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TOM TAT: Lira chon thudc tinh |a véin dé rdt quan trong trong phan |ép va gom cum dit liéu Va rdt kho gidi quyét khi sé lwong cdc
thugc tinh trong tap dir liéu hudn luyén la rat Iom.

Bai bao nay trinh bay mét phirong phdp Ira chen thugc tinh théng qua gom cum si dung mét metric ddc bigt, 46 1a mét bién
thé cuia thong tin trong ly thuyét thong tin, va thudt toan k-medoids. Khi cac thuge tinh dé dirgc gom thanh cac cum, cac thuge tinh
trong cling mgt cum sé firong fir nhau, mét thuge tinh ciia mgt cum cé thé dai dién cho céc thugce tinh khac trong cum; tdp cac thugc
tinh dai dién ciia cac cum c6 thé duoc ldy 1am tap thugc tinh rit gon thay cho tap tat ca cac thugc tinh c6 trong tap di liéu ban dau
dé thyre hién nhiém vy phan 6p cde déi twong. Thudt todn lira chon thuge tink theo phiong phdp dé xudt ciing dirot xay diyng va cai
dat. Két qua thuc nghi¢m cho thdy phirong phdp d@é xuat c6 kha ndang lwa chon thugc tinh phan 1ép véi dé chinh xéc kha cao, khi sé
k cum can gom duoc lya chon mot cach thich hop. Ngodi ra, phirong phdp dé xudt c6 nhiing wu diém quan trong, dé la gitip nguoi
sik dung c6 thé hiéu duoc cdu tric cua tap di lidu can phan tich va mize dé quan trong neong doi giira céc thugc tinh.

Tir khéa: Lira chon thugc tinh, Gom cum thugc tinh, Phan 16p, k-medoids, Bi¢n thé cuia thong tin.

1. MO PAU

Cung v&i su phat trién manh mé& cua khoa hoc may tinh, Internet va mot sé nganh khoa hoc méi nhu Tin-sinh
hoc (Bio-informatics), kich thudc cua nhitng co sé dit liéu con ngudi thu thap dwoc ngay mot 16n. Didu nay lam cho
cac thudt toan khai pha dir liéu ciing nhu cac thuat toan hoc truyén thdng trd nén cham chap, khong thé xir 1y thong tin
mdt cach hiéu qua.

Rut gon thudc tinh (attribute reduction) hay con goi 1a rat gon dic trung (feature reduction) 13 qué trinh nhim
thu gon s6 thudc tinh mo ta cac dbi twong mau ma khong lam mat di kha niang phan biét. Rut gon thudc tinh mang lai
nhiéu loi ich cho viéce hoc tir dit liéu, chéng han cai thién chét luwong dit li¢u, giam bot chi phi tinh toan, tranh dugc hién
tuong qua khop (overfitting), lam ting do hiéu qua dy doan,.... Do d0, trong nhitng nim gan day, nghién clru cic
phuong phap rat gon thudc tinh da tré thanh dé tai thu hut sy quan tim cta nhiéu nha khoa hoc. Rt gon thudc tinh da
va dang duoc ing dung rong rii vao nhiéu linh vic khac nhau nhu Tin-sinh hoc, phéan loai vin ban, phuc hdi anh, phat
hién xam nhap mang, ....

Cho dén nay, nhiéu phuong phap rat gon thudc tinh da dugc dé xuat. Nhin chung, ching c¢6 thé dugc chia lam
hai loai chinh [10, 21]: lua chon (selection) thudc tinh va Bién doi (transform).

Bién ddi thudc tinh 1a viéc tao ra mot sé lwong it hon cac thude tinh méi tir cac thude tinh ban dau. Phan tich
thanh phén chinh va phan tich thanh phan ddc 1ap 1a hai phuong phép bién dbi thude tinh thuong duoc s dung [10].
Théng thudng, cac phuong phap bién ddi thude tinh cho phép rat gon thudc tinh xubng mirc ti thiéu. Tuy viy, cac
phuong phap nay c6 hai nhuge diém quan trong, d6 1a doi hoi khdi lugng tinh toan 16n va cho két qua kho 1y giai.

Lua chon thudc tinh 1a qua trinh chon ra mét tap con tur tap thude tinh ban dau can ctr vao kha nang phan biét
cac dbi tugng cta cac thudc tinh. Trong qua trinh tim 10 giai cho mot bai toan phan 16p, lya chon thudc tinh 1a budc vo
cung quan trong; myc dich cta né 1a tim ra tap thudc tinh rat gon cuc dai hoa kha ning nhan dang mau. Khai niém tap
thudc tinh rit gon duoc sir dung trong nhiéu linh vyc. Ching han, trong 1y thuyét tap tho ciia Pawlak [13, 17]. Véi mot
tap dir li¢u cu thé, co thé ton tai nhiéu tap thudc tinh rit gon. Mot tip thude tinh rat gon duoc goi la t6i tiéu néu no
khong thé rat gon dwoc hon nita. Tim mét tap thudc tinh rat gon tdi tiéu 12 bai toan NP-kho [17]. Nhiéu nha nghién ctru
da dé xudt cac phuong phéap tim tap thudc tinh rat gon x4p xi, ttc 1a tap rat gon chip nhan mot do dung sai nhat dinh.

Nhin chung, c6 bén loai phuong phap Iya chon thudc tinh di dwoc nghién ctru, d6 13 géi gon (wrapper), loc
(filter), toi wu muc tiéu tryc tiép (direct objective optimization) va gom cum thugc tinh (attribute clustering) [10, 5].
Thuét toan kiéu 201 gon 1a thudt toan chon ra nhirng thudc tinh ¢6 hiéu nang du doan cao dugc danh gia théng qua viéc
dap dung mét thudt todn hoc cu thé. Do ldy kha ning du doan lam tiéu chuan xem xét, cac thuat toan gbi gon c6 thé cho
két qua lya chon t6t hon cac thuat toan khac. Tuy vy, vi mdi thut toan kiéu g0i gon gén lién voi mot thuat toan hoc
cu thé nén ching thudng 1a cac thuat toan khong tong quat, lai doi hoi mot khdi lugng tinh toan l6n, do d6 khong kha
thi d6i v6i cac co so dir liéu 16n. Nguoc lai véi phuong phap kiéu goi gon, phuong phap loc chu yéu tim ra tap thudc
tinh rat gon tir khong gian cac thude tinh ban dau dva trén mot tiéu chuan danh gia da cho. Tiéu chuin dénh gia nay
doc lap voi thudt toan hoc. Do hiéu qua vé mit tinh toan, phuong phap loc thuong dugce st dung khi co s dit li€u ¢
kich thuéce 16n. Gén day, Rodriguez va cong su [6] da dé xuét mot phuong phap tién tién cho phép chuyén bai toan lwa
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chon thudc tinh vé bai toan tbi wu hoa kinh dién. Cudi ciing, phuong phap gom cum thude tinh sir dung mot y tuong rat
d& hiéu, d6 1a thay thé mot cum cac thudc tinh “twong tw nhau” bang mot thudc tinh trung tam [1 5]. Tuy nhién, ddi véi
loai phuong phép nay, c6 hai van dé cbt 15i can phai duge xem xét mot cach k¥ cang, d6 1a viéc Iya chon ham do do
tuong ty va thuat toan gom cum s€ st dung. Ham do d6 twong tu do dac muc dg tuwong ty gitra hai thudc tinh trong
khong gian cdc thudc tinh; thuat toan gom cum gom cac thuge tinh thanh cac nhom sir dung ham do d6 tuong tu da
chon. Phuong phép lya chon thudce tinh thdng qua gom cum ¢6 cac uu diém rat quan trong, d6 la gitip ngudi st dung c6
thé hiéu rd hon cau tric cia tap dir liéu can phan tich, mirc d§ quan trong tuong dbi giira cac thudc tinh, mo ra kha
nang cac thudc tinh trong ciing mot cum c6 thé thay thé cho nhau khi mot thudc tinh nao d6 c6 gia tri bi thiéu.

Gan day da c6 mot s6 cong trinh nghién ciru phuong phap lya chon thudc tinh théng qua gom cum. Trong [7],
R. Butterworth va cong su da sir dung Barthélemy-Montjardet metric va thuat toan gom cum phan cip AGNES dé gom
cum thuge tinh. Trong [1], T. Hong va Y. Liou da dé xut cach tiép can bai toan lya chon thudc tinh thdng qua gom
cum St dung d6 phu thudc tuong dbi gitta cac thudc tinh va thuat toan k-means. Phuong phéap nay cho phép tim dugc
mdt tap thude tinh rat gon xap xi cho viéc phan 16p, dong thoi nhom duge cac thude tinh co df tuong tu cao vao cling
mét cum. Mot phuong phép lua chon va thay thé thude tinh sir dung y twéng tuong tu ciing da duge T. Hong va cong
su trinh bay trong [3]. Nham néng cao hiéu ning cua thuat toan da trinh bay trong [1], trong [2] va [4] T. Hong va
cong sy da dé xuat mot phuong phap gom cum thude tinh méi sir dung do thay thé thay cho d¢ phu thudc giira cac
thudc tinh, thuat giai di truyén (GA) va thuat giai di truyén nhom (grouping genetic algorithm - GGA) thay cho thuat
toan k-means dé lwya chon thudc tinh. P9 thay thé ciia mot tap con thude tinh trong dir liéu huin luyén la d¢ chinh xac
cta né trong phan 16p. Cac thudc tinh s€ duge nhom vao cung mot cum néu chung c6 muc d¢ thay thé cao. Trong [5],
X. Zhao va cong sy dé xuat phuong phép Iya chon thudc tinh thong qua gom cum thugc tinh str dung hai k§ thuat hién
dai: hé s6 thong tin cyc dai va phuong phap gom cum lan truyén tinh twong tu (affinity propagation clustering). Theo
c4c tac gia, hé sb thong tin cyc dai la mot do do hiéu qua sy lién quan, con lan truyén tinh tuong ty cho phép gom cum
cac ddi twong dwa trén mbi quan hé tu nhién gitra ching.

Trong bai bao nay, chling ti trinh bay mét phuong phdp Iya chon thudc tinh thong qua gom cum su dung
metric 1a mot blen thé cua thong tin (variation of information) trong 1y thuyét thong tin va thuat toan gom cum k-
medoids. Lwu ¥ rang, cho dén nay, trong s céc tiéu chudn danh gia cac tap thudc tinh lua chon, tiéu chuan dua vao do
do thong tin 13 tiéu chuan dwoc xem xét nhiéu nhét. Ly do 1a vi entropy thong tin 1a s& do tot nhit cho viéc luong hoa
d6 khong chéc chin cua cac thude tinh [20]. Thuat toan k-medoids c6 thé 1am viéc véi ma tran khoang céch bat ky va it
chiu anh huong bai cac dir liéu ngoai lai hon k-means [11]. Thuat toan lya chon thudc tinh theo phwong phap dé xuat
cling dwoc xay dung va cai dat. Két qua thyc nghiém cho thiy phuong phap dé xuit c6 kha niang Iya chon thudc tinh
phan 16p véi d6 chinh xéc kha cao, khi s6 cum k sir dung dé gom cac thude tinh dugc lwa chon thich hop.

No6i dung con lai ciia bai bao duge bd cuc nhu sau: Muc II trinh bay mot sé khai niém lién quan. Muc III trinh
bay thuat toan ASC lya chon thudc tinh thong qua gom cum, cung véi vi dy minh hoa . Cac két qua thuc nghiém va
thao luan dwoc mé ta trong muc IV. Cudi cing, cac két luan va hudng nghién ciru tiép theo duoc néu trong muc V.

Il. CAC KIEN THUC LIEN QUAN
A. Metric Bién thé cia thong tin (Variation of Information)

Trong phan tich di ligu, mot bang dir ligu gom n hang ang véi n déi twong, p cot tng Véi p thue tinh dung dé
md ta cac doi twgng thuong duoc goi la mot hé théng tin. Hinh thirc héa, nguoi ta dinh nghia hé thong tin 1a mot bo doi
S = (U,A), trong @6 U la mot tap hiru han, khéng rong cac doi tuong, A la mot tap hiu han, khdng rong cac thuoc
tinh.

Dudi day, néu khéng néi gi khac, ta lun gia thiét moi thugc tinh trong A ciia hé théng tin xem xét S = (U, A)
deu la thuoc tinh pham tru.

Cho h¢ thong tin § = (U, A). Néu ta xay dung duoc mot metric do dac khoang céch giita cac thudc tinh, khi do
ta c6 thé danh gia do gan nhau, phan cum céc thudc tinh, xac dinh thudc tinh trung tam, thudc tinh quan trong,... Cac
kha nang nay co6 thé dugc khai thac, sir dung vao viéc nang cao do hiéu qua cua cac thuat toan khai pha dix liéu da co
hay tao ra nhirng thuat toan mai. Noi dung duéi day sé trinh bay mét phuong phap xay dung mot metric trén tap cac
thudc tinh.

Cho U 1a mét tap hop hitu han, khac rdng cac dbi twong. Mot phan hoach caa U 13 mot ho khac rdng céc tap con
m = {By, B;, ..., Bs} thoa mén }.}_, B; = U va B; N B; = @ v6i moi i # j. Moi tap con B; dugc goi la mot khoi hay mot
I6p cua 7. Nguoi ta thuong ky hiéu ho tat ca cac phan hoach cua U la PART(U).

Cho hé théng tin S = (U, A). Mai thudc tinh trong A cho phép xéac dinh mot phan hoach cua tap cac déi twong
U, trong d6 hai d6i tugng s€ thudc vao cung mét khdi néu ching cd chung gia tri vé thude tinh do6.

Cho hé thong tin S = (U, A), hai thudc tinh X,Y € A. Gia sir cac phan hoach sinh ra boi X va Y lan luot 13

Ty = {Xl,Xz, v, Xmyvam, = {Y,Y,, .., Y,}. Khi o, ta c6 thé xem X va Y I hai dai luong ngau nhién rai rac c¢6 phan
phéi xac suét Ian lugt la:
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1 2 .. m 1 2 ..n
ol Xl Xl Xul | V@ Y:(Inl G Yl
Ul U] [U] [ul U] [U]

trong 46 P(X = i) = |X;|/|Ul, i =1,..,m, P(Y =) = |Y;|/IU|, j =1, ...,n va] .| chi luc lrong ciia mdt tap hop.
Véi cac phan phdi xac suat trén, ta c6 phan phdi xac suat dong thoicia X va Y la:
X 0 Y]
1.

PX=iY=))=
Céc xéc suat co diéu kién:
PX=iY=)) |XnY|

PX=i|lY=))= - = , i=1,...m; j=1,..,n.
VTR =D T ’
Pinh nghia 4 [14]. Cho hé théng tin S = (U,A) , X € Avay = {X;,X,, ..., X;n}. Entropy ctia X dugc dinh nghia la:
m
EQO) == ) P(X = Dlog,P(X = 1) )
i=1

Véi quy uac Olog,0 = 0.

Pinh nghia 5. Cho’hé thong tin S = (U, A), X,Y S A, iy = {X1, X5, ..., X} VA 1y = {V1,Y,, ..., Y, }. Entropy c6 diéu
kién cua X khi da biét Y duoc dinh nghia boi:

EQIY) == ) P(Y =)) ) P(X=i]V = Dlog,PX =]V =) @)
j=1 i=1

i=12,..mvaj=12,...,n

Pinh nghia 6. Cho hé thong tin § = (U, A), X,Y € A, my = {X1, X5, .., Xn} Va 1y = {Y;,Y,, ..., ¥, }. Entropy dong thoi
cua X va Y duoc dinh nghia nhu sau:
m n

EQLY) ==Y ) PO =0 ¥ = log,PX =1,Y = )) 3
i=1 j=1
i=12,..mvaj=12,...,n
Ap dung cac cong thic (1), (2) va (3) ta co:
EX|Y) =EX,Y) - E(Y) (4)
Ménh dé 1. [14] D6 do
diX,Y) = E(X|Y) + E(Y]X) (5)
1a mot ‘metric trén tap tat ca cac thugc tinh A trong hé thong tin S = (U, A), nghia la véi cac thudc tinh bat ky X,Y,Z €
A, ta déu co:
(i) d(X,Y) = 0 va dau diang thirc “=” xay ra khi va chi khi X = Y
(i) dX,Y)=d(,X)
(iii) dX,Y)+d(,z) =d(X,2).

Chu y: cong thirc (5), ¢d thé duoc viét lai nhu sau:
dX,Y) =2E(X,Y) —E(X) — E(Y) (6)
Vi du. Gia st trong mot tap dit liéu ¢6 |U| = 9, hai thudc tinh a1 va a2 sinh ra hai phan hoach trén U 1an luot 1a:
m ={{1,2,3,4},{5,6,7,8,9}}vala m,, ={{1,2,8,9}, {3,4,5,6,7}} Taco

4 4 5 5
E(al) = —§log2§— 610‘926 = 0.991.

6 A 0e 2 0991
10 109270~ 777

Phén hoach cta U sinh boi {al, a2} 1a m,q 423 ={{1, 2}, {3, 4}, {5, 6, 7}, {8, 9}}

2 2 2 2 3 3 2 2
E(al,aZ)=—§l092§—§l0g2§—§log2§—§log2§= 1.974.

6
E(a2) = —Elog2

Ap dung cong thirc (6), ta thu duoc khoang céch gitra al va a2 1a nhu sau:
d(al,a2) = 2E(al,a2) — E(al) — E(a2) = 2x 1.974 — 0.991 — 0.991 = 1.966.
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B. Phwong phdp gom cum k-medoids

k-medoids 1 thuat toan gom cum twong tu nhu thudt toan k-means. Ca hai thuat toan nay déu thudc céch tiép can
bai todn gom cum bing phan hoach va déu phai cho trudc sé cum k can gom. Khac véi k-means, k-medoids chon k
medoids lam tam cua k cum. Mot medoid duge dinh nghia 1a mot ddi twong cia mot cum c6 khoang cach (d6 bat twong
ty) trung binh t6i tit ca cac ddi twong trong cum la nho nhét, tic 1a d6i twong nam & vi tri trung tdm nhit caa cum.
Thuat toan k-medoids c6 thé 1am viéc voi ma tran khoang cach bat ky va it chiu dnh hweng béi céc dir lieu ngogi lai
hon k-means. Cac medoids dai dién cho cac cum 1 cac doi tirong thuc c6 trong tdp diz lidu. Mot cong cu hiru hiéu dé
chon sé k cum can gom la silhouettes [18].

Mot thé hién thong dung nhat caa céch tiép can gom cum sir dung k-medoids la thuat toan PAM (Partitioning
Around Medoids ). Thuat toan nay 1a nhu sau [11]:

Bud6c 1. Chon ngau nhién k d6i tuong tir n ddi tugng cd trong tap huan luyén lam k medoids.
Budc 2. Két hop mdi d6i trong véi medoid gan nhat, (“gan nhat” ¢ day duoc hiéu theo mot metric nao do).

Tinh tong chi phi E caa ciu hinh gom cum hinh thanh:

EZZ z d(u,oj),

Jj=1uec;
trong d6 u la mot ddi tugng thugc cum C; , o; 1a medoid cta cum C; va d(u, o;) la khoang céch gitra
hai doi tuong u va o;.
Budc 3. V6i mdi medoid m
V6i mbi dbi tugng khong phai medoid o
Thay o bang m, réi tinh téng chi phi E’ caa cau hinh gom cum méi.
Budc 4. Chon cau hinh gom cum méi néu E’ > E, truong hop nguoc lai giit nguyén cau hinh ci.

Budc 5. Lap lai cac budc 3-4 cho dén khi thiy khong c6 su thay doi cac medoids.

I1l. THUAT TOAN PE XUAT

A. Thudt toan lga chen thugc tinh ASC

Muc nay trinh bay thuat toan lya chon thugc tinh dé giai mot bai toan phan 16p théng qua gom cum cac thudc tinh
co trong tap dir ligu huan luyén da cho. Be gom cum thugc tinh ching toi sir dung thuat toan PAM (Partitioning
Around Medoids) va metric “Bien thién thong tin” trinh bay trong muc 1. Thut toan dé xuat c6 tén goi la ASC
(Attibute Selection through Clustering). D& ASC hoat dong, trudc het ching ta phai thuc hién mot so bude tien xu Iy
dix liéu néu can thiét, vi du nhu roi rac hoa dix liéu lién tuc, xu ly c&c doi tugng ¢6 gié tri thudc tinh bi thiéu.

Céc budc chinh cua thuat toan ASC la nhu sau:
Input: h¢ thong tin S = (U, A) V6i U = {uy, uy, ..., u,} 1a tap cc déi tuong, A = {a,, ay, ..., a,} 1a tp cac thudc tinh;
s6 k cum can gom; s6 N Ian can thyc hién thuat toan Pam gom cum céc thudc tinh.
Output: Tap con thudc tinh B(c A) lua chon dugc.
Buéc 1. Lap ma tran khoang cach M = (m;;) véi m;; = d(a;, a;) la khoang céach gitra hai thugc tinh a; va a; tinh theo
cbng thicc (6) Muc Il,i,j =1,2,...,p .
Buéc 2: Thyc hién thuat toan thuat toan PAM N 1an bang; mdi 1an thuc hién thuat todn cap nhat tan s xuat hién cua
cac thuoc tinh trong tap cac medoids dai dién cho cac cum thu dugc.

Bueéc 3: Sap xép tan s duoc lam medoid cua cac thudc tinh va chon k thudc tinh ¢6 tin sb cao nhat.
Buéc 4: Cho ra tap con thudc tinh lya chon dugc va két thic.

Muc dich chinh ciia gom cum thugc tinh 12 nham lya chon céc thudc tinh dai dién (cac medoids) dé thay thé cho
tap tat ca céc thugc tinh c6 trong tap huan luyén. Vi tap cac cac medoids thu dugc sau mdi lan chay thuat toan PAM la
khong nhu nhau, dé c6 dwoc tap céc thudc tinh dai dién tin cay, trong ASC ching ta can cho thuat toan PAM chay mot
s6 16n lan (tay thudc vao sé cum k cAn gom va sé thudc tinh cé trong tap dir liéu) va ghi lai tn s6 xuit hién cua cac
thudc tinh trong tap dai dién thu dugc sau mdi lan chay.

B. Vidu
Xét tap dir liéu cho trong Bang 1.
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Bang 1. Tap dit liéu “Animal world”

# | Animal Hair | Teeth Eye Feather | Feet | Eat Milk | Fly | Swim
1| Tiger Y | pointed | forward N claw | meat | Y N Y
2 | Cheetah Y | pointed | forward N claw | meat | Y N Y
3 | Giraffe Y blunt side N hoof | grass | Y N N
4 | Zebra Y blunt side N hoof | grass | Y N N
5 | Ostrich N N side Y claw | grain | N N N
6 | Penguin N N side Y web | fish N N Y
7 | Albatross | N N side Y craw | grain | N Y Y
8 | Eagle N N forward Y craw | meat | N Y N
9 | Viper N | pointed | forward N N meat | N N N

Dy la mot hé thong tin c6 tap thudc tinh diéu ki¢n A = {Hair, Teeth, Eye, Feather, Feet, Eat, Milk, Fly}, gom 8
thudc tinh cua 9 loai dong vat, bén canh d6 c6 thém mat thudc tinh goi 1a thudc tinh quyét dinh Swim, cho biét mot
dong vat vai cac thugc tinh da cho co biét boi hay khong.

Véi tap dir liéu da cho thuat toan dé xuat ASC hoat dong nhu sau.

Buwéc 1: Lap ma tran khoang cach giira cac cap thuoc tinh. Ap dung cong thtic (6) Muc 11, ta thu dwgc ma tran khoang
cach cho trong Bang 2.

Bang 2. Khoang céach gitra cac cap thudc tinh

Hair Teeth Eye Feather Feet Eat Milk Fly
Hair 0 1.151 1.966 0.802 1.744 1.733 0 1.305
Teeth 1.151 0 1.259 0.539 1.205 1.026 1.151 1.654
Eye 1.966 1.259 0 1.798 1.744 0.845 1.966 1.749
Feather 0.802 0.539 1.798 0 1.744 1.565 0.802 1.115
Feet 1.744 1.205 1.744 1.744 0 0.899 1.744 1.971
Eat 1.733 1.026 0.845 1.565 0.899 0 1.733 2.236
Milk 0 1.151 1.966 0.802 1.744 1.733 0 1.305
Fly 1.305 1.654 1.749 1.115 1.971 2.236 1.305 0

Buwéc 2: Thyc hién gom cum céc tinh bang thuat toan PAM véi ma tran khoang cach tinh dugc trong buéc 1.

Vong lap 1.

Bwoc 2.1.1: Chon ‘ngéu nhién k = 2 thudc tinh 1am tdm ban diu cho hai cum. Gia st hai thuoc tinh duoc chon lam
medoid (tdm) ban dau cho hai cum C; va C, tuong tng la Eye va Feet.

Buwéc 2.1.2: Lién két cac thuoc tinh khong phai medoid véi medoid gan nhat dé hinh thanh cac cum.

Can cu vao cac khoang cach cho trong Bang 3, cum C; s& bao gom {Eat, Fly, Eye}, con cum C, s& la {Hair,
Teeth, Feather, Milk, Feet}. Tong chi phi E cta cau hinh gom cum nay la:

Bang 3. Khoang cach gitra cac thugc tinh khong phai tdm cum va cac tam cum

Cum C; Cum C,
Cap thuoc tinh - Khoang cach | Cap thuge tinh - Khoang céch
d(Hair, Eye) 1.966 d(Hair, Feet) 1.744
d(Teeth, Eye) 1.259 d(Teeth, Feet) 1.205
d(Feather, Eye) 1.798 d(Feather, Feet) 1.744
d(Eat, Eye) 0.845 d(Eat, Feet) 0.899
d(Milk, Eye) 1.966 d(Milk, Feet) 1.744
d(Fly, Eye) 1.749 d(Fly, Feet) 1.971

E, = (d(Eat,Eye) + d(Fly, Eye) )
+(d(Hair, Feet) + d(Teeth, Feet) + d(Feather, Feet) + d(Milk, Feet))
= (0.845 + 1.749) + (1.744 + 1.205 + 1.744 + 1.744) = 9.031.
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Buwéc 2.1.3: Chon mot thudc tinh khdng phai medoid, chang han Feather. L4y Feather thay Feed 1am medoid cua cum
C, (cum chtra Feather).

Két hop mdi dbi twong voi medoid gan nhét dé hinh thanh cac cum.

Béng 4. Khoang cach gitra cac thugc tinh khong phai tdm cum va cac tdm cum

Cum C; Cum C,
Cap thuoc tinh - Khoang cach | Cap thuoc tinh Khoang cach
d(Hair, Eye) 1.966 d(Hair, Feather) 0.802
d(Teeth, Eye) 1.259 d(Teeth, Feather) 0.539
d(Feet, Eye) 1.744 d(Feet, Feather ) 1.744
d(Eat, Eye) 0.845 d(Eat, Feather) 1.565
d(Milk, Eye) 1.966 d(Milk, Feather) 0.802
d(Fly, Eye) 1.749 d(Fly, Feather) 1.115

Can cr vao cac khoang céch cho trong Bang 4, ta duoc C; s& bao gom {Eat, Eye}, con cum C, sé la {Hair, Teeth,
Feet, Milk, Fly, Feather}.

Tinh tong chi phi E, cta cau hinh gom cum méi hinh thanh:
E, = d(Eat, Eye)
+ (d(Hair, Feather) + d(Teeth, Feather) + (Feet, Feather ) + d(Milk, Feather) + d(Fly, Feather) )
= 0.845 + (0.802 + 0.539 + 1.744 + 0.802 + 1.115) = 5.807 .

Buwdc 2.1.4: VI E, = 5.807 < 9.031 = E;, ta chap nhan cau hinh gom cum mai C, = {Eat, Eye}, C, = {Hair, Teeth,
Feet, Milk, Fly, Feather}, véi hai medoids la Eye va Feather, tong chi phi la E, = 5.807.

Vong lap 2. Lap lai bugc 3-4 trong PAM.

Bang 5. Khoang céach giira céc thugc tinh khdng phai tdm cum va cac tam cum

Cum C; Cum C,
Cap thugc tinh ~ Khoang cach | Ciap thugc tinh  Khoang cach
d(Feather, Eat) 1.565 d(Hair, Feather) 0.802
d(Teeth, Eat) 1.026 d(Teeth, Feather) 0.539
d(Feet, Eat) 0.899 d(Feet, Feather) 1.744
d(Eye, Eat) 0.845 d(Eye, Feather) 1.798
d(Milk, Eat) 1.733 d(Milk, Feather) 0.802
d(Fly, Eat) 2.236 d(Fly, Feather) 1.115

Buwéc 2.2.3: Chon mét thudc tinh khdng phai medoid, ching han Eat. Ldy Eat thay Eye lam medoid caa cum
C; (cum chua Eat).

Két hop mbi ddi twong véi medoid gan nhét dé hinh thanh cac cum.

Can ctr vao cac khoang cach cho trong Bang 5, ta duoc C; s& bao gom {Eye, Feet, Eat}, con cum C, s& la {Hair,
Teeth, Milk, Fly, Feather} .

Tinh tong chi phi E, cta cau hinh gom cum méi hinh thanh:
E; = (d(Eat, Eye) + d(Feet, Eat))
+d (Hair, Feather) + d(Teeth, Feather) + d(Milk, feather) + d(Fly, feather)
= (0.845 + 0.899) + (0.802 + 0.539 + 0.802 + 1.115) = 5.002.

Buwéc 224: Vi E; =5.002 <5807 = E,, ta chap nhan cdu hinh gom cum m¢i C; = {Eye, Feet, Eat}, C, =
{Hair, Teeth, Milk, Fly, Feather}, véi hai medoids la Eat va Feather, tong chi phi la E, = 5.002.

Vong lap 3. Lap lai buge 3-4 trong PAM.

Tiép tuc Iap lai céc budc 3-4 vai cac thuoe tinh khong phai medoid khéc, ¢6 thé thiy cau hinh gom cum vsi €, =
{Eye, Feet, Eat} va C, = {Hair, Teeth, Milk, Fly, Feather} la tot nhat, hai medoids cua hai cum la Eat va Feather, tong
chiphila E; = 5.002. Thuéat toan két thdc.

Ch@ng ta da cho PAM chay 20 Ian véi cac medoids ban dau khac nhau va thu duoc Eat va Eeather Ia hai thuoc
tiqh c6 tan SO lam medoiq cao nhat. Nhu vay, Eat yé Feather s& duoc lya chon dé thay thé tap tat ca cac thugc tinh
diéu kién dé tim céc quy tac phan I6p déng vat co biét boi hay khong.
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IV. TINH TOAN THUC NGHIEM

) Pé danh gia muc hidu qua cua thuat toan ASC, ching t6i da tién hanh tinh toan thuc nghiém véi hai tap dit liéu
lay tir kho dit liéu UCI [8], d6 1a cac tap dir liéu zoo va votes.

Tap dix liéu votes ghi lai y kién cua 435 nghi si My vé 16 van dé, trong d6 ddi véi mdi van dé chi dugc phép tra
161 ”yes” hay ”no” va cac nghi si thugc mét trong hai dang: Dan chu hay Cong hoa. Nhu vay votes la tap dir liéu phan
16p, vé6i 435 dbi twong, 16 thudc tinh diéu kién va mot thudc tinh quyét dinh (cho biét nghi si thudc dang nao). Tat ca
cac thugc tinh déu thudc loai pham tru (categorical), mot sb thugc tinh co gia tri thiéu. Bé xu ly gia tri thiéu, ching toi
da str dung phuong phap Concept Closest Fit [16].

Zoo ciing 1a tap dit liéu phan 16p, gom 101 ddi tugng (dong vat), mi ddi twong dugc md ta bsi 16 thudc tinh diéu
kién va mot thugc tinh quyet dinh (the loai dong vat, co the nhan mot trong 7 gia tri nguyén tr 1 dén 7). Tat ca cac
thudc tinh déu thugc loai pham tru (categorical), khdng c6 gia tri thiéu.

Thuat toan dé xuat ASC dugc cai dit trong moi truong hé thdng R va chay trén may tinh ca nhan véi hé diéu hanh
Windows 10, b xu ly Pentium dual core 2.70 GHz CPU, 2.00 GB RAM. Ham gom cum pam() trong go6i chuong trinh
cluster cuia hé thong R [15,21] dugc sir dung dé€ gom cum céc thudc tinh.

Dbi v6i mbi tap dir liu trén day, trudc tién ching ti tam thai loai bo thudc tinh quyét dinh, rdi tién hanh lya
chon thugc tinh bang thuat todn ASC véi cac thude tinh diéu kién con lai. Thudc tinh quyét dinh dwoc sir dung dé thuc
hién viéc kiém thir, danh gia kha nang phén 16p cua cac tap thudc tinh lya chon duoc. Thuat toan phan I6p st dung dé
kiém thir, danh gia kha nang nay 1a C5.0 ¢6 trong goi chuong trinh C50 cua hé thong R.

Doi voi mdi tap dit ligu chung t0i da cho thuat todn chay 120 lan va ghi lai tan s6 xuét hién cua céc thugc tinh
trong tép cac medoid thu dugc sau moi lan chay. Bang 6 va 7 ghi lai tan so lam medoid cua cac thugc tinh trong hai tap
Z00 va votes vai s6 k cum can gom khac nhau.

Cin ctr vao tan sb lam medoid cua céc thudc tinh cho trong Bang 6, ta thiy d6i voi tap dir liéu zoo, néu ta gom
cac thugc tinh thanh k = 7, thi tap thudc tinh duoc lua chon sé 1a A = {fins (12), eggs (3), feathers (2), backbone (9),
milk (4), venomous (11), predator (7)}; con néu k = 11, thi tap thudc tinh dugc lya chon s& 1a B = {fins (12), eggs (3),
backbone (9), feathers (2), milk (4), catsize (16), predator (7), tail (14), domestic (15), toothed (8), legs (13)}.

Can ctr vao tan sb 1am medoid cua c4c thudc tinh cho trong Bang 7, ta thiy ddi véi tap dit liéu votes, néu ta gom
cac thugc tinh thanh k = 8, thi tap thudc tinh dugc lua chon s€ 14 C = {el-salvador-aid (5), physician-fee-freeze (4),
export-administration-act-south-africa (16), aid-to-nicaraguan-contras (8), handicapped-infants (1), religious-groups-in-
schools (6), immigration (10), superfund-right-to-sue (13)}; con néu k = 10, thi tap thudc tinh dwoc hya chon s& 1a D =
{el-salvador-aid (5), physician-fee-freeze (4), handicapped-infants (1), superfund-right-to-sue (13), export-
administration-act-south-africa (16), water-project-cost-sharing (2), religious-groups-in-schools (6), immigration (10),
crime (14), duty-free-exports (15)}.

Bang 6. S6 1am medoid cua cac thudc tinh trong tap zoo

S6 lan S6 lan

ID | Tén thudc tinh | lam medoid | lam medoid
khik=7 khik=11

1 hair 34 75

2 feathers 73 88

3 | eggs 75 91

4 milk 59 83

5 airborne 39 81

6 aquatic 30 74

7 predator 53 82

8 toothed 39 80

9 backbone 63 89

10 | breathes 29 75

11 | venomous 56 76

12 | fins 99 99

13 | legs 51 80

14 | tail 52 82

15 | domestic 37 82

16 | catsize 51 83
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Bang 7. S6 1am medoid cua céc thugc tinh trong tap votes

ID | Teén thugc tinh 50 lan 50 lan
’ lam medoid khi k=8 | lam medoid khi k=10
1 handicapped-infants 60 76
2 water-project-cost-sharing 59 75
3 adoption-of-the-budget-resolution 54 72
4 physician-fee-freeze 67 78
5 el-salvador-aid 84 90
6 religious-groups-in-schools 60 75
7 anti-satellite-test-ban 52 71
8 aid-to-nicaraguan-contras 62 74
9 mx-missile 44 64
10 immigration 60 75
11 synfuels-corporation-cutback 59 74
12 education-spending 57 74
13 superfund-right-to-sue 60 76
14 crime 59 75
15 duty-free-exports 59 75
16 export-administration-act-south-africa 64 76

Bang 6 va 7 cho thy, khi s6 cum quy dinh tiang dan thi tn s6 duoc lam medoid (dai dién cum) cua cac thudc
tinh ciing s& trd nén dong déu hon. C6 hién twong nay 1a vi khi s6 cum cang ting thi d6 twong tu gitra céc thudc tinh
trong cing mot cum ciing s& ting; kha ning duoc lam medoid cua cac thudc tinh tré nén dong déu. Mot khi vai trd cua
cac thugc tinh trong cuing mot cum gan nhu nhau, dé lya chon mét thudc tinh khac lam dai dién ta c6 thé xem xét dén
céc yéu t6 kinh té (chang han chi phi do dac) dé lya chon mét thugc tinh khac thay cho medoid ciia cum.

Dé danh gia d6 hiéu qua ctia phuong phap Iua chon thugc tinh bang thuat toan ASC, chung t6i da sir dung thuat
toan C5.0 cuia goi chuong trinh C50 trong hé théng R dé xay dung céac thuat phan I16p trén cac tap di lidu thu dugc
bang phép chiéu cac tap dir liéu ban dau lén tap cac thudc tinh lwa chon dwoc tir hai tap dit liéu zoo va votes. Do chinh
xéc trung binh thu dugc cua cac thuat phan 16p nay véi kiém thi chéo 10 lan duoc cho trong Bang 8

Bang 8. Do chinh xac trung binh cua cac thuat phan lop

Tap con thudc tinh dugc chon D9 chinh xac phan 1ép trung binh
Téap A cua tap zoo dir liéu zoo 90.05 %
Téap B cua tap zoo dir liéu zoo 92.10 %
Téap C cua tap zoo dix liéu votes 87.7%
Téap D cua tap zoo dir liéu votes 95.4 %

Bang 8 cho thiy phuong phép dé xuét c6 kha ning lya chon thudc tinh phan 16p véi do chinh xac kha cao, va do
chinh ciing phu thugc vao sé cum ta sir dung dé gom va lya chon céc thugc tinh.

V. KET LUAN

Trong bai bao nay chung t6i da trinh bay mot phuong phap lua chon thudc tinh thdng qua gom cum sur dung
mot metric dac biét, d6 1a mot bién thé cua thdng tin trong ly thuyét théng tin, va thuat toan k-medoids. Mot khi cac
thudc tinh da dugc gom thanh cac cum theo mot do tuong tu, cac thudc tinh trong cung mot cum s€ tuong tu nhau, mot
thuoc tinh cua mot cum c6 thé dai dién cho c4c thudc tinh khéc trong cum; tap cac thudc tinh dai dién cua cac cum co
thé duoc lay lam tap thudc tinh rt gon thay cho tap tit ca céc thudc tinh cé trong tap dit liéu huan luyén dé thuc hién
nhiém vy phan 16p cac ddi tugng. Mot thuat todn lya chon thudc tinh theo phuong phéap dé xuat ciing dugc xay dung va
cai dat. Két qua thyc nghiém cho thiy phuong phap dé xuat c6 kha nang lya chon thudc tinh phan 16p véi do chinh xac
kha cao, khi s6 cum k sir dung dé gom cac thugc tinh dugc lya chon thich hgp. Ngoai ra, phuong phap dé xuét cé
nhimg wu diém rat quan trong. D6 1a:
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- Gitip nguoi sir dung hiéu rd hon vé cau tric cta tap dit ligu can phan tich, mic do quan trong twong di gitra
céc thugc tinh va nhitng thudc tinh nao cé anh huang I6n nhat thdng qua qud trinh gom cum ching.

~ - Cung cép kha ning biéu dién cic quy tic phan I6p mot cach mém déo hon, cac thudc tinh trong cling mot cum
c6 thé thay thé cho nhau trong moi quy tac.

Dua trén céac két qua nghién ctru duoc, trong thoi gian téi, ching toi s& nghién ctu cai tién thuat toan ASC hon
nira ¢ hai khia canh: (1) lam sao dé lya chon duoc s6 k cum thudc tinh can gom, (2) &p dung thuat todn gom cum nao
s& cho két qua tét hon. Pdng thoi ching toi ciing s& tién hanh thém cac tinh toan thyc nghiém nham so sanh hiéu ning
clia phuong phap dé xuat vai cac phuong phép lua chon thudc tinh théng qua gom cum da c6 [1-5], ciing nhu mot sb
thuat todn thong dung nhu Relief va CFS [10, 20] .
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ATTRIBUTE SELECTION THROUGH CLUSTERING USING A VARIATION OF
INFORMATION
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ABSTRACT: Attributes selection is a very important issue in classifying and clustering data, and is difficult to solve when the
number of attributes in the training data set is very large.

This paper presents a method for selecting attributes through clustering using a special metric, which is a variation of
information in information theory, and k-medoids. Since the attributes are grouped into several clusters according to their similarity
degrees, an attribute selected from a cluster can thus represent the attributes within the same cluster. The set of representative
attributes of clusters can be used for classification such that the whole attributes space can be greatly reduced. The algorithm for
selecting attributes according to the proposed method is also implemented to verify its effects. Experimental results suggest that the
proposed method has the potential to select attributes for classifying data with high accuracy when the number of clusters needed is
appropriately selected. In addition, the proposed approach has the important advantages of allowing users to understand the
structure of the analyzed data and the relative importance of attributes for the selection process.
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