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Tém tat: Hién nay, khai phd dif liéu rd khong thé gidi quyét tit cd cdc yéu cAu dit ra va bai toan phan 16p ciy quyét
dinh mo tit yéu déng gép mot vai trd quan trong ctia bai todn khai phd dif liéu mo. Tuy vay, viéc hoc ciy quyét dinh
dua vao dinh lugng ngif nghia theo diém vin con mot sé han ché nhu vin xuit hién nhiéu sai s6 trong qua trinh xd ly,
ciy két qua thu dugc khong that su linh hoat. Bing cich thic dbi sdnh theo khoang md, ciy thu dugc da giam thiéu sai
s6 va linh hoat trong du doan tuy nhién s6 niit trén cdy ting nhanh nén khong don gian v6i ngudi ding va mét thdi gian
duyét cay khi du dodn. Trong bai bdo ndy, chiing t6i dé xuit khai niém khodng md& 16n nhét d€ xdy dung phuong phap
hoc quy nap cdy quyét dinh md HAC4.5%, nham thu dudc ciy quyét dinh mS dat dugc tdi thi€u vé s niit trén ciy nhung

¢6 kha nidng du doan cao.

Tir khéa: Khai phd dit liéu, cdy quyét dinh, cdy quyét dinh mo, khodng mo I6n nhdt, HAC4.5%.

Nowadays, data mining based on precise logic cannot satisfy all requirements, so classification based on fuzzy decision
trees is important due to the fuzziness nature of data mining. However, decision tree learning based on the quantitative
methods of the hedge algebra still has some restrictions because of errors involved and the resulted tree not truly
flexible. Using fuzziness interval matching, the resulted tree has reduced the number of errors and increase flexibility
in prediction. However, the number of nodes in the resulted tree increases rapidly, causing difficulty to use and more
time to produce prediction results. In this paper, a concept of maximum fuzziness interval is proposed in order to build
an inductive learning method called “HAC4.5* fuzzy decision tree”, resulting a fuzzy decision tree with the minimum

Title: Fuzzy Decision Tree Learning for Classification based on Maximum Fuzziness Intervals
Abstract:
number of nodes and highly accurate prediction.
Keywords:  Data mining, decision tree, fuzzy decision tree, maximum fuzziness intervals, HAC4.5*.

I. DAT VAN DE

Thé gi6i thuc thi vd han trong khi ngén ngii ctia ching
ta lai hitu han, vi thé s& xuét hién nhiing cum tif khong
chinh x4c hoidc mo hd. Trong thé giéi thuc, cic kho dit lidu
nghiép vu dugc luu trit md 12 tit yéu, vi thé bai todn phan
16p cy quyét dinh rd khong thé giai quyét tit ca cac yéu
cau dit ra va bai toan phan 16p dif liéu cdy quyét dinh mo
la vin dé tit yéu cda khai pha di liéu [1-12].

Cho mot tip cac mau dit liéu V = U X Y, trong d6 U =
(wili = 1,...,N} 1a tap dit lidw, ¥ = {y1,..., v} 12 tap
cac nhan cua cac 16p, u; € D la dit liéu thd i véi D =
A1 XX Ap 12 tich Pé-cdc clia cdc mién ctia m thude tinh
tuong ving, n 1a s6 16p va N 1a sé miu dit liéu, dé y ring
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U c D. Mbi dit liéu u; € U thudc mdt 16p y; € Y tuong
ung tao thanh tiing cép (u;, y;) € V. Giai bai toan phéan 16p
dua trén mo6 hinh ciy quyét dinh chinh 13 xiy dung mot
cdy quyét dinh d€ phan 16p, ky hiéu S, 12 mot anh xa tir
tap du liéu vao tip nhan:
S:D-—Y. @)
Cay quyét dinh bi€u dién cho tri thic vé& bai toan, n6
khong chi phan dnh dung véi tap dif liéu mAu ma con phai
c6 kha ning du dodn va cung cip gitip cho ngudi dung
phén doan, ra quyét dinh dbi v6i dbi tuong trong tuong lai
ma nhan 16p cta né chua duge xac dinh tu tap dit liéu chua
biét. Véi bai toan phan 16p ciy quyét dinh dudc néu & (1),



néu tOn tai mot thudc tinh mS A; trong sb cdc thude tinh
ctia D thi ta néi (1) 12 bai toan phan 16p ciy quyét dinh m.

Nhu vdy, mo hinh ciy quyét dinh S phai dat cic muc
tiéu nhu hiéu quéa phan 16p cao, tiic 12 sai sé phan 16p cho
cdc dif liéu it nhit c6 thé, cy c6 it nit nhung c6 kha ning
du doan cao, khong xay ra tinh trang qua khép. Muc tiéu
vé hiéu qua phan 16p nhiam dép tng tinh ding dan d6i véi
tap dif liéu miu dudc cho ciia bai toin, con muc tiéu sau
dugc dua ra véi mong mudn mo hinh ciy quyét dinh nhan
dugc phai don gian va dé hiéu dbi véi ngudi dung.

Goi f,(S) la ham danh gia tinh hiéu qua cia qud trinh
phan 16p, f,(S) la ham danh gid tinh don gian cla cdy va
dé hiéu ddi véi ngudi ding, muc tiéu clia bai todn 1a

Jfn(S) — max va f,,(S) — min.

@

Hai muc tiéu & (2) khé c6 thé dat dugc dong thdi. Khi
s6 nit clia cdy giam dong nghia véi lugng tri thic vé bai
toan giam thi nguy cd phan 16p sai tang 1én, nhung khi c6
qua nhiéu nit ciing c6 thé giy ra su qua khdp thong tin
trong qué trinh phéan I6p. Bén canh do, sy phéan chia tai
mdi nit dnh hudng dén tinh phd quét hay ca thé tai nit dé.
Néu su phan chia tai mot nit 12 nhd sé 1am ting tinh phd
quat va ngugc lai néu sy phan chia 16n sé 1am ting tinh c4
thé cla nit d6. Tinh phd quét clia nit trén cdy sé lam ting
kha ning du doan nhung nguy co gy sai s 16n, trong khi
tinh c4 thé gidm kha ning dy doan nhung lai ting tinh diing
dan nhung né ciing 12 nguyén nhan cta tinh trang qua khép
trén cay. Cac phuong phédp giai quyét bai toan md hinh cay
quyét dinh déu phai thoéa hiép giita cdc muc tiéu nay dé dat
dugc két qua cudi cung.

Hién c6 mot s6 cach tiép can nhu sau. Trudc hét 1a cach
tiép can gid tri ngdn ngit cho tap md d€ xay dung cay quyét
dinh mgd. Céc tac gia trong [13—-15] da xac dinh céac gia tri
ngon ngit cho tap dif liéu md va xdy dung ciy quyét dinh
ngon ngit (LDT: Linguistic Decision Tree) bing cach st
dung tu tudng cla thuat todn ID3 cla ciy quyét dinh rd
cho céc nut tng véi cac thudc tinh ngén ngtt (LID3).

Tuy nhién, cach lam nay s€ lam phat sinh cay da phan, c6
su phan chia theo chiéu ngang 16n tai cac nit ngon ngit khi
tap gia tri ngdén ngl cla thudc tinh mo 16n (Hinh 1), nén
dé din dén tinh trang qua khép. Thém vao d6, tai nit nay,
ta khong thé st dung cich phan chia nhi phan cta thuat
toan C4.5 vi khong c6 thd ty gitta cac gia tri ngdn ngu.
Hon nifa, v6i cic gia tri rd trong mién thudc tinh md clia
tap dif liéu huin luyén, mot doan con cdc gid tri rd sé dudc
4nh xa bang mot gia tri ngon ngit nén c6 su sai léch 16n.

Cich tiép can mo thd hai 1a theo dai s6 gia tir (DSGT)
do N. C. Ho va W. Wechler khdi xudng tir 1990. Cach nay
c6 nhiéu uu diém vi theo cich tiép cAn niy, mdi gid tri
ngén ngit cia mot bién ngdn ngit nam trong mot cu tric
dai s6 nén ta c6 thé dbi sanh giita cdc gid tri ngdn ngi.
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Nut phan
chia mo

Gia tri
ngoén ngtr 1

Gia tri
ngdn ngir k

Hinh 1. Diém phan chia da phan theo gid tri ngoén ngit tai thudc
tinh md.

Theo cich tiép can DSGT, chiing ta c¢6 thé thuan nhat
cdc trudng ma di lidu ciia né bao gdm ca dit liéu rd va
mo. Cac tic gia trong [16-20] da chi ra phuong phap dinh
lugng ngit nghia theo di€ém nham thudn nhét di liéu vé cac
gia tri s& hay gia tri ngdn ngit va cach thic truy van dit
liéu trén thudc tinh nay. T do, ching ta c6 thé hoc phan
16p trén tip mAu thuan nhét dé.

Bai toan xiy dung ciy quyét dinh mo lic nay c6 thé si
dung céc thuat toan xay dung ciy quyét dinh 6 nhu C4.5,
SLIQ, v.v. [7, 8, 10, 12]. Céc nut phan chia nhi phan dugc
tinh theo dua theo diém phén chia véi cic gid tri ngdn ngit
da c6 thd ty va hoan toan xdc dinh tuong tng v6i mdt gia
tri s6 trong PSGT da xay dung.

Tuy viy, cach thuan nhét dua trén phuong phdp dinh
lugng ngilt nghia theo diém nay van xuit hién nhiéu sai sb
vi mot doan con céc gid tri o di c6 sé dude quy vé mot
diém tiic 1a mot gid tri ngdn ngit tuong dng, didu nay ciing
lam xuét hién céc gia tri gin nhau c6 thé dudc phan hoach
& hai doan con khac nhau nén két qua phan 16p khéc nhau.
Bén canh d6, ciy két qua ciing khé dua ra du dodn trong
cc trudng hop cin du dodn ma tai d6 c6 su dan xen &
diém phan chia md, vi du ta can du dodn cho trudng hop
doan con [xy, x3], v6i x; < x < xp tai ndt phan chia mg &
Hinh 2.

Cich tiép can thii ba 1a bang cch thic d6i sanh theo
khoang md dua trén DSGT, cay két qua thu dudc di giam
thiéu sai s6 va linh hoat nhd ching ta van giif nguyén mién
gia tri 16 trong khi vin ddi sanh dugc véi cac gid tri mo
trong tdp mau cho qua trinh huin luyén [20], nhu Hinh 3.
Tuy vay, s nit trén cay két qua c6 khd ning ting cao nén
khéng don gian véi ngudi ding va mit thdi gian duyét cay
khi du doan. Do vdy, hAm muc tiéu da néu & (2) ¢ thé
khong dat dugc.

Trong bai bdo nay, ching t6i d& xuit mot phuong phap
hoc cdy quyét dinh md khi tip mau huén luyén khong thuin
nhét gia tri dua trén khdi niém khoang md 16n nhét, trong
khi gif nguyén cdc uu diém ctia phuong phap dbi sanh theo
khoang md nhung t6i wu vé sb niit trén cdy két qua, nham
thu dugc ciy quyét dinh c6 don gian va hiéu qua.
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Hinh 2. Diém phan chia nhi phén theo gi4 tri ngon ngit hoic gia tri s tai thudc tinh md, dya trén phucng phap dinh lugng ngit nghia

theo diém trong DSGT.
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Hinh 3. Piém phan chia theo khoadng md tai thudc tinh md, dua trén phuong phdp dinh lugng ngit nghia theo khodng md trong DSGT.

II. KHOANG MO VA KHAI NIEM KHOANG MO
LON NHAT

1. Khoang mo va dbi sanh dua trén khoang mo

Cho mot PSGT X = (X, G, H, <), v6i G = {c*, ¢}, trong
d6 ¢t va ¢ tuong ung 1 phan ti sinh duong va am; X 1a
tapnén; H = H*UH™ v6i H™ = {h_p,h_ps1,...,h_1} va
H* =h1,...,hq, hoy>hgy>--- >h_p va hy <--- <hq.

Pinh nghia 1. Khodng md ctia mot phan tif x 1a mot doan
con cta [0, 1], c6 dd dai diing bang d6 do tinh m& fm(x),
ky hiéu l1a I(x), dugc xdc dinh bing cich quy nap theo do
dai ctia x nhu sau [17]:

i) V&i do dai x bang 1 (I(x) = 1), tic 1a x € {c*, ¢},
Irm(c™) va Iy (c™) la cdc khodng con va tao thanh mot
phan hoach cta [0, 1], thoa Irp,(c™) < Ipp(c™). Tiic 1a
v6i moi u € Ipy(c™) vamoi v € Ipp(c™): u < v. biéu
nay hoan toan phu hgp véi thd tu ngdt nghia ctia ¢~
va ct.

Ky hidu do dai ctia I, (x) 1a [Irn(x)|, ta ¢6 |Ipm(c)| =
Irm(c™) va |Ifm(c+)| = Ifm(c+)§ .

Gia stt v6i moi x € X ¢6 do dai bang k (I(x) = k),
c6 khoang m3 1a Ip(x) va |Ipy(x)| = fm(x). Céc
khoang md clta y = hjx, v6i moi i € [-p,—p +
L....,—-1,1,2,...,q], lac nay I(y) = k + 1, la tap
{Ifm(hix)} thod man mot phan hoach cla If,(x),
|Ifm(h,vx)| = Itm(hix) va c6 thi ty tuyén tinh tuong
ung v6i thd tu cla tap {h—_px, h_ps1x, ..., hgx}.

Khi [(x) = k, ta ky hiéu I(x) thay cho Irn,(x), X =
{Vx € X|I(x) = k} 1a tap cic phan ti trong X c6 do
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dai diing bang k, I = {I;(x)|x € X;} 1a tap tit ca cac
khoang md mtc k.

Pinh nghia 2. Hai khoing md dugc goi 1a bing nhau, ky
hiéu /(x) = I(y) khi ching dugc xac dinh bdi cing mot gia
tri (x = y), tic la ta cé I (x) = I (y) va Ig(x) = Ig(y).
Ngudc lai ta goi chung la hai khoang mo khac nhau va ky
hiéu la I(x) # I(y). Trong d6, ky hiéu I (x) va Ir(x) la
di€ém miuit trai va phai cda khoang md I(x).

Pinh nghia 3. Cho 2 khoang rd khic nhau [aj, bi] va
[az, 2] tuong ng véi cac khodng m& [1,,, Ip, ], [Lay, In,] €
[0, 1]. Ta néi khodang [ay, b ] dling trudc [ay, b2 ] hay [as, bs]
ding sau [ay, b], viét [a1,b1] < [az, by hay (I, Ip,] <
[1a,, Ip,] néu:

1) by > by tic I, > I,
ii) Néu Ip, = Ip, tic by = by thi 1, > I, tic az > ay,

va lic nay ta néi day [ay, b1], [az, by] 1a day c6 2 khoang
c6 quan hé thu ty trudc sau.

Dinh ly 1. Cho k khodng khdc nhau ting doi mét [ay, by,
[as, b2).. .., lak, by), ta luén sdp xép dé’ dugc mét ddy cé k
khodng vdi quan hé thit ty trudc sau.

That vy, v6i k khoang khac nhau tiing d6i mot [ay, by,
[as, by]...., [ak, b, ta ludn tim dugc khoang truc nhat
cta day 1a [a;, b;], v6i a; = min(ay,a,...,a,). Néu c6
nhiéu khoang [a;,b;], i = 1...k ma a; = a; thi chon ta
khoang [a;, b;] 1a khodng c6 b; bé nhit trong céc gia tri b;.
Viéc chon b; ludn tim dugc duy nhit vi cic khoing di cho
khéc nhau tiing d6i mot nén néu a; =a; thl b; # b; (Dinh
nghia 2).



Sau khi tim dugc khoang truéc nhit cta diy 1a [a;, b;],
ta tiép tuc tim khoang thi 2 va ci thé tiép tuc. Sau k lan
tim va sip xép ta c6 dugc day gdbm k khoing ma cic phan
tlf clia day da dudc sip xép theo quan hé thi tu trudc sau.

2. Khoang md 16n nhét va phuong phap tinh khoang
m& 16n nhat

Trong DSGT, mdt hang tif ¢6 thé mang ngit nghia cia
mot hang tir khic tic hang tit dudc dung dé sinh ra no.
Chéng han “very old” mang ngit nghia ctia “old”, “very
little old” ciing mang ngl nghia cta “old”. Vay, hai hang
tlt “very old” va “very little old” déu c6 quan hé ké thua
ngit nghia (hay quan hé ké thira) ctia “old”, ta goi “very
old” va “very little old” c6 quan hé ké thira ngit nghia.

Dinh nghia 4. Mot PSGT X = (X, G, H, <), v6i moi x,y €
X, dugc goi 1a c6 quan hé ké thira ngit nghia véi nhau
va dugc ky hiéu ~(x,y) néu tdn tai z € X sao cho x
h

chyz=hy, bz

in
Ménh dé 1. Véi moi x,y € X xdc dinh hai khodng mo miic
k va miic 1 lan lwot la I(x) va Ij(y), ching hodc khéng
c6 quan hé ké thita, hodc cé quan hé ké thira véi nhau néu
ton tai z € X, |z| = v, v <min(, k), I1.(z) < I.(y), Ir(2) >
Ir(y), va I.(2) < IL(x), Ir(2) 2 Ir(x) hay 1,(z) 2 Ik(x)
va I1,(z) 2 I;(y), tiic la x, y duoc sinh ra tit z.

Chiing minh. Ménh d& nay dé dang suy ra tif tinh phan
hoach cac khoang ma.

Khi x va y c6 quan hé ké thita ngit nghia, ta ndi ring
khoang tinh md /,,(z) bao ham hai khoang tinh m& I (x)
va I;(y), hay z bao ham ngit nghia cla x va y va ta ky
hiéu z = ~(x, y). Theo dinh nghia, rd rang hai hang tit x, y
c6 quan hé ngit nghia néu ching c6 dang x = h;, -+ h;, z,
y= /’l‘m "'/’leZ. Néu hil = hjl = /’l;, hiz = hjz = /’léth\l ta
¢6 z = hjc hodc z = hihjc déu bao ham ngii nghia cda x
va y. Tuy nhién, thyc té st dung z thay thé cho c& x va y
c6 thé 1am mét ngit nghia cda ching va rd rang, trén thuc
té ching ta can phai xdc dinh z sao cho ngii nghia cang
gan véi x, y cang tot. O

Pinh nghia 5. Cho mot PSGT X = (X, G, H, <), vdi x,
v, 2 € X, 2 ~(x,y). Néu 3z, € X, 71 = ~(x,y) va
len(z) > len(z;) thi ta néi z c6 ngit nghia gan véi x, y
nhit, hay khodng md z c6 d6 dai 16n nhit va dugc ky hiéu
Z = ~max(X, y).

Pinh nghia 6. Cho mot BPSGT X = (X, G, H, <), véi Vx,
y € X va ~(x,y). Miic 46 gan nhau ctia x va y theo quan
hé ké thita ngit nghia, ky hiéu la sim(x, y), dudc dinh nghia
nhu sau:

(I =v(x) =vVD,

. m
sim(x, y) = max(k,[)
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trong d6 k = len(x), [ = len(y) va m
’“max(xs y)'

Ménh dé 2. Cho mét PSGT X = (X, G, H, <), vdi moi
X,y € X, ta co cdc tinh chdt vé mic dé g&n nhau cua cdc
hang tix nhu sau:

= len(z) véi z =

Ham sim(x, y) cd tinh chdt déi xiing, titc la sim(x, y) =
sim(y, x);

x, y khong c6 quan hé ké thita ngit nghia khi va chi
khi sim(x,y) = 0;

sim(x,y) =1 x=y;

Vx, v, 2 € X, x <y <z = sim(x, z) < sim(x,y) va
sim(x, z) < sim(y, z).

i)
ii)

iii)
iv)

Chiing minh. i) Hién nhién theo dinh nghia.

ii) Theo dinh nghia, ta ¢c6 m = 0 khi va chi khi x, y
khong c6 quan hé ké thila ngit nghia. Viy néu x va y
khong c¢6 quan hé ké thita ngi nghia thi m = 0 suy ra
sim(x, y) = 0. Ngudc lai, khi sim(x, y) = 0 thi m = 0 hoac
(1 = |v(x)=v(y)]) = 0. Khi m = 0 tic x, y khong cé quan
hé ké thiia ngit nghia. Trudng hop (1 — [v(x) —v(y)]) = 0
thi [v(x)—v(y)|=1suyrax=0,y=1hoacx=1,y=0
nén x, y khong c6 quan hé ké thita ngit nghia.

iii) Do m < max(k,/) va 0 < v(x),v(y) < 1 nén:
sim(x,y) = 1 © m max(k,[) va [v(x)-v(y)| = 0
S x=y.

iv) Theo gia thiét x < y < z = v(x) < v(y) < v(2)
= 1-v(x) = v(@)| < T=[v(x) —v(y)| va 1-|v(x) = v(2)| <
1—|v(y) = v(z)|. Mit khdc, ciing theo gia thiét x, y, z € X
= len(x) = len(y) = len(z) = k. Vay ddt wi = ~max(x, y),
Wr = ~max(32), W3 = ~max(x,2), theo qui tic sinh cdc
hang tf cia DSGT véi gia thiét x < y < z nén len(w;) >
len(ws) va len(w;) > len(ws3). Vay theo Pinh nghia 6 ta cé
sim(x, y) < sim(x, z) va sim(y, z) < sim(x, z). O

Pinh nghia 7 (Tinh ké nhau ctia cic khoang md). Cho mot
bSGT X = (X, G, H, <), hai khoang tinh m& I(x) va I(y)
dugc goi 1a ké nhau néu chiing c6 mot di€ém miit chung,
tic 1a Ir(x) = Ir(y) hodc Ig(x) = IL(y).

Gia st Ir(x) = Ir.(y) ta c6 khodng md I(x) nim ké trai
cta khoang mé I(y) va theo Pinh nghia 3, ta ¢ I(x) < I(y).

Nhu vay v6i hai khodng m& x va y, ta c6 thé st dung
khoang md z dai dién ma khong 1am mét nhiéu ngit nghia
clia x va y bing cach dua vao ham sim(x,y) va viéc st
dung z thay thé cho x va y dudc xem nhu phép két nhap
khoang mé x, y thanh khoang mg z.

D€ tim khodng md 16n nhét ciia hai khoang md cho trudc,
ching ta st dung Thuit toan 1.
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Thuat toan 1: Thuit toan tinh khodng md 16n nhit ctia hai
khoang mé cho trude

Input:

bSGT X = (X,G,H,<)vax,yeX

Output: z € X, 7 = ~pax(x, ).
Method:
= len(x);
I =len(y);
v = min(k, [);
while v > 0 do
begin

if 3z € X, |z| =v and Ix(x) C I, (2)
and [;(y) C I,(z) then
return /,(z)
else
v=v-—1;
end if
end
end while
return NULL;

III. THUAT TOAN HAC4.5% SU DUNG KHAI NIEM
KHOANG MO LON NHAT TRONG QUA TRINH
HUAN LUYEN CAY QUYET DPINH

1. Y tuwéng dé xuvit thuat toan

o) day, ta cing dua vao thudt toan C4.5 [10, 12] va st
dung cich thic d6i sanh khoing md tai cic thudc tinh
md cda tip huin luyén [20]. Tuy nhién, viéc tinh lgi ich
thong tin cho thudc tinh md theo khoidng md c6 thé xiy
ra trudng hgp do la cac khoang mo khac nhau nhung lai
c6 chung két qua du doén, diéu nay 1am cho md hinh
cdy thu dudc c6 nhiéu niit va khi ching ta st dung miic
k c6 gia tri cang 16n, d€ ting tinh chinh xdc, thi vén
dé nay cang c6 kha ning xdy ra. Hon nifa, tai ngudng
duge chon Thf4 = [I,,,I,], viéc chia tip huin luyén D
thanh cdc tap: Dy = {¥[la,. o, | [la;. Ip,] < Thi'*} va
Dy = {¥[l4;. Ip, 1| [a;. In,] > Th{"*} khong phai lic nao
ciing 1a Iya chon t6t nhét vi ¢ thé thé xay ra trudng hop
mot doan con cua D hodc Dy méi c¢6 Igi ich thong tin
16n nhét.

Do thudc tinh m& A ctia tip huén luyén da dugc da dudc
phan hoach theo khoang md la mét doan con cua [0, 1] va
mién dit liéu ctia n6 1a mot tap dude sip xép thit tu tuyén
tinh theo quan hé truéc sau nén cac khoang md cia ching
c6 tinh k& trdi va ké phai. Nhu vy véi hai khoang md x
va y néu chiing c6 chung 16p du dodn, ta c6 thé sit dung
khodng md 7 = ~pax(x, y) thay thé ma khong 1am thay déi
nglf nghia clia x va y trong qud trinh hoc phén 16p. Viéc st
dung phép két nhip z thay thé cho x va y dugc thuc hién
cho tit ca cic khoang md ciia thudc tinh mo A.
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Nhu vy, thudc tinh md A ctia tip huén luyén sau khi da
phan hoach theo khoang md theo khoadng md 16n nhit c6
k khoang khac nhau va da dudc sap xép theo thi tu trudc
sau 12: [1g, Ip,] < [Lays In,] < -+ < [Lay, Ip, ] va ta tiép tuc
viéc tim ngudng cho phép tach dua theo ty 1€ 1gi ich thong
tin clia cac ngudng tai nit do.

2. Thuit toan dé xuét

1) Tinh loi ich thong tin cho cdc khodng md tai thudc
tinh mo:

Do thudc tinh md cda tap huin luyén da dugc da dudc
phan hoach theo khoiang md& 1la mdt doan con cua [0, 1]
vi mién dif liéu cia né 1a mot tip dudc sip xép thi tu
tuyén tinh theo quan hé truéc sau. Ta c6 thé so sianh dé
phan ngudng cho tip gid tri ndy tai mot khoang bit ky
I(x) = [I,4, Ip] € [0, 1] duge chon, tuong tu nhu cac gia tri
s6 lién tuc trong C4.5.

Viéc tim ngudng dé cho phép tich ciing dua theo ty 1&
1¢i ich thong tin ctiia cac ngudng trong tip D tai nit do. Ty
1¢ 1gi ich thong tin ctia cic ngudng d6i vé6i thudc tinh A 1a
thudc tinh sb trong tip D tai nit do.

Gia st thudc tinh A la thudc tinh ms da phan hoach theo
khoéng mé& va c6 k khoang khac nhau di dudc sip xép theo
thit tu trude sau la: [1q,, Ip, ] < [Lay, Ip,] < -+ < g, In, ]

Ta cé k ngudng dugc tinh: Thf"A = [l Ip,;], (V6i 1 <
i < k). Tai m&i ngudng duge chon Thi4, tap dit lieu D
con lai tai nat nay dudc chia l1am céac tap

D= {V[I
D, = {V[I

| Iaj»lb ] > ThHA}

Lic nay ta c6

Gain'4 (D, Thf{ A) Entropy(D) — Dil X Entropy(Dy)

|D|
|><Entro (D),
D D
Splitinfo’ (D, Thf'4) = —% ||D1||
_ D] og |D,|
DI~ DI

Gain®™ (D, Thi4)

GainRatio™4 (D, Tth A) = .
Splitinfo’®* D, Thi'4)

Trén co s§ tinh todn ty 1€ 1di ich thong tin cho cdc ngudng,
ngudng nao c6 ty 1é Ii ich thong tin 16n nhét thi dude chon
d€ phan tach tap huin luyén D.

2) Thudt todn dé xudt:

Trong muc ndy, ching t6i dé xuit thuit toan, goi la
HAC4.5%, chi tiét trong Thudt toan 2.
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Thuét toan 2: Thuit toan HAC4.5*

Input: Tap miu huén luyén D.
Output: Ciy quyét dinh ms S.
Method:
for each (thudc tinh mo X ctia D)
begin
Xay dung DSGT X, tuong ung thudc tinh mo X;
Chuyén cic gia tri s6 va gia tri ngén ngit cia X vé
cac gia tri doan C [0, 1];
end
Khéi tao tip cac nut l1a S; S = D;
for each (nit 14 L thudc S)
if (L thuAn nhit) or (L.Tap thudc tinh 1 rdng) then
L .Nhan = Tén 16p
else
begin
if (L 1a thudc tinh mG) then
begin
for each (khoang méG x cda thudc tinh L)
for each (khoang mé y cia thudc tinh L
ma y # x)
/1 Goi thuat toan 1
Tim va thay thé x bdi z = ~pax(x, y)
end
end if
X = Thudc tinh tuong tng cé GainRatio hay
GainRatio”4 16n nhit;
L.Nhan = Tén thudc tinh X;
if (L 1a thudc tinh md) then
begin
T = Ngudng c6 GainRatio# 16n nhit;
Gan nhan T cua thudc tinh X cho cay S;
Si={Iy| Iy € L Iy <T};
S;.Nut cha =L;

S1.Thudc tinh = L.Thudc tinh - X;
S» ={Iy|Iy C L1, >T}
S, .Nut cha = L;
S,.Thudce tinh = L.Thudc tinh - X;
S=S+S|+S,— L; //Pdnh diu nit L da
X6t va b6 sung thém cdc niit con ctia L iing vdi
cactip S| va S,
end

end if

else if (L 1a thudc tinh lién tuc) then

begin

T = Ngudng c6 GainRatio4 16n nhét;

St={xi|lx; € L,x; <T};

S1.Nut cha = L;

S1.Thudc tinh = L.Thudc tinh - X;

Sy ={xi|x; € L,x; >T};

S>.Nut cha = L;

$>.Thudc tinh = L.Thudc tinh - X;

S =S8+Si+S, — L; //Pdnh diu niit L da xét va

b6 sung thém 2 niit con cuia L iing voi tap Sy va S,

end

else /IL la thudc tinh roi

begin

P = {x;| x; € K, x; don nhit};

for each (x; € P)

begin
Si = {)Cj|Xj € L,Xj = X[}
S;.Nut cha = L;

S;.Thudc tinh = L.Thudc tinh - X;
S =8+ S;; //Pdnh diu nit L di xét va b6
sung tat ca cdc niit con ctia L ting voi tip S;
end
S=S-1L;
end
end

3. Panh gia thuit toan

Nhu vdy, bang viéc tim cac khoang md 16n nhét cho moi
khoang md trong tip huin luyén va xdc nhap chiing, thuat
toan HAC4.5* da lam giam thiéu s lugng khoang md& tham
gia trong qué trinh hoc xdy dung ciy nén lam gidm s6 niit
trén cay két qua. Tuy viy, do su két nhip cic khoang mo
dua trén do do vé tinh tuong tu clia cdc khoang mo d6 dbi
v6i thudce tinh huin luyén nén né khong sai 1léch dén két
qua phan 16p cubi cung.

Trong mdi budc lip cia thuit toan, ching ta déu phai
tinh cic khodng md& 16n nhit va thuc hién sit nhap cdc
khoidng m& véi chi phi la O(n?). D€ y ring trong thuit
to4n trén, chiing ta khong thé chuyén viéc tim va sit nhap
cdc khodng md 16n nhét ra khdi vong lip. Do khi ching
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ta tim dugc mot thudc tinh phit hop d€ tao cy thi tai cdc
diém phan chia ndy, tip miu huin luyén tuong dng trén
mdi nhanh clia ciy thay ddi nén cic khodng md ciia thudc
tinh m& thay déi.

Véi m 1a s6 thudc tinh, n 1a sd thé hién cia tip huin
luyén, do phic tap cia C4.5 1a O(m x n x logn); Véi
HAC4.5%, trude tién ta mit O(n*) cho m&i mot thude tinh
md dé tinh cdc phan hoach doan md. Sau d6, do phiic
tap clia thuét toan tai moéi budc Lip theo thudc tinh m; la
O(n x logn) néu m; khong phdi 1a thuoc tinh md va la
O(n x n x logn) néu la thuoc tinh md do phai mét thém
O(n) d€ tim ngudng cho cic khoang md dbi véi thudc tinh
nay va O(n*) dé tim khoang md 16n nhit cho mdi khoang
md trong tip huén luyén. Tuy viy, viéc tim khodng md 16n
nhit va xdc dinh ngudng cho cic khodng md 1a tuan t nén
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do phiit tap cia HAC4.5% 1a O(m x n® x logn).

Tinh ding va tinh dung cua thuit todn dugc rit ra tu
tinh diing ctia C4.5 va cich thifc dbi sanh giita cc gia tri
khoang ma.

IV. THUC NGHIEM VA SO SANH

Chuong trinh thuc nghiém dugc cai dit bang ngdn ngit
Java (Eclipse Mars Release (4.5.0) trén mdy tinh c6 ciu
hinh: Intel® Core™i5-2450, 4 CPU véi mdi CPU cé tbe
doc xt 1y 1a 2,5 GHz, RAM c6 4 GB, hé thong 64 bit, cho
déng thoi ca ba thuét toan: C4.5, HAC4.5 va HAC4.5* trén
ddng thdi hai bo dif liéu 1a Adult va Bank.

1. Két qua trén dit litu du doin thu nhap Adult

Bo dit liéu Adult c6 hon 40.000 miu tin gdm 14 thuoc
tinh bao g6m d liéu roi rac, lién tyc, logic va md, trong
d6 c6 2 thuoc tinh Age (Tudi) va HoursPerWeek (S6 gio
lam viéc) chia ca di liéu 16 va md. Ching toi tach riéng
biét 20.000 miu tin cho tip huin luyén va ding 20.000
mAu con lai d€ chon ngiu nhién 5.000 miu ding cho viéc
kiém tra. Két qua cu thé nhu Bang I va Bang IL

) ) Bang I
P61 SANH HUAN LUYEN TREN DU LIEU ADULT
Thuét toan Thoi gian huin luyén (s) Téng sb niit trén cay
C4.5 479,8 682
HAC4.5 1863,7 1873
HAC4.5* 2610,8 1624
) Bang II
TY LE KIEM TRA TREN DU LIEU ADULT
S6 méu kiém tra
Thuét toan
1000 2000 3000 4000 5000
C4.5 84,5% 85,7% 85,9% 86,2% 85,7%
HAC4.5 92,3% 91,5% 93,0% 95,0% 96,1%
HAC4.5* 92,8% 91,6% 93,2% 95,1% 96,3%
) ~ Bang I
PO1 SANH HUAN LUYEN TREN DU LIEU BANK

Thuét toan Thoi gian huin luyén (s) Tong sb niit trén cay
C4.5 2243 562
HAC4.5 4587,2 1061
HAC4.5* 6610,5 892
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2. Két qua trén dit liéu du doan thu nhap trén dit
liéu Bank

Bo dit liéu Bank c6 hon 45.000 mau tin gdm 17 thuoc
tinh bao g6m dut liéu roi rac, lién tuc, logic va md, trong do
thudc tinh Age (Tudi) chia ca dit liéu rd va mo. Ching toi
tach riéng biét 30.000 mau tin cho tip huin luyén va dung
15.000 miu con lai d€ chon ngiu nhién 5.000 miu ding
cho viéc kiém tra. Két qua dugc thé hién trong Bang III va
Bang IV.

) Bang IV
TY LE KIEM TRA TREN DU LIEU BANK
S6 méu kiém tra
Thuét toan
1000 2000 3000 4000 5000
C4.5 61,3% 58,1% 58,3% 61,2% 64,7%
HAC4.5 76,6% 72,6% 72,9% 76,5% 80,9%
HAC4.5% 85,2% 83,5% 83,2% 82,1% 81,1%
Thoi gian (s)
3000
2500 —
2000 /
1500 //
1000 /
500
0
C4.5 HAC4.5 HAC4.5*

Hinh 4. D6i sanh thoi gian huin luyén va s nit cia cay két qua
trén dw liéu Adult.

98.0%
96.0%
94.0%

2
;g 92.0% | ——m—
£ 900%
=}
88.09

= i —cas5
E 86.0% —_—

. —_— —
£ g0 HAC4.5
= HAC4.5*

82.0%
80.0%
78.0%

1000 2000 3000 4000 5000

$6 Iwgng miu

Hinh 5. D6i sanh ty 1¢ kiém tra tir 1.000 dén 5.000 trén miu trén
dir liéu Bank.



Thai gian (s)
7000

6000

5000

4000

3000

2000

1000

0

C4.5 HAC4.5 HAC4.5*

Hinh 6. Dbi sanh thoi gian huén luyén va sb niit ctia ciy két qua
trén du liéu Bank.

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

—C4.5

———HAC4.5

Ty 1€ du doan ding

HAC4.5*

1000 2000 3000 4000 5000

$6 lwgng miu

Hinh 7. D6i sanh ty 1¢ kiém tra tit 1.000 dén 5.000 trén miu trén
du liéu Bank.

3. Panh gia két qua thuc nghiém

Viéc dong thdi cai dit ca ba thuat todn C4.5, HAC4.5
va HAC4.5%, két qua danh gia trén cling cic bo di liéu
la Adult va Bank da cho phép chiing ta c¢6 cac danh giad
sau. V& chi phi huin luyén, két qui & Hinh 4 va Hinh 6
cho ching ta thdy ring, thuit toan C4.5 ludn cho thoi gian
nhanh nhét trong tit ci cdc bd méiu ké ca trong qud trinh
huén luyén hay kiém tra, vi né bd qua céc gid tri mo trong
tap mau nén khong mét thdi gian xi ly. HAC4.5 phai trai
qua qua trinh xdy dung cic BDSGT cho cdc trudng md va
chi phi d€ chuyén d6i cac gia tri vé doan [0, 1] ban dau va
tai mdi budc cin thém thdi gian dé€ chon doan phan chia
nén tén nhiéu thoi gian hon nhiéu so véi C4.5. HAC4.5*
vi mdi budc lip can thém thoi gian d€ tim cic khoang mo
16n nhit cho mién tri m& ctia thudc tinh mo tuong Ging nén
HAC4.5% cham nhét so véi cdc thuat todn khac.

V& du doan, két qua & Hinh 5 va Hinh 7 cho ching ta
thiy ring, trudc hét C4.5 bd qua cdc gia tri mo trong tip
mau, chi quan tim cic gid tri rd nén ciy két qua thu dugc
kha gian don vi it nit. Tuy nhién, do viéc bd qua cac gia tri
md nén 1am mét dif lidu tai cic trudng mo, vi thé két qua
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du dodn khong cao. Thii dén, HAC4.5 xay dung mot DSGT
tai cic trudng md va dung né dé thuan nhit tip miu nén
chiing ta da x{ 1y dugc cdc gid tri md ma van giif nguyén
cdc gid tri rd nén khong lam xuit hién thém sai sd trong
qua trinh phan hoach,vi thé két qua trong cc qua trinh du
doédn t6t hon nhiéu so véi C4.5. Tuy vdy, so véi C4.5 thi
cay két qua thu dudc khong gian don vi cé nhiéu nit. Cudi
ciing, HAC4.5% cho két qua tot nhit vi trong qud trinh huén
luyén cay, ching ta di tim dudc cic diém phan hoach t6t
nhét tai cdc thudc tinh md nén it ciy két qua thu dudc cé
sai s it hon. Hon nifa, viéc tim cic khoang md& 16n nhét
va két nhap céc gid tri md trén thudc tinh mS da lam cho
luc lugng clia cdc thudce tinh md tuong ng giam, vi thé sd
nit trén cdy thu dugc ciing gidm nén ciy két qua thu dugc
1a tot nhat.

V. KET LUAN

Bai todn phan 16p cdy quyét dinh md déng vai trd quan
trong trong qua trinh khai phd dit liéu. Tuy vay, viéc phan
16p bang cay quyét dinh mo dya trén 1y thuyét tip md ludn
gip phdi nhiing han ché do xuét phat tif ban than ndi tai
ctia ly thuyét tap md. PSGT véi Igi thé ctia minh da trd
thanh mot cong cu that su hitu ich dé gidi quyét bai toan
phan 16p cay quyét dinh.

Bing viéc nhan ra cic han ché ctia phuong phap dinh
lugng ngit nghia theo diém clia viéc sit dung DSGT trong
qua trinh huén luyén, cich thic dbi sanh theo khoang md
1a mot giai phap nham giam thiéu sai s6 cho viéc hoc cay
quyét dinh md. Bing viéc dua ra khdi niém khoang md 16n
nhét, bai bdo da dé xuit mot phuong phap hoc quy nap ciy
quyét dinh md HAC4.5%, nham thu dugc cdy quyét dinh
md don gian va hiéu qua cho bai todn phan 16p md.
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