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DAI SO GIA TU HAN CHE AX* VA 'NG DUNG CHO BAI TOAN
PHAN LOP MO’

NGUYEN CAT HO, TRAN THAI SON, DUONG THANG LONG

1. GIOI THIEU

Dai s6 gia tor (HA) da dugc nhleu tdc gia nghién ctru va ung dung (2, 3, 11, 12, 13], didu
nay cho thay tiém nang ing dung rat 16n ciia HA. Céu triic mot dal sO gia tu gom AX =X, G, C,
H, X & <). Trong d6 X la tap cdc hang tur (terms) cua dai s6, G={c,c} 1a tap phan t sinh,
C={0,1,W} cic gid tri hing, H 12 tip céc gia tr (hedges),® gia tir téi han min, X gia tir toi han
max, < quan hé thtr ty ngir nghia gilra cdc hang tu.

Thuec té, cdc tic gia 4p dung HA trong céc m6 hinh giai céc bai toan sur dung it cc gia tw
[3, 12, 13] v6i nhitng nghién ctru vé HA trong ung dung cac bai todn phan 16p, ching t61 tlep
can dai s g1a t& han che chi véi 2 gia tir (ki hiéu AX?). AX* gom mot gia tor duong va mot gia tu
am, khong mét tinh tong quat, dat H'={L} va H'={V}. C4c khai niém va két qua lién quan dén
AX? duoc trinh bay ¢ phan sau, khang dinh tinh hitu dung ciia AX? trong tng dung cdc md hinh
phan 16p mo. Trén co s6 d6, chiing toi d& xuat mot md hinh tim kiém t6i wu tap luat mo phén 16p
su dung giai thuat di truyén (GA) va thtr nghiém trén bai todn GLASS [28].

Phén 16p 1a bai todn réat ddc trung ciia khai pha dir liéu, dugc nhidu tic gia nghién ctru va
phéat trién c4ac mo hinh ung dung [3, 4, 9, 10, 14, 15 - 19, 20, 22 - 24, 27]. Bai toan cho mot tap
dir ligu mau P={p;=(di,...din; Cy) | i=1,...,M}, p; 1a mau dit ligu thtr i, Cie {Cy,...,C,y} 12 nhan
phan 16p tuong tng, M 1a s6 mau dir liéu, n 1a s6 thuge tinh, m la s6 16p. Giai quyét bai todn tirc
phai xdy duyng mé hinh dya trén tap mau nay dé phén 16p cho cac dir liéu voi muc tiéu dat hiéu
qua phén 16p cao nhét, hon nira mé hinh phai don gian, dé hiéu dbi voi ngudi ding. Céc phuong
phép va k¥ thuat nhu 1 thuyet hoc mdy, tri tu§ nhan tao, mang noron,... da dugc st dung nhim
dat muc dich trén [6, 21, 25].

Phuong phép tlép can theo hé mo duge nhiéu téc gia dé cap trong cdc bai bdo [3, 10, 15 —
19, 25], trong d6 md hinh dya trén co s¢ h¢ luat mo str dung kha pho bién. Luat mo & dang nay
gom tap céc diéu kién va phan két luan 12 nhin phan 16p dugc biéu dién nhu sau:
rg IF Xy is A,y AND... AND X, is A,, THEN C,with CF,, (1)
trong do, X=(Xi,...,X,) la vécto dir heu mau kich thuéc n (n la sd thudc tinh), C, la nhan phan
16p dau ra cua luat va CF, 1a trong s6 (weight) cua luat. Theo tlep can HA [Long- 09] mién ngoén
ngit cia mdi thudc tinh dwoc céu tric boi dai sd gia tir AX?, ki hiéu X;, dod6 A,; € X;1a mot
hang tur (linguistic term) lam diéu kién cua luat tuwong ung voi thudc t1nh J-
Mai luat mo phén 16p nhu trén ¢6 thé dugc xem nhu mot dang cua luat két horp trong khai

pha luat ket hop (association rules), ki hi¢u r, = (A, = C,). Mot s dinh nghia v€ trong so luat
duoc dé xut boi Ishibuchi trong [15, 18], trong bai nay ching tdi sir dung theo dang CF3 sau:

CF3 = C(Aq = Cq) - C2nd(Aq = Cq)a (2)
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trong d6 c(A = C,,) la do t1n cay cua luét dugc tinh theo luat Kkét hop [18], c2ud(A; = C,,) I1a do tin
cdy 16n nhét cia céc luat c6 vé trai laA, con két luan khac C,, ching duoc tinh boi cdc cong thurc:

Zlqu(pi

i, o> ¢y -2 )
ZﬂAq(pl‘)
i=1

Cond = maX{ C(quch) | h=1’2__"m; ClaSSh = Cq } (4)

v6i m 1a sb 16p cua tap dir liéu mau, M la s6 mau dit liéu, ham tinh do phut hop cua mot dir lidu
thuc véi hang tir A, ta,(p), dugc xem xét trong phan sau (phan 2, dinh nghia 2.3).

HE¢ mo dang luat trén (1), ki hi€u S, c6 hai phuong phap lap luén cdc tic gia dung nhiéu 12
single-winner-rule va weighted-vote [18], theo céch single-winner-rule moi mau dit liéu s& dugc
tinh muc do thich hgp cua né véi vé tréi tat ca cdc luat, chon ludt nao c6 mirc d¢ thich cao nhit
va phén 16p dau ra theo luat do:

Classify(p) = argmaxc, { ta,(p).CF,IVA,=C, e S }. ®))

Trudng hop c6 nhiéu ludt cung dat gia tri 16n nhét nhung két luén phan 16p khic nhau, khi
do6 ta chon ngau nhién mdt trong so ching.

2. DPAI SO GIA TU HAN CHE AX* VA TIEP CAN DEN BAI TOAN PHAN LOP

Ki hiéu X; c X la tép céc hang tir ¢6 d0 dai ding k, I, = { Su(x) | xe X3} 1a tap cic khoang
tinh mo muc k (k-intervals) xac dinh béi cac hang tr trong X; [2, 3] (c6 thé viét gon I, hodc
J(x) thay cho Ji(x)). Goi X, 1a tap cdc hang tir ¢6 d6 dai khong qué k, nhu Vay Xp=Xiu.. v
Xj, tvong tu ki hi¢u Iy) =1; U ... U I. Sau day 1a mot so khdi niém va Kkét qua lién quan den
AX®.

Hai khoang tinh mo J(x) # J(y) dugc goi la ké nhau cung muc néu chiing duoc xdc dinh
boi hai hang tir x,y ¢6 cing do dai (x,ye X), hay 3(x),3(y)e I, va ching c6 mot diém miit chung,
tic 1a Imp(S(x)) = rmp(3(y)) v rmp(3(x)) = Imp(3(y)), trong d6 Imp va rmp 1a diém mut trai va
mut phai cia khoang tinh mo.

Ki hiéu G(x) I 3(y) 1a khoang tinh m& J(x) ké bén trai 3(y), hay rmp(3(x)) = Imp(3(y)),
tuong ty xI<y 1a hang tir x ké bén tréi hang tir y: Vze X, 2%, 22y, 2<x<Yy) v (2>x>Y).

Pinh nghia 2.1. Cho AX* VxeX (k= I(x) 1a do dai hang tr x), khoang tinh mod tuong tu béac g (g
> 1) cua x 1a khoang dugc tao bdi hai khoang tinh mo ké nhau cung mirc k+g chtta v(x) lam
diém trong, ki hi¢u &,(x), dugc xdc dinh nhu sau:

i) néu v(x)=0 hodc V(x)=1 thi F,(x) = Tise(¥), 520 cho Y& Xy, WX)E Fir ().

i) nguoc lai,

Fo(X) = Tirg (1) D Tiag(3), 520 €h0 Y1,Y; € Xieags rMP( s (0))=IMp(Fag ()= UAx).

trong d6 @ 1a phép nbi hai khoang tinh mo ké nhau.

Pinh nghia nay cho théiy mot hang tur ¢6 khoang tinh mo tugng tu bac cang cao s€ cang bi
thu hep vé tam cua hang tir d6: ta c6 Vxe X, g1>g2, 8,1(x)C84(x). Vi du hinh 2.1, 85(c*) < Jx(c™)
c 3i(ch).
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Hinh 2.1. Minh hoa khoang tinh m& tuong tu bic g ctia cdc hang tir trong AX*

Pinh nghia 2.2. Cho AX?, k > 1, hé khoang tinh md twong tu ciia tap X, ki hiéu §,), 1a tap cic
khoang tinh m¢ tuong ty cla tat ca cdc hang tur trong X, sao cho Vxe X, J,(x)e Sw), g+(x) =
k' khong ddi (tie 1a Vxe X, 34(x) dugc tao boi cdc khoang tinh mo cing mirc k") va Sy 1a mot
phan hoach cua [0,1].

Ta goi §¢, 1a h¢ khoang tinh m¢ twong ty murc &, twong Ung voi tap Xg,.

Sa { Igs(o)l 52(IVC') : 57(0') | 52(ILC') : 53I(W) : 3:(IL€+) : 53I(0+) | 52(‘I/C+) Igzgll)
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Hinh 2.2. Minh hoa h¢ khodng tinh m¢ twong ty muc 2, tuong Ung tap Xz, trong AX?

Mgénh dé 2.1. Cho AX?, kich thuéc céc tap X, X, I, I, dugc tinh nhu sau:
i) Véik=1,1X,1=5.
il) V6i k> 1, Xl = 2.
iif) Vk > 1, Xl = 342,y 4 2 = 3+(2.252) = 1428
iv) Xzl = 2.(184)-2)+2.
Dé y rang Il = X!, Uy = X0,

B6 dé 2.1. Cho AX?, k > 1, gia sir tap Xy, Xyer duoc sap thir tw, Xg = {x0 < "< xy <X < <
Xy bs Kiern = {y1 <32 <7< Yy }. VO Vi, yin1 € Xiwr, Ini€ Xo: yi < Xi < Yira, i=1,2,,2" Khi
d6, tAp Xy = Xy U Xpn = { X0 < y1 <X <7< X <y < <77 < Ve <X }.

Chitng minh. Theo Ménh dé 2.1, Xl = 142", X4l = 2, diéu nay théa man mdi cap theo
thtr tu trong X, tuong Ung véi mot phan tr trong Xi.1. By gio ta chung minh Vy,e Xy, Ixi4,
x€ Xy Xt <Yi <X, i:1,2,"‘,2k+1. Bang phuong phédp quy nap, véi truong hop k=1, X4, = {0, ¢,

W,c, 1} va X, = {ve, Le, Lc*, Ve'}, rorang Xy = {0 < Ve < ¢ < Le <W< Le'< ¢ < Ve' <
1}, vay k=1 duoc khang dinh.
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Gia sir truong hop k > 1 da khang dinh, ta ching minh cho trudng hop k+1. Theo gia thiét,
Xo={rn< "<xu<x< < Xkt h Xk ={<y<r< Yint } va Xy = X U Xprn = { %0 <
V<X <" <X <y <x<” <y2k+1 <.X'2k+1 } (*) Trong AXZ, tinh Xk+2 = {Lyl‘, Vyl . VyiEXk_,.l}
(b@“mg cch dung hai gia tir {L,V} tic dong 1én mdi hang tir trong Xp,;). Dua trén tinh cu tric
dan cua HA [1 1, 12], Vy,ve Xk+1’ ta co hO’ElC @i< Lyl <yi< Vyl < 2571', hOéC ¢yi < Vyl <y < Lyt <
2Yi, hon nita trong X ta cling c6 yi <Py, < yi < 2y < Vi1, dé y rang y, = 0, Ve = 1 (*%). Tur
(*) va (**) ta suy ra Vz, 2’ € Xis2, Ayits Vio Yir1 € X1y, Vit <z<yi< 7' < yu1, trong 36 z = Ly;, 7’
= Vy,, hoic z’ = Vy,, z = Ly; (i=1,2,,2"""). Vay k+1 duogc khang dinh = dpcm. (]

Pinh 1i 2.1. Cho AX?, k > 1, véi tap Xy, ton tai duy nhat mot hé céc khoang tinh mo twong tu
muc k, S, dugc tao bdi phan hoach cdc khodng tinh mo muic k+2, Ij».

Churng minh. RO rang tap I, 12 mdt phan hoach cua [0,1] [11, 12], vay néu S duoc tao tir Iy,
théa man 1a mdt phan hoach cuia [0,1] (thoa dinh nghia 2.2). Ta chi can chiing minh §, dugc tao
duy nhét tir phén hoach Ii,,.

(i) Trude hét, chirng minh §, dugc tao tir phan hoach Iy,,. Bﬁng phuong phap quy nap, véi
truong hop k=1, ta c¢6 Xqy = {0, ¢, W, ¢*, 1} va I, = {J(VVc), S(LVc), F(LLc), F(VLe),
S(VLeY), J(LLcY), S(LVcY), F(VVceh)}. Theo dinh nghia 2.1, hé khoang tinh md twong ty cta X
dugc xay dung nhu sau, §g) = {5,(0) = FHVVC), x(c) = F(LVC) @ J(LLc), §(W) = (VL) @
S(VLcY), 8x(c*) = (L) ® F(LVc*), 8,(1) = F(VVe)} (hinh v& 2.2), vay k=1 dugc khang dinh.

B0 5

VVve

(W)
1
VLe ' VLc*

5, S,

vve*

Lve LLc LLc* Lve*
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Hinh 2.2. H¢ khodng tinh m¢ twong tw §, ciia X,

Gia st truong hop k> 1 da khéng dinh, tirc 1a § 4, cua X, dugc tao bai Ii,,. Ta chung minh
cho truong hop k+1. B¢ ¥ rang I = {I(y)) | Vy,€ X;}. Khong mét tinh tong quat, theo tinh chat
cua HA, gia st cac tap Xy, X va X2 duge sap thur ty. HE khoang tinh mo twong ty muc k+2
clia Xq duoc xdy dung nhu sau, S = { Fw)=3(2) @ F(2is1) | y2is y2in1€ X, i=1,2,7,21-1} U
{9(01). 3(y,e2) ). diéu nay théa mén (theo ménh dé 2.1-iv), dé ¥ rang §(0) = F(y1), 8(1) =
3(y2M) € Sw). Trong AX?, sinh tAp Xy = {Lwi, Vw; : Ywie Xi}, Xiaz = {Lys, Vyi © Vi€ Xiaz)
(b@“mg cach dung hai gia t& {L,V} tic dong 1é€n mdi hang tur trong X, Xi.2), tuong Ung ta c6 Ij,s.
Blét réng X(k+1) = X(k) U Xk X(k+2) = X(k+1) U Xie2, X(k+3) = X(k+2) U X3 Theo b6 dé 2.1, tur X(k)
va Xk+1 ta co thir tw tép X(k+1) = { <Wip <X <W; < Xipp < Wi <m}, trong do Wi, Wi, W,‘+1€X(k), Xiy
Xin1€ Xpar, i=1,2,7, 2121, Tuong tu, v6i x:1, X5, X51€ Xy Vi Vi1 € Xiwzs j=1,2,7,27-1, ta c6 thir
tu tAp X2y = {7 < X1 <Y < X5 < Vi1 < X1 <77}, VA 20701, 22j 2j41s 22(+1)E X3, SUY 1a thir tur tap
Xsny = {7 < X0 < 290 < Y5 < 295 < X5 < 2ot < Y1 < 2oy < X1 <77} XAy dung tAp Sgery = {
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3(xj)=3(Z2j) @3(sz+1) | 225, 22j+1€ Xia3> € X a1y, J'=1,2{'}2k+2'1} U {J(z1), S(sz) }s aé y réng
8(0) = 3(z1), 8(1) = 3(2,1) € Susn)- Vay trudng hop k+1 dugc khing dinh.

(ii) Chitng minh khong ton tai m > 1, m # 2, dé Sy, dugc tao tir I,,,. Theo ménh dé 2.1,
iaml = 27, 184 = Xl = 142!, mit khéc ta phai ¢6 2.(1S@)-2)+2 = .|, hay 2.(1425'-2)+2 =
2k+m <:> 2k+2 - 2k+m <:> m= 2.

Tu (i) va (if) = dpcm. m

Theo dinh nghia 2.2, v6i k 2 1, Vx € Xy, xdc dinh §,(x) € §y), ta ¢6 hai khodng tinh m¢
tuong tu trong Sy, ké beén tréi 1a Neigip(84(x)) = 3,1(y), ké bén phéi 1 Neig,ion(Jg(x)) = Je2(z) VOi
¥z € Xg), ¥y < x <z va khong ton tai hang tir trong X, nam gitra ching, tirc 1a Imp(8,(x)) =
rmp(851(y)) A rmp(8,(x)) = Imp(8x(2)). Truong hop x = 0, ta xac dinh Neigx(J,(x)) = 3(0) (tic
1a y=0), twong tu khi x = 1, Neig,io(8,(x)) = J1) (thc laz =1).

Neig,igi(5A(Le)) \. /

&H0) _ §(Ve) 83(c) _ _S(Le) F(W) (L") Fe) _ _HVeh &)

S | f f — f f —t f f — f f —

f f f f } f f f !

f . f B } T f T !

Ve Lc Lc Ve

X(Z) 1 ] ]
I T 1
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Hinh 2.2. Hé phan hoach céc khoang tinh md twong ty va ldng giéng cua chiing

Pinh nghia 2.3. Cho AX%, k> 1, Vxe X, xdc dinh mot khoang tinh mo twong tw Jy(x)€ Sw),
dinh nghia d¢ twong hop bac g = k+2-I(x) cta gié tri dinh luong v ddi véi hang tir x 1a mét anh xa
sg : [0,1]xX — [0,1], dugc x4c dinh dya trén khoang cach tir v dén v(x) va hai khoang tinh m¢
twong tu lang giéng cta J¢(x) nhu sau:

Se(v,x) = max(min( v=v0) s v(z)—v J,OJ, (6)
v(x)—v(y) v(z)—v(x)

trong d6 y,z 12 hai hang tir x4c dinh hai khoang tinh mo tuong tyr lang giéng trdi va phéi ctia Fo(%).

b6 tuong hop nay déng vai trdo nhu mot ham thudc trong If thuyét tdp mo, né dugc su dung
cho céc tinh toan 1ap luan trong cic rng dung vé sau.

Hé qua 2.1. Cho AX?, k > 1, Vve[0,1], ludn ton tai duy nhat mot hang tir xe Xy, xdc dinh
khodng tinh mo tuong ty bac g=k+I(x), F,(X)€ Sx) A VE T (X).

Chitng minh. Dé dang suy ra tir tinh phan hoach ctia S.. |

H¢ qua nay cho théy kha nang ung dung cta hé khoang tinh mo twong ty S, cuia AX? trong
moi qua trinh thyc.
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Pinh Ii 2.2. Cho AX?, bd tham s6 mo gia tir 0 < fin(c), u(L) < 1 (dé ¥ rang fin(c*) = 1-fin(c),
(V) = 1-1(L)), v6i u,ve [0,1], u#v, luon ton tai mot hé phan hoach twong ty muc k, Sy, (twong
ung tap X)) sao cho ue 8(x), ve 3(y), 3(x),8(y)e Sk, (hay x,ye X)) va x#y.

Churng minh. Theo dinh Ii vé tinh trd mat cua v(x), Vxe X trong [0,1] cia HA [11, 12] va biét
réng X = U::1 X, . Suy ra, Ve du bé, 3k, Vx,ye Xy € X, x # y, l)(x)-U(y)l < & Chon &€= lu-vl,

hon nita, v(x) € §(x), Uy) € §(y) (dinh nghia 2.1) va theo tinh phan hoach cta §y,, do d6 u,v
khong cung nam trong mdt khodng tinh m¢ twong tu J(x) hodc J(y). Vay ta c6 hodc ue J(x) A
v 8(x); hoac ug 8(y) A ve 8(y) = dpcm. (]

Dinh Ii nay cho thiy kha nang xap xi moi diém trong [0,1] ctia hé khoang tinh md twong tyr
trong AX~

Hé qua 2.2. Cho AX?, bo tham sé mo gia tir 0 < fin(c), i(L) < 1 (dé ¥ rang fin(c*) = 1-fm(c),
(V) = 1-4(L)), mot tap con E C [0,1]", ludn tdn tai mot hé phan hoach twong tu muc k, Sy
(twong ung tap X)) sao cho Vu,ve E, uzv, |Axzy, ue 3(x), ve 3(y), 9(x),3(y)€ Sw)-

Chitng minh. D& dang suy ra tir dinh 1i 2.2 bing cich dat k = max{ k; | k; x4c dinh bang dinh 1i
2.2 cho moi cdp u#ve E}. ]

3.XAY DUNG HE LUAT MO CHO BAI TOAN PHAN LOP
3.1. Thiét ké thuat toan sinh tap luit khéi diu

Vi tap dir licu mau P={p;=(dy,...dn; C) | i=1,...,.M}, mdi thudc tinh duwoc xem xét voi
mién ngit nghia Ia céc hang tir ciia dai sb gia tir AX?, ki hiéu X;. Trudce hét, tinh todn cdc hang tir
nay voi muic k; cho trude va hé khoang tinh mo tuwong tu cua ching dya trén cac tham s6 mo gia
tr, ki hieu Xgp={x1, x2,...} va Saj={Fe1(x1), F2(x2),...}.

Theo dinh If 2.1, mdi mau dit liéu p=(dy, ..., dy; C;) xdc dinh duy nhét tap cdc hang tur, ki
hiéu A={(x;1, Xp2,....x) | x€ X, dijE€ 8oi1(xp), j=1,2,...,N}. Dua trén co s¢ nay, thuit todn sinh
tap luat khoi dau tir tap dit liéu mau dya trén dai sd gia tr AX?* dugc dé xuat nhu sau:

Thuit toan 3.1. Khéi sinh tap luat tir tip mau (ki hiéu RFRG - Robust Fuzzy Rule Generation
Algorithm)

Vao:

+ Tap mau P={pi=(dy,...dn; C;) 1 i=1,....M} c6 N thudc tinh, M 1a sb mau,

+ Céc tham sé mo gia tir trong AX? va mic k; cho tit ca cdc thudc tinh (c6 thé dp dung
giong nhau cho moi thudce tinh hoac cac thudc tinh c6 cac tham s6 khac nhau).

Ra:
+ Tap céac luat mo, ki hiéu Sp.
Cac budéc:

Step I) Tinh todn cdc hang tir X4; va hé khoang tinh mo twong tu Sy; cho tat ca cdc thudc
tinh dua trén cdc tham s6 mo gia tir va muc k;,

Step 2) Lap voi mdi dit liéu pi€ P, thuc hién:
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Step 2.a) Tinh tip cac diéu kién A; cta luat sinh boi mau pi (dya trén dinh Ii 2.1),
A = {(xi1, X, . Xin) | x5€ Xy, dij€ 8gii(x), j=1,2,...,N}

Step 2.b) Sinh luat m&i gdm vé tréi 12 A; va két ludn 12 16p C; twong tmg véi mau p;,

ri=A;=C)

Step 2.c) Thém r; vao tap luat: Sy =S, U {r;}.

Step 3) Két qua S,.

Panh gia do phtc tap cia RFRG dbi voi tap mau P: Ogprg(M.N).

Thut todn RFRG nay cho ta mot hé luat thd véi do dai ding bang s6 thudc tinh, s6 luat tdi
da dugc tao diing bang s6 mau. Tuy nhién, theo su phan bo cia dit liéu mau cling nhu cich chon
muc phan hoach hé khoang tinh mo tuong ty, muc phan hoach cang cao (Sw) voi k cang 16n)
thuat todn c¢6 co hoi sinh s0 luat cang nhiéu. Trong phan tlep ching toi dé xuat mot chién lugc
tim kiém hé luat tdi uu trong tap luat Sy sinh boi thuat toan nay.

3.2. Thiét ké phwong phap t6i wu hé luat

Bai toan dat ra la cho tap mau P {p, d;y,-- d,,l, C)li=1 M} (di1,-.\din) € D, Ci €
{(C),...,Cy }, n 12 86 thudc tinh, M 1a sb mau, m 12 s6 16p. Véi bd tham ) mor gla tir ciia AX? va
murc phan hoach hé cdc khoang tinh mo twong tw (fin/(c), ((L), k), dé v rang fmi(cH=1- fin(c),
,u,(V) 1—/11(L) cho céc thudc tinh X, j=1,...,N. Su dung thuat todin RFRG dé sinh tap luat So, tap
nay c6 thé biéu dién duoi dang mot bang FAM (Fuzzy Association Memory), chiing ta thiét ké
thuat toan tim kiém t6i uu hé Iuat S dya trén Sy nay (hinh 3.1) véi muc tiéu:

maximize f,(S), minimize f,(S) va minimize f,(S), @)
thoa rang budc: 1< £,(S) < Ry, 15f(r) < Ly, VreS.

Trong d6 S 1a mot tap luét chon tir So, f,(S) 1a hi€u qua phén 16p cua hé § danh gia trén tap
huan luyen £.(8) 1a ) luat trong S, f.(S) 1a d6 dai luét trung binh cta tap S. R, va L., gi6i han
$6 luat tdi da va d6 dai luat tbi da duoc cho trude.

no attribute

So 1 2 e N Cons- I
S idv 1 2 e Lmax Cons-
1 Antl,l Anll’z Anll’N C
L] an aig, a,, . G
2 Al’ltg,l Al’ltzﬁz Al’th’N Cz
2 as | DC vV a, Ci
DC DC | DC| \DC X
1 Al’l[,‘,j C,
Riax g1 | GR,2 DC
ISol | Antig) | Antg ), Antig )y Cison

Hinh 3.1. Minh hoa chon tap luat S tir tap S,
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- Tap mau P,

- BO tham s6 m& gia tir fin(c”), (L)
- Mtrc phéan hoach k; hé céc khoang
tinh mo tuong tu S(kj).

v

Sinh tap luat th6 S,
bang thuét toin RFRG

v

Khoi tao quan thé tinh
tham s0 nhiét d6 T,

v

Khéi tao mot quan thé xuat phat
ngau nhién pop, va dit k=0

Téng chi s0
thé hé k = k+1

A

»
»

\ 4
Tinh todn d¢ phu
hop cta pop;

Kiém tra diéu

kién dirng?

Tinh tham s nhiét d6 cho
thé hé k+1, Ty,; = To.of*!

v

Chon quén thé bd
me pop,, tir popy

A 4

Lai ghép cic cip bd me p;, Dj €
pop, thanh cap con o,, 0; € pop,

\ 4

Dot bién cac ca Ehé con 0;, 0; € pop,
dugc cac ca thé méi n;, n; € pop,

\ 4

Tai tao tr qu?m thé b me pop, va
quan thé con sau dot bien pop, tao

thanh quﬁn thé méi POPis1

Hinh 3.2. So db mé hinh sinh va tim kiém h¢ luat t5i vu bing GA+SA



Mot phuong phdp thich nghi duoc nhiéu tic gia sir dung 13 giai thuat di truyén (GA) [8],
trong bai nay ching toi dung GA két hop thuat toan m6 phong toi luyén thép (SA) [1 3,5,7,26]
véi hi vong tang toc do hoi tu va tranh sém roi vao hoi tu dia phuong. Trude hét, mdi c4 thé ma
héa cho mot 101 gidi tim kiém dudi dang ) thuc gom R,er nhim sic thé nhu sau:

MOdi nhiém sic thé (nst;) chia L. gen (41,82, -+, a;, L. ) biéu dién chi sb cdc thudc tinh

duoc chon cho luat thir i (r;), 0 < |_a, ]J < ISol.N, i=1,2,.. R,,m, Jj=1,2,....,L 4. Xac dinh diéu kién
cta thudc tinh duoc chon cho Sy, theo a;; 1a thudc tinh thir a; ;%N cua luat thir |_a, J/NJ trong Sy,
a;;=0co nghla thudc tinh khong dwoc chon (DC = Don’t Care) (phép % chia 13y s6 du, ki hiéu
| | dé 14y phan nguyén).

Truong hop néu 3i, Vj : a; ; =0, khi d6 cac thudc tinh lam diéu kién cua ludt tht i khong
duoc chon (DC), vay luat nay dugc loai bo trong hé luat S, cua ca thé twong trng. Mat khac, néu
Ji:aij = aip, j1 #j2, tuc 1a hai diéu kién thr j1 va j2 cua luat thir i cung chon mot thudc tinh
trong S, thi loai bo mdt diéu kién thwr j1, khi d6 xem nhu a;;, = 0.

RO rang day la mot bai todn t6i wru da muc tiéu, cic tic gia trong [19] da dua ra mot 56
phuong phép giai quyét nhu t6i wu Pareto bang giai thudt di truyén. O ddy, ching toi dp dung giai
thuat di tmyen voi mot muyc tiéu (ham fitness) dugc két nhap cic muc tiéu cua (7) theo trong so:

ﬁtness = Wp-f})(Sidv) + Wn~(1'ﬁ1(Sidv)/Rmax)+ Wa-(l'fa(Sidv)/Lnulx)a Wp+ WytW, = 1’ (8)
trong d6 S, 12 tap ludt dugc chon tir tip S, théng qua ma héa cua cd thé idv.

Cdc phép toan di truyén st dung ¢ ddy nhu da xét trong [3]. M6 hinh sinh va tim kiém hé
ludt mo t6i vu phén 16p nay dugc minh hoa trong hinh 3.2. Trong hinh 3.2, diéu kién dimg dugc
st dung 1a so thé h¢ dat toi da cho trudc hoac dat hi€u qua phan 16p t6i da.

4. THU NGHIEM TREN BAI TOAN GLASS

Tap du liéu mau glass dugc cong bb tai [28] da c6 nhiéu tac gid st dung thtr nghiém trong
céc két qua nghlen ciru [18, 19, 21, 25]. Tap mau nay ¢6 214 mau dit lidu, 9 thudc tinh va 6 16p,
phan b cac mau trén cic 16p nhu sau (sé mau/lop): 70/0, 76/1, 17/2, 13/3, 9/4, 29/5.

M6 hinh trén 4p dung thir nghiém v6i bd tham sé md gia tir duoc chon 1a fimi(c)=0,5, ,u](L)
=05 (dé ¥ fmic”) = 1-fmi(c"), u(V)=1-4(L)), tuy nhién chung ta c6 thé tbi uu bd tham s6 nay
[3]. Phan hoach hé cic khoang tinh mo twong tu cho mién ngodn ngit ctia mdi thudc tinh 1a Sw)
voi k=2, j=1,2,...9. Viéc chon b0 trong s0 két nhap cdc muc tiéu trong ham fitness nham dam
bao t1nh t6i wru ctia cdc muc tiéu 12 rit kho, chiing t6i chon 4 bd trong so0. Cac tham so GA va cla
md hinh cho thtr nghiém nhu sau:

- Tham sb tic dong dén cac todn tir gen md phong SA: A= 0,7, Y = 9.
- Kich thuéc quan thé cho viéc tinh tham s6 nhiét ctia SA (Tp va T,,.): 333.
- Kich thuéc mdi thé hé trong tién héa: 500.
- S6 thé hé tién héa tdi da: 150.
- B§ trong s6 ham fitness:
W' = (w,=0.,5, w,=10");
W = (w,=0,9, w,=10"");
W = (w,=0,99, w,=10"";
W' = (w,=0,999, w,=10"), dé ¥ rang w, = 1-(w,+w,).
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- Phuong phép lap luan (2): single-winner-rule

- Trong s6 luat mo xdc dinh theo dang 3 (5): CF3.

- S6 luat gidi han téi da: R, = 20.

- S6 thudc tinh t&i da cho mdi luat (46 dai luat t6i da): L., = 3.

Bdng 4.1. Két qua thir nghiém trudng hop ALL va so sénh véi [25]

Our method Mansoori-07
Weight of fitness PN PL PA/PT PN PA/PT
w 4 2 59,35 - -
w2 11 2,55 73,36 - -
w 15 2,6 77,1 - -
w! 14 2,5 78,04 - -
- - - - 33 64,02
- - - - 44 69,63
- - - - 65 75,23
- - - - 95 78,5

(d4u “-” khong c6 két qua thir nghiém, PN 1a s6 luat, PL la d6 dai trung binh tap lut, PA 1a hi¢u qua phan
16p trén tap training, PT 1a hi¢u phan 16p trén tap testing)

Bang cdc phuong phap thu nghlem thir nhat tit ca tap mau ding dé sinh luat (tralnlng) va
kiém tra hiéu qua phén 16p (ALL), két qua thé hién trong bang 4.1. So sanh véi [25] cho thay s6
luat nhé hon nhidu nhung hiéu qua phén 16p cao (hinh 4.1). Véi truong hop W* cho két qua 14
ludt voi hidu qua phan 16p 78,04% trong khi ctia Mansoori dat 78,5% véi s6 luat 1én dén 95,
truong hgp W? cho 15 ludt voi hiéu qua 77,1% trong khi Mansoori dat 75,23% véi s6 luat 65.

Két qua véi trwong hop ALL
perf
90 -
30 -
70 1 / ./l/./.
60 -
50 -

40 =4—Our method

30 == Mansoori-07

20

10

0 T T T T | rule

Hinh 4.1. Db thi két qua trudng hop ALL va so sdnh véi [25]

Mot phuong phép thir nghiém khac k-cross-validation, cu ﬂthé 10-folds, chia ngau nhién tép
mau thanh 10 phan kich thudc bang nhau, sir dung 1 phan dé kiém thir (testing) con lai 9 phan dé
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sinh luat (training) va tim kiém hé luat t5i wu. Chay thir nghiém 10 lan theo thtr thy mdi phan
kiém thir dugc sir dung trong 10 phén chia, tinh két qua gom sb luat, do dai hé luat, hiéu qua
phén 16p trung binh trén cac lan chay thur nghiém. Két qua duoc thé hién trong bang 4.2 cho théy
Vo1 bo trong so W? dat hiéu qua phan 16p cao nht, trong khi W' cho s luat it va hiéu qua phan
16p thap So sanh vdi Ishibuchi, m6 hinh dat két qua phan 16p t6t trén tap kiém tra (hinh 4.2),
truong hop W2 ¢6 sb luat trung binh 10,3 dat 62,91% trén tap test, trong khi [19] chi dat 61,64%
tai 9,06 luat trung binh. Truong hop W mé hinh dat 64,67% véi s6 luat trung binh 15,9, cao hon
[19] dat 62,97% véi s luat trung binh 1én dén 28,32.

Bang 4.2. Két qua thir nghiém 10-folds va so sanh v6i [19]

Our method Ishibuchi-07
Weight of fitness PN PL PA PT PN PA PT
- - - - - 1 3502 26,34
w! 3 2,03 58,96 52,99 - - -
- - - - - 302 64,81 57,07
- - - - - 7,09 7623 6148
. - - - - 9,06 77,64 61,64
w? 10,3 2,56 7430 62,91 - - -
w 159 2,58 76,48 64,67 - - -
w 16 2,58 77,2 62,76 - - -

- - 28,32 82,09 62,97
- - 28,32 82,09 62,97

Két qua véi trudng hop 10-folds

perf
70

60 -
50

40 |
=4—0ur method

——Ishibuchi-07

30
20
10 A
0 . . . . . rule

Hinh 4.2. D6 thi két qua phan 16p trén tap testing (10-folds) va so sanh véi [19]

5. KET LUAN

Trong bai nay ching t6i da gidi thiéu nhitng két qua co ban vé dai sé gia tir AX?, mot tiép
can dai sO gia tir cho bai toan phan 16p mo trong khai pha dit liu va kha nang ung dung ctia nd.
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Trén co s& d6, bai bdo dé xuat mot md hinh giai bai todn phan 16p dua trén co s¢ hé ludt mo va
phuong phdp 1ap trén h¢ luat do.

Tuy nhién, dbi voi céc md hinh phén 16p dua trén h¢ cdc luat mo, cdc tic gia thuong su
dung cdc phuong phap t6i wu gom t6i rru vé tham s6 mo [3, 9, 22], hodc/va tdi uu vé hé luat mo
(16,17, 19] nham ting hiéu qua phan 16p va giam tinh phuc tap cua h¢ luat mo. Bai bdo tiép can
t6i wu hé ludt mo dya trén giai thuat di truyen (GA) dugc tich hop thém tham s6 nhiét (phong
theo giai thuat SA) 1am ting hiéu qua cua GA [1, 5, 7]. Dé téi uu tham s6 mo gia tir, chiing ta c6
thé tiép can dwa trén GA nay [1, 3].

Ap dung thir nghiém mo hinh trén tap dit lidu glass, két qua cia hai trudng hop thir nghiém
1a ALL va 10-folds cho thdy md hinh dat hi¢u qué tot khi so sdnh v6i mot s6 md hinh khéc [19,
25]. bac biét m6 hinh nay, truong hop thu nghiém 10-folds, cho hi€u qua phan 16p trén tap klem
tra tot hon ciia Ishibuchi [19] (hinh 4.1), véi truong hop thir nghiém ALL, cho két qua tdt hon rat
nhiéu so véi [25]. Ket qua nay cho thay md hinh duge d& xuat dya trén AX* dat hiéu qua cao trong
bai todn phan 16p, néu mo hinh dugc t6i wu tham sé mo gia tir [3] s€ cho két qua cao hon nira.
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SUMMARY

HEDGE ALGEBRAS WITH LIMITED NUMBER OF HEDGES AND APPLIED TO FUZZY
CLASSIFICATION PROBLEMS

In this paper we introduce the Hedge Algebras with a limited number of hedges, called AX".
In the AX®, we consider the g-grade similarity fuzziness interval of a linguistic term x, denote
8,(x), which are constructed from two (g+k)-fuzziness intervals satisfy that ©(x) is inside the
interval (Definition 2.1, k = [(x) is the length of x). There is a system of k-similarity fuzziness
intervals, denote §,, corresponding to a set of linguistic terms that their length is less than or
equal to k, denote X, (Definition 2.2). Especially, we prove that the system is always exist and a
partition of [0,1], it is constucted by a set of (k+2)-fuzziness intervals (Theorem 2.1), so the AX?
with its partition of k-similarity fuzziness intervals can be used in any real domain (Theorem
2.2).

Fuzzy rule-based systems are widely used for classification problems. There are two main
goals in the design of fuzzy rule-based systems: one is the accuracy maximization and the other
is the complexity minimization. Various approaches have been proposed to deal with the
problem [19, 22, 25, 23]. So in the section 3, we propose an extracting fuzzy rules algorithm
(RFRG) for classification problems base on the partitions §y, of domain of attributes. The
generated rules, denote Sy, of this algorithm content all attributes, i.e. their antecedents have full
attributes of the problem, we call them a robust fuzzy rules-set. These rules can improve
accuracy upto 100% by choosing particularly k-similarity fuzziness intervals of attributes
(Corollary 2.2). However, this may increase the complexity of the fuzzy rules-set. To overcome
this problem, we design an algorithm to optimize the fuzzy rules-set by using genetic algorithms
and annealing simulation [1, 5, 7, 8, 26]. The solutions of this optimal problems are encoded in
real encoding, which represents rule’s index and attribute’s index in Sy to be selected, then the
fitness function is given as a weighting of three objectives: maximize the performance of rules-
set, minimize the number of rules and minimize the average rule-length.

In the section 4, we apply our method to the glass problem that posted in UCI machine
learning repository. The results, in all patterns for training case, are better than [25] in
comparision, the best accuracy of our method is 78.04% with 14 fuzzy rules while [Mansoori-
07] is 78.5% with 95 fuzzy rules. In the 10-folds experiment, the best accuracy on testing
patterns of our method is 64.67% with 15.9 average fuzzy rules, comparing with [19] is 62.97%
with 28.32 average fuzzy rules. The comparision shows that the accuracy of our method is better
than [19] and [25].
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