TAP CHi KHOA HQC VA CONG NGHE Tap 47, sb 2, 2009 Tr. 17-27

MOT TIEU CHUAN MQ'| CHON NUT XAY DUNG
CAY QUYET DINH

NGUYEN THANH TUNG
1. MO DAU

Cho tap mau huan luyén S gdm n déi tugng. M&i ddi tugng x duge mé ta bing mét véc to
x = (¢ (x),6,(x), 0, (1),d,, (%)),

trong d6 c, (x) la gia tri cta thudc tinh diéu kién ¢, tai dbi twong x, k=1,2,..,p; d,, (x)la

gia tri thudce tinh quyét dinh (nhan I16p). Bai toan ‘phén 16p la bai toan tim quy tac xép cac doi
tuong vao mot trong cac 16p da cho dua trén tap mau huan luyén S.

C6 nhiéu phuong phap tiép cén bai toan phan |6p: Ham phan biét tuyén tinh Fisher, Naive
Bayes, Logistic, Mang no-ron, Cay quyet dinh, ... trong d6 phuong phéap cay quyét dinh l1a
phuong phap phd bién do tinh truc quan, d& hiéu va hiéu qua cta no [10].

Cay quyet dinh la mét cau tric cay, biéu dlen mét vain dé quyét dinh. MGéi niit trong (khong
phai nut [4) gan véi mét thude tinh diéu kién, mdi nhanh _tur nut trong gan vdi mot gia tri (hay
mot tap cac gia tri) cua thude tinh dleu kién tuong (g, mdi nit 14 gin véi mot gia tri thude tinh
quyét dinh (thude tinh dich). Cay_ quyet dinh duoc xdy dung dya trén mot tap dir liéu huan luyén
bao gém céc déi tugng mau. M01 déi tuong duge md ta béi mot tap gia tri cac thude tinh va
nhan 1op. Dé xay dung ciy quyét dinh, tai mdi nat trong cin xac dinh mét thudc tinh thich hop
dé kiém tra, phan chia dii liéu thanh cac tdp con. Qua trinh xay dung moét cay quyét dinh cu thé
bat ddu bang mot cay rdng, toan bd tap mau hudn luyén va la nhu sau [8]:
1. Néu tai nit hién thoi, tat ca cac dbi tuong huin luyén déu thude vao mét 16p nao do thi
cho nit nay thanh nat 14 ¢6 tén |a nhan l6p chung cua cac déi tuong.

2. Trudng hop nguoc lai, su dung mot do do, chon thude tinh diéu kién phan chia tot nhat
tap mau huan luyén c6 tai nut.

3. Tao mét lugng nit con cua cua nat hién thoi bang sé cac gié tri khac nhau cua thugc tinh
dugc chon. Gan cho m&i nhanh tir nut cha dén niit con mét gia tri ctia thudc tinh rdi phan
chia cac cac déi tuong huan luyén vao cic nut con tuong ung.

4. Nt con ¢ dugc goi la thuén nhét, tro thanh 14, néu tat ca cac ddi tuong mau tai dé déu
thudc vao cung mét I6p. Lap lai cac bude 1-3 déi v&i mdi nut chua thudn nhat.
Trong budc 3, tiéu chuén su dung lya chon thudc tinh dugc hleu la mot s6 do do phu hop,
mot sé do danh gia do thuan nhat, hay mét quy tic phan chia tap mau huan luyén.
Vién dé then chot trong qua trinh xdy dung cay quyet dinh 1a viéc lwa chon thudc tinh diéu

kién kiém tra tai méi nat (goi tat 1a chon niit). Co nhiéu phuong phap chon nut dya trén nhirng
tieu chuan khac nhau danh gia do quan trong cua céc thude tinh. Hai ti€u chuan thuong dugc su

dung nhit la:



- Lugng thong tin thu thém (Information Gain, thuat toan ID3 va C4.5 cua Quinlan [8, 9,
12)).

- Do phu thudc cua thudc tinh quyét dinh vao thudc tinh diéu kién theo nghia li thuyét tap
thé cua Pawlak [1, 2, 5].

Trong bao cao nay, dua trén y tugng cia li thuyét tap thé, ching toi dua ra mét s6 do méi
danh gia d6 phu thudc cia thude tinh quyét dinh vao thudc tinh diéu kién. S6 do nay duoc su
dung lam tiéu chuan chon nit trong qua trinh phat trién cay. Két qua tinh toan thuc nghiém cho
thay thdy cdy quyét dinh xay dung dugc bing cach sir dung tiéu chuin méi nay ¢6 kich thuoe
nhé hon kich thuée cla cac cdy sir dung entropy hodc dé phu thude theo i thuyeét tap tho; d6
phtre tap tinh toan nhé hon, cac luat thu dugc gon hon, chinh xac hon.

2. MOT SO KHAI NIEM CUA LI THUYET TAP THO
2.1. Hé thong thong tin
Hé théng théng tin la cong cu biég dién tri thirc dudi dang mét bang dir liéu gom p cot tng
vdi p thudce tinh va » hang ung véi n doi tugng.
Pinh nghia 2.1.1. Hé théng thong tin la mét b6 tr S =(U,A4,V, f) trong d6 U la tap khac

rong, hitu han cac déi tuong; 4 la tap khac réng, hitu han cac thudc tinh; V = l_[ V, véi V la

aeA

tap gia tri cia thudc tinh g € A ; f/ la ham thong tin, véi moi a€ 4 va x, € U ham fcho gia tri
f(x,a)eV,.

Duéi day, gia su tap cac doi tuong U gdm » phan to: U = {xl,xz,.. x }

Xét hé thong théng tin S = (U, A, V,f). Mai tap con P ciia tap thude tinh 4 xac dinh mét
quan hé tuong duong:

IND(P)={(x..x,) e UxU|Yae P, f(x.a)= f(x,.a)}.

Ky hi€u phédn hoach ctia U sinh boi quan hé IND(P) la U/ P va lop tuong duong chira

doi tuong x, la [x, ]P,
[x],={x, | % €U.0o.x)e ND(P)}
Pinh nghia 2.1.2. Cho hé théng thong tin S =(U,A,V,f) , P va ( la hai tap con cua tp
thudc tinh 4. Ta noi:
1) U/P=U/Q khivachikhi Vx eU,[x,]P =[x,]Q'

3

2) U/PcU/Q khivachikhi Vx, eU,[x], c[x]

Q7

3) U/PcU/Q khi va chi khi Vx eU,[x] c x,]o va ton tai x, sao cho

el
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Tinh chat 2.1.1. ([6,7] ) Xét hé théng théng tin S=(U,AV,f)va P,Oc A .Néu PcQ
thi U/QcU/P.
Tinh chit 2.1.2. ( [6,7] ) Xét hé théng thong tin S=(U,AV.f) va P,Oc A . Vi

moi x, € U co:
[x )0 =121, T[],
Dinh nghia 2.1.3. Cho hé thong théng tin S = (U, A,V, f) , P c 4 va X c U. Khi do céc tap
PX={xeU|[x],cX | va PX={xeU|[x],1 X202 |
lan luot dugc goi la P-xap xi duéi va P-xap xi trén clia X trong S.
2.2. Bang quyét dinh

Dinh nghia 2.2.1. Bang quyét dinh la mot dang dac biét cua hé thong théng tin, trong do tap cac
thudc tinh 4 bao gdm hai tap con roi nhau: tap cac thude tinh diéu kién C va tap cac thudc tinh

quyét dinh D. Nhu viy, bang quyét dinh la mdt hé thong théng tin DT = (U,CUD,V.f).
trong d6 CnD = .

Khéng mét tinh tong quét c6 thé gia thiét D chi gdm mét thudc tinh quyet dinh duy nhat d,
(trudng hop ¢6 nhiéu thugc tinh thi bang mét phép ma hoa 1uén ¢6 thé quy vé mot thude tinh).
Nhu vay, mdi ddi tuong x trong bang quyét dinh dugc md ta bang mét véc to

(13,65 (x),- 0, (), d (%))

Dinh nghia 2.2.2. Cho bang quyét dinh DT = (U,C U a’,V,f). Ta goi tép

POS.(d)= U CY

Yellld
la mién C-khang dinh cia d.
Dé thay POS.(d) la tap cac déi tugng dugc phén 16p ding (nhu d ) trong U néu sir dung
tap cac thudc tinh dié¢u kién C .
Pinh nghia 2.2.3. Xét bang quyét dinh DT = (U,Cua’,V,f) va hai di tuong x,ye U . Ta
néi x va y mau thuin nhau trong DT néu
C(x)=C(y) nhung d(x)=d(y).

Péi tuong x dugc goi la nhat quan trong DT néu khéng ton tai mot doi tugng y khac mau
thuin véi x. DT duoc goi la nhat quan néu moi déi tuong trong x € U déu la nhat quan.

Ménh d& 2.1. ([6]) Xét bang quyét dinh DT =(U,Cud,V, f). Taco
POS, (d)={{xeU | x 1ad6i wong nhat quén} .

Hon nira, néu DT la nhat quan thi POS.(d)= U



3. CAC TIEU CHUAN CHON NUT DUA VAO ENTROPY VA Li THUYET TAP THO

3.1. Tiéu chuan dva vao entropy

Xét bang quyét dinh DT =(U,Cud,V, f), sb gia tri (nhan 16p) c6 thé cua d la k. Khi do
Entropy cua tap cac dbi tugng trong DT dugc dinh nghia boi:
k
entropy(DT)= - & p,log, p, (D
=1
trong d6 p, la ti 1é cac doi tugng trong DT mang nhan 16p i.

Luong thong tin thu thém (/G) la luong entropy con lai khi tip cac dbi tuong trong DT
dugc phan hoach theo mét thudc tinh diéu kién ¢ nao d6. IG xac dinh theo cong thirc sau:

o | n

IG(DT,c)= Entropy(DT)-
(DT,c)= Entropy(DT) a DT

nl values(c)
trong d6 values(c) la tap cac gia tri cta thude tinh ¢, DT, la tap cac db6i tuong trong DT c6 gia
tri thudc tinh ¢ bang n . IG(S, A) duoc J. R. Quinlan ([8]) st dung lam d6 do lua chon thudc tinh
phén chia dir liéu tai mdi nat trong thudt toan xiy dung cdy quyét dinh ID3. Thude tinh dugc
chon la thudc tinh cho lugng thong tin thu thém lén nhat.
Nhuoc diém cia /G 1a, khi lua chon thude tinh, né thién vi cac dac trung ¢ nhiéu gia tri.
Pé khic phuc nhugc diém nay, trong thuat toan cai tién C4.5 cuia minh, J. R. Quinlan ([9]) da su
dung mét d6 do méi, goi la ti s thong tin thu thém (Gain Ratio - GR). ti sb thong tin thu thém
duoc tir luong théng tin thu thém bang cach thém vao /G mét thanh phan mai, d6 Ia thong tin phan
chia (Split Information). Thong tin phan chia cua tap cac dbi tugng trong DT, khi dugc phan hoach
theo / gia tri cua thude tinh ¢, la dai luong Split( DT, c) xéac dinh theo cong thirc sau:

J |pT| |DT)|

Split(DT,c)= - § — log,
plit(DT,¢) a 7] 0g, DT|

Entropy(DT)) (2)

trong 46, DT ,i=1,...,] la cac 16p d6i tuong c6 gia trj thude tinh ¢ bang i.

Véi Split(DT,c) xac dinh nhu trén, ti s6 thu thém (GR - Gain Ratio) dinh nghia bdi cong
thirc:
IG(DT,¢)

GR(DT,c)= ————.
Split(DT ,¢)

3.2. Tiéu chuin dua vao do phu thuge theo li thuyét tap thd

Xét bang quyét dinh DTz(U,CUd,V,f) va tép con thude tinh diéu kién P = C. Gia
su L'Ud:{),',Yz, Y } U/P={X1,X3,...,Xn}.D:_§t

[ERTIS g

m

uey,

|POS, ()| _| .5
U] &

y(d ! P)=

J


file:///POSJd

y(d/ P) duoc goi la d6 phu thudc cua d vao F.
y(d/ P) c6 cac tinh chat sau [1, 6]:
. 0<y(d/P)<1.
e Néu y(d/P) =1 thicé phuthudc ham P — d
e Néu O0<y(d/P)<1 thid phu thuc mot phin vao P

e Néu y(d/P) =0 thi khong c6 ddi tugng nao ctia U ¢6 thé duoc phan 16p ding (nhu
d) dua vao tap thudc tinh P.
Theo cach tiép can tap thd, 7(a’/c) dugc sir dung lam tiéu chudn lva chon thudc tinh kiém

tra tai moi nat trong qua trinh phat trlen cay quyét dinh: Thugc tinh dugc chon la thudc tinh ¢
cho gia tri ¥(d/c) 16n nhit trong sb cac thudc tinh con lai tai mdi budc ([1,2,5]).

4. SO O M3I1 VE PO PHU THUOQC

Dinh nghia 4.1. Xét bang quyét dinh DT =(U,Cwud,V, f) va tap con thugc tinh diéu kién
PcC.Giase Uld={Y,Y,,..Y,}, U/P={X,X,,..X,}. ba

> m

= VX | rOT x|
(d/Py=1- ' AL AN
paIn == YT

Ta goi f(d/ P) la dd phu thude cua thudc tinh quyét dinh d vao tap thudc tinh diéu kién P.

B6 d& 4.1. Cho bang quyét dinh DT =(U,Cud,V, f) va tap con thudc tinh diéu kién
PcC . Giase Uld={¥.,Y,,...Y,} , U/P={X X, X} Khido

SRS AL N
U] V]

=l =1

DAu “=" xay ra khi va chikhi U/PcU/d.

71 x, . .
/1. 1> () . Chi can chung minh dau “=" xay ra
U] g

Chitng minh. Hién nhién Y "

=1 =1
khivachikhi U/PcU/d.
a) () Giasit U/PcU/d, khidovsimdi X eU/P tontai ¥, eU/d saocho

X, c ¥, . Suyra |Yk('l X,|=O va |Y/I X/’zO voi moi i # k . nhu vdy, trong moi truong hop

déuco |11 X ||V 1 X,|=0 véimoi i=1,2,..m va j=12,..n.Dodo

m n \ ; , ) ;
Z Z ) =0 .
1% 1%

1= =l
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m

IX\
iy H U]
i=1,2,....m va j—1,2 e

=0.Suyra |11 X |[r 1 X,|=0 vimoi

Gia su ton tai X, khéng phai la tdp con cua bat ky Y nao (i=1,2,...,m). Vi [JY =U,

=1

Y1 X,|#0. Diéu

phai ton tai / saocho Y1 X, #@ va Y 1 X, #D. Suyra ’Y,I X,(‘
nay mau thuin véi |¥,I X/HY,CI Xj‘zO voi moi i=1,2,...m va j=12,..n. Viy véi
moi X eU/P phai ton tai ¥ € U /d thoa man X, gt thc U/PcU/d. "

B6 dé 4.2. Cho bang quyét dinh DT =(U,Cwd,V, f) va tap con thudc tinh diéu kien Pc C.
Giasr U/d={1.Y,,...Y,} véi m>1va U/P:{X Xy X} v6i 1> 1. Khi do

L X, ]
D T
Déu “="xay ra khi va chi khi n=1 va m— 5 =...=M=M.
vl ol ol m
Chitng minh. D& thiy ‘Y('I X |=|x|-|r1 x| Dodo
| el AR
— A o /

22 o CEE {\u\ U
eelr) m\ ol el \m\ """ ix)
R I T R TR D Ry W p R el

X woo vl x|
_ |A/7 B Z' ' (1

= X,,Xz....,Xn} la phén hoach cua U, nén

]~
b ] @

Pang thirc Z( ‘ =1 xayra khivachikhi n=1.

j=1 |U|

150 véimoi j=1,2,...,n va Z

U

Ak
Suy ra 4l
R
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Lai co

nelrt x| (et x|) |
- L A N L ! / - —
,Z:,:/z:; ‘Uiz m.n ;; U] m.n )
Dau “=" xay ra khi va chi khi
71 X1|: _ni X, 5t X,J: _mix| o nix|l o nix,
Y] U] V] ol el T ol
T (1), (2) va(3)suyra
w v x| rT X |
— . S < l-—
;; \U‘ ‘U‘ m.n
e R | B A T A
Dau xay ra khivachikhi n=1 va

ol -l

Tu B6 dé 1. va 2. ta c6 két qua sau. '
Pinh [i 4.1. Cho bang quyét dinh DT = (U,Cud,V, f) vatap con P cua tap thudc tinh diéu
kien C. Giaswr U/d ={Y,,Y,,....Y, } . Khidé

a) 0 pd/IP)y<1.

b)  B(d/P)=1 khivachikhi U/PcU/d,(tc laco phu thusc ham P —>d ).

LA LAy
| vl |

c) PB(d/ Py=0 khivachikhi n=1 v

B4 dé 4.3. Xét bang quyét dinh DT =(U,Cud,V, [) va haitap con khac réng cac doi tugng

k
X, YcU. Giase X=UX,, X,1 X, =@ véimoi p=q.(thc {X,,X,,.. X} lamét
7= :

phan hoach cua X'). Khi dé
‘YIX‘ ‘Y(‘IX‘ k‘Y[X/‘ ‘Y(IIX/‘
. > . .

T - R 7 7

™

DAu “=" xay ra khi ’YI XPHY(T X,

=0 véimoi pzqg va p,g=12,.. k.

Chung minh. Do X |1 X =@ véimoi p+#qg,taco

k k
. V1 X | (re X 1
IEINEN 05 U]
U] U] | U]
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U(Y[ X))

k (‘ l( A
U,(Y I X,,)\ YIrn x| Yren x|
p= j=1 pml

vl vl U]
k k
) |Y1X|]Y(1X] ]Y1X||Y‘1X|
D I i
Dau “=" xay rakhll [ X I IY( I X I—O véimoi p#qg va p,g=12,..,k . n

Pinh Ii 4.2. Cho bang quyét dinh DT =(U,Cud,V,f) va hai tap con P,QcC. Néu
PcQ. Khidé

pld/P)< p(d/Q).
Chitng minh. Do P Q nén U/Q c U/ P; mbi lép cia phan hoach U/ P s& la mot hoic
hop cia modt sd I6p thudc phan hoach U/Q. Gia sou Uld= {Y Y,,.. ,Ym},
UIP={X,X,,..X,} va UIQ={Z,,Z,,..,Z} , trong d6

XUZ X_UZ Cx,- U 2.

=k +1 =k 21
Theobo dé4.3.v6imdi i=1,....,m vaj=1,...,n tacod:
{YI(IU?/J" Y'{"LIXJ Z,EHW(IU(ZI' ,iYI(“;]lZJ (dat k, = 0).
w53 YFU;X| iY(‘I ’u ,Z‘,Ziyll |zl \YC'(IJIZ\ |
S e s

Tacla B(d/P)< B(d1Q).

Céc két qua li thuyét trén day cho phép lay B(d /c) lam sé do danh gia muc do quan trong
ciia mdi thude tinh didu kién déi véi viée phan 16p céac d01 tugng. Tur d6 c6 thé sir dung
B(d/c) lam tiéu chudn lua chon thudc tinh kiém tra tai méi nit trong qua trinh phat trién cay

quyet dinh: Thudc tinh dugc chon la thuge tinh ¢ sao cho f(d/c) dat gia tri lon nhét trong s
cac thudc tinh con lai tai mbi bude.

5.viDu

Xét bang quyét dinh DT sau day.
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JN-—"—-NNQ.

d

CARUF ;

d=2 d=1 d=2

Hinh 4.2. Cay quyét dinh sir dung tiéu chuan y(d / ¢)cua li thuyét tap thé: 8 nut, 5 luat

d=2 d=
Hinh 4.3. Cay quyét dinh sir dung tiéu chuan Gain(c.d) cua li thuyét thdng tin: 10 nut, 6 luat
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6. TINH TOAN THU NGHIEM VA DANH GIA

Pé danh gia do hiéu qua cua viéc su dung B(d /) lam tiéu chuén chon nat xay dung céy
quyét dinh, chiing t6i da tién hanh tinh toan thir nghiém, so sanh két qua thu dugc véi cac két

qua s

ir dung tiéu chuan f(d /c) va y(d/c). Cac CSDL ding dé thir nghiém 1a mot sb CSDL

nho ldy tir cac tai liéu tham khao va 3 CSDL lén la Laborneg, Monkl, Monk2 lay tir UCI
Repository of Machine Learning Databases [4]. Chuong trinh ngudn C4.5 download tur [15]. Hai
chuong trinh sir dung s6 do B(d/c) va y(d/c) dugc xdy dung tir C4.5 bang cach thay cac
lénh tinh Gain(d,.c) bang cac 1énh tinh S(d/c) va y(d/c). Cac tinh toan duoc thuc hién trén
may PC Pentium 4, CPU 2.4Ghz, b6 nhd 256MB.

26

Két qua thir nghiém cho thay:
V& thoi gian tinh toan, hai tiéu chuin £(d/c)va Gain(d,c) 1a nhu nhau, tiéu chuan
y(d / ¢)tiéu ton nhiéu hon.
V¢ kich thude, hdu hét cac cay quyét dinh thu duoc sur dung tiéu chuan B(d/c) nho
hon cac cay su dung tiéu chuén Gain(d,c) , nho hon hoac béng cac cdy su dung tiéu
chuan y(d/c).
Do kich thuéce cdy nhé hon, cac ludt thu duoc tir cdy ra sir dung tiéu chuan S(d/¢c) ¢6
sb luong va cau tric gon hon, chinh xac hon.
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SUMMARY
A NEW NODE SELECTION MEASURE IN DECISION TREE GROWING

Classification is one of major tasks in Data Mining. It is to find the rules for assigning
objects to one of several predefined categories based on training data set. Many classification
techniques have been proposed in the literature, but decision tree is especially popular and
efficient. The selection of an attribute used to split the data set at each decision tree node is
fundamental to properly classify objects; a good selection will reduce the size of tree and
improve the accuracy of classification rules. Different attribute selection measures were
proposed in the literature, but two often used are entropy and dependecy measure from rough
set theory. In this paper, based on rough set theory also, but we propose an another measure.
Experimental computations shown that the decision tree, constructed by using our new measure.
have smaller size in general than the trees induced by using entropy and dependency measure:
the computation complexity is lower: the classification rules are shorter and more precise.
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