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MOT PHUONG PHAP XAY DUNG HE LUAT MO CO TRONG SO
DE PHAN LGP DUA TREN PAI SO GIA TU

DUONG THANG LONG

Khoa Cong nghé Tin hoc, Vién Dai hoc mo Ha noi

Abstract. In this paper, we propose a method for designing a classification system, which uses
weighted fuzzy rules base on hedge algerbas (HA). The antecedents of fuzzy rules are generated from
datasets base on the partitioning of fuzziness intervals of terms. Rule weights and reasoning methods
are defined base on these intervals. Next, we apply genetic algorithms (GA) for selecting rule sets
with high performance and small average length of the rules, then we apply GA to optimize fuzzy
parameters of hedges. We experiment our method to a popular classification problem (wine, [24]),
and getting good results in comparing with [13,14].

Tém tat. Bai bdo nay dé xuidt mot phuwong phap xiy dung hé luit mo c¢6 trong s6 cho bai toan
phan 16p [12 — 14] dua trén dai s6 gia tir (HA) [1 — 2,10, 15 — 17]. Phan diéu kién cda cdc luat mo
duogc sinh tir dir liéu mau dua trén phan hoach céc khodng tinh m& theo HA cia cdc thudc tinh, cac
tinh todn trong s6 luit va 1ap ludn phan 16p cing dua trén khodng tinh mo cia cdc hang tir twong
ung [2]. Cdc tham s6 m& gia tr 4p dung cho mo hinh dwge t6i wu theo gidi thuat di truyén, hon
nita tap luat sinh ra tir dir litu mau cida bai toan kha 16n, ching ta chon tap t6i wu céc luit cing
bang gidi thuat di truyéen [2, 3, 13,25]. Mo hinh sé duge thir nghiém cho bai todn phan 16p cdc loai
riegu (wine, [24]) pho bién rong rai va nhiéu téc gid st dung [8,9, 11 — 14], cho két qua tdt so véi

13, 14].

1. GIOT THIEU

Hé mo dwge nghién citu phét trién va tng dung rong rai cho bai todn phan 16p [6 —
9,11 — 14,18 — 23,25 — 27], nhiéu tdc gid st dung hé cdc luat mo dang IF antecedents THEN
consequent [2,7,9,11 — 14,19, 20, 23]. Pac biét, cdc tac gia trong [8, 12, 14,27] da cho thay
moi luat dira trén tap di lieu mau dwoe ddnh gia mire do tdc dong dén hiéu qua phan 16p
13 khdc nhau. Nhuw vay, moi luat sé mang theo né mot trong s (weight) ddnh gid do quan
trong trong lap luan. Luat mo cé trong s6 thwong dirge bieu dién nhw sau:

Ry:IF Xy is Aj1 AND Xy is Agy AND..AND Xy is Ay y THEN CywithCF,, (0.1)

trong d6, X = (X1,..., Xy) 1a vécto dir licu mau kich thuée N (N thude tinh), A, ; 1a mot
hang tir (linguistic term) cta phan diéu kién luat twong ting véi thudce tinh j, Cj 14 nhan
phan 16p dau ra cua luat, va CF, 1a trong s6 cia luat (weight).

*Nghién cttu dwrge hoan thanh véi sir hd tro tir quy NAFOSTED
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Bai todn phan lép thuomg dwge cho béi mot tap dir lieu mau, ky hieu P = {p; =
(dity....din; Cy) | pi € Dyi = 1,...,M}, D la tap du lieu, C; € Ci, ..., Cp, la nhan phan lép
cho dir liéu p;, M 1& s6 mau, m 1 s6 16p. Dira trén tap mau nay, ching ta xay dung mot hé
luat mor ¢6 trong s6 theo dang (1) dé phan lép. Vi moi mau dit lisu p = (dy, ..., d,,) dwge
phan 16p vao mot ¢ € (1, ..., C,, theo mot phwong phép 1ap luan phan 1ép duwge chon trén
hé luat. Yeéu cau dat ra doi véi hé luat nay 1a hiéu qua phan 16p cang cao cang tot va hé luat
phai nhé gon, dé hiéu ddi véi nguoi diing.

Véi nhirng nghién ciru vé hé phan 16p dya trén cic luat mo khong c¢6 trong so (tire 1a
CF, = 1,Vq), céc téc gid thuong diéu chinh tham sd mo bang cdc ky thuat hoc may nhu giai
thuat di truyen [2,9, 19,26] hoac két hgp mang noron [18,22]. Tuy nhién, diéu nay c6 thé
lam mét tinh trirc quan va dé hidu clia cdc tap mo va céc luat mo [14]. Mot s6 téc gid khac
phuc bang cdch dwa vao céc rang bude vé viée diéu chinh cdc tham s6 mo [14, 9]. Trong [14]
str dung trong s6 luat thay vi diéu chinh tham s6 mo dé lam tang do chinh xéc cia hé, ddm
bao tinh truc quan cia luat. Ro rang, chiing ta phai thoa hiép gitra hai yéu t6 hiéu qua phan
16p va tinh trire quan cia céc luat mo cing nhw kich thuée tap luat. Bai bdo nay dé xuat
phuong phap xay dung hé luat cé trong s6 dura trén dai s6 gia tir nham ting hiéu qua phan
16p nhung van dam bao tinh trirc quan cia cdc luat bang nhirng rang buoc vé tham sé mo
gia tir.

Bai bdo dwge trinh bay gom 5 muc. Trong Muc 2 gigi thiéu luat mo dua trén dai s6 gia
tir, cac danh gid trong s6 cua luat [11 — 14] va phwong phdp lap luan cho bai todn phéan lép
[14]. Muc 3 dé xudt mo hinh phén 16p md, trong dé phan tich anh hudng cua tham s6 0
trong viéc két nhap céc luat mo [3] va phuwong phdp sang (lya chon) céde luat theo cdce tiéu
chudn khac nhau [11 — 14]. Muc 4 4p dung thir nghiém cho mo6 hinh dén bai todn phan l6p
céc loai ruegu (wine), duge cong bo trong [24] va nhiéu tdc gia sit dung. Két qua ciia md hinh
rit tot so vai 2,9, 14]. Cudi cing 1a phan két luan.

2. LUAT MO CO TRONG SO DUA TREN DAI SO GIA TU
VA PHUONG PHAP LAP LUAN

Theo tiép can PSGT, hé luat mo dang (0.1) ¢6 phan diéu kién & vé trai la cdc hang tir
trong DSGT. Trong d6, mién ciia moi thudc tinh sé dwoc phan hoach md bdi mot tap cac
khéi niém mo twong ting la cidc khoang tinh mo tai mmte k cho tru¢e. Phwong phdp phan
hoach nay da dwgc nhiéu téc gia sit dung cho qud trinh sinh luat [4 — 8,11 — 14], trong dé
cdc khai niém mo dwge dat ¢d dinh ca vé s6 lwong lan ham thudc twong img. Chiing t6i sir
dung phan hoach dira trén phan hoach hé cdc khoang tinh mo ciia DPSGT sé khac phuc dwoc
cdc nhwge diém nay (Hinh 3.1).

Mot sé van dé lien quan dén DSGT

Xét dai s6 gia tr AX = (X,G,C, H, X, ®,<) [2]. Trong d6 X 1a tap cdc hang tir (terms)
cia dai s6, G = ¢~, ¢t 1a tap phan tir sinh, C = 0,1, W cdc gid tri hang, H 1a tap cédc gia tit
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(hedges),® gia tir t&i han min, ¥ gia tir t&i han max, < quan hé thit ty nglr nghia gitra céc
hang ttr. Ta ky hiéu X} € X 1a tap cdc hang tir ¢6 do dai ding k, I, = {Sk(z) | z € Xi} la
tap cdc khoang tinh mo mite k (k-intervals) xdc dinh bdi cdc hang tir trong Xy [1,2]. Dua
trén tinh dan cia cdc hang tir trong dai s6 va tinh phan hoach cia cdc khodng tinh mo, dinh
nghia vé tinh ké thira ctia cidc khoang tinh mo nhuwr sau:
Dinh nghia 2.1. [2] V§i YV, y € X xdc dinh hai khoang tinh mo 3, (x) € I, va Sy (y) € 1,
ching ¢6 quan h¢ ké thira (ky hiéu 3,(x)S(y)) néu 33, (2) € L, v < min(p,q), Sy(z) D
(@) va Sy(2) D Sy(y), tike z, y dwge sinh ra tir 2, & = hgy...hp12, Y = Bgn...hg1 2, Vg, by, €
H.

Khi §(z) va S(y) ¢6 quan hé ké thira, ta néi rang J(z) bao ham hai khodng tinh mo trén.
DE v rang, dua trén cau tric thit tu ctia X, phan tir x nim & gitra hai tap h_;z : —¢ <i < —1

va hjz:1 < j <p, hon ntra ta co.

Yielq-1IS(hi)| = fm(z) x Bic—q—yp(hi) = a.fm(z) = o|S(z)|. (0.2)

Dieu nay goi ¥ chon diém cudi chung ctia hai khoang tinh mo S(h_1z) va S(hyz) la gid
tri dinh lwgng ngr nghia u(x) (xem [17]) cua hang tir .

Ro rang, gid tri dinh lrong ngtr nghia u ctia mot hang tir cing nhrr khodng tinh mo cia
n6 phu thuoc day du vao cac tham sé mo fm(c™), fm(ct), u(h)Vh € H.
Dinh nghia 2.2. Véi Vz,y € X xdc dinh hai khoang tinh mo S, (z) € I, va Sy(y) € 1,
néu ching ¢é quan h¢ ké thira thi S« (2*) = argmaz,{Sy,(2) € 1|y (2) D Sp(z) va Iy(2) D
Sy(y)}, goi 1a khodng tinh mo bao ham cye tiéu hai khodng tinh mo trén. Nguge lai, khi
chiing khong ¢6 quan hé ké thira thi v* = 0.
Thd tuc 2.1. [2] Tinh khodng tinh m& bao ham nhd nhat (cye tiéu) hai khodng tinh me
cho truéce
Input: Hai khoang tinh m& bat ky Sp(x), Sq(y), va tap tdt ca cdc phan hoach I(k =
1,2, ..., kmaz)-
Output: 3y(2z) bao ham hai khoang tinh mo 3, (), Sy (y) khi chiing ¢6 quan hé ké thira.
Actions:

Step 1) Bat v = min(p, q),

Step 2) Néu 33y,(2) € I, Sy(2) D Sp(2) va Sy(2) D Fy(y) thi két qua 1a Sy (2), véi z 1a
hang tir twong timg khoang tinh mo Sy,

Step 3) Nguoc lai gidm v di mot (v = v — 1) va néu v = 0 thi khong ¢6 két qua, tire 1a hai
khoang tinh mo 3, (z) va 3 (y) khong ¢é quan hé ké thira, néu v > 0 lap lai Step2).

Thi tuc nay dwoc dung dé tinh todn hang tir két nhap khi hop cdc luat mo véi nhau
(trinh bay trong Thuat todn 3.1). Pinh nghia sau ddnh gid mitc dd gan nhau cia hai hang
tir, va tir d6 ta dinh nghia mitc do gan nhau gitra hai luat mo trong Pinh nghia 2.4.
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Pinh nghia 2.3. Cho AX,Vz,y € X xdc dinh hai khoang tinh m& S (z), i(y) (trong dé
k 1a do dai cua x, [ 1a do dai cua y), do két nhap cia x va y dya trén khoang tinh mo bao
ham cye tidu $,(z) va gid tri dinh lwgng ngit nghia cia chiing 1a d4nh xa sm : X x X — [0, 1]
duoc xac dinh nhuw sau:

(1 —Ju(z) = v(y)]) (0.3)

sm(z,y) = ——
= max(k, 1)
Dinh dé 2.1. Do két nhap sm dugce dinh nghia nhw trén (Pinh nghia 2.3), ta cé:

i) Ham sm 1a doi xing, sm(z,y) = sm(y, x).

ii) Néu x, y khong ¢6 quan hé ké thira thi sm(z, y) = 0.

iii) sm(z,y) = 1 khi va chi khi x = y.

iv) ¢,d € G,c # ,x € H(c),y € H(d) & sm(z,y) =0, vic € G,x,y € H(c) &
sm(z,y) > 0.

V) Vz,y,z2 € X,z <y < z= sm(z,z) < sm(zx,y) va sm(z, z) < sm(y, z).

Khi x, y cting ké thira ngir nghia tir z (titc z bao ham z, %) thi ¢6 thé sir dung z dai dién
cho cd x va y, tuy nhién gid tri max(k,l) — v cang 16n cang lam suy gidm ngtr nghia cia z, y.
Vi du, x = very less old va y = more less old déu ké thira ngir nghia cia z = less old. Day
duogce goi 1a sy m& rong ngtr nghia, hay 1a sy tang tinh mo cua cdc hang tir.

Str dung do do két nhap trong Pinh nghia 2.3 dé két nhap hai hang tir thanh mot hang tir
maéi trong cde ing dung. RO rang, gid tri sm cang 1én thi viéc két nhap cang khong lam mat
nglr nghia cua cdc hang tir. Vi du, x = very less old,y = more less old, z = less less old
déu ké thira nglr nghia cia w = less old, tuy nhién sm(x,y) > sm(z, z) (Pinh dé 2.1. (v)),
viéc két nhap z, y thanh w t6t hon z, z thanh w (Hinh 2.1).

Hinh 2.1. Minh hoa két nhap hai hang tir thanh mot hang tir dai dién

Theo tiép can DSGT, hé cdc luat mo ¢ trong s6 theo dang (1) ¢6 phan diéu kién (an-
tecedents) & vé trdi ciia moi luat 1a cdc hang tir trong DSGT va ching xdc dinh mot tap cdc
khodng tinh mo {S(zg1), ..., S(z4.n)}. Ta dinh nghia do két nhap cia hai ludt 1am co s& dé
két nhap ching thanh mot luat méi nhu sau:
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Pinh nghia 2.4. Cho tap luat R dang (1), do két nhap cua hai luat rp,r, € R 1a ham
itg: R x R — [0, 1], dugce xdc dinh dya trén do twong hop cla cde thanh phan nhu sau:

Z.tg(TIN rq) = Tex(sm(Ap,la Aq,1)7 e Sm(Ap,m Aqm)), (0'4)

trong do6, Te, 1a mot t-norm mé rong, trong bai nay T, duge chon 1a toan tir min. Ham sm
tinh theo Pinh nghia 2.3.

Pinh nghia 2.5. Cho AX,Vz € X, dinh nghia do twong hgp cua gid tri dinh lwong v doi
vGi hang tir x 1a mot dnh xa A : [0,1] x X — [0, 1], duwge xdc dinh dya trén khodng céch tir
v dén v(z) va khodng tinh mo J(z) nhw sau:

i) Véi v € S(x), Av,z) = (1 -+ Ll

ii) Ngwoc lai (tite 1a v ¢ S(z)), AM(v,z) =0,
trong d6, o(v) la khodng cdch tir tam (gia tri dinh lwong ngtr nghia cia x) dén mot trong
hai dau miit ciia khodng tinh mo () tinh theo v, p 1a do twong hop tai hai diém dau mit
(thwomg chon 0,3), v&i Left(3) va Right(S) 1a diém muit tréi va diém muit phai ciia khodng

tinh mo S(z).

() — Left(S), v <wv(x)

o) =14 v(x) — Right(%’), v >v(z) (0.5)

Ham A déng vai tro nhw mot ham dinh lwong ngtr nghia (ham thudc) cho gid tri ngon ngtr
x, do d6 chiing t6i mudn rang do6 thudc tai hai dau mit ciia khodng tinh me 14 khéc 0 va dat
bang p.

Tiép theo ching ta trinh bay cdc phwong phdp ddnh gid trong sé ctia luat mo theo dang
(0.1). Ap dung d6 ho tro va do tin cay (support, confidence) trong khai phé luat két hop. Luat
mo dang (0.1) cing dwgc xem nhw mot luat két hop A, = Cy, trong d6 A, = (Ag1, ..., Ag.N)
14 phan diéu kién luat, moi dieu kién A, ; trong vé trai luat xdc dinh mot khodng tinh mo
twong tng (Ag1), ..., S(Ag,n). Hai d6 do nay dwoc tinh nhw sau:

Epi €classCy rAa, (pl)

S(Aq = Cq) == M ’

(0.6)

Zp,—Eclasqu HAq (pz)
M
iz P (Pi)

trong d6 M 13 s6 mau, C; 13 nhan phan 16p cho mau pi, m 1 s6 lép. Mirc do dép ing dau

c(Ay = Cy) = (0.7)

vao cia mau p; doi véi luat A, = C,; duge tinh nhu sau:

pa, (pi) = AMdix, Ag1) X ... X M(din, Agn), (0.8)

vGi ham A(.,.) duge xdc dinh theo Pinh nghia 2.5.
Ta sé 4p dung mot trong cdc phwong phép danh gid trong s6 luat dwge dé xuat trong [14]:
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CF] = c(A; = Cy), (0.9)
CEI! = c(Ag = Cy) — cave, (0.10)
CFHT = (A, = C) —c 0.11

q = q q 2nd> ( : )

trong d6 chi s6 I, 11,111 thé hién tirng dinh nghia ctia trong s6 luat, cape 13 trong s6 trung
binh trén céc luat ¢6 cing diéu kién A, nhung phan két luan 1a cdc 16p con lai khic Cy:

1 m
CAve = m—_ Z C(Aq = Cq), (012)
h=1,class,#Cy

Cond 14 trong s6 cao nhat trong s6 cdc luat ¢6 dieu kién A, va két luan 1a cdc 16p con lai:

cond = maz{c(Ag = Cy)lh = 1,2, ...,m;class, # Cy}, (0.13)

CF]V =1,vq, (0.14)

tire 1a luat khong ¢6 trong so.

Phirong phép 1ap luan dau ra dé phan 16p déi véi mot dir liéu dau vao p dua trén hé
luat mo S dang (0.1), chiing ta c6 hai phirong phép dé 1a single winner rule (Classify’) va
weighted vote (Classify'!). Cong thitc xdc dinh hai phwong phap nay nhw sau [14]:

Classify’ (p) = argmazxc,{pa,(p).CF|A, = Cy € S}, (0.15)

Classz’fyn(p) = argmaiass,{ Velass, (0)|h = 1,2, ...,m}, (0.16)

trong d6 Viass, (p) 1 gid tri vote ctia moi 16p h ddi véi mau p, duge tinh la:

Vatassy (zp) = Y pa,(x).CF,. (0.17)
R4€S,Cq=h

3. XAY DUNG HE LUAT MO CHO BAI TOAN PHAN LOP

3.1. Thuét toan sinh luét tir tap dir liéu miu

Cho tap dir lieu mau P = p; = (d;1, ..., din; Ci)|i = 1, ..., M. Theo tié€p can DSGT, mién
ciia moi thuge tinh X; sé dugc phan hoach bdi hé cdc khodng tinh md
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Ly = {0, (k1) Sy (Th,2), 00 Sy (g 1)}

twong tng véi tap hang tir Xy = {@k; 1, Thj2, o, Ty, x|} CGa mot DSGT AXj, kj 1a mite
phan hoach khoang tinh m¢ cua thuoe tinh thit 7,7 =1,2,..., N.

Nhw vay, cdc hé Ij; clia N thuoc tinh tao nén mot khong gian céc sieu hop {B =
(Sk1(zr1,i1), Ska(Tr2,i2)s 0 SEN(TrN,iN))[Skj(Trjig) € Irj} va 1 < d; < [Xgi|. Qua trinh
sinh luat sé xudt phét tir céc siéu hop c6 chira mau dir liéu, moi siéu hop nhir vay xem xét
sinh mot luat mo gom dieu kién vé trai 1a cdc hang tir twrong tng véi khodng tinh mo trong
siéu hop, tie 1a Ay = (1,1, Th2,i2: -, ThN,iN), V€ phai dwge xdc dinh 14 nhan phan l6p C,
sao cho luat d6 dat do tin cao nhat va duge xdc dinh nhur sau :

Cq = argmazc,{c(A; = Cp)|Ch € Cy, ..., Cp, C # Cy} (0.18)

Véi muc tiéu 1a sy don gidn va dé hiéu déi véi cde luat mo sinh ra, ching ta dp dung
phuong phép it gon vé trai luat bang cdch loai bo cdc thudce tinh véi hy vong sé it tac dong
dén viéc phan 16p. Moi luat sinh ra dang A, = C, sé dugc sinh tiép cdc luat con A, = Cy,
nhw sau:

A, € A |Ag| < g (0.19)

trong d6 aypaz 14 Ao dai (s6 thude tinh trong diéu kién vé tréi) t6i da cua luat va dwoge cho
trede (thwomg bang 3). Nhan phan 16p & vé phai dwoc xdc dinh theo (3.1).

Phirong phép 14y t6 hop theo s6 thuoc tinh trong vé trai luat nhur trén sé sinh mot hé luat
véi s6 lwong rat 16m, do sir biing no6 t6 hop cia tap thuoc tinh. Chang han véi N thudc tinh
va do dai t3i da aynee thi moi luat A, = C, sinh ra O + C% + ... + Oy luat con. Tiép
theo ching ta 4p dung phwong phap rit gon hé luat bang hai phwong phép: thir nhat, dua
trén mitc do gan nhau gitta cdc luat (Pinh nghia 2.4) dé hop chiing lai véi nhau theo nguwrdng
két nhap 60;;,. Thit hai, 4p dung phwong phép sang luat dwa trén gid tri ciia mot trong cdc
tiéu chuan sang dwoc dé xuat bdi [14] gdm ¢, s va c.s, tire 1a ching ta sé 14y céc luat c6 gid
tri tiéu chuan tir cao xudéng thap.

Vi du minh hoa phwong phép sinh luat dwa trén phan hoach md trén mién cia cdc thuoc
tinh d6i véi tap dir lieu mau cé hai thuoce tinh nhiw sau (hinh vé 3.1). Moi siéu hop chira mau
dir litu sé sinh mot luat twong tng, chang han luat

Rg = (IF Xy is L.c” and X3 is L.ct THEN circle),
ta cé cac luat con sinh ra sé la

Ro1 = (IF Xy is L.c™ THEN circle), Ryo = (IF Xy is L.ct THEN circle).

Ro rang luat Ry bao trum lén siéu hop twong ting luat Rg, khi d6 cac luat sinh ra tir hai
siéu hop nay c6 thé duwgce loai bo.



62 DUONG THANG LONG

Ngoai ra, diyra trén quan he ké thira ngir nghia, hai luat Ry = (Lct,VeT) =/ cirlee’ va
Ry = (Ve VeT) = cirlce’ ¢6 thé dwge két nhap thanh mot luat méi (bang cdch hop hai
hang tir Le™ va Vel cla thuoe tinh X3 thanh ¢) ¢6 dang Ryo = (¢, V) =/ cirlee’. Qua
trinh hop nay sé duogce tiép tuc theo mot ngwong qitg cho trude véi ham dédnh gid mite do
gan nhau gitra céc luat trong Pinh nghia 2.4, tham chi viéc két nhap nay thirc hién ngay ca
khi céc luat duwoe sinh ra.

i o | = -+ ]
I R s *Ry S
| e | L4
5 [ 1__._ _______ _ +U
. i e o
RQ. . | ® = Rg. E’
e o | L]
o = L ] oo Tt .T.- T T T Q
O ! (I E %
e Rg i s Ry .| w3
S i e T
- | m ! =
IE' - i -R6 " -R' - l:é)
| ! 4 .
Ve Le Lct Vet
: +
c X c

Hinh 3.1. Phan hoach mo trén mién cia hai thuoc tinh va sinh luat

Nhir vy moi thudc tinh, trirde hét phai tinh todn hé phan hoach céc khodng tinh md cling
v6i cdc hang tir dya trén cdc tham s6 mo gia tr theo cdc mike tir 1, 2, ..., k; (k; cho truéce), ky
hicu X ) = X1 U...U Xy, la tap cdc hang tir do dai khong qua kj va [,y = I U... U I, la
tap cdc khoang tinh mo twong ing. Qud trinh sinh hé luat mo theo phwong phép trén dugc
trinh bay duéi dang mot thuat todn nhw sau:
Thuat toan 3.1. Sinh luat tir tdp mau
Vao:

+ Tap mau P = p; = (d;j1, ..., din; C;)|i = 1, ..., M ¢6 N thuoc tinh, M 1a s6 mau huan
luyen,

+ Céc tham s6 mo gia tir va mite khodng tinh mo k; cda moi thude tinh thir j (c6 thé
ap dung k; giong nhau cho moi thude tinh),

+ Tiéu chuan sang luat PS (st dung 1 trong 3 tiéu chuan ¢, s hoic c.s),

+ Phwong phép danh gia trong s6 luat CF (st dung 1 trong 4 dénh gid bdi céc cong thire
(2.5) dén (2.13)).

+ Nguong két nhap cdc luat 0;,4(0 < 0y < 1),
+ Do dai luat toi da, aunas, tike s6 diéu kién trong luat (thwong dat 1a 3),
+ S6 luat can sinh, K.

Ra:
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+ Tap cédc luat mo S,

Céc budec:

Step1) Tinh céc khoang tinh md twong tng véi cac hang tir cho tat ca cac thuoc tinh tir
d6 dai 1 dén ;.

Step2) Dung thuat toan H AFRE trong [2] sinh tap luat tho véi do dai N tai mite khoang

tinh m& cao nhat, kj;, goi tap nay la Sp.
Step3) V&i moi do dai luat a(a = 1,2, ..., Qupaz) thire hién.

3.a) Sinh luat do dai « tir tap So bang cdch xéa bd (N — a) diéu kién trong moi luat, s6
luat sinh ra trong bude nay 1a [S0| , ky hiéu bai tap S,.

3.b) Két nhap moi hai luat trong tap S, ¢6 do két nhap (Pinh nghia 2.4) itg > 6, thanh
mot ludt méi, tap ludt méi S ¢6 kich thuée nhd hon S, (16 rang i, cang bé thi tap Sy»
cang nhd). Bude nay phai str dung thi tuc 2.1 dé tinh todn khodng tinh m& bao ham va Dinh
nghia 2.3 d€ x4c dinh do két nhap cia céc hang tir.

3.c) V&i moi tap Sux, loai bo cdc luat cling vé trai nhung khéc vé phai, chi gitr lai mot
trong s6 chiing dé ddm bao tap luat khong bi nhap nhang trong lap luan (dé don gian chiing
t6i chon mot luat ngau nhién trong s6 nay).

*

Step4) Tinh hop cdc tap lugt: S* =, . S,

<y Q&mazx
Step5) Tinh do tin cdy, do ho tro va trong s6 CF cia céc luat trong tap S* (sir dung céc
cong thire (2.5)-(2.13)).

Step6) Sang cac luat trong tap S* theo tiéu chuan PS da cho. Sap cac luat theo nhém (cé
cling 16p dau ra) thit ty gidm cda tiéu chudn sang, sau d6 chon [K/M] luat dau trong moi
nhém. Céc luat con lai K%M (s6 dw cia K chia M) dwgce chon theo gid tri tiéu chuan cao
nhdt trén tat cd cdc nhém. [K/M] 1a s6 nguyén, va K%M 1a s6 du phép chia K /M.

3.2. Thiét k& gidi thuat di truyén dé chon céc luat - GA1

Viéc 4p dung céc tiéu chuan sang dé chon ra mot s6 it cdc luat cé thé dat két qua phan
16p khong cao, co may bd qua cdc luat tot kha nhieu [14]. Trude hét, 4p dung Thuat todn
3.1 dé sinh mot tap luat tho, ky hiéu S,. Chon ra K* luat trong tap nay sao cho do chinh
x4c phan 16p cang cao cang tot va do dai luat trung binh nhé. Thong thwong ta dat K* nhd

hon |S,| rat nhiéu, vay sé ¢6 S(:q | tap con luat ¢6 thé chon va s6 nay la rat 1ém.

Céc téc gid trong [13] da cho thay viéc 4p dung gidi thuat di truyén (GA) chon tap luat
t6i wu tir mot tap cho trude Sr dat két qua rat tot. Tuy nhién, viec 4p dung GA theo so do
ma héa nhi phan gip nhitmg han ché nhit dinh, ddc biet thoi gian t3i wu rdt lém. O day, st
dung so do ma héa s6 thire ¢6 tich hop tham s6 nhiét mé phdng quéa trinh téi luyén thép, goi
1a TGA [3,4]. Moi ca thé do dai K* biéu dién tap chi s6 cdc luat dwge chon trong S,., gid tri
cdc gen gi gigi han trong khoang don vi [0,1], &nh xa moi gen nay thanh mot s6 nguyén tir 1
dén K* bang ham sau:
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Vgi €[0,1],i=1,2, ..., K* index = 1 + ¢;.(|S,| — 1). (0.20)

DPé& danh gid do phit hop ctia cé thé trong GA, sir dung ham gom hai tham s6: thit nhat,
do dai luat trung binh avg; thit hai, do chinh xdc phan 16p trong tip mau hoc perf. Ham c6

dang sau:

fitness(individual) = w1.(maz — avg) /(Qnaz — 1) + wa.perf, (0.21)

trong d6 (wy, ws) 1a trong s6 cua do dai trung binh va dd chinh xdc phan 16p, wy + wy = 1.
Qmae 12 d0 dai (s6 dieu kién) t6i da cta luat, bicu thite (mazr — avg)/(Qmaez — 1) dé chuan
héa gid tri avg vé khoang dom vi [1, 0].

Céc phép todn di truyén dwge ap dung theo [2].

4. THU NGHIEM

Bai toan phan 16p céc loai rrgu (wine) duwoc cic tac gia sit dung rat phé bién dé thi
nghiém mo hinh phan 16p [9, 13 — 14, 20], tap dir liéu nay dwrge cong bo tai [24], bao gom 178
mau chia thanh 3 16p theo ty lé 59:71:48. Bai bdo thir nghiém tap mau nay vi né chira 13
thuoc tinh, 13 mot trong nhirng khé khan cho cdc mo hinh phan 16p khi ¢6 nhiéu thuoc tinh
tham gia.

Triwée hét chuan héa tap mau nay tir mién tham chiéu vé mién dinh lrong ngit nghia
[0, 1] bang céc anh xa tuyén tinh dang:

fs: la,b] = [0,1], =z — fs(z)=(x—a)/(b—a), (0.22)

trong do [a, b] 1a mién tham chiéu cia thudc tinh. Muwdi ba thuoe tinh cia tap mau wine nh

sau:

Thuéc tinh  min max a b
0 11,03 14,83 10,03 15,83
1 0,74 5,8 0,64 5,9
2 1,36 3,23 1,26 3,33
3 10,6 30 9,6 31
4 70 162 69 163
5 0,98 3,88 0,88 3,98
6 0,34 5,08 0,24 5,18
7 0,13 0,66 0,03 0,76
8 0,41 3,58 0,31 3,68
9 1,28 13 1,18 13,1
10 0,48 1,71 0,38 1,81
11 1,27 4 1,17 4,1
12 278 1680 277 1681
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Mo hinh durge thir nghiém theo 2 chién lirge: thit nhat, tat cad cdc tap mau dwoc ding
dé sinh luat va danh gi4 sai s6 phan 16p; thit hai (leave-one-out), moi lan thir nghiém 14y ra
mot mau dé danh gid sai s6 phan 1ép, s6 mau con lai diing dé sinh luat. Chién lwgc thit hai
duge liap lai véi moi Tan lap 1dy ra mot mau kiém tra theo thit tu trong tap dir liéu ban dau.
K&t qua thé hién & cc lan thir nghiém, va so sdnh véi [13, 14] cho thay hiéu qua cia phwong
phép duoc dé xuat.

Ap dung Gidi thuat 3.1 dé sinh luét

DPE 4p dung Giai thuat 3.1, ching ta dat cdc tham s6 mo gia tir giong nhau cho moi thudc

tinh nhw sauw: pi(c™) = 0,32, uj(L) = 0,68,0iy = 0,37, kj = kpmae = 3,Vj. Do dai luat t6i
da 1& aynae = 3. Thir nghiém trén 3 tiéu chuan sang luat va 4 dinh nghia khac nhau vé trong
6 luat vaéi tap cdce luat lan lwot 1a 3, 6, 9, 30, 60, 90, 300, 600, 900 luat.
Truwong hop 1. Tat ci cdc mau dit liu ding dé sinh luat, két qua thé hién trong bang sau
vGi phrong phdp 1ap luan single winner rule. So sanh cho thiy két qud cia mo hinh (chir
dam) hau hét tot hon so véi [13] (chit nghiéng), dic biét trong hai tiéu chuan sang s va c.s,
6 danh ddu “*’ 1a két qua tot nhat cla moi tap luat.

Bdng 4.1. Két qua truong hgp 1 v6i lap luan single winner rule va so sdnh véi [13]

Sang Trong so6 luat S6 luat
3 6 9 30 60 90 300 600 900
D6 dai trung binh tap luat 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00
c CF! (confidence) 2,25 3,93 15,73 39,89 66,29 77,53 94,38  96,63*  100*
8,50 15,80 22,00 49,90 68,10 77,20 93,60 97,8%  99,0%
c CF!!(confidence-average) 2,25 3,93 15,73 39,89 66,29 77,53 94,38 96,63*  100*
8,50 15,80 22,00 49,90 68,10 77,20 93,60 97,8%  99,0%
c CFTI (confidence-2nd max) 2,25 3,93 15,73 39,89 66,29 77,53 94,38 96,63* 100%*
8,50 15,80 22,00 49,90 68,10 77,20 93,60 97,8%  99,0%
c CF!V (no weight) 2,25 3,93 15,73 39,89 66,29 77,53 94,38 96,63 100*
8,50 15,80 22,00 49,90 68,10 77,20 93,60 97,8%  99,0%
P dai trung binh tap luat 1,00 1,17 1,22 1,57 1,77 1,97 2,42 2,65 2,72
s CF! (confidence) 89,33 91,57 91,01 91,01 92,13 92,13 92,13 93,26 93,82
49,40 52,20 78,10 84,30 89,30 89,90 91,60 92,70 92,10
s cF!! (confidence-average) 87,64 91,01 91,57 94,94  96,07* 95,51 94,38 95,51 94,38
60,70 57,30 88,80 89,90 92,70 92,70 93,30 92,70 93,30
s CF!I (confidence-2nd max) 85,39 87,08 87,64 94,38 94,94 94,38 95,51 96,07 96,07
54,50 48,90 88,80 91,00 94,40 94,9% 96,1%* 94,40 96,10
s CFTV (no weight) 84,27 79,21 79,21 75,84 74,16 74,16 73,60 72,47 71,91
39,90 39,90 39,90 39,90 39,90 39,90 39,90 39,30 39,30
P6 dai trung binh tap luat 1,33 1,50 1,56 1,90 2,00 2,13 2,48 2,67 2,71
c,s CFI(confidence) 92,13 92,70 91,57 93,82 92,70 92,70 92,70 93,26 93,82
87,60 82,00 91,00 93,80 91,00 91,60 92,10 92,70 92,10
c,s CF!! (confidence-average) 93,26% 92,70 92,13 95,51%  96,07*  96,07% 94,94 95,51 94,38
89,30 88,80 93,80 94,90 92,70 93,80 93,30 93,30 93,80
c,s cF!!I (confidence-2nd max) 92,13 94,38*%  93,82* 94,94 94,94 95,51 96,07* 96,07 96,07
91,0* 91,0* 94,9% 96,1%* 95,5% 94,9% 95,50 96,10 96,10
c,s CF!V (no weight) 91,01 87,08 86,52 87,08 81,46 80,90 74,72 73,03 72,47

81,50 39,90 39,90 39,90 39,90 39,90 39,90 39,90 39,90

Truwomg hop 2, Thir nghiém theo chién lwge leave-one-out, két qua trung binh sau 178 lan
lip dénh gid trén tap kiém tra (testing set) thé hién trong bang sau véi phwong phép lap
luan weighted vote. So sdnh cho thiy két qua cia mo hinh (chtr dam) hau hét t6t hon so véi
[13] (chit nghiéng), dic biét trong hai tiéu chuin sang s va c.s. DJi véi tiéu chuan sang ¢ thi
két qua [13] tot hon, tuy nhién tiéu chudn nay cho két qua phan 16p thap hon so véi hai tiéu

3

chuan con lai (6 ddnh dau “*’ 1a két qua tot nhat cia moi tap luat).



66 DUONG THANG LONG

Bdng 4.3. Két qua trung binh truong hop 2 va so sanh véi [13]

Sang Trong so luat S6 luat

3 6 9 30 60 90 300 600 900

D6 dai trung binh tap luat 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00
c CF!(confidence) 2,25 5,06 15,17 35,96 55,62 62,36 84,27 89,33 93,82
7,10 14,50 19,90 47,10 65,10 73,80 89,50 92,8% 93,8%

c CF”(conﬁdence—average) 2,25 5,06 15,17 35,96 55,62 62,36 84,27 89,33 93,82
7,10 14,50 19,90 47,10 65,10 73,80 89,50 92,8% 93,8%

c cF! 1 (confidence-2nd max) 2,25 5,06 15,17 35,96 55,62 62,36 84,27 89,33 93,82
7,10 14,50 19,90 47,10 65,10 73,80 89,50 92,8% 93,8%

c CF!V (no weight) 2,25 5,06 15,17 35,96 55,62 62,36 84,27 89,33 93,82
7,10 14,50 19,90 47,10 65,10 73,80 89,50 92,8% 93,8%

D6 dai trung binh tap luat 1,00 1,17 1,22 1,57 1,77 1,97 2,42 2,65 2,71
c CF!(confidence) 88,20 92,13 94,94  9551% 9551 94,38  97,75% 94,94  95,51%
36,00 45,50 71,30 82,00 88,20 88,20 89,30 90,40 90,40
c CF!! (confidence-average) 87,08 04,38  95,51%  9551*% 95,51 95,51 97,19 94,94  95,51%
47,20 57,30 76,40 89,30 92,10 92,10 92,10 92,10 91,60

c CF!I (confidence-2nd max) 85,39 84,83 91,57 92,70 96,07 97,19 96,07 94,38 94,94
21,30 36,50 77,00 89,30 92,10 93,3% 93,3* 92,70 92,10
c CFTV (no weight) 84,27 86,52 92,13 94,38 93,82 93,26 96,07  95,51%  9551%
39,90 39,90 39,90 39,90 39,90 39,90 39,90 39,30 39,30

D6 dai trung binh tap luat 1,33 1,50 1,56 1,90 2,02 2,13 2,48 2,67 2,71
c CF! (confidence) 91,57 92,13 92,13 95,51%  96,63%  97,75% 95,51 94,38  95,51*
87,10 79,80 86,50 89,90 89,30 88,80 89,90 90,40 90,40
c CFII(conﬁdence—average) 92,13%* 92,70 92,70 95,51%* 96,63* 97,75% 94,94 94,38 95,51%*
88,80 89,30 93,3* 94,90 92,10 91,60 92,10 92,70 91,60

c cF! 1 (confidence-2nd max) 91,57 94,38%* 93,82 95,51%  96,63* 97,19 94,94 94,38 94,94
90,4%* 90,4%* 93,3% 95,5% 93,8% 92,70 93,3* 92,70 92,10
c CF!V (no weight) 90,45 91,57 92,13 9551%  96,63* 98,31 96,07 94,94  9551%

81,50 28,70 39,90 39,90 39,90 39,90 39,90 39,90 39,30

Truwdong hop 3, Chién luge thir nghiém gidng truong hop 2 (leave-one-out) nhung tap luat
it hon, ca hai phwong phap lap luan dwoc dung véi tiéu chuan sang la c.s. So sanh trong
bang sau cho thiy két qua ctia m6 hinh (chir dam) t6t hon déng ké so véi [14] (chir nghiéng)
trong ca hai phwong phap 1ap luan, 6 ddanh dau “* 1a két qud tot nhdt cia moi tap luat va

twong ing véi moi phurong phép lap luan.

Bdng 4.4. Két qua trung binh trudmg hgp 3 va so sanh véi [14]

Sang Trong s6 luat S8 luat
3 6 9 12 15
Phuong phép lap luan single winner rule
Po dai trung binh tap luat 1,33 1,50 1,56 1,50 1,60
c.s CF!(confidence) 91,57 89,33 89,33 88,76 91,01
89,89* 83,15 91,57 93,26 91,57
c.s CF!I(confidence-average) 92,13%* 90,45 89,89 90,45 94,38%
89,89*  85,96* 92,13 92,7 91,57

c.s CcFT I (confidence-2nd max) 91,57  91,01*%  92,70%  92,13* 91,01
89,33 84,83  93,26%  93,26%  94,38%

c.s cFTV (no weight) 90,45 82,58 81,46 83,15 85,96
89,80% 80,34 88,76  93,26% 88,76
Phuwong phép lap luan weighted vote
Po dai trung binh tap luat 1,33 1,50 1,56 1,50 1,60
c.s CFI(confidence) 91,57 92,13 92,13 93,82 96,07
89,80% 87,64 93,26  94,94%  9551%
c.s cF!! (confidence-average) 92,13* 92,70 92,70  94,38* 96,07
89,80% 88,76 93,26 94,38 94,38

c.s CF!1I (confidence-2nd max) 91,57 04,38%  03,82%  94,38%  96,63*
89,33  89,33%  94,38% 94,38 94,38
c.s cFTV (no weight) 90,45 91,57 92,13 93,26 96,07
89,80* 87,08 93,82 94,38  95,51*

Ap dung gidi thuat di truyén GA1 dé chon luat

Ap dung tiéu chuan sang c.s, trong s6 luat 13 CF! va céch 1ap luan weighted vote, sir
dung Thuat toan 3.1 dé sinh tap 900 luat. Dung GA1 dé chon mot tap luat tdi wu (hiéu qua
phan 16p cao) trong s6 900 luat nay. Khéi tao quan thé xudt phat 500 c4 thé ngau nhién,
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tién hda 150 thé hé véi trong s6 ham fitnesswy = 0.05, wy = 0.95. Thir nghiém GA1 nay 5
lan vGi s6 luat chon twong tng 1a 3,4,5,6 va 7. Két qua trong bang 4.5, so sdnh véi [13] cho
thay hiéu qua mo hinh nay cao hon trong trueomg hop 5,6 va 7 luat duge chon (Avg-len 1a do
dai trung binh tap luat, Perf 1a d6 chinh xac phan 16p).

Bdng 4.5. Két quéa dp dung GA1 va so sdnh véi [13]

S& ludt M6 hinh cia chiing toi theo GA1 M hinh [13]

Avg-len Perf Avg-len Perf
3 1,33 92,70 1,33 93,3
4 1,75 96,07 1,5 97,2
5 1,4 98,88 1,6 98,3
6 2,33 100 2 99,4
7 1,86 100 2 100

4.c. Ap dung gidi thuat di truyén GA2 dé t8i wu tham s8 md gia ti

C6 hai céch ap dung GA2 dé t6i wu tham s6 mo: thir nhat, t6i wu mot bo tham s6 mor

gia tir va 4p dung cho tdt ca cdc thuoc tinh; thit hai, t6i wu tham s6 mo cho tirng thuoc tinh
14 khéc nhau. Vé&i cdch thit hai, cdc thuoc tinh khdc nhau sé ¢6 cdc tham s6 mo khéc nhau,
diéu nay ding véi thue té dinh lwong nglr nghia cia cdc hang tir 14 khac nhau & cc thuoc
tinh. Tuy vay, cdch nay tao ra khong gian tim kiém cia GA khé lén, thay vi tim mot bo
gom 2 tham s6 u(c™), u(L) trong cdch 1, & cach 2 phai tim 13 bo gom 13 bo (26 tham s3).
P& dam bao tinh truc quan cla cac luat ciing nhir tranh trweomg hop t6i wu dwa cdc tham s
md vao gid tri cue doan, gidi han gid tri cdc gen ma héa tham sé mo trong doan (0,2, 0, 8.
Trong ca hai céch déu chon ra 3 luat dé danh gid theo tiéu chuan sang c.s, trong s6 luat la
CF"! phwong phép lap luan weighted vote va ngudng dé két nhap cc luat ¢ = 0,1. Sau
dé, str dung bo tham s6 tim dwoc ciia GA2 dé sinh tap 900 luat va 4p dung GA1 chon ra tap
con céc luat A€ phan 16p.
e Cach 1 (GA2*): 4p dung GA2 t6i wu mot bo tham s6 mor gom p(c™), u(L). Khéi tao quan
thé xudt phat gom 10 ca thé, lip 20 thé hé véi trong s6 ham fitness wy = 0.005, woy = 0.995.
Thu dwge két qua pu(c—) = 0.306, u(L) = 0.787. Ap dung tiép GA1 chon ra tap it luit ta
duge két qua trong bang sau.

Bdng 4.6. Két qua cia GA2* + G A1 va so sanh véi GA1

S& luat M6 hinh cda ching toi Mo hinh [13]
Ap dung GA2* + GAl Ap dung GAl
Avg-len Perf Avg-len  Perf  Avg-len Perf
3 1 96,07 1,33 92,70 1,33 93,3
1 1,5 98,31 1,75 96,07 1,5 97,2
5 1,6 100 14 98,88 1,6 98,3
6 1,67 100 2,33 100 2 99,4
7 1,57 100 1,86 100 2 100
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Bdng 4.7. Két qua cdc tham s6 m& cia tirng thudce tinh trong GA2

Thuoe tinh  p(c™) (L)
0 0,749965  0,534655
1 0,366686  0,733218
2 0,414166  0,669746
3 0,677943  0,725562
4 0,310051  0,285119
5 0,232626  0,469307
6 0,272307  0,705672
7 0,335617  0,330898
8 0,292057  0,542233
9 0,406566  0,721982
10 0,510205  0,695906
11 0,714500  0,376053
12 0,218494  0,595137

Badng 4.8. Két qua cia GA2** + G A1, so sanh véi cdc két qua trude

SG luét M6 hinh cda ching t6i M5 hinh [13]
GA2™ +GA1 GA*+ GAL GAl
Avg len Perf Avglen Perf Avglen Perf Avglen Perf
3 2 100 1 96,07 1,33 92,70 2,33 100
4 1,75 100 1,5 98,31 1,75 96,07 1,25 98,9
5 1,8 100 1,6 100 1,4 98,88 - -
6 1,83 100 1,67 100 2,33 100 - -
7 1,71 100 1,57 100 1,86 100 - -

Bdng 4,9. Hé 3 luat dwoc chon véi do chinh xde 100% trong Bang 4.8

Antecedents
Rules Xo X5 X5 X X10 Xn Class
N "
1 DC |- /cb\ DC DC pc |1 /4 0
Ri:IF Xs1i1s ¢ AND Xj;is ¢& THEN classy
) DC DC | A DC DC 1
2| CE
Ry:IF Xpis ¢ AND Xp is ¢ THEN class)
| / /\ ul D
; | DC DC | Je\ | DC | /c\ DC
Ry:IF Xsis ¢ AND Xy is ¢ THEN class;
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e Cich 2 (GA2"): 4p dung GA2 t4i wu cdc tham s6 mo p;(c™), pi(L) cho cée thude tinh
khéc nhau. Trong cdch nay doi hoi khong gian tim kiém 16m, khéi tao quan thé xuat phét
gom 50 ca the, lap 100 thé hé véi trong s6 ham fitnessw; = 0.005, wy = 0.995. Thu dwoc
két qua tham s6 mo trong bang 4.7 (thuoc tinh gach chan khong duwge dung trong viée sinh
luat) véi két qua phan 16p 100% trong 3 luat. Ap dung ti€p GA1 chon ra tap it luat ta dwoc
két qua trong bang 4.8 (ddu -’ ky hiéu khong ¢6 két qua thir nghiém, DC ky hiéu thudc tinh
khong tham gia vao phan diéu kién luat (Don’t Care)).

5. KET LUAN

Trong bai bdo nay, ching t6i da dé xuat mot moé hinh phan 16p dwa trén dai so gia ti,
trong dé céc luat mo ¢6 trong s6 v4i hai phwong phap 1ap luan phan 16p single winner rule va
weighted vote [13,14]. RO rang, mot hé luat mo ma moi luat véi trong s6 cliia minh déng vai
tro mire do tdc dong dén két qua lap luan cua hé, diéu nay rat phtu hop véi thue té cde ing
dung.

Khdc véi mo hinh trong [3] sinh luat tir dir liéu khi cde thude tinh phai xdc dinh trude. O
day, muc tiéu chon mot so it cac thuoc tinh ¢6 anh hwdéng lém dén phan 16p cho mai luat, bai
béo dé xudt mo hinh sinh luat tir dir liéu nhung ¢ chon loc thudc tinh dua trén tiéu chuan
sang céc luat [13, 14]. Theo tiép can dai so gia tir, mién ctia mo6i thudc tinh dirge phan hoach
cdc khoang tinh mo mite k; va xdc dinh cdc hang tir trong tng. Cdc mau dir liéu sé xdc dinh
céc siéu khoi (hypercube) trong khong gian céc khodng tinh mé, cdc luat md sinh tir cde siéu
khoi nay va sau dé dwoc két nhap tao ra cic luat maéi. Ap dung céc tiéu chuan sang, danh
gid hiéu qua phan 16p trén tap luat nay doi véi dir lieu mau.

Két qua thir nghiém cho thay moé hinh nay, sau khi da t6i wu tham s6 mo gia tir, tot hon
nhiéu so vé6i [13, 14]. Ddi véi trueong hop chi ép dung tiéu chuin sang luat, do chinh xdc phan
16p tot nhat cia cdc tiéu chuan va trong s6 luat tang 6,06% so véi [14] trén tat cd cdc tap
luat ddnh gid trong Bang 4.1, tang 25,99% trong Bang 4.3, tang 8,13% theo phwong phap lap
luan weighted vote va 6,55% theo phwong phép lap luan single winner rule trong Bang 4.4.
Khi 4p dung GA dé chon luat (GA1), m6 hinh nay dat 100% tai 6 luat véi do dai luat trung
binh 2,33, trong khi phwong phép [13] dat 100% tai 7 luat véi do dai trung binh 2 trong Bang
4.5. Pac biét, khi 4p dung GA2 d€ t6i wru tham s6 mo gia tir, moé hinh cho két qua 100% tai
3 luat (Bang 4.9) v&i dd dai trung binh 2, trong khi phwong phdp t6i wu cta [13] véi s6 phéan
hoach khodng tinh m¢ ciia moi thudce tinh lén dén 14 cing dat 100% tai 3 luat nhung do dai
trung binh 2,33 (Bang 4.8). Hon ntra, tai 4 luat thi mé hinh nay dat 100% trong khi [13] chi
dat 98,9%. Diéu nay cho thidy mé hinh nay dam bao tinh 6n dinh khi s6 luat tang.
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