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Tém tit

Bai bao nay trinh bay mdt mang noron duoc cai tién
tr mé hinh mang noron phdn cum mod min-max
(FMNN). M5 hinh cai tién dugc goi 1a GFMNN nhim
giai quyét hai han ché cin ban ciia FMNN. Thtr nhét,
GFMNN ¢6 cdu tric ty dong ting truong sd luong
noron trong qué trinh hudn luyén tiy theo dic tinh
riéng ctia mdi tap dir liéu. Thir hai, GFMNN cho phép
xtr 1y trye tiép cac dir lidu thyc ma khong can chuan
héa trude. Cac thuc nghiém da duge chung toi tién
hanh trén hai tdp dir liéu PID va Iris d& so sanh
GFMNN vdi cac phuong phéap khac da duoc cong bé.
Tur khoa: min-max mo, mang noron, phan cum, phan
16p, tang trudng.

Abstract: This paper presents an impoved fuzzy
min-max neural network (FMNN). The improved
model is called Growing FMNN (GFMNN) which
aims to overcome the two drawbacks of FMNN.
Firstly, GFMNN has growing structure which
automatically increases the number of neurons during
training depending on specific characteristics of each
dataset. Secondly, GFMNN allows directly processing
real data without standardizing. The experiments were
conducted on two data sets IRIS and PID to compare
GFMNN with other methods which have been
published previously.

Keywords: Fuzzy min-max,
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Chir viet tat

FMNN Fuzzy Min-max Neural Network

PARC Pruning Adaptive Resolution Classifier

GFMNN Growing Fuzzy Min-max Neural
Network

PID Pima Indians Diabetes

BMU Best Matching Unit

1. Phin mé dau
Ly thuyét tap mo duoc Zadeh dua ra vao nam 1965
[1]. Cac nghién ciru vé nhan biét va phan loai tap mo
da dugc nhiéu nha nghién ctru thyuc hién, dién hinh 1a
cac nghién ciru nham két hop giita logic m¢ va mang
noron dé phat trién cac hé thdng thong minh [2,3,4].
Diéu nay nhim két hop stc manh cua 1y ludn mo
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trong xir 1y thong tin khong chic chan véi kha ning
hoc cta mang noron [5,6,7,8]. Lin [9] dua trén céc y
tuong cta diéu khién logic mo, cau triic mang noron
va kha nang hoc ciia mang noron dé dwa ra mo hinh
diéu khién logic md va hé théng quyét dinh. Archer
[10], Mukaidono [11] st dung tdp mo trong mang
noron phan 16p.

Dura trén nhitng vu diém cia viéc két hop logic mo va
mang noron, Simpson di d& xuit mot mé hinh mang
noron phan cum md min-max, goi la FMNN [14,15],
cho phép két hop mang noron va ly thuyét min-max
mo dé giai quyét bai toan phén 16p va phan cum.
FMNN duya trén su tong hop ciia cic hyperbox mo
[16] dé xac dinh va gidi han cac khong gian con trong
khong gian mau n-chidu. Mdi khong gian con dugc
xac dinh bang hai diém min va max dugc goi la mot
hyperbox. No6i cach khac, FMNN phan cum béng
cach tao ra cac hyperbox, mdi hyperbox dai dién cho
mot cum s& twong tng 12 mot noron trong 16p dau ra.
Sb luwong noron cua 16p dau ra dugc uée luong cb
dinh trudc sao cho 16n hon s6 cum c¢6 thé hinh thanh.
Thuét todn hoc cia FMNN nham muc tiéu mé rong va
co lai cac hyperbox thong qua viéc diéu chinh trong
sO clia mang, Néu qua trinh mé rong tao ra sy chong
lan giita cac hyperbox thi thuc hién qua trinh co lai dé
khir chong l4n.

Dén nay, c6 mot sé nghién ctiru dé xudt cai tién hidu
suit thuat toan hoc cua FMNN. Rizzi di cai tién
FMNN cua Simpson bang cach ap dung cac ky thuat
phan loai thich mg [17], cét tia [18], khai quat PARC
(Pruning Adaptive Resolution Classifier) [19] sir dung
ky thuat cai dat dé quy. Tuy nhién, cac giai phap nay
c6 chi phi tinh toan 16n, do han ché cua viéc sir dung
dé quy [18]. Meneganti va nhom nghién ctru [20,21]
dé xuat thuat toan hoc béng cach bat dau véi sb cac
hyperbox bang dung vé6i s hyperbox dau ra. Thuat
toan nay phu thudc vao tha ty trinh bay cac dir li¢u va
cac kich thude cua hyperbox. Cac giai phap hoc cua
ca Rizzi va Meneganti 1a “offline” do phai duyé¢t lai
mau huén nhiéu 14n dé xac dinh cac cum.

Trong cac thuat todn nay, déu can du bao trudc )
luong cac hyperbox can duoc tao ra. Viéc du bao
trudc chinh xac cac hyperbox 1a dac biét kho ddi voi
loai dit liéu c¢6 do nhiéu cao, s6 cum 16n. Trong bai
bao nay, chiing toi d& xuit moét mo hinh mang noron
mo truyén thiang co kha ning ty ting trudng trong quéa
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trinh huén luyén. M6 hinh nay duoc cai tién tir mo
hinh cta Simpson. Khé nang tu tdng truong trong qua
trinh huan luyén cho phép tao ra sé lugng hyperbox
tuong xing véi s6 lwong cum dir lidu thuc sy, do d6
thuat toan hoc khong can xac dinh trudc sd lugng
hyperbox.

Cac phan con lai cia bai bao bao gom Phan 2 va 3
tong hop lai nghién ciru nén tang vé thuat toan min-
max mo va mo hinh mang noron FMNN; Phan 4 trinh
bay mé hinh mang noron d& xut cua chung t6i; Phan
5 trinh bay cac két qua thuyc nghiém va phan cudi

cung 1a két luan.

2. Phan cum m¢& min-max
2.1 Khéi niém hyperbox mo
Cho tap dit liéu huén luyén D = {Ay|h=1,2, ...,
A, = (B 8o
Mot hyperbox mo Bj duoc dinh nghia [10] nhu sau:

B, ={A1,V,-, i J(A1 Vi W, )}

m} , voi
a,,) € R" 1a miu dit ligu th h.

Trong do:
-V =(Vi Vi jn) la diém min cua By
-W, = (le, Wi, Wiy ) 1a diém max ctia B;

- b, (Ah,vj,wj) la ham thugc ciia miu vao Ay véi
hyperbox B;

Gié tri ham thudc b; m6 ta do thudc cua mau A, Vao
hyperbox B; dugc nghia théng qua Vj va W nhu sau:

bJ(Al'Vi'WJ)z%g[l_f(a'“_WJ"y) (Vh' Gni- ):| (1)

trong d6: y 1a tham sd do nhay dung (Ié diéu chinh
giam nhanh gia tri ham thudc khi mot mau vao bi tach
ra khoi hyperbox; Ham ngudng hai tham s6 f dugc

xac dinh:
1 néuxy=1
flx,v) = {x,f néul <xy <1
0 néuxy <0
* W . W
Ve Voe

(a) Hyperbox 2-chiéu (b) Hyperbox 3-chiéu
H.1  Minh hoa hyperbox mo

2.2 Thuit toan phan cum moé min-max

V6&i mdi Ay € D, thuét toan thuc hién 3 budc:

Buoc 1. tim mdt hyperbox B; c6 d6 thudc cao nhit
theo (1) trong sb cac hyperbox thoa man biéu thirc
diéu kién gidi han kich thudc (2) .

Zn:(max(wji,ahi)—min( J,,ah,))se 2)

i=1
Diéu chinh cac diém min, max ciia hyperbox B; theo
(3) va (4).

v?fwzmin( j’,'d,ah,) Vi=12,..,n (3)

W?iewzmax(w‘?.'d ahi) Vi=12,..,n 4)

o
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Néu khéng cé hyperbox nao thoa man (2) thi tao mot
hyperbox méi va khoi tao cac diém min, max cta né
theo (5):

Vi=W,=A, ®)
Buée 2. Kiém tra chong lan giita hyperbox vira diéu
chinh Bj v6i cac hyperbox khac. Gid st hyperbox By
can duoc kiém tra chong 1an vai B;. Thuc hién so sdnh
trén cac chiéu tuong tng gita B; va B. Néu B; va By
co chong lin, mot trong bdn truorng hop sau xay ra
(trén mdi chiéu):
(a) Truong hop 1: max cia B chdng 14n v6i min cua
Bi: Vi <V <Wj <W

I —

Ty Ty Wa Wiy

(b) Truong hop 2: Min cua B; chdng 14n véi max

cua By. Vi <V <Wy <wy

Vs Uy W Wy

(¢) Truong hop 3: By bi co lai trong By
Vji<Vki<Wki<Wji
+“
—
Fii Vg Wi Wi
(d) Truong hop 4: B; bi co lai trong By

Vii <Vji <Wji < W4

&
¥

Bude 3. Loai bo chdng lan gilra cac hyperbox: néu
hyperbox B; va By co6 chong 1an, thyc hién diéu
chinh dé loa1 b6 chdng lan theo 4 truong hop tuong
ung:

(a) Truong hop 1:

VEld +W0Id
VI:EW _ WTIEW — { 2 (6)
(b) Truong hop 2:
VI — e — VOId -’_WlflId (7)
i T We T
2
(c) Truong hop 3:
- Néu W =V <Wj =V
V?iew — Wl(()ild (8)
-Néu W —Vj; =Wy =V
wWhew — v[(()»ld (9)
ji i
(d) Truong hop 4:
- Néu Wy —Vg < W =V
V'?iew — W;)ild (10)
-Néu Wy =V =W, —V;;



Wl:ew _ Vold (11)
Céc budc tur 1 dén 3 duogc lap lai dbi v6i tat ca cac
mau trong tap dit liu. Diéu kién dirng cua thuat todn
1a khi cac hyperbox 6n dinh, tirc 1 tat ca cac diém
min va max cta cic hyperbox khong thay ddi hodc
thay doi dudi mot ngudng cho phép trong khi duyét
mau ké tiép cua tap dir licu.

3. Mang noron phin cum m¢ min-max
3.1. Céu triic mang
Céu tric mang noron phan cum m¢ min-max [14]
gdém 2 lop (H. 2), 16p vao Fa gém n nat (mdi nut 1a
mot chiéu ctia mau dir lidu), 16p ra Fg gdm m nit (mdi
nut 1a mt cum).

H. 2 M6 hinh FMNN

Mbi mét noron tht j dugc ’két ndi voi cac dau vao
thong qua mdt bd trong so kép, tuwong ung la hai
vector Vjva W; (H. 3).

(™) vy

o~V ’ \
() Ty \
wy o \
/ .’ : va J‘ \ XNW) '
(N I /
" LA /

V,‘

(%) ¥
H. 3 Minh hoa cu tao cia mot noron b;.
Mdi dau vao gin v6i mot thanh phin cua A,. Két nbi

gilra dau vao thr i va nit thi j trong Fg thong qua hai
trong s6 min v;; va max w;. Tuac 1a cac diém min va

max cua nit tht j 1a cac vector V, ( 1o Vo oo Vi )va
W, :(wlj,wzj,...,wnj).
/ (a =~
Ant (2 ) i An —5(2)
I’\h: _,,)A\ﬁil_/__,_’/ l\)j) \h '>($
Ans —>\//a37 Aps —> (%)
At __ (%) Aw__ (%)

(a) Khéi tao gom I miit

(b) Tang truong thém nut moi ,

V6i mu vao Ay, gid tri ra ciia by (A,,V;, W, ) duoc
tinh theo (1).

3.2. Thuit toin huin luyén
Thuét toan huin luyén cuia FMNN [14] yéu cau udc
luong trude sb hyperbox co kha ning sé& duogc tao ra.
Ky hiéu tdp cac hyperbox uéc lugng ban dau la U
(Uncommitted), 1a cdc hyperbox chua c6 mau vao.
Tap cac hyperbox c¢é cac diém min, max di duoc didu
chinh 1a C (Committed), 1a cac hyperbox di c6 mau
Vao0.
Buée 1: Khoi tao cac trong sd ciia hyperbox Bje U
theo (12) va (13):
Vj =1 12)
W, = (13)
trong d6, 1 la vector n-chiéu c6 cac gi tri bang 1; 0
1a vector n-chidu c6 cac gia tri = 0.
Thuét toan hoc thuc hién chuyén hyperbox tir tap U
dua vao tap C. Khi mot hyperbox dugc chuyén thi
cap trong s6 kép duogc khoi tao theo (5).
Bude 2: Mo rong hyperbox.
Véi mdi mau vao Ay, tim mot hyperbox B; c6 gia tri
ham thudc (1) cao nhit. Néu biéu thuc dleu kién (2)
thoa man thi diéu chinh hyperbox theo (3) va (4),
nguoc lai, chon mdt hyperbox ByeU va khoi tao lai
gia tri theo (5).
Buée 3: Didu chinh chdng 1an néu co
Kiém tra chong lan gitra hyperbox hién thdi véi cac
hyperbox thudc tip C. Néu phat hién chong lan thi
loai bo chdng 14n theo (6),(7),(8),(9),(10),(11).

[=)

4. Mang noron phian cum mo min-max

véi cau truc ting truéng
Dé khéc phuc han ché phai ¢b dinh trude sé cum cua
md hinh FMNN, chiing t6i dé xu4t mt mo hinh mang
noron ty dong tang trudng dé dat duge s6 cum phu
hop v6i tinh chat cua mdi tap dir liéu. Piéu nay ding
v6i ban chét cua thuat toan phan cum md min-max.
M6 hinh cta ching t6i dugc goi 1a Growing FMNN
(GFMNN).

4.1. Ciu triic mang

-'\hn .

(c) Mang sau khi da hudn luyén xong

H.4 Minh hoa cdu triic mang GFMNN

GFMNN duogc thiét ké gom 2 16p, truyen thing tuong
tu nhu FMNN. Lop dau vao thuc chét chi bao gom
cac tin hiéu vao duoc nbi véi 16p noron dau ra. Moi
tin hiéu dau vao thir i (v6i i=1..n) duoc két ndi véi
noron b; thong qua mét cip trong s6 kép gdébm hai
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thanh phéan vIj va Wij. Tirc 14 mdi noron bj s& co 2
vector trong so Vj va Wi



Hoi nghi toan quoc lan thir 3 vé Piéu khién va T dong hod - VCCA-2015

4.2. Thuit toin huin luyén

Ban dau GFMNN chi c¢6 mét nat duy nhat by (Hinh
4a). Céc vector trong s cua by 1a V1(V11,V2.1,. V1) VA
Wi (W 1,Wa1,...,.Wn1) duoc khéi tao bing mot mau dau
vao A(ay, a,,...,a,) bat ky.

Trong qua trinh huan luyén, véi mdi miu dau vao A,
thure hién:

Budée 1. Tim noron j khép nhat (BMU) véi A, bang
céch:

- Xéac dinh mot tap Ny, gém cac noron thoa man (2).

- Tim noron j Ny, ¢6 gia tri d6 thudc fj thoa man (14):

f; = max{b, (A, V., W)} (14)

Buée 2. Néu xac dinh duge noron j thoa mén (2) va
(14) thi cap nhat cac trong sd cho noron j:

- Cap nhat V; theo (3) va W; theo (4).

- Diéu chinh lai V; va W; néu c6 chong lan theo (6),
(7), (8), (9), (10), (11).

Nguogc lai, néu khong xac dinh dugc noron j thdéa méan
(2) va (14) thi tang truong thém mdt noron moi cho
mang (Hinh 4b, 4c) va khoi tao cac trong sd cho
noron méi nay bang mau vao Ay,

4.3. Cai tién ham thudc cho phép mang xir Iy cac
dir liéu thuc )
bé GFMNN c6 the xtr 1y dqqc cac gi‘é tri thuc cua tép
dir liéu ma khong phai chuan hoa vé [0,1] nhu thuat
toan gbc cua phan cum mo min-max va mo hinh
mang noron FMNN dugc de xuat trude day chung toi
d¢ xuat diéu chinh lai ham xac dinh d¢ thude (1) nhu
Sau:
d(v,.w))
b, (A,.V,,\W)= g ‘J
1( j 1) d(AqvVi)+ d(,%,wj) (15)
trong do, d(a,b) 1a khoang cach Euclidean giira hai
vector a va b.
Ngudng 6 trong biéu thirc diéu kién (2) dwoc x4c dinh
nhu sau:
0=axQE, (16)
trong d6, 0<a <1 1a tham sé diéu chinh, Q_EAlé 16i

lugng tir trung binh cua toan bg tap dir liéu.

PID
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Thamsd o

Ti I& phén logi ding

Cong thuc (16) cho phép gidi han kich thudc cua
hyperbox khéong vuot qué 15i lwgng tir trung binh ciia
tap dir liéu.

5. Thuc nghiém
Chung t6i tién hanh thyc nghiém GFMNN trén hai tap
dit liéu PID va Iris dé danh gia Kkét qua dat dugc so
v6i cac giai phap khac da cong bd trong cac tai liéu
[22, 23]. PID la tap dir liéu chira cac thong tin vé bénh
tiéu duong [25] gom 768 mau, chia lam 2 cum thudc
hai truong hop: 268 mau dugc xac dinh mic bénh tiéu
duong (chiém 35%), cac mau con lai 1a khoe manh.
Iris 1a tap dir liéu chtra thong tin vé 3 loai hoa Iris
setosa, Iris virginica va Iris versicolor [25], bao gom
150 mau, mbi loai hoa c6 50 mau.
Phuong phap thuc nghiém duogc tién hanh twong tu
v6i cong bd ciia Anas [24], trong d6: tap PID sir dung
75% s6 mau dé huan luyén, 25% con lai dé kiém tra.
Tap Iris sir dung 80% s6 mau dé huin luyén, 20% con
lai dé kiém tra.
Chung t6i thuc hién thay doi gi4 tri ctia tham sb o tir
0.1 dén 1, tham s6 y=1. Két qua nhan dang c6 su bién
dong khi tham s6 o thay d6i. Bang dudi day thong ké
Kkét qua hinh thanh s6 cum va ti 1é phén loai ding.

Bing 1. Théng ké két qua hinh thanh s6 cum va ti 18

phén loai ding
PID IRIS
Tham Két Két
s6 a qua S6 cum qua S6 cum
(%) (%)
0.1 71.1 3 78.9 4
0.2 72.7 3 79.5 4
0.3 74.3 2 83.1 3
0.4 75.9 2 87.7 3
0.5 76.8 2 89.2 3
0.6 75.3 2 94.4 3
0.7 69.8 2 91.8 3
0.8 65.9 2 88.0 3
0.9 60.4 2 70.4 2
1 54.2 2 66.1 2
Iris

_,,/—/\\\

[ R TR T I - N Y- R =1
=T~ =T R T = = I}

01 0z 03 04 05 06 07 0.8 0.9 1

Thamsd o

H.5 Két qua bién dong khi thay déi tham sé o

Két qua phan loai (H.5) tot nhat ddi voi tap dir liéu
PID la 76.8% khi a=0.5, tap Iris la 94.4% khi a=0.6.
Bang 2 dué6i day so sanh két qua dat dwoc tét nhit cua
GFMNN v6i cac phuong phap khac da duge cong bd
truge day can cur theo céc tai liéu [22, 23].
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Nhan thiy ring, GFMNN c6 két qua twong duong so
v6i FMNN dbi voi ca hai tap dir liéu PID va Iris. Ly
do 1& GFMNN c6 thuat toan hoc hoan toan giéng
FMNN, chi khac & cach thuc ting truéng tu dong



noron. Ngoai ra, GFMNN diéu chinh lai cach xac
dinh ham thudc cho phép xu ly truc tiep cac dir liéu
thue.

Bing 2. So sanh két qua thuc nghiém GFMNN véi
mdt s0 phuong thirc khac.

PID IRIS
Phuong Két qua Phuong Két qua
thure (%) thirc (%)
LDA 775 C4.5 91.6
C4.5 73.0 0OC1 93.9
CART 72.8 LMDT 95.5
K-NN 71.9 LVQ 92.6
FMNN 76.6 FMNN 94.0

GFMNN 76.8 GFMNN 94.4

6. Kétluin

Bai bao da trinh bay mo hinh mang noron GFMNN
Vv6i cdu triic mang tu dong ting truong, cho phép giai
quyét bai toan phan cum mo dya trén cach thirc thuc
hién cua thuat toan phan cum md min-max. GFMNN
dugc cai tién tir mo hinh FMNN, ngoai kha ning ting
truong so luong noron dong, GFMNN con duoc dicu
chinh dé c6 thé xu 1y truc tiép dit liéu thyc. Céac két
qué thuc nghiém cho thdy GFMNN c¢6 két qua tot khi
Xt 1y cac dir liéu thyc. So voi FMNN thi GFMNN cé
ru thé khi xtr 1y cac tip dit khong biét trudc sé cum
¢ thé duoc hinh thanh, tc 13 sb cum thyuc té s& do
mang ty xac dinh sau qua trinh huin luyén. Day la
tinh hudng can thiét khi phan tich mot tap dir licu
moi, can phai phat hién ra nhimng dic trung ty nhién
cla cum.

Tuy nhién, dé dat dugc két qua phan cum tot thi ca hai
md hinh GFMNN va FMNN doi hoéi thoi gian va kinh
nghiém bﬁng viéc “thur sai” nhiéu 1an dé xac dinh cac
tham sé diéu chinh. Py ciing 14 han ché cua thuat
toan phan cum md min-max néi riéng va cta hdu hét
cac m6 hinh mang noron ndi chung. Ngoai ra, viéc
xac dinh kich thudc gidi han chung cho tat ca cac cum
(hyperbox) bang ngudng € 1a khong hop 1y, do thuc
té kich thude va mat do dit liéu ctia mdi cum dit liéu
trong khong gian dau vao 1a hoan toan khac nhau.
Day ciing 1a mot hudng nghién ciru tiép theo can duge
xem xét.
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