬂr Gt cune, D digu phan logi, Gom cym phin cap, Ly et (gp thé, Liea okon thuge tinh goni cum, D khing chie chin
dii i,

I. GIOT THIEU

Gom cum la mit trong nhimg nhiém vy chinh ciia khai thic dir liéu. No ¢6 thé dwoe dinh nghia nhu sau, Cho
tip ghm n ddi tegmg D = {x;, x,, ..., ¥y ). trong dé mdi doi tgmg ¥ duge md ta bang mt véc to M chiéu trong khing
gitn djc tnmg di cho. Gom cum i viée tim ra cde cym/nhém cic doi tuemg sao cho cic déi trong trong cimg mdt cum
thi ¢6 dé twong ty cao, ¢on cac doi nrgng trong cde cum khide nhau thi c6 dg trong nr thip [6].

Bii todn gom cum xuit hign trong nhiéu linh vire khic nhau nhu Nhin dang miu, Thi giac may tinh, Sinh hoe,
Y hoe, Truy tim Ihong tin,.... Hién nay, ¢6 nhiéu thuit toan gom cym da duge xiy dung vi gidi thiéu trong cae tai lidu.
Céc thuit toan nay co the d\.ro‘c phan d{u thé thanh hai logi: phan hogch va phin cép Ciac phuemg phap phian hogeh tao
ra mgt phin haar:h trén 13p dir li¢u, toi wu hoa mot ham tidu chudn, Cic phueng phip phin cip sinh ra mt diy cic
phiin hoach 16ng nhau cua tip dir ligu,

Héu hét cde cong trinh vé gom cum déu tip trung vio dif lidu sb, nod ma céc tinh chit hinh hoc siin cd co thé
duroe khai 1]‘:213: g dinh nghia mét cach ty nhién khoing cich glt‘l'a cde diém dir ligu. Tuy nhién, cac img dyng khai thic
dit ligu thyre tién thudng gip phai nhimg tap dir hifu, trong d6 cie thude tinh ki nl'u.mg thue tinh pham o1 (categorical),
mi viri ching ta khong thé dinh nghia hiam khoang cich mt cich tir nhién. Gén diy, gom cum dir liéu pham tr dd thu
hiit sur quan thm 16m cia cong dong nghién ciru khai thac dir ligu [1, 4, 8, 10, 11, 12, 13]. Ml}t trong che k¥ thuat gom
cum phdn ¢ ﬂp i ."wu pham trii 1a sir dung mt diy cae thude tinh gom cum. Diu tién, coi tit ca cac déi tuong 1i mot
cym. Tai mbi burdre tIE'p theo mdt thude tinh dwge lyra chon dé phan chia mdt nit *1a™. Qua trinh Iip lai cho dén khi dat
duge 56 cum yéu cau. Bé ap dung duge k¥ thudt nay, mét viin dé dat ra la 1l moi budc ta phai lya chon duge, trong so
phiéu thuée tinh tmg vién, mot thupc tinh tét nhat theo mét tiéu chuin xie dinh dé phan cum cée ddi wrong,

Giin day, xuiit hién mit sH cong trinh ap dung ly tlluyel tip thi, mit cong cu xir 1y st khong chiic chin, trong
qua trinh Iyra chon thuge tinh gom cum [, 10, 11, 12, 13]. Mazlack vi cgng sy [12] dé xudt ki thut sir dyng B the
foan phin (Total Roughness - TR) trong 19 thuyét tip thd. Theo do, 3 tho todn phin cang Iém thi chit luong gom cum
ciia thude tinh duge chon s& cing cao. Parmar va céng su [13] dé xuit MMR (Min-Min-Roughness), mit thut todn
thudn tiry dya vae 1y thﬂyét tiap tho. Thujt toedn MMR xic dinh thude T.mh gom cum de vao tidu chuin B thi cue téu
(Min-Roughness, MR). Thé nhimg, Herawan vi cong sy [E} di chi ra rang MMR chi 13 sir b sung ctig TR, hom nira
k¥ thuiit ndy 6 dé phire tap tinh 10dn cao. Dé khiic phyc vin dé niy, Herawan va céng s [8] di dé xuft mot ky thudt
khac goi 1d MDA (Maximum Dependency Attributes). MDA sir dyng dg phy thuge gitra ede thude tinh trong ly thuyét
tip thé. Theo Herawan va Lfmg ST ES] ky thujt MDA c6 higu ning t6t hon TR vi MMR. Tuy nhién, gitta TR, MMR va
MDA o sy giong nhau vé ban chét, Sur p,rléng, nhau ndy ndm & chd tiéu chudn lia chon thude tinh gom cum cla ¢ ba
k¥ thuiit déu duge xac dinh chil yéu théng qua sb phin tr co trong xfip xi dudi cia mt thude tinh ddi véi cic thude
tinh khic.
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Trong bai bio ndy, ching 10i xem xét ba k thuiit dya trén 1y thuyét tip thé; TR (Total Roughness), MMR (Min-
Min Roughness) va MDA (Maximum Dependency Attribute), va dé xudt MAX-MEAN-SU (Maximum Mean of
Symmetric Uncertainties), mot thudt todn mdi cho vige lya chon thuge tinh gom cum theo tiép cin phin cip. MAX-
MEAN-SU sir dung D6 khong chic chin déi ximg (Symmetric Uncertainty - SU), mdt d do cia L§ thuyét thing tin
<50 phep lugng hoa mic df twong quan lin nhau gitta hai thube tinh. Thude tinh gom cym duge chon 1 thuc tinh ¢6
40 mromg quan trung binh v cde thude tinh khic lén nhit. U diém caa SU so voi D loi théng tin (Information Gain -
I6), 1a SU khdng thién vj ede thuge tinh e6 nhiéu gid tri. D& d4nh gié va so sinh MAX-MEAN-SU vé&i ba k¥ thugt dya
==n Iy thuydt ]Lﬂz théi, chiing 16i sir dung khai nigm “P0 twong tu trung binh bén trong céc cym” cua mit phép gom cym
&5 do luimg chat lvong gom cum cia mdi thude tinh duge chon bai mi phuong phip. Két qua thue nghiém cho thiy
it lugng gom cym cua thude tinh chon duge bing phiang phap MAX-MEAN-SU 14 cao hon so véi cac thuge tinh
<hon bai cic phuong phap TR, MMR vi MDA, Do d6, MAX-MEAN-SU eb thé duge sir dung nhir 1d mét ki thuat
8520 qua lya chon thudie tinh rong phiin eym phén cdp,

1. CAC KHAI NIEM COU BAN

Muc ndy s¢ trinh biy mt cich viin tit mt s6 khdi niém lién quan dén Ly thuyét @p tho [14] va Ly thuyét thong
sn [16].

Mgt tip dit li¢u gom cym c6 thé duge biéu dién dudi dang mét bing, trong do mdi hang bicu dién mgt doi
song. mt truémg hop hay mot su kién, mdi cot bidu dién mdt thudc tinh, mit tinh chit hay mét so do ¢6 thé do dugc
fwen moi doi tugng, Trong 1§ thuyét tip tho, mGt bang dir liéu nhu viiy duge goi 1d mit hé thng tin. Mot cach hinh
ure, ngwii ta dinh nghia hé théng tin nhu sau,

Binh nghia 1. H§ thong tin 1a mit bo i S = (U, AV, ), trong 46 U 13 mt 1§p hiru han, khing rong cdc ddi nrgng, A
1 mgt tip hiru han, khong rong cic thude tinh, ¥V = Ugea Vo w01 ¥ 18 tiip 1at ca cde gid t cua thude tinh a, va f: U x
4 = V la ham thong tin, gin gid trj f(u,a) € V, cho mdiedp (u,a) E U X A .

Dinh nghia 2. Cho § = (U, A,V, f) 12 mjt h¢ thang tin, B < A. Hai phin tr x, ¥ € U duge £oi 1a B-khong phan bigt
duge trong S néu vi chi néu flx,a) = f(y,a)védimpia € B,

Ta ky hiéu quan hé khing phin bigt sinh boi tip thudc tinh B bai IND(B). Dé thdy, IND(B) li mit quan hé
nsomng dwong va nd sinh ra mdt phiin hogeh (mét phép gom cum) wén U, Phian hoach teén U/ sinh bai IND(B) wrong
3= (U, AV, f) duge ky hiu |a my vé lop twomg dwong trong g chita x € U, duge ky hiéu 1a [x],.

Binh nghia 3. Cho § = (U, A, V, £) 1a mdt hé thong tin, BS Ava X © U, Baxfapxi durdri ciia X, ky higu 1 B(X), va B-
Xp xi trén cia X, ky hidu 14 B(X), duge dinh nighia twomg img nhr sau:

B(X)={x e U|[x]z € X} and B(X) =[x € U] [x]y nX = ) (n

Dinh nghta trén noi ring néu ddi tugng x € BX thi nd chdic chdn thude vao tip X, con khi x € BX thi nd co thé
thude vio dp X. Hién nhién, ta ¢6 BX © X € BX. X duge goi 1 dinh nghfa duge néu BX = BX. trwémg hop nguoe lai,
¥ duge goi I tip thd v B-bién BNy (X) = BX — BX.

Dinh nghia 4. Cho § = (U, A, ¥, f) 1 mt hé thing tin, B < A va X € U, B chinh xic cia xp xi X thong qua B duge
dinh nghia bii
X lex] (2)
[ =
o 1By

Trong sudt bai bio niy, |X| ky hiéu sé phin tir eia p X,

Hien nhién, 0 < ap(X) £ 1, Néu ay(X) = 1, thi BX = BX, B-bién cia X 14 tip rbng, va X 1 tap ro dbi vén B,
Néw @y (X) < 1, thi BX © BX, B-bién ciia X 1 khic rong, vi X 14 tép th déi voi B,

Binh nghia 5. Cho § = (U, A.V. f) 1d mjt hé thing tin, B € A va X © U, D thé {roughness) cua X doi vai B duge
dinh nghia 14

_ B
[B00)]

Dinh nghia 6. Cho S = (U, A,V, ) la mdt hé thong tin, Vi P,Q € A, ta néi @ phy thude vio P véi mirc k (0 < k <
1), ki hidu P =, Q, néu

pelX) =1 (3)

_ Zrengl2 (X))

ARESSST o
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Binh nghia 7. Cho § = (U, A, V, ) 1d mt hé thong tin, P € A, Gia sir P sinh ra phin hoach mp = (P, Py, o By ) trén
i1, Khi d6, entropy cia P duge xac dinh bai

m
E(P) == Pr(P)log.Pr(P) (5)
=1

trong 46 Pr(P;) = |PI/IW], = 1,2,...,m va quy dinh Olog,0 = 0,

Dinh nghia 8. Cho § = (U, A,V,f) 1d mdt hé théng tin: P,Q € A, my = (P, Ps..... P}, v mp = {04, 0z, .. 0L, )-
Entropy ¢ didu kién cua Q déi voi P durge dinh nghia boi

E(QIP) = = ) Pr(R) )" Pr(q|P)logPr(¢;|) (®)
=t

f=1
wong 46 Pr(Q,|R) = [Xin¥|/|y]. i= 12, ..omvij=12,....n

Dinh nghia 9. Cho 5= (U, AV, f) & mdt hé thong tin. P,Q S A mp = (P, Pov . BuL wil g = {01, 0z s Qu ).
Entropy déng thi coa P va @ duge dinh nghia bei

E(,Q) == ) Pr(P,Q))logPr(.Q)) )

=1 f=i
rong 46 Pr(P, Q) = |X, n Y| /|Ul. i = 1.2,..,m vij = 1,2,...,n.
Tir cdc cong thire (5), (6) va (7) ta co
E(QIP) = E(P.Q) — E(P) ' (8)
Bjnh nghia 10. Cho § = (I/,A,V, f) 1a mdt hé thong tin; P,Q € A, mp = {Py, Py, Py). v mg = {01, Qa, 00, 0y )
Thong tin twomg hd (Mutual information) gitta P va @ duge dinh nghia boi
I(P;Q) = E(Q) - E(QIP) = E(P) ~ E(P|Q) = E(P) + E(Q) — E(P.Q) (9)

Djnh nghin 11 [16] Cho S= (U, AV.f) la mit h¢ thong tin; P.QS A, mp={P,Py...By). Vi 7y =

(Q1, Q. .. @y ). DO khing chiic chiin dbi ximg (Symmetrical uncertainty - SU/) gitta P vi @ duoe dinh nghia b
P9

E(P)+E(Q)

SU 1a mit dé do chudn hoa, cho phép lugng hoa sir phuy thuée lin nhau cia hai thue tinh P va Q. SU cho phép
phan anh mire 4§ nremg quan ngay ca khi sy trong quan gilta P va Q khing phai 1a tuyén tinh [16]. Gid trj cia di do
ndy nim trén doan [0,1]. Néu SU bing 1, thi gid trj cla thude tinh niy s& hoin todn dy doin dupe néu bidt pid tri cua
thude tinh kia; trwomg hop SU bang 0, hai thude tinh P va @ 13 die ip nhau,

SUPQ) =2 (10)

L. BA KY THUAT DUA TREN LY THUYET TAP THO

Cho § = (U, AV, f) 1d mjt h¢ thong tin, a; € A, V(a;) I tp cic gia tri coa thude tinh a,; X(a, = @) 1 tip
¢he di tugng co cing gid trj thude tinh a; 13 @, nghia 13 X (a; = @) 13 mdt lop nrong duang trong U sinh béi quan hé
khang phan biét IND(a,): X, (a; = @) la xip xi duéi, vi X, (a; = @) I xdp xi trén ciia X(a; = a) ddi vdi a.
A. Ky thugc TR ( Toral Ronghness) [12)
Input: Tap di lidu gom cym (Hé thing tin) 5.
Output: Thuie tinh gom cum,
Begin

Bude 1: Tinh cdc lap tuong dinmg sinh bii quan hé khéng phén biét trén mdi thudc tinh.

Burde 2: Vi mdi thuge tinh @ xde dinh d thd trung binh Reugh, (a,) cia no doi véi mdi thude tinh @) voi

| # i, theo cong thirc
EH:!”RW{XIEI =ay)
IVial

Rough, J (ad= (11)
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’anta, =JI)|

-Ru X i+ A ——— ]
.I'( | a =a) xﬂj{ui = ﬂ]r

(12)

Bude 3: V6i mdi a; € A tinh a9 thd toan phin ciia nd dbi vdi moi a, i # j, theo cong thi
ZEL:LI}ME-}J Rough, (a;)

|4] —1
Butc 4. Chon thude tinh a] cho gia trj TR 16n nhit 1dm thude tinh gom cym, nyhia ki

a; = argmax, c,(TR(a)) (14)

TR(a,) = (13)

AT thugr MMR (Min-Min-Roughness) [13]
Tap dit litu gom cum (HE thing tin) 5.
: Thuge tinh gom cym.

Swoc 1t Tinh cée lop twong duomg sinh boi quan hé khong phin biét trén mdi thue tinh.

Buoc 2: Vi moi thude tinh a; xic dinh d thd trung binh Rough, ’ (a;) cua nd dbi vai mdi thude tink ay v
f = i, theo cong thirc

Temr Ry (X | @y = )
Rough, (a,) = 2 15
i VG e
e Ao
: Xﬂjiqf =3 “]'
Hu,-'[Xfﬂx=ﬂ'}= ) R — ——— (16)
¥, (e =)
Buoe 3: Vi moi a; € A tinh d§ thd nho nhét cia n6 MR(a;) theo cong thire
MR(a;) = e (Raughuj {a,}) (17)
Bude 4. Chon thuge tinh a; cho gid trj MR nhd nhit lam thude tinh gom eum, nghia 1
a; = argming e {MR(a, )} (18)
Emt
L KT thudt MDA (Maximum degree of Dependency of Attributes) |8]
Mgt Thip dix liéu gom cym (HE thong tin) S,
Wspet: Thudc tinh gom cum.
e
Sudc 1: Tinh cde 1ép tromg duomg sinh boi quan hé khong phin bi¢t trén mdi thudc tinh,
Buoe 2: Vi mbi thuge tinh a; xéc dinh dd phy thue cia a; vio méi a ; Vi f # i, theo cong thire
Zxeusa; jaX '
Yaylay) = —r=— (19)
Bude 3. Chon 49 phy thudie Iém nhit MD(a,) cta mbi thuge tinh a, (a, € A) nhir sau
MD@) = max | (1 (a) (20)

Bude 4. Chon thue tinh aj' cho gia trj MDD lém nhat 1am thude tinh gom cym, nghia la
aj = argmax;,ea{MD(q))} (21)
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IV. K¥ THUAT MAX-MEAN-SU

Muc nay d¢ xuit MAX-MEAN-SU, mdt k¥ thuit dya vio d khong chic chin déi ximg trung binh lon nhit
(Maximum Mean of Symmetric Uncertainties) dé lya chon thude tinh gom cum,

Pijnh nghia 12, Cho § = (U, A,V, f) 1a mit hé thong tin, vi a; € A ld mdt thude tinh, DG khéng chic chin déi ximg

trung binh gifra @, vii mdi a; € A, [ # {, dwge xic dinh bai

EL':,'MMSU(EEI,_HJ)
4l =

Rd ring, néu gid tri MSU ciia mit thude tinh ndo do cang cao thi tinh dai dién cia no cho cic thude tinh cdn lai
cing 1én. l'lu do, neu sir dyng né dé gom cym thi chit lugng pom cum thu duge s& cang cao, Dya vio dinh nghia trén,
chimg t6i dé xudt thudt todn gom cum MAX-MEAN-SU nhy sau,

Input: Tip dir ligu gom eym (HE théng tin) S.
Output: Thudc tinh gom cym.
Begin
Bude 1. Tinh cac lop twong dwong sinh bai quan hé khong phin bigt rén mdi thudc tinh,
Bure 2. Vi moi thude tinh @, xde dinh dd khong chic chin dbi ximg SU(a;, @) gita a; vi mdi a,  # i theo

M5t (a;) = (22)

cong thire
I(ﬂ;: ﬂ}]
Shaua) =2 % ————L— 23
| () =2 X Fa) + £(@) =
| Bure 3. Tinh d§ khing chic chin abi ximg trung binh MSU(a,) cia mbi thude tinh a; € A nhr sau
Al S (a e
MSU(a;) = M (24)

Al =1
Burde 4. Chon thude tinh @] cho gid trj MSU Iém nhéit lim thude tinh gom cum, nghia 1
aj = argmax, ea{MSU(q;)}
End
Ta hity minh hoa thut toan Max-Mean-SU biing mt vi dy.

Vi dy. Bang | md ta tip dir liéu Animal world 14y tir [8]. Tap dit liéu nay gdm 9 ddi tuong véi 10 thude tinh: Animal
Hair, Teeth, Eye, Feather, Feet, Eat, Milk, Fly va swim,

Bing 1, Tip dir lidu “Animal worfd™

Animal | Hair | Teeth | Eve Feather | Feet | Eat | Milk | Fly | Swim
Tiger Y | pointed | forward N claw | meat [ 'Y | N o
Cheetah Y | pointed | forwand N claw | meat | Y | N ¥
Giraffe Y blunt side N hoof | grass | Y N N
Zebra Y | blum side N hoof | grass [ Y | N N
Ostrich N N side ¥ claw | grain | N N N
Penguin N N side ¥ web | fish N N g
Albatross | N N side ¥ craw | grain | N Y W
Eagle N N forward Y craw | meat | N i N
Viper N | pointed | forward N N |meat| N | N N

Trude tien, ta lam viée vai thude tinh Hair. Phin hogeh coa [ sinh bai Hair 14
Myair =1 {Tiger, Cheetah, Giraffe, Zebra}, {Ostrich, Penguin, Albatross, Eagle, Viper}}.
Taco

A 4 5
E{Hair) = Iugz 5" 5 !agz =0,991.

Phin hogch cua U' sinh b Teeth ]1&
Mranen =1 {Tiger,.Cheetah,Viper| . | Giraffe. Zebral {Ostrich. Peneuin: Albatross. Eagle! |
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3 Fig 2 4
E(Teeth) = —E’-Iag! 3 —Efngz 3" §£032§ = 153,

Phan hogeh cia U sinh b {Hair, Teeth! 1a
Tiptair.reern) = | {Tiger, Cheetah}, {Giraffe, Zebra}, {Ostrich, Penguin, Albatross, Eagle} [Viper) )

2 2 2 2 4 4 1 1
E({Hair, Teeth) = =5 log,s 575 log, 375 log; 979 log, 5= 1,837.

Ap dung cong thirc (9), ta cd thong tin twomg hd gira Hair vi Teeth nhu sau

I(Hair; Teeth) = E(Hair) + E(Teeth) — E(Hair, Teeth) = 0,991+ 1,53 — 1,837 = 0,684 .
Ap dung cng thirc (10), ta c6 46 khong chiic chiin dbi ximg gitva Hair vi Teeth nhir sau

{(Hair; Teeth) e 0,684

E{Hair) + E(Teeth) 0,991 + 1,53
Bang cich tirong ty, ta ¢6 thé thu dwge 40 khng chic chiin d6i ximg gita Hair va céc thuge tinh khic:

SU{Hair,Eye) = 0,007, SU(Hair, Feather) = 0,595, 5U (Hair, Feet) = 0,341,

SU{Hair,Eat) = 0,387, SU(Hair, Milk) = 1, SU{Hair, Fly) = 0,256, SU{Hair, Swim) = 0,007,
D4 khéng chic chin dbi ximg trung binh MSU cua thuge tinh Hair durge tinh theo cdng thire (22) nhir sau

0,543 + 0,007 4+ 0,595 + 0,341 + 0,387 + 1 + 0,256 + 0,007
MSU{Hair) = = = =10,392,

Bing qué trinh tuong ty nhu d5i véi Hair, ta ¢6 theé tinh todn véi cic thude tinh khic. Gid tr| MSU cda it e cic
#hude tinh duge trinh bay trang Béng 2.

Biing 2. D§ khng ehiic chiin ddi ximg vi @) khang chic chin trung binh gita cic thuge trong Bang 1

SU{Hair, Teeth) = 2 ={,543.

Thuge tinh i MSU
Hair | Teeth | Eye | Feather | Feet | Eat Milk | Fly Swim
Hair 1| 0,543 | 0,007 | 0,595 | 0,341 | 0.387 1| 0,357 | 0,007 | 0.392
Teeth 0,543 L[ 05| 078 | 0,622 | 0,695 | 0,543 | 0.279 | 0,191 | 0.520
Eve po07 | 05 1| 0,092 | 0,341 | 0,701 | 0,007 | 0,003 | 0,007 | 0207
Feather 0,595 | 0,786 | 0,092 1| 0,341 | 0,446 | 0,395 | 0,364 | 0,007 | 0.403
Feet 0341 | 0,622 | 0,341 | 0,341 10,743 | 0,341 | 0,186 | 0,341 | 0,407
Eat 0387 | 0,695 | 0,701 | 0.446 | 0,743 10387 | 0,14] 0230466
Milk 10,543 | 0.007 | 0,595 | 0,341 | 0,387 1] 0257 | 0,007 | 0,392
Fly 0,257 | 0,279 | 0003 | 0,364 | 0,186 | 0,14 | 0257 1| 0,003 | 0,186
Swim 0,007 | 0,191 | 0,007 | 0,007 | 0341 | 023 | 0.007 | 0.003 1 | 0,099

Tir Bang 2, ¢o thé thiy thude tinh Tecth o6 gid trj MSU 1ém nhit. do dé Teeth dirgre chon lam thude tinh gom cum
=en thugt todn MAX-MEAN-SU,

V. PANH GIA THU'C NGHIEM

A Tiéu chudin ddnh gid

Cac ky thuit TR, MMR, MDA vi MAX-MEAN-SU sir dyng cdc phuong phap khac nhau trong viée lya chen
Sugc tinh gom cym. BE do dac duge mdt cich chinh xde chit lugng gom cym ciia cde thuge tinh duge chon b che ky
it khic nhau 13 cong viée khong dom gidn. Vi muc tiéu coa phiin tich gom cum 1a nhom cie ddi tuong ¢ ciing céc
&5¢ g, ching 6i sir dung do fiomg fur trung binh trong mai cum {average intra-class similarity) dé dinh gid chit
“aong gom eum cua cac thude tinh duge chon;
Binh nghia 13. Cho h¢ thong tin § = (U, A, V, f) va gid sir tit ci cic thuée tinh trong A déu 1 nhirmg thude tinh pham
. Khi d6 do trong tu cua hai d6i wrong x; v x; trong U duoe dinh nghia nhy sau:

e [{ter e A}{f{xn alu = [ a] i
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Dinh nghia 14. Cho h¢ thong tin § = (U1, 4, V, f), Gia six d; E A duge chon lam thude tinh gom cum v phép gom cum
(phén hopch) sinh ra biri a; la Ty = (X1, Xz 0, Ko} rong do X, = (x5, 2,5, wor Xgth 1= 1,2, ., m. Néu |X,| > 1 thi
46 turong 1 trung binh (AS) coa dbi twgng x;; voi cac dbi twgng khic trong X, dwge dinh nghia nhur sau:

1%l
Erc'-:hmq.s[-'fur-“:k)

|X|i =
Dinh nghia 15, Cho hé thing tin § = (U, AV, f). Gid sit @) € A duge chon lam thude tinh gom ¢ym vi phép gom cum
(phdn hoach) sinh ra béi a; 1a Ta; = X0, Xy s Xy} trong d6 X, = e ...,x,w].f =12, ...m. Khi d6, 46 tuong
ty bén trong ( 5} cia cym X dugre dinh nghia bai:
1 néu [Jl’gi =7,
C5(x) = T as(x, 27)
) #F# trong cac trudmg hop khédc §
|

Binh nghia 16. Cho hé théng tin § = (LA, ). Giasic @; € A duge chon lim thude tinh gom cum vi phép gom cum
(phin hoach) sinh ra bai a, la Mo, = {Xy, Xp0 e, Xy} trong d6 X, = {xuaxiz....,.x_ﬂ.!‘ﬂ}- i=12,...m. Dd tiwmg tr
trung binh bén trong cum (ACS) cia phép gom cum tao ra ban a; duge dinh nghia bai:

™
ACS(a;) = &Jif—{ﬂ : (28)

B tromg tir trung binh bén trong cym (ACS) cang cao thi ghit lugmg gom cum caa thude tinh Eom eum durge
chon cing 1én.

B. Dit ligu va két qud tink todn dank gig
D¥é danh gid va so sanh MAX-MEAN-SU v cic k¥ thujt TR, MMR, MDA chiing 16i da sir dyng bon tip dit
lidu:
Animal world iy tir t4i liéu [8], duge trinh bay & Bang 1,
Zoo Iy tir UCI database, ¢6 101 déi tong, trinh bily théng tin vé cée lofi thi thong qua 18 thude tinh,
Soybean Idy tir UCT database, ¢6 47 di nrong, 35 thudc tinh vi mét thude tinh phin 1Gp.
Statlog (Heart) lay tir UC database, ¢6 270 d6i nong, 13 thuge tinh vis mot thude tinh phin lop.
Chitng 51 da lp trinh ca bon ky thuat TR, MMR, MDA vi MAX-MEAN-SU béing ngén ngir R voi sy hé trg
cua goi chuong trinh “RoughSets™,
Bing 3 thing ké cac thude tinh gom cum duge Iya chon béi cic ki thugr trong mdi tip dir ligu.
Bing 3. Cic thude tinh gom cum durge chon bisi ede k9 thugt tromg moi tip dir lidy

Datasets
Animal world Zoo Soybean Statlog (Heart)
TR Hair Feathers | Plant-growth Serum cholestoral
MMR Hair Feathers | Plant-growth Serum cholestoral
| MDA Hair Feathers | Plant-growth Serum cholestoral
| MAX-MEAN-SU | Teeth Type Class Class

Tir Bang 3, co thé thiy trong cd bén tap dir lidu xem xét, ba thudt ky thudt TR. MMR and MDA déu chon ciing
mit thuge tinh. K thujt MAX-MEAN-5U cia ¢hiing 161 chon thuge tinh khic trong cd bon tip di lidw.

By 10, ching ta hiy danh gid chit lugng gom cum cis cde thuge tinh khic nhau dwge chon bai TR, MMR.
MDA vd MAX-MEAN-SU trong bén tip dir ligu, thong qua tinh 1odn d teomg tr trung binh bén trong cum (ALS),

Dé minh hoa edng vige tinh todn 46 tuong e trung binb bén trong cum (ACS) ciia phép gom cym tao ra béi man
thude tinh, ching ta Idy thude tinh Hair trong 1dp dir liéu “Animal” lim vi dy.

Phiin hogch cia tip dong vt U/ sinh boi thuge tinh Hair gdm hai lop tiromg duong;
Xy = X(Hair = Y} = {Tiger, Cheetah, Giraffe, Zebral,
Az = X(Hair = N) = {Ostrich, Penguin, Albatross, Eagle, Viper).
Ap dung cong thite (25), ta co
s(Tiger, Cheetah) = 1, s(Tiger, Giraffe) = 0,444, s(Tiger, Zebra) = 0,444,
Ap dung cs‘ing thire (26), ta ¢6 do tuomg te tring binh cia Tiver véi che done vit khie rona ¥ 14,
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14+ 0444 + 0.444
3
r Bang thye hién qui trinh tinh toan twong by, ta thu dirge d6 trong tr trung binh cia eic ddng vt khic trong X,
i kit qua tinh todn cho trong Bang 4.

AS(Tiger) = = (.630

Bing 4. DG nromg nr, AS v CF ot cde ddng viit trong X, sinh ra béd Hair

Animal | Tiger | Cheetah | Giraffe | Zebra | AS cs
Tiger 1.000 0444 | 0444 | 0.630 | 0630
Cheetah | 1000 0444 | 0444 | 0630
Giraffe | 0444 | 0.444 - 1.000 | 0,630
Zebra | 0444 | 0444 1.000 - 0.630

Ap dung cong thite (27), 36 tuomg tu bén trong cia Xy duge xdc dinh nhur sau.
0.630 + 0.630 + 0.630 + 0.630
£5(X,) = y
Béng cich twong ty. ta thu dwoc CS(X,) = 0.544,

Cudi cing, sir dyng cdng thire (28), ta thu dwoc 46 trong te trung binh bén trong cum (ACY) clia phép gom cym
s=h bon Hair 1d:

= 0.630

0.630 +0.544

ACS(Hair) = = 0587,

Bing cdch tuong tir, ching t6i 44 tinh toan duge 36 tuomg ty trung binh bén trong cum (ACS) cia phép gom
cwm sinh bai Teeth trong “Animial world”, bii Feathers va hin Type trong Zoo, bat Plant-growth va bon Class trong
Senbean, boi Serum cholestoral v bai Class trong Statlog (Heart), Két qua tinh toan thu duge cho trong Bang 5.

Bang 5. B womg ty trung binh bén trong cum (ACS) cia cée thude tinh

l. Thude tinh duye chon v gid iri ACS cia nd
trén Animal trén Zoo trén Sovbean trén Statlog (Heart)
world
TR Hair 0.587 | Feathers 0.740 | Plant-growth 0.681 | Serum cholestoral 0.553
| MMR Hair 0.587 | Feathers 0.740 | Plant-growth 0,681 | Serum cholestoral 0.553
| MDA Hair 0.587 | Feathers 0.740 | Plant-growth 0.681 | Serum cholestoral 0.553
MAX-MEAN-SU | Teeth 0.784 | Type 0.866 Class (L.B53 Class 0.606

Cée két qui tinh todn trong Bang 5 cho thiy chit lugng gom cum cia cde thude tinh duge chon bii MAX-
MEAN-SU 1 161 hon chit lwgng gom eum cia céc thude tinh duge chon bai TR, MMR and MDA techniques.

VI KET LUAN

Giin dity, mt s6 cong trinh 4p dung 19 thuyét tip thé vio vige lya chon thue tinh gom cum theo tiép can phin
<5 43 duoe de xuat boi mt 50 tic gid. Trong bii bio nay, ching 16i xem xé ba ky thuft dyra trén |y thuyét tip tho: TR
(Toeal Roughness), MMR (Min-Min Roughness) vd MDA (Maximum Dependency Attribute), vd dé xuit MAX-
MEAN-SU (Maximum Mean of Symmetric Uncertainties), mit thudt toan mai cho viée lia chon thude tinh gom cum
S0 tiép cin phin cip. MAX-MEAN-SU sir dung D6 khong chic chin dbi ximg (Symmetric Uncertainty - SU), mot
& Jo cua Ly thuyét thong tin cho phép hrong héa mire dé twong quan 1n nhau gittn hai thude tinh. Thude tinh gom
s durge chon i thude tinh ¢ dé trong quan trung binh v cae thuge tinh khic 16m nhit Un diém cia SU so véi DG
4= thang tin (Information Gain - G ). 18 SU khéng thign vi ede thuge tinh o6 nhicu gid irj. Pé danh git v so sdnh
MAC-MEAN-SU v ba ki thudt dua trén 1y thu;z tip thd. chimg 161 sir dyng khai nigm “D6 tuomg tr trung binh bén
Soeg che cym” cda mdt phép gom cum dé do leimg chat lugng gom cym cua méi thude tinh duge chon bl moi
pissomg phip. Két qua thye nghiém cho thdy chit lwgng gom cum ciia thude tinh chon dirge biing phirong phip MAX-
MEAN-SU la cao hon so véi cac thuge tinh chon boi cée phuong phap TR, MMR va MDA, Do d6, MAX-MEAN-SU
& the duyge st dung nhu 13 mot k¥ thudt higu qua va chon thude tinh trong phin cum phin cép.
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AN APPROACH FOR SELECTING CLUSTERING ATTRIBUTE
USING INFORMATION THEORY

Pham Cong Xuyen. Nguyen Thanh Tun I

ABSTRACT: Clustering problem appears in memy different ayreas. The basic objective of clustering iy to growp obfects i clusters
so that objects in the same cluster are more similar (o one anather tan they are to pbjecty in other clusters, Reeenly, niasy
researchers have contributed to categorical dara clustering, where data objects are made up of cotesorical autributes. in purticular
hierarchical clustering categorical duta uxing. the rough set theory has attracted much attention, The Ry o these approaehes is haw

to select one attribute that iy the best to eluster the objects at each time fram many candidares of attributes.

In tiis paper. we review three rough vei hased technigues: TR (Total Roughness), MMR (Min-Min Raughness) and MDA (Maxinmon
Dependency Anribute), and propose MAX-MEAN-SU (Maximum Mean af Summeric Uncertainties), an alternative algorithm for
Hhierarchical clustering attribute selection. MAX-MEAN-SU res S0 (Symmerrie Uncertainiv), a measure of information theory that
aliows o quantific the degree of mutual corvelation betwesn two atiributes, to determine the clustering attribiute so that ity average
correlation with other attributes veaches its imaximum value. To eviduare aned compire MAX-MEAN-SU with three raugh sef bavad
techniques, we vse the concept of average intra-class similarity to ineasure the clustering gualie of vach attribute which ix cliasen
by euch method. The experiment results show that the clustering quality of the attribute selected v our methad is higher than that of
aifributes selected by TR, MMR and MDA methods, Therefore, MAN-MEAN-SU can be used as an effective technigue o select
attributes in hieravehical clustering of categorical dara,

Keywords: Clustering. Categorical Data, Hierarchical Clustering, Rough Set Theory, Clusiering Attribute: Selection, Syrirtetric
Ulneertainty.
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