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ABSTRACT

A dataset is called imbalance if it has some classes containing more
instances than others. In this case, accurately classifying samples in small
classes is very difficult. The higher the imbalanced ratio, the more difficult
getting a good solution. Cost-sensitive learning is an effective solution for
the imbalanced problem. In this paper, we present a decision system with
misclassification cost. The system improves the degree of precision in the
minor classes which are interested in imbalanced dataset. The system is
based on the study of methods of classifying on the imbalanced dataset
by cost-sensitive. This system is applied in medical diagnostic. The
experimental results show that the accuracy of the diagnostic system is
improved.

TOM TAT

Vin dé mdt can bang dir liéu xay ra khi trong tap dit liéu c6 I6p chira s6
mau nhiéu hon cdc Iop khdc. Phdn loai chinh xdc cho méau thuge 16p nhé
trong tdp mat can bang la khé khan. Khi ty le mdt cdn bang cua tdp div
liéu cang cao thi viéc phdt hién dwoc mdu ciia 16p nho cang kho. Hoc voi
chi phi nhay cam la giai phép hiéu qua dé gidi quyet vin dé mat can bang
Trong bai bdo nay, chiing téi trinh bay mét hé thong goi la hé thong quyét
dinh véi chi phi, hé thong giuip cai thién kha nang phan logi chinh xdc cua
I6p nho trong tap dir liéu mdt can bang, 16p dit liéu rat dwoc quan tam. Hé
thong duoc xdy dung dya vdo két qua nghién ciru giai phdp phan logi trén
dit lidu mdt cin bang tlep cdn voi chi phi nhay cam. Hé thong diege dp
dung vao linh vyc chén dodn y hoc, két qua thyc nghiém cho thay kha
nang phat hién chinh xdc bénh nhdan cua hé théng chéan dodn duoc
cai thién.

1 GIOI THIEU

rat it mau so voi cac 16p giao dich khac cia hé
thong mang. Viéc chan doan dung nhén cua mau

Dir liu thu dugc trong cac ing dung thuc te
thuong 1a cac tap dir liéu mat can bang. Tap mét
can bang thudng xuét hién trong cac linh vuc nhu
chan doan y té [24], giam sat hé thong mang, phat
hién x4m nhap hé thong [10]... Thong thudng trong
nhimg linh vue ndy 16p cAn quan tam lai c6 rat it
mau (16p nho) [1][9] so véi cac 16p khac trong tap
dir liéu. L6p bénh nhan c6 rét it miu so vdi cac 16p
khac trong tng dung y hoc, giao dich tin cong co
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thudc 16p nho 1a can thiét va quan trong. Néu mau
thudc 16p nho chan doan nhén sai thi gia phai tra 1a
cao hon nhiéu so v6i chan doan sai nhan cho mau
thudc 16p 16n [5][11]. Cac mau thude cac 16p khac
nhau khi chin doan sai thi gia phai tra ciing khong
gidng nhau. Ching t6i goi dy 13 bai toan phan loai
(chén doan nhan) c6 dic diém 13 16p c6 sé mAu nho
gan v6i chi phi chan doan sai 16n va 16p c6 s6 mau
16n gan véi chi phi chan doan sai nho.
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Ty 1& mit can bang cua tap dir liéu anh hudng
rt 16n dén két qua gan nhin cia 16p it mau. Ty 18
mit can bang dugc xem 14 ty 1& so sanh sy phan
phéi mﬁu cua cac lop trong tap dir liéu voi 16p co
SO mau nho nhét [6]. Céac giai thuat phén loai
truyén théng ludn c¢d ging cuc dai héa do chinh
xac. Cac giai thuat nay c6 xu hudng gan nhan cho
mau chwa xac dinh 13 thudc 16p chiém sé miu 16n
va bo qua 16p nho [4]. Néu dua vao nguyén tic sd
déng gan nhan cho mu trong tip mét cin bing
thi d6 chinh xac khi phan loai trén tap dir liéu dé
dang dat t61 = 99% trong khi d§ chinh xac cua 16p
nho 1a = 0%.

Pé cai thién do chinh xac phan loai trén 16p it
mau va giit duoc d6 chinh x4c trén toan tip & muc
chép nhan, bai bao dé& xuit xay dung hé thdng
quyét dinh véi chi phi (Decision System with
Misclassification Cost). Hé thong dugc xay dung
dua trén nén tang nghién ctru thanh tyu cia phuong
phap hoc véi chi phi nhay cam trén tap dir liéu mat
can bang [1][7 I[15][26]. Hé thong cho phép mo
rong ap dung vao nhiéu linh vuc giai quyét van dé
mat can bang ctia g dung cu thé.

Noi dung phan 2, ching t6i s& trinh bay cac
nghién ctru lién quan va ly thuyét xay dung hé
thong quyét dinh véi chi phi. Tiép theo trong phan
3, chiing t6i mo ta cac chic ning trong hé thong
quyét dinh voi chi phi. Két qua thuc nghiém s&
dugc trinh bay trong phan 4, két luan trong phén 5.

2 CAC NGHIEN CUU LIEN QUAN

Trong nhimg nam gan day, hoc véi chi phi di
thu hit dwoc nhiéu quan tim cta méay hoc va cong
ddng khai mo dir liéu [26]. Da c6 nhidu nghién ctiru
hoc véi chi phi nhay cam dugc thyc hi¢n. Nhiing
nghién ctru hoc tiép can vdi chi phi chia lam hai
dang. Dang thir nhat, chi phi gin theo miu, mdi
mau c¢6 mot chi phi dinh kém [1]. Dang thtt hai 1a
chi phi theo 16p, mdi 16p c6 mdt chi phi, cac miu
trong cung 16p c6 cung chi phi [4][8][9]. Chi phi
gén véi giai thudt hoc co thé chia 1am nhiéu loai:
chi phi kiém tra [14], chi phi huin luyén [24], chi
phi phén loai sai [26],... Trong pham vi bai bdo nay
chung t6i nghién ctru chi phi phan loai sai theo 16p.

Tiép ccan voi chi phi la giai phap hiéu qua de
giai quyet van dé mét can bang [15]. Dé giai quyet
van dé mét can bang, diéu chinh ty 18 1a cach tiép
can phd bién ctia phuong phap hoc véi chi phi. Tuy
nhién, diéu chinh mat can bang theo phuong phap
truyén thong chi mang lai hiéu qua cao khi 4p dung
cho tap hai 16p [26]. Trén tap da 16p co thé chia
lam dleu chinh truc tlep (dong thoi) va diéu chinh
gian tiép. Diéu chinh dong thoi mat can bang trén
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tap da 16p chi thuc hién khi tim dugc b chi phi
phan loai sai thich hop giita cac 16p. Néu khong
tim dugc thi phai diéu chinh gian tiép tap da 16p
thong qua céac tap con hai 16p [2][26]. Giai thuat
hoc dung chi phi nhu la mot dai luong (trong so)
diéu chinh ty 18 mat can bang cla tap. Trong sO
dugc gan cho mau va dua vao giai thuat hoc cay
quyét dinh (C4.5) huan luyén mo hinh phén loai
[20][21], m6 hinh s€ quan tam dén cac mau co
trong s cao trong qua trinh phan loai [21].

3 PHAN LOAI DU LIEU TIEP CAN VOI
CHI PHI NHAY CAM

3.1 Diéu chinh mét cin bing tap hai l6p

Trong tdp dif liu hai 16p, céc giai thudt diéu
chinh mét can bang véi chi phi thi mau dugc phan
loai thudc vé 16p c6 tong chi phi ton that 1a thap
nhat [8][9].

Vi dy I: v6i tap dit liéu hai 16p, p 1a xéc suét
phan loai mau thudc 16p 1 va 1-p 1a xac suat mau
thude 16p 2. Cac gia tri cm;j cua ma tran chi phi la
chi phi phan loai sai mau thudc 16p i vao 16p j (i#j),
i,j€{l.2}, emy=0 (véi i=j) 1a chi phi phan
loai dung.

0 cmy,
cm =
cmy 0

Mau duoc géan vao 16p 1 khi va chi khi tong chi
phi phan loai mau vao 16p 1 nho hon tong chi phi
phén loai mau vao 16p 2 [26], cong thirc tinh tong
chi phi nhu sau:
pxcm, +(1—p)xem, <pxem,+(1-p)xcm,, (1)

Tir cong thire (1) cho thay viéc gan nhan mau
phu thudc vao hai dai luong: xac suit va chi phi.
Khi chi phi thay d6i nhin gan cho mau s& thay doi.
Chimg t6 rang viéc gan nhidn cho miu nhay cam
v6i chi phi. Chi phi cua 16p 14 dai luong didu chinh
mit cin bang cac l6p trong tap. Chi phi cao duoc
gan cho cac 16p it mau, chi phi thip dugc gan cho
cac 1op nhiéu mau. Chi phi giip can bang so vdi s6
mau. Trong sd gan cho mau trong tap huan luyén
duoc tinh tir chi phi [21][26]. Trong qua trinh phan
loai, mé hinh s& quan tdm dén cac mau c6 trong sd
cao, nghia 13 quan tdm dén cac 16p it miu. Néu
goi cm; 1a chi phi cua 16p thtr i thi cm; dugce tinh
nhu sau:

cm, = z i‘:l cmy; )

Vé6i k=2 (k 1a sb 16p cua tap dit lidu), thi
cm;=cmjz, cmpy=cmy;. Goi wj la trong sO gan mau
thudc 16p tha i, wi dugce tinh nhu sau.
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V6i num: sd mau tap huén luyén, numy: s6 mau
cua l6p thir j trong tap huan luyén.

3.2 Diéu chinh mit cin bang trén tip da lép

Theo két qua cia nghién cru diéu chinh mat
can bang trén tap da 16p da chi r6: phuong phap
diéu chinh truyén thong chi cho két qua t6t trén tap
hai 16p, trén tap da 16p d6 chinh xdac phan loai chua
tot [26]. Nguyén nhén la chua tim ra dugc bé trong
s6 thich hop cho phép diéu chinh mét can bang trén
tap da 1op.

Nghién ctru di chi ra rang, diéu chinh ty 1¢ trén
tap dit licu k 16p chi thuc hién truc tiép khi tim
dugc bo trong ) W[W1,Wa,..,wi] thich hop, voi wila
trong s cua 16p thr i [26]. Gid sir can tim b trong
s6 w cho tap dir liéu k 16p 7, j € {1..k}, ma trén
chi phi cm nhu sau:

0 cmy,  Cimyy cmyy,

cm 0 cm cm
cm= 21 23 2k

cmyy cmy, cmyy ... 0

Giai phuong trinh hé s (4) véi k bién, néu tim
dugc  nghiém cua phuorng trinh  (4)
W_=[W1,Wa,. ,wk] thi cac 10p c6 thé diéu chinh mat
can bang dong thoi [26]. Bo nghiém duoc xem
ding nhu 1a b trong sé didu chinh mit can bing
ddng thoi cac 16p khi chi phi phan loai sai mau cua
cac lop 1a bang nhau (w=w_). Trong thuc té chi phi
phan loai sai mau cua cac 16p 1a khong bang nhau.
B0 nghiém w_ tim duoc tir phuong trinh (4) duoc
xem la by chi phi phéan loai sai cua 16p (cm=w ).
Bo trong sb cua 10p w=[wi,wa,..,wi] dugc tinh tur
cong thue (3) (tinh tir chi phi coa 16p, s mau cua
16p va s6 mau tap huin luyén) [26].

W XCmy —Wwy xemy, + wyx0 + L 4w x0 =0

wxcmy +wy x0  —wyxempz+ .. A x0 =0

=0

woxemy +wy X0 +wyx0 + L —w xemy =0
Wx0 4wy xCmy —wyXCimy + ... A x0  =0(4)

=0

wx0+wyxcmy, + wyx0 + .. —w,xcmy, =0

=0

=0

wx0 4wy, x0 + wyx0 + ... —w, xcmy_, =0
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B§ nghiém Chi tim dugc khi va chi khi hang
ctiia ma trdn h¢ so M dugc trinh bay thep cong thirc
(5) 1a nho hon k (Rank(M)<k) [26]. Di€u nay ciing

it khi xay ra, vi hang cia mot ma tran k(=D

2
v6i (k>2) hau nhu lubn bang k.
(cmy,  —cmy, O .. 0 ]
cmy; 0 —Ccmy; ...
0
cmy, 0 0 —cmy,
0 CMzy  —Chipy ... 0
o | ®
0 cmy, 0 —Ciy,
0 .o 0 _kafl,k

Khi hang ctia ma tran hé s6 M 1a k (Rank(M) =
k), c6 nghia 1a khong c6 bo nghiém nao dugc tim
thiy, tirc khong tim dwoc bo trong sé thich hop ap
dung diéu chinh tryc tiép ty 1¢ dong thoi giira cac
16p [26]. Nhu vay thay vi diéu chinh truc tiép trén
tap da 10p, ching ta dua vé thanh diéu chinh gian
tiép [2]. Bang cach diéu chinh mét can bang trén
cac tap hai 16p va ma tran chi phi cua hai 16p theo
phuong phép truyén thong [4][7]. Céc tap hai l6p
1a céc c@p 16p duoc tach ra tur tap da 16p, sO tap hai
16p bang t6 hop chép 2 ctia k 16p. Ma tran chi phi
cua hai 16p duoc tach tir ma trén chi phi tap da l6p.
Trong s6 duoc tinh tir ma tran chi phi. Trong so
duogc gan cho mau trong tap huin luyén. Giai thuat
hoc dung md hinh phan loai tir tp miu di gan
trong s6. Két qua phan loai miu l1a két qua dwoc
binh chon tir tdp mo hinh hai 16p [26].

_ Tom tat diéu chinh mat can bang trén tap da 16p
tiép cén vdi chi phi phan loai sai [26].
Dau vao: Tap huan luyén D (véi k 16p), ma tran
chi phi, gidi thuat hoc G(C4.5/J48)

1. Tao ma trdn hé s6 M tir ma tran chi phi
Matrix(cm)

2. Kiém tra hang ciia M néu Rank(M) < k

3. Tim ra bd vector trong s6 w=[w1,wa,..,wi],
gan trong s6 cho méu trong tap D, két qua
thu dugc tap D*. Dung G dyng nén mo hinh
H tur tap dit liéu D* (H=G(D*)).

4. Nguoc lai
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5. fori=1tok-1do
6. forj=i+1tokdo

7. Tur tap D ly ra tap Dy, Dy 1a tap dir liéu
¢6 2 16p chi chira cac mau thugc 16p i va 16p

. |:cm Cl’f’ll
J. cmjj=

cmy; cmy;

} la ma tran chi phi cua 16p i

va j tach ra tir ma tran cm.
8. hjj€ Traditional rescaling(Djj,cm;;,G)

% ap dung phuong phap diéu chinh ty 1é truyén
thong trén tép hai 16p Dj;.

9. End for
10. End for
1. H(x)€
k-1 k
argmax Y Z}_:M Ih (9 = y)
vell, k)

% két qua phan loai cia mau x 1a sy binh chon
nhan tr tdp mo hinh phan loai h;;

12. end if

Piu ra: mo hinh phén loai véi chi phi.
4 HE THONG QUYET PINH VOI CHI PHi
4.1 Xay dung hé thong quyét dinh véi chi phi

Dua trén két qua nghién ctru cua phuong phap
didu chinh ty 1& mit cin bang trén tap da 16p tiép
c4n voi chi phi. Trong phan nay ching t6i dua ra
dinh nghia cho hé thong quyét dinh truyén thong
(DS— Decision System) ¢6 5 thanh phan nhu sau:

Dinh nghia 1: S= (U, C, d, V, )

_ Trong d6, U la tap khong gian mau, khong
rong. C 1:21 tap cac thudc tinh dicu kién va d 1a thudc
tinh quyét dinh. Q 1a tép cac thudc tinh, Q =U UL d.

V=U,.V,

q. : UxQ —V la tong chirc ning quyét dinh
(chtic nang thong tin). Nhu vay f (x,q) € Vqvoi q
eQ,xeU][I2].

V  v6i Vq1a mién gid tri cua thuge tinh

Dua trén dinh’nghia 1, mé rong dinh nghia
cho h¢ thong quyét dinh véi chi phi c6 7 thanh
phan sau:

S=(U,C,d,V,f cm,n)

Céc thanh phan U, C, d, V, f twong tw nhu dinh
nghia 1. Vi k=[V¢ 1a mién gia tri cua thudc tinh
quyét dinh (s0 16p cua tap dir liéu). Khi do6n € R*
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U {0} 1a gia tri 16n nhat c6 thé gan cac phan tir
trong ma tran chi phi cm. mc: kxk— R* U {0},
véi 1, j e{l. k} 0<=cm;<=n, cm;; =0 chi phi gan
nhan ding mau, cmjj (neu i # j) 1a chi phi phai tra

khi gan nhan sai mau (mau thudc 16p i duge gan
nhén vao 16p j).

Don vi do ludng chi phi: thuc t& dé xay dung
ma tran chi phi phai dua vao tung linh vuc chuyén
moén. Pon vi cia chi phi ¢6 thé 1a tién, thoi gian
tinh toan, thoi gian khéc phuc hdu qua, stic khoe
bénh nhan...

Vi du 1: trong tép dir liéu ann [3] ghi nhén
kiém tra mic bénh suy giam tuyén giap cua 7200
bénh nhan. Mdi bénh nhan dugc kiém tra tuyen
giap va chan doan vao mét trong ba nhom: 16p 1 1a
¢6 bénh, c6 166 miu; 16p 2 ¢6 tuyén gidp dudi mirc
binh thudng, c6 368 mau va 1ép 3 1a binh thuong,
¢6 6666 mau. Tap c6 phan phdi mau cac 16p co ty
16 [1:2.2:40.1], tap co ty 1& mét can bang cao [6] va
ma tran chi phi cia tdp c6 dang nhu sau:

cmy; cmy, cmy s
Cm31 Cm32 Cm33

DPé xay dung duoc ma tran chi phi, cin xéac
dinh cac gia tri cia ma tran, trong d6 cmy; la chi
phi khéc phuc hau qua mot ngudi bénh dugc chin
doan 13 bénh (chi phi bang 0); cmy; 1a chi phi khic
phuc hdu qua mdt nguoi bénh duoc chan doan 1a
duéi binh thudng; cmys 13 chi phi khic phuc hau
qua mdt ngudi bénh dugc chin doan 1a binh
thudng; mé rong tinh toan cac gia tri con lai. Trong
thue té viée phan loai sai miu vao céc 16p khac
nhau c6 chi phi khac nhau.

Ma tran chi phi dugc xay dung tir viéc tinh toan
gia phai tra khi phan loai sai mau ctia mot 16p vao
cac 16p con lai. Thong thuong viéc udc luong nay
12 mat nhiéu cong strc tinh toan. Trong mot sb linh
vuc ma trdn chi phi duwgc xay dung tir tri thirc
chuyén gia [26].

4.2 Chi sb danh gia

Trén tap dir liéu da 16p mit can bang s6 mau
16p nho 1a rét it, ty 1& phén loai chinh xéc trén 16p it
mau 1 rit dwoc quan tim. Trong qué trinh thuc
nghiém, két qua phan loai mau dugce trinh bay tai
ma tran confusion matrix [26]. Két qua duoc so
sanh trén ba chi s do rit duoc quan tdm trong cac
mg dung chan doan y hoc 1a Accuracy (d6 chinh
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xac toan tdp) va Recall; (40 bao phu lop thir i),
Precisioni d9 chinh xac 16p thur 1.

Béng 1: Confusion matrix trén tap da lop

(o a Lép du doan
Lopding v i Tép2 Lop k
Lop 1 Nn Ni2 Nik
Lép 2 Naj N2 Noxk
Lop k N N2 Nik

Nii s6 lugng mau thude 16p i phan dung vao 16p
i. Nj; s6 lwong mau thude 16p i phan loai sai vao 16p
j(Voii1#]).

Accuracy(Acc): do chinh xac phan loai toan tap
dir lidu 14 x4c suét tinh trén s6 mau phan loai ding
trén tong s6 mau phan loai ciia tap.

Recall; (Rej): @6 bao phu, kha nang phat hién
chinh x4c mot mau thudc 16p thir i, 14 xac sut phat
hién chinh x4c mau 16p i trén téng sé miu phan
loai thudc 16p i.

Precision; (Pri): d§ chinh xdc cua 16p thu i, la
xdc sut phan loai chinh xac mau 16p i trén tong sb
mau dugc phén loai thude vé 16p i.

Z\k\
Z,IZ” ;

Z Vf\ N,

5 XAy D,[_]’NG HE THONG QUYET PINH
VOI CHI PHI

Acc = —————
Re

i

N ;
\k\
Pr, = Z ’t.

i

Chung t6i da xay dung hé thong quyét dinh vai
chi phi dua trén phuong phap phén loai dir liéu mat
can bang tlep can véi chi phi. H¢ thong duoc ap
dung vao chin doan bénh suy giam tuyen giap o
ngudi (ann tap dir liéu co ty 16 mit can bang >40)
[6]. Tap dit liéu dugc tién hanh voi hai loat thuc
nghiém diéu chinh truc tiép va gian tiép. Thong
qua két qua thuc nghiém kiém ching vai trd coa
chi phi trong viéc cai thién ty 1¢ phéan loai chinh
xéc trén 16p it mau.

Diéu kién can dé thyc thi h¢ théng 1a tap huén
luyén, ma tran chi phi va tap kiém thir. Vi vy tip
dir liéu dugc tach ra thanh hai tdp con: tdp huan
luyén va tap kiém thir theo ty 16 1:1. Gia tri U, C, d,
V, f dugc xéc dinh tir tip huén luyén, dat n=10.

Khoi tao ma trén chi phi cm cho tdp dit li€u
ann, chi phi chi mang tinh chat chat thuc nghiém.
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Gi&:l tri ma tran chi phj cm thoa 3 rang budc. Thi
nhat, ma tran co it nhat rp(f)t gia tri 1 va gia tri cua
ma trép duogc sinh ra ngau nhién va phai nho hon
hoac ba“l’ng n. Tht hai, chj phi phan lpai sai cua 16p
nho nhét vao 16p 16n nhat 1a 16n nhat. Thir ba, chi
phi phén loai sai cua 16p 16n nhat vao 16p nho nhat
1a nhd nhat.

(;hl’mg toi xay dung bd cong cu cua hé théng
quyét dinh véi chi phi c6 cac chirc nang sau:

5.1 Sinh ma trén chi phi diéu chinh truc

tiép mat cin bang trén tip da lép

bat h.'?mg n=10, khdi tao ma tran cm(k, k) vdi k
1a sb 16p cua tap di lidu, i, j € {l..k}, em[ij] €
R* U {0}, O<=cml[i,j] <=n (cmj dugc sinh nglu
nhién). Khoi tao vector cv véi k phan t,
ie{l.k}, cv[i] € R" U {0}, O<=cv[i]<=n (cV][i]
duoc sinh ngau nhién).

Kiém tra diéu kién ctia ma tran chi phi cm thda
ba diéu kién da trinh bay ¢ trén. Kiém tra cv co
phai 1a nghiém cua ma tran hé s6 tir ma tran chi phi
cm theo cong thirc (4), hang ctia ma tran hé s theo
cong thirc (5) 1a nho hon k. Néu dung thi vector cv
duge dung tinh trong s6 w, trong s6 w ding diéu
chinh mat can bang truc tiép trén tap da 16p. Chi
phi nay goi 1a chi phi nhat quan. Gia tri vector cv
duoc kiém tra thoa 3 rang budc nhu ma tran chi phi
trude khi gan cho 16p [26].

5.2 Sinh ma trin chi phi diéu chinh giin
tiép mat cin bang trén tiap da lép

bat héng n=10, khoi tao ma tran cm(k,k) vdi k
1a s6 16p cua tap dit lidu, i, j € {l..k}, cac gia tri
ciia ma tran duoc sinh ra ngau nhién twong tu nhu
ma tran chi phi diéu chinh tryc tiép (0<=cm[i,j]
<=n). Kiém tra diéu kién cta ma tran chi phi cm
thoa ba diéu kién rang budc dugc trinh bay nhu
trén, ngoai ra hang (Rank) ctia ma tran hé s6 theo
cong thic (5) 1a khong nho hon k. Ma tran chi phi
nay duoc ding diéu chinh gian tiép trén tap da 16p,
chi phi nay goi la chi phi khong nhat quan [24][26].

5.3 Dung md hinh phén loai véi chi phi

Trong s6 w; gan cho mau 16p i duoc tinh tir chi
phi cua 16p. Khi diéu chinh truc tiép chi phi 16p 1a
nghiém cua phwong trinh (4). Khi diéu chinh gian
tiép chi phi tap hai 16p duogc tinh theo cong thirc
(2). Ap dung cong thirc (3) tinh trong s6 w; cta 16p
thir i. Trong s6 16p dung gan cho cac mau thudc
16p trong tap hudn luyén. Tap huin luyén da gan
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trong s6 dua vao giai thuat hoc C4.5 (trén java
C4.5 1a J4.8). Keét qua thu dugc 1a mo hinh phén
loai vai chi phi.

5.4 Chirc ning phan loai

Tap kiém thtr duge dua vao md hinh phéan loai
v6i chi phi. Két qua phan loai dwoc trinh bay qua
ma trin confusion matrix va thong ké cac chi sé do
Acc, Re;, Pri (i 1a 16p dugc quan tam).

6 KET QUA THUC NGHIEM

Tap dit li¢u ann thudc linh vyc chin doan myén
giap, tdp dugc chon tor UCI (University of
California, Irvine) cua Blake et at., 1998 [3]. Tap
dir liéu ann ¢6 7200 mau phan phdi vao 3 16p, dugc
tai trg boi Randolf Werner. Lép 1 14 c6 bénh, 166
mau; 16p 2 tuyén giap dudi muic binh thuong, 368
mau va lép 3 1a binh thuong, 6666 maiu
[166;368;6666]. Tap dit li€u co 21 thudc tinh
(15 thudc tinh kiéu nhi phén, 6 thudc tinh kiéu
lién tuc).

Tap dir liéu ann dugc tach ra la 2 tap con: tap
huén luyén (tap train) [83;184;3333] va tap kiém
thir (tap test) [83;184;3333]. Lop duoc quan tim
dén ty 1¢ phan loai chinh xac 1a 16p 1 (16p bénh).

Thyc nghiém I: thuc hjén dung mé hinh V~0'ri
giai thugt J4.8 va tdp hudn luyén véi cac mau
khong gan trong s6 [25]. Dung tp test kiém thu,
két qua ghi nhan trong thuc nghiém nhu sau:

Acc=99.47 %, Re;=94.00 %, Pr; =95.12%

Béang 2: Confusion matrix trén TN1

Lép du dodn

Lép ding 1 2 3
1 78 0 5
2 0 175 9
3 4 1 3328

Thuee nghiém 2 (TN2): Két qua thyc nghiém khi
diéu chinh tryc tiép voi chi phi nhat quan. Khéi tao
ma tran chi phi. B0 nghiém tim dugc la
cv={1.0000; 0.8686; 0.5992}. Nhu vay chi phi l6p
1 1a 1.000, chi phi 16p 2 1a 0.8686, chi phi lop 3 1a
0.5992. Chi phi 16p dugc dung tinh trong sb 16p,
trong sd gan cho mau trong tp train. Dung mo
hinh tir tp train dd dugc gan trong sb. MO hinh
duoc dung kiém thir voi tép test. Két qua ghi nhan
trong thuc nghiém nhu sau:

Acc=99.61 %, Re; = 98.80 %, Pr; = 96.47%
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Bang 3: Confusion matrix trén TN2

L Lép du dodn
Lép dang l(m * ) 3
1 82 0 1
2 0 177 7
3 3 3 3327

Bing 4: Thong ké sy thay dbi phian phdi miu
trén tip (di€u chinh truec tiép)

chi phi nhit quan khéng chi phi
Lép dit———— —
R e g P
liéu S0 mau S0 mau
dugc — pinglop T ding 16
du dodn 8 1op du dodn 8 1op
1 85 82 82 78
2 180 177 176 175
3 3335 3327 3342 3328

Thuc nghiém 3: Két qua thuc nghiém khi diéu
chinh gian tiép véi chi phi khong nhét quan. Khai
sinh ma tran chi phi khong nhat quan, tip hudn
luyén dugc tach ra thanh td hop chap 2 ciia k cac
tdp hai 16p, ma tran chi phi cua cac tap hai 16p
duoc tach ta tir ma tran sinh ra ban dau. Sau do,
xay dyng cac md hinh tir cac tap hai 16p va ma tran
chi phi tuong tmg. Str dung tap kiém tra dé phan
loai dit liéu dya vao viéc binh chon tir tdp cac mod
hinh. Két qua thyc nghiém nhu sau:

Acc =99.56 %, Re; = 96.39 %, Pr; =95.23%

Bang 5 : Confusion matrix trén TN3

L Lép du dodn
Lép dang 1 op 2 3
1 80 0 3
2 0 176 8
3 4 1 3328

Bing 6: Thong ké sw thay dbi phan phéi miu
trén tap (di€u chinh gian tiép)

chi phi diéu chinh . oo
Lép gifn tiép khong chi phi
dit  S6 mau <z SO0miu oz
A S0 mau S0 mau
liew — duwge — eiop T fing s
dw dodn g top dw dodn 8 1op
1 84 80 82 78
2 177 176 176 175
3 3339 3328 3342 3328

Phan tich két qua thuc nghiém, véi TN1 s6 mailu
duoc phan loai vao 16p 1 1a 82 trong d6 c¢6 78 mau
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1a chinh xac thudc vé 16p 1 (78/82). V&i TN2 s6
mau duoc phan loai vao 16p 1 1a 85 trong d6 c6 82
mau 14 chinh xac thude vé 16p 1 (82/85). V&i TN3
s6 mau duoc phan loai vao 16p 1 1a 84 trong d6 c6
80 mau la chinh xé4c thudc vé 16p 1 (80/84). Két
qua TN2 va TN3 déu nang cao s6 lugng bénh nhan
dugc chan doan ding bénh diéu nay mang lai cho
bénh nhan co hdi chim séc, co hdi séng nhd phat
hién kip thoi, ding thoi diém. Viéc chan doan sai
ngudi c¢6 bénh vao cac nhom khac phai tra gia rat
cao: stc khoe, su song cia bénh nhan 1y do 1a
khong phat hién kip thoi, bo qua thoi diém vang
diéu trj bénh.

Tir két qua thuc nghiém cho thdy di c6 sy phan
phéi méu lai gilra céc 16p; s6 lwgng miu dugc phén
loai ¢6 xu hudng di chuyen vao 16p duoc gan trong
so cao. Su dich chuyén ndy lam néng cao s6 luong
mau phan loai vao 16p it miu va sé6 mau dugc phan
loai dung trén 16p it mau.

Két qua phan loai miu phu thudc nhidu vao gia
tri ma tran chi phi. Ching t6i tién hanh thuc
nghiém 10 1an (TN2 va TN3), két qua duogc trinh
bay dudi dang: trung binh + d6 léch chuan.

Bang 7: Thong ké trén 3 dang thwe nghiém

chi phi nhét chi phi khéng khéng chi

quan nhit quan phi
A Lgoos om0
Relpl)  Looes  soois 09400
Pris) oo sooons 09

Déi v6i cac tap dir liéu mat can bing cao, ca chi
phi nhit quan va chi phi khong nhat quan déu cai
thién duoc ty 1& phan loai chinh xdc mau 16p nho
cua tap dir liéu trén hai do do Recall va Precision.
Do chinh xéc phan loai 6n dinh va khong 1am giam
ty 16 phan loai chinh xac trén toan tdp (d¢ do
Accuracy). Thong qua két qua thuc nghiém cho
thdy duoc vai tro cua chi phi trong qua trinh phan
loai dit liéu. Viéc gan nhan cho mau nhay cam voi
chi phi, chi phi da lam thay d6i sy phan ph01 mau
giita cac 10p. Su thay ddi co xu hudng di chuyén vé
16p c6 chi phi phan loai sai lon. Ching t6 viéc gan
nhén cho mau khéng chi phu thudc vao nguyén tic
s6 déng ma con phu thudc vao chi phi.

7 KET LUAN

_Bai bao da trinh bay cac budc xdy dung hé
thong quyét dinh v&i chi phi phan loai sai. Hé
thong cai thién dugc ty 1€ phan loai chinh xac trén
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16p it mAu trong tdp mat can bang. Néu ap dung hé
thong vao tmg dung chan doan y hoc s& nang cao
hiéu qua chan doan, néu 4p dung vao linh vuc phat
hién xam nhdp, tin cong s& ning cao hiéu qua giam
sat hé thong. Tuy nhién, ching t6i chwa dé xuat
duogc mot bd tiéu chi xay dung ma trén chi phi cho
tap dir licu mét can béng, viéc x8y dung ma trin
chu yéu dya vao tri thirc chuyén gia.
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