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Tém tat: Trong bai bdo nay, ching t6i dé xuit mot phuong phap thiét ké ngit nghia dang tip m& bang ham S va dai s6
gia tf md rong cho cic tif ngdn ngit st dung trong cac hé dua trén cic luat md (FRBS). Ap dung phuong phdp thiét ké
ndy, phuong phap sinh luat tit dif liéu ctia C. H. Nguyen va cong su va thuit toan tién héa (2+2)M-PAES ctia Knowles
va Corne, chiing toi phét trién mot thuit toan xdy dung cic FRBS gii bai toan hdi qui. Két qua thii nghiém cho thiy
thuét todn sinh ra cidc FRBS c6 dd chinh xdc cao hon cdc thuit todn dugc dbi sanh.

Tir khéa: Ham thudc, hé dua trén cdc ludt mo, dai sé gia i, bai todn héi qui.

A Method to Design Semantic of Linguistics based on the Enlarged Hedge Algebra and Applied to Building

This paper proposes a method to design semantic of linguistics based on fuzzy set using S-function and the enlarged

hedge algebra for words included in fuzzy rule based systems (FRBSs). By using this method, the method generating
rules from data of C. H. Nguyen et al., and the evolution algorithm M-PAES(2+2) of Knowles and Corne, we develop an
algorithm to build FRBSs for solving regressions. Experimental results showed that the proposed algorithm generated
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L. MO PAU

Hg dua trén luat mo (FRBS: Fuzzy Rule Based System)
da dugc ting dung thanh cong trong mot sb linh vic nhu
diéu khién [1], hay trong mot s phuong phap nhu phan
16p [2—6], va hoi qui [7-11]. Nén tang cia FRBS dua trén
ly thuyét tap mo (FS: Fuzzy Set). Vao nim 1965, trong [12],
lan dau tién Zadeh dé xuit mot phuong phap biéu dién ngit
nghia tinh todn ctia tif ngdn ngii bang FS. Mdi FS dugc
biéu dién bang mdt ham todn hoc c6 gid tri bién thién lién
tuc trong doan [0, 1], dugc goi la ham thudc (membership
function). Ching ta c6 thé sit dung nhiéu dang ham toan
hoc khac nhau d€ bi€u dién cic FS. Viéc st dung cic FS c6
dang khéc nhau trong cdc FRBS sé anh hudng dén do chinh
xac (accuracy) va tinh giai nghia dugc (interpretability)
ctia FRBS trong cdc bai toan cu thé. Hau hét cic tng
dung FRBS déu st dung ham thudc c6 dang tam gidc nhu
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trong [1, 2, 4, 6-10] do tinh dé giai nghia dudc ctia nd. Mot
s6 st dung ham thudc hinh chuéng (bell-function) [11] hay
ham hinh thang [5]. Viéc thiét ké cic FS theo huéng tiép
can dua trén ly thuyét FS chi yéu dua trén kinh nghiém
clia cdc chuyén gia, tuy nhién thiéu mot phuong phap hinh
thic ddy di d€ xac dinh FS tir tip tif ngdn ngil.

Mot huéng tiép can khac xdc dinh ngit nghia tinh toan
clia tif ngdn ngit duge C. H. Nguyen vad W. Wechler dé xuét
trong [13] vao nam 1990. Trong d6, C. H. Nguyen va cong
su xdy dung mot dai sb, goi 1a dai s6 gia tir (DSGT) (hedge
algebras), bao gdm xdy dung mot 4nh xa tif tap tif ngdn ngi
vao doan [0, 1]. Anh xa nay dudc goi la dnh xa ngit nghia
va gid tri cda nd 1a gid tri dinh lugng cia tir (ngi nghia todn
hoc cda tr). Dya trén céac gia tri dinh lugng cla tir dugc
xédc dinh bang 4nh xa dinh lugng ngit nghia, C. H. Nguyen
va cong su da dé xuit phuong phap xic dinh ngit nghia FS
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tam gidc bang phan hoach don thé hodc da thé hat [4, 6).
Theo hudng tiép cin nay, ngit nghia dang FS dudc xic dinh
bing mot phuong phap hinh thic day di tir tap tir st dung
ctia bién ngdn ngit chi bang mot s6 tham s6 md ngdn ngi.
Phuong phap thiét k& nay da dudc ap dung dé gidi cac bai
toan phan 16p va hodi qui, dudc cong bd trong cic cong
trinh [4, 6, 10], cho két qua tét hon cic phuong phap dbi
sanh c6 huéng tiép can theo 1y thuyét FS. Tuy nhién, viéc
si dung FS tam gidc bi€u dién nglt nghia cla ti dudng
nhu khong thuc sy phiu hgp véi nglt nghia thuc cuia tu, vi
FS tam gidc chi c6 mot diém c6 gid tri ham thudc bing 1.
Trong thuc té, chiing ta thiy riang hau hét cdc tir ngdn ngit
déu c6 thé c6 nhiéu gid tri chic chin thudc vao né, vi du
gia tri old cta bién tudi Age, v6i nhitng ngudi c6 tudi 16n
hon 90 thi déu chic chin thudc vao old, hay néi cach khac
la ham thudc cuia cac gia tri nay phai la 1. Trong [14], cac
tdc gia dua ra khdi niém hat thong tin da khéng dinh diéu
nay. Nhu vdy, mot FS phu hgp véi ngii nghia cla ti phai
¢6 nhidu hon mot diém c6 gid tri ham thudc bing 1, vi du
nhu FS hinh thang.

D¢ x4y dung cac FS hinh thang, trong [5], C. H. Nguyen
va cong su da phat trién mot DSGT goi 12 PSGT mé rong.
Trong d6, cac tac gia xdy dung mot anh xa ngt nghia dinh
lugng khodng, gia tri nglt nghia nay dudc goi l1a nglt nghia
16i. Dya trén ngli nghia 16i cua tu, cac tac gia xay dung FS
hinh thang, 4p dung gidi bai toan phan 16p. St dung FS
hinh thang biéu dién ngit nghia todn hoc clia tif ngdn ngit
pht hgp hon so véi FS tam giac. Tuy nhién, theo ching t6i,
khi st dung tam gidc hay hinh thang thi su bién thién cta
n6 ciing chua thyc sy mém déo nhu ngit nghia vén c6 clia
tlt, do c4c canh 1a cdc ham tuyén tinh. D€ FS biéu dién phi
hop hon ngit nghia v6n c6 clia tif thi sy bién thién phai 1a
phi tuyén. Trong bai bdo nay, ching toi dé& xuit mot phuong
phap thiét ké ngit nghia FS dua trén PSGT md rong va ham
S (S-function). Dya trén d6 chiing toi phat trién mot thuat
toan, viét tat 12 EnHA-PAES-SF. Ciing trong thuit toan nay,
chiing tdi cai tién toan ti dot bién thém luat ctia thuit todn
HA-PAES-MG-K o« trong [6]. Két qua thir nghiém cho
thiy, FRBS dudc sinh ra v6i phuong phap dudc dé& xuit c6
do6 chinh xac cao hon cac phuong phdp cta Alcala va cong
su trong [7], hay phuong phdp cta C. H. Nguyen va cOng
su trong [6, 10].

Bai bdo dugc b cuc nhu sau: Muc II d& xuét phuong
phép thiét ké ngii nghia clia tif ngdn ngit, muc III trinh bay
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bai toan hdi qui va hé luat md Mamdani, muc IV trinh bay
thuat toan tién héa, muc V trinh bay két qua thit nghiém,
va muc VI két ludn bai bdo.

II. PHUONG PHAP THIET KE NGU NGHIA FS VA
PHAN HOACH MO DUA TREN PSGT MG RONG

Trong muc nay, ching toi dé xuit mot phuong phap thiét
ké ngit nghia FS dua trén PSGT md rong va ham S.

V6i BSGT mé rong AX" =(X", C, G, H®", <), trong do
C={0,1,w} la tap céc gid tri hang vi y nghia la phan tif bé
nhét, phan tif 16n nhét va phan ti trung hoa (neutral) trong
X, G = {c7,c*} 1a tap cdc phan ti sinh, H®" 13 tip cic gia
ta, He" ={hg} U {Little, Very}, trong d6 Little (L) la gia t&
am, va Very (V) la gia t& duong. Tap cac tt ngdén ngti dudc
sinh ra biang AX®", trong d6 ngit nghia dinh lugng khoang
ctia ti dudc xdc dinh biang cdc dinh 1y 5.2 va 5.3 trong [5].

Ap dung phuong phép thiét ké phan hoach dang da thé
hat d& xuét trong [6], chiing toi thuc hién thiét ké ngit nghia
FS cta tir nhu sau. Gid sif ta ¢6 cdc tlif ngdn ngit Aj_i, A;
Ajy1 € Xi (tap tir c6 do dai ding bing k), cdc gia tri can
trai 1an Wot 1a LA(vrm(Aj-1)), Lt(vrm(A;))), Lt(vrm(Aj1))
va do dai khoang ngit nghia lan lugt 1a Vim(Aj—1), vim(Aj),
Vim(Aj1). Trong d6 d6 dai khoang ngit nghia cia tit x dudc
xdc dinh theo cong thiic: vy, (x) = J (hox), v6i J (hox) 1a
khoang tinh m& ctia tif x va gia tri can trdi cia vy, (x) dudc
xac dinh theo dinh ly 5.3 [5]:

Cho DSGT mé rong AX" véi HY = {h;: 1 < j < p}
va H- = {hj: -1 < j < —q}, dit 8 = ijl u(h;) va
a = Z;f_l u(hj), tacod a+ B+ uho) = 1.

1) Véi tir c6 d6 dai 1 thi Lft(vy,,(0)) = 0; Lft(vem(cT)) =
Jfm(0) + Bfm(c™); Lit(v(W)) = fm(0) + fm(c™);
Lftvem(c™)) = LA@m(W)) + fm(W) + afm(c*) va
Lftvem(1)) = 1 = fm(1).

2) Vi tit ¢6 d6 dai 16n hon 1 thi

LfiCvpm(hj)) = v(x)
+ sign(yx) fm(0){1/2(1 + sign(hy0))u(ho)
J
+ D uh) = o (outh)}.
i=sign(j)

Khi d6 chiing ta xdy dung FS bi€u dién ngif nghia cla tir
Aj c6 dang nhu Hinh 1. Dinh FS la doan [c, d] = vfm(A)).
Ntia bén trai 1a ham S, dudc xac dinh bédi

o 0<x=<a,
— )2
b(x—a)’ <x<b
Stete(x, a, b, ¢) = (b—a)c : Cl)2 @
(x—-0¢)
T N Y S X S C,
(c=b)c—-a)

1, x>e
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Hinh 2. Mot vi du phan hoach da thé hat v6i tip md S-function
dugc dé xuét trong bai bio.

trong déa= Lfl(me(Aj_l)) + me(Aj_l), c = Lfl(me(Aj))
va b = a+ (c — a)/4. Nia bén phai 1a ham S, dugc xac
dinh bdi

L, 0<x<d,
(x - d)2
A d S X S e,
Stight(x, d e, f) = (id__fe))z(d =) @)
e-af-ay ¢ <x<f,
O, x> f’

trong d6 d = ¢ + vpm(Aj), f = Lt(vrm(Ajs1)) va e =
d+(f —d)/4.

Vi du, Hinh 2 minh hoa thiét k& phan hoach FS dua
trén DSGT md rong va ham S, v6i cic tham s6 mo
cia BDSGT fm(0) = 0,006352412, fm(cJT) = 0,4404566,
fm(w;) = 0,0004077147, fm(c;.r) = 0,4801931, fm(l) =
0,07259017, uL=0,6891874, uh0=0,001883381 va k=2.

III. BAI TOAN HOI QUI VA HE LUAT MO
MAMDANI
1. Bai toan hdi qui

Cho mot tdp mau di lieu D = {(d;,y;).i = 1,...,N},
trong d6 d; 12 mot véc to F chiéu c6 dang (d;y, dja, . . ., diF),
dij € Uj ¢ R (tap s6 thuc) 1a mién xdc dinh cla cic
bién doc lap X; (thudc tinh ddu vao) ctia bai todn, véi
j=1L1...,F,y; € Upy; C R1a mién xdc dinh ctia bién phu
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thuoc (thuodc tinh dau ra) X, 1, N 1a s6 miu dit liéu. T tap
dit liéu miu D, xdy dung mot hé m& cho phép tinh gid tri
$ € Upy ting v6i mbi gid tri ddu viod € U = Uy X- - -XUp.

2. Hé luit mo Mamdani

Hé luat md Mamdani véi tif ngdn ngit dudc sinh ra bing
DSGT mé rong 1a mot tap luat, gdm M luat, c6 dang

Ry if X1is Ay, and...and Xr is Af j,,

thenYisArpyyj,.m=1,....M 3)
trong dé
Afjm € Ly = {{Af,o} UXi, ={Ar1- .0 A, |xkf|}},
f=1L...,F+1,

Xk, la tap cac tu ngdn ngtt c6 do dai khong qua ky duge
sinh ra bang DSGT md rong AX", dung dé xiy dung
phan hoach thudc tinh thit f, vi du trong Hinh 2, Ay ki
hiéu gia tri Don’t care v6i ham thudc dong nhét bang 1.
Luu y riang, Lr,, khong chita gia tri Don’t care.

Giai bai todn hoi qui bang hé ludt mé Mamdani 14 xy
dung mot hé luat md vdi cac luat dang (3) d€ du doan gia
tri dau ra § @ing v6i gid tri diu vao x c6 F chiéu. Panh gia
do chinh xac cia hé luit dya trén gid tri trung binh phuong
sai (MSE: Mean Squared Error) [6-8, 11], theo cong thic

N
1 2

MSE = — Vi — yi)", 4

SE = >~ ;(y Yi) “)

trong d6 $; 12 gid tri suy dién tr hé luat v6i gid tri dau

vao x;. Tuong tu nhu cic dé xuit [7, 8], ching t6i st dung
phuong phdp trung binh trong sb dé suy dién, khi d6

M
Z Hm(Xi)AF 1,
§ = 2=t Li=1,....N, (5)

M
Z llm(xi)
m=1

trong do

F
/Jm(xl') = 1—[ ,uAF”,jm (xl'f)» (6)
f=1

la do d6t chdy luat thi m clia miu dit liéu x;, Ap, 1Ljn 12 gid
tri dinh lugng cla hang 0 Ap.1j,, VA fag,,;, (1) 12 ham
thuc clia tif ngdn ngit Ay ;,. . Trong (5), néu ZnA;’:l U (x;) =
0, c¢6 nghia 1a hé luat khéng phii miu dit liéu x;, khi d6 $;
dugc suy dién theo phuong phap dé xuét trong [7].

IV. THUAT TOAN TIEN HOA PA MUC TIEU

Trong muc nay, chiing ti trinh bay tém tit thudt toan
tién héa dudc dp dung dé sinh FRBS v6i phan hoach mo
dugc thiét ké trong muc II. Ching toi goi thuit toan dé
xuét 12 EnHA-PAES-SF, dudc tom tit trong Thudt toan 1.
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Cu | plhor) | w(Ly) | fm(01) | fmley) | fm(Wh)| fm(1y)

Crs k?ll kl(F+1)

Hinh 3. Chu tric ma héa mot ca thé.

1. M2 héa ca thé

Chung toi st dung mot gia ti am L; (Little) va mot gia
tir duong V; (Very) trén mdi bién X; va muc tiéu can i uu
12 tham s6 tinh m& ctia DSGT va RB. Do d6 mdi cd thé
clia quan thé dugc md héa gdm hai phan (C,, Cgrp), nhu
trong Hinh 3, trong do:

o C,: Biéu dién cdc tham sd tinh md cla cic DSGT
md rong AX" tuong ing véi cac bién, 1a mot véc to
7 =(m1, ..., py1), trong d6 ;= {uh0;, uL;, fm(0;),
fm(c[), fm(w;), fm(1;)}, j =,1, ..., F + 1. Nhu vay
C,, gom 6 X (F + 1) gen céc so thuc.

Cgrp: Biéu dién RB, méi luit dugc ma héa bang mot
véc to gdm F+1 sb nguyén. Gia thiét tip cac tif dudc st
dung trén m&i bién 1a J;U{Don’t care} dugc danh chi
s6 nhu sau: J;U{Don’t care} = {wjx: k=0,1,...,T},
j=1,...,F+1, trong d6 w;o = “Don’t care”, c6 nghia
1a chi sb6 cta tit “Don’t care” 1a “0”. Khi d6, mot
luat r, s€ dugc ma héa nhu la véc to (k41,. .., kqF,
kg(r+1)). Céc luat ciia RB dugc sinh ra bang ham sinh
luat GenRule(d, 7, Imax) [6], trong d6 d 1a mau dif lidu
dudc chon ngiu nhién trong tap dit liéu huan luyén, 7
12 bo tham sb tinh m& trong C, VA lmax 12 chiéu dai
t6i da ctia luat do ngudi ding xac dinh trudc.

Dé giam khong gian tim kiém va ting tinh gidi nghia
ctia RB sinh, ta gidi han s6 luat cia méi RB nim trong
khoéng [Mmin, Mmax]~

Gin v6i mbi ca thé 1a mot véc td ham muc tiéu gdm hai
thanh phan (MSE, Comp), trong d6 MSE biéu thi do chinh
xdc clia hé luat duge x4c dinh theo (4) vd Comp 12 téng do
dai cda cac luit trong RB.

2. Cic toan tix di truyén

Tuong tu nhu cic thuat todn d& xuit trong [6, 7, 10], &
day ching t6i st dung lai ghép BLX-a trén phin tham sb
C,, va lai ghép one-point crossover trén phan Cgp.

V6i hai ca thé cha me bt ky p; va py, thuc hién lai ghép
d€ tao ra 2 céc thé con vy, vy:

o Trén C,: gid st gen thd i trén phan C,, cla hai cdc thé

con tuong ung la x; va y;, véi x;, y; € [a;, b;) C [0, 1],
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(ho,p1)| t(Lp41) fr(0p1 Jfm(cp o fm(Wria fm(1pi
M
kar ky(ryn)
i=1,...,6(F+1), d€ sinh ra cic ca thé& con v; va v, thi

gen z; trong phﬁn C,, ctia chiing dudc chon ngiu nhién
trong doan [/;, u;], trong d6 [; = max{a;, cmin — I} va
w; = min{b;, cmax + I}, VOi cpin = min{x;, y;}, Cmax =
max{x;, y;} va I = (Cmax — Cmin)@.

Trén Cgp: thuc hién lai ghép one-point crossover,
diém lai ghép dudc chon ngiu nhién trong doan
[1, Pmin — 1], trong d6 pmin 12 s6 ludt it nhit cla hai
cd s6 ludt trong p; va p;.

Luu y: Néu trén Crp toan ti lai ghép khong dugc
thyc hién thi dot bién ludn xdy ra.

Dbi véi todn tit dot bién, véi mbi ca thé con vy, vy, thuc
hién dot bién theo thi tu va doc lap trén C, va Cgp.

o Trén C,: Lua chon ngdu nhién mot sb nguyén
trong [1,6(F + 1)], thuc hién thay thé gen tai vi
tri dudc chon bdng mot gia tri dudc chon ngiu
nhién trong doan [uhOpin, hOmax ] néu gen dudc chon
biéu dién gia tri phO; chon ngiu nhién trong doan
[tmin» M4max], néu gen dudc chon biéu dién gid tri
uL;, chon ngiu nhién trong doan [ fmhOuyin, fmhOmax ]
néu gen dudc chon biu dién gia tri fm(0;), chon
ngau nhién trong doan [fmwmin, fMWmax] néu gen
dugce chon biéu dién gié tri fm(w;), chon ngdu nhién
trong doan [ fm1yin, fmlnax] néu gen dudc chon biéu
dién gia tri fm(1;), chon ngau nhién trong doan
[fmCin, fMCrax] néu gen dudc chon biéu dién gia
tri cla fm(c]T).

Luu y: Khi lai ghép hodc dot bién trén phan Cj,:

1) Néu lai ghép/dot bién trén cac gen puL; va ph0;
ma 1 — uL; — ph0; < pmin thi phai thuc hién lai
cho dén khi théa man bét dang thic 1 — uL; -
uh0; > fimin (di€u kién ndy nhidm dam bdo uV; €
[ Umin> Mmax )

Néu lai ghép/dot bién trén cic gen fm(0;),

fm(w;), fm(1;) va fm(cjf) ma 1 - fm(0;) -

fm(w;) = fm(1;) - fm(cJT) < fmCpi, thi phai
thyc hién lai cho dén khi thda man bit dang
thic 1 — fm(0;) — fm(w;) — fm(1;) —fm(cjf) >

FmCpin (diu kién nay nhim ddm bao f m(c}“) €

[fmCuin, fmCrax]).

2)



Céc khoang rang budc clia cac tham sb & trén dudc
xdc dinh truéc bdi ngudi diung d€ bdo toan ngit nghia
clia cdc gia tif, cdc tif hang va cdc phan ti sinh.

o Trén Crp: Ap dung mot trong hai toan ti sau day
trén mdi cé thé, tic 1a néu dp dung todn td thi nhit
thi khong ap dung toan tir thu hai va ngudc lai:

1) Todn tdf v, thay d6i cic gid tri tai & gen cla
Crp: Lua chon ngdu nhién mot s6 nguyén 6 trong
doan [1, 6max ], trong d6 dpax dude xac dinh trude,
sau d6 chon ngiu nhién ¢ gen ctia Crp. Thay
ddi gia tri tai moi gen dudc chon bing mot gid
tri ngdu nhién, hodc la trong {0,1,...,7} néu
gen tuong ting véi bién j # F + 1, hoic trong
{1,...,T} néu gen tuong ting vdi bién j = F +1;
Toén tii v, b6 sung y luit vao RB hién tai c6 M
luat dudc biéu dién bdi Crp: Chon ngiu nhién
mot s nguyén y trong [1, Ymax]> Ymax dUdc Xdc
dinh trudc bsi ngudi dung. Néu M +y > M, thi
bd sung ¥’ = min{y, M. — M} luat dudc sinh
bing ham GenRule(d, 7, lyax). Trong d6, d dudc
chon tif tip mau huén luyén D’ (tip cic mau dit
liéu khong duge pht bdi RB), d duge chon tu
tdp mau huin luyén D néu todn ti lai ghép xay
ra trén Cgp hodc khi D’ = ¢.

Luu y: Trong qua trinh tién héa, néu mat lut trd nén

c6 do dai bing 0, tic 1a phan tién dé cla nd déu la

“Don’t care”, thi né sé bi loai bd. Néu RB ¢6 céc ludt

trung nhau thi chi git lai mdt. Viéc nay duge thuc hién

lam cho RB ¢6 co hoi giam do phiic tap.

2)

3. Thuét toan tién héa da muc tiéu

Miit Pareto, ky hiéu 1a 8, chia cic c4 thé can liu tri.
Thuat toan dugc phét trién dua trén lugc dd tién héa
(2+2)M-PAES trong [9].

Trong Thudt toan 1, ham testAdd(B, ij, size) [9] bé sung
cd thé i; vao mit Pareto 8 néu i; khong bi troi bsi bt ky ca
thé nao trong B, khi d6 nhiing cé thé trong S bi trdi boi i; sé
bi loai ra khéi . Néu bé sung i; vao 1am s cd thé trong 8
16n hon size thi loai bé ngAu nhién mot ca thé c6 trong B.

V. KET QUA THU NGHIEM

Chiing t4i tién hanh thit nghiém thuat toan EnHA-PAES-
SF trén 12 bai toan hodi qui trong Bang I, dugc ldy tir
http://archive.ics.uci.edu/ml/datasets.html, vGi #P 1a s6 mau,
#A 12 s6 thuoc tinh. Céc tham sb dudc thiét 1ap nhu trong
Bang II. Phuong phdp thit nghiém 12 5-Fold (5-phan), trong
d6 4 phan dé hoc, 1 phan dé ki€ém tra. M&i phan thd nghiém
6 1an, s lan thuc nghiém tdng cong 1a 6 x 5 = 30 lan.

Két qua thu dudc biéu thi biang cac mit xdp xi tdi vu
Pareto trung binh theo hai muc tiéu MSE va Comp cua cac
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Thuat toan 1: EnHA-PAES-SF
begin

B — ¢;

Khéi tao 2 ca thé con iy, i»

testAdd(B, iy, size);

testAdd(B, iz, size);

for i « t to maxGen do
[p1,p2] < chon ngiu nhién 2 c4 thé trong S
D < P15 D2 < P2;
if random() < Pcu then

[Dl.CH,Dz.CM] «— BLX-a
-Crossover(p;.Cp, p2.Cy)

end if
tmpPmRB « 1;
if random() < PcRB then
[v;.Crp, 12.Cgrp] < onepoint
-Crossover(p;.Crp, 12.CrB)
tmpPmRB < PmRB
end if
loop j =1,2
if random() < Pmu then
mutation(v;.C,,)
end if
if random() < tmpPmRB then
if random() > PmAdd then
mutation,,,, (v;.Crp)
else
mutation,,,(v;.Crp)
end if
end if
remove_zero_length(v;.Crg)
remove_duplicate_rule(v;.Crp)
testAdd(B, vy, size); testAdd(B, vy, size);
end loop
end for
return (3
end

RB ting véi 30 lan thi. Mt Pareto trung binh dugc xéc
dinh nhu sau: mdi 1an thii nghiém tao ra mot mit xap xi
t6i uu Pareto, sap xép cic diém trén mit Pareto theo thif tu
ting dan cia muc tiéu MSE trén tap huin luyén. Trén moi
miit Pareto ta chi giit lai s6 ca thé bang sb cd thé ciia mit
Pareto c6 sb ca thé it nhit trong 30 mit Pareto, tinh trung
binh trén 30 mit Pareto dé tao ra mit Pareto trung binh.

Ky hiéu MSEr;, MSEx,, ory, 0ry, f1y, frs 14n lugt 1a gia
tri MSE trung binh, do léch chuin, két qua théng ké trén
tap dif lieu huin luyén (Tr) va tap dif liéu kiém tra (Ts);
Comp va #R 1an lugt 1a trung binh do phiic tap va trung
binh s6 ludt cia hé luat.
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Bang I
CAC BAI TOAN SU DUNG THU NGHIEM
TT Bai toan #P #A
1 Electrical Length 1 (ELE1) 495 2
2 Electrical Maintainance 2 (ELE2) 1056
3 Weather Ankara (WA) 1609
4 Weather Izmir (WI) 1461 9
5 Treasury (TR) 1049 15
6 Abalone (AB) 4177 8
7 Mortgage (MTG) 1049 15
8 Computer Activity (CA) 8192 21
9 Pole Telecommunication (PT) 15000 26
10 AutoMPG6 (MPG6) 392 5
11 Baseball (BB) 337 16
12 Stock (ST) 950 9
Béng I
CAC THAM SO THU NGHIEM
Hmin = 0,3 size = 64; MaxGen = 300000
Hmax = 0,7 kmax = 3; Ymax = 5; 6max =5
Mupin =5 Mmax = 30; fmwmin = 0; fmwmax = 0,1
fmOpin =0 fmOpmax = 0,1; fmCrin = 0,3; fmCmax = 0,7
PcRB =03 Xdc suét lai ghép trén Crp
Pcu =05 Xéc suét lai ghép trén Cy
PmRB = 0,1 Xdc sudt dot bién trén Crp
Paga = 0,75 Xdc suit dot bién thém luat trén Crp
Pmp =03 Xdc sult dot bién trén Cy,
a=0,5 Imax =5

Chung tdi thuc hién d6i sanh két qua thu dudc cta thuat
toan dé xuét véi cac thuat toan thuit toan HA-PAES-MG-
Kax trong [6] v6i nglt nghia cia tir dang FS tam giac, thuat
toan EnHA-0-MG trong [10] véi ngit nghia cua tor dang FS
hinh thang trén 12 bai toan, thuét toin PAES-KB [7] trén
9 bai toan tai cac diém dai dién clia mit Pareto. Diém ting
v6i hé ludt ¢c6 MSEr, nhd nhét ki hiéu 1a FIRST, MSEr,
trung binh ki hiéu 12 MEDIAN va MSEr; 16n nhit ky hiéu
la LAST. Bén canh dbi sanh cac gia tri thu dugc, dé khing
dinh c6 su khéc biét giita cic phuong phap dudc dbi sanh,
ching t6i thuc hién phan tich théng ké bing phuong phép
t-test trén cac gid tri MSEr, va MSEr,. Do khong gian trinh
bay ctia bai bdo bi han ché nén trong phan nay chiing t6i chi
trinh bay két qua so sanh chi tiét tai diém FIRST la diém c6
do chinh xic cao nhit trong Bang III, cic diém MEDIAN
va LAST ciing cho két qui tuong tu diém FIRST. Céc ky
hiéu trong bang nay dudc st dung tuong tu nhu trong [8],
“+” thé hién dong tuong ting cho két qua tbt nhit véi chit
in dam, “+” thé hién két qui ctia dong tuong tng kém hon
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két qua t6t nhét, va “=" thé hién khong c6 su khac biét
théng ké ctia dong tuong ting vdi két qua tbt nhat.

Tu Bang III ta thﬁy, vé muc tidu do chinh x4c cia FRBS,
trén tap huan luyén gia tri MSEy, ctia thuit todn dé xuét
tot hon trén 8 bai toan (ELE1, TR, AB, MTG, PT, MPG6,
BB, ST) va két qua phan tich thdng ké cho thiy c6 su khac
biét trén ca 8 bai todn. Trén tip kiém tra gid tri MSEq, ctia
thuat toan dugc dé xuit tét hon trén 8 bai todn (WA, TR,
AB, MTG, PT, MPG6, BB, ST), két qué phan tich théng
ké cho thiy c6 su khic biét véi tit cd cc thuit todn dudc
so sanh trén 2 bai toan PT va BB. Co6 su khac biét trén 4
bai todn so v6i thudt todn PAES-KB. Mic di gia tri MSEry
trén tap ki€m tra ctia thuit toan dé xuét kém hon thuat todn
tot nhét trén 4 bai toan nhung sy sai khac khong nhiéu, cu
thé v6i bai toan ELE1 1a 203525,234 (so v6i 194028,00),
ELE2 1a 10986,576 (so véi 10460,014), WI 1a 0,925 (so
véi 0,846), va CA 1a 5,120 (so véi 4,8662). Két qua phan
tich théng ké so sanh vdi két qua tot nhat khong c6 su khéc
biét. Trong mot s6 bai todn, gia tri MSEr, trén tap kiém
tra clia thudt toan dé xuét tot hon nhiéu, ching han trén
bai todn PT la 58,171 (so véi 66,57; 73,474 va 89), ST la
0,540 (so v6i 0,708 va 0,759). Két qua 1ap luan trén tap di
liéu ki€m tra ctia FRBS c6 tinh 6n dinh cao hon cac thuat
toan dudc so sanh. Diéu nay dudc thé hién & gid tri do léch
chuin oy, do léch chudn cia thuat todn dé& xuit t6t hon
trén 8 bai toan.

V& muc tiéu tinh gidi nghia dudc cta hé luat, cic FRBS
dugc xiy dung béi thuat toan dugc dé xuét trong bai bdo c6
do phtc tap (Comp) tét hon trén 6 bai toan. Céc tif st dung
trong FRBS 1a cic tit ngdn ngit dudc sinh ra bing DSGT,
nén goép phan lam cho FRBS dé hiéu hon véi ngudi dung.

VI. KET LUAN

Trich rit FRBS tir tap dif liéu giai bai todn hoi qui 1a bai
toan kha phiic tap, doi héi ching ta phéi giai quyét nhiéu
bai toan: thiét ké ngit nghia cla tif ngdn ngit, sinh luat,
tim kiém FRBS. Nhiéu nghién citu da dugc dé xuét tiép
can theo ly thuyét FS hoic 1y thuyét DSGT. Trong bai bdo
nay, chiing toi d& xuat mot phuong phép thiét ké ngit nghia
dang FS cho cic tir ngdén ngh st dung trong FRBS dugc
sinh ra bang PSGT md rong va ham S. Ap dung phuong
phap thiét ké ngit FS dé xuét, thuat toan sinh luat tit mau dit
liéu trong [6] va lugc do tién héa (2+2)M-PAES trong [9],
ching t6i phét trién thuét toan EnHA-PAES-SF. Tir két qua
thi nghiém thuit toan dé xuit, ching ta c6 thé két luan
ring phuong phap thiét ké ngit nghia dang FS clia tit ngon
ngit dugc dé xuét sinh ra cidc FRBS gii bai todn hdi qui
c6 do chinh xac cao hon ngli nghia dang tam gidc, hinh
thang. Cic phuong phép tiép can dua trén DSGT sinh ra
cac FRBS c6 do chinh x4c va tinh giai nghia dugc cao hon
tiép can dua trén ly thuyét tip mo.



Bang III
SO SANH KET QUA THU NGHIEM THUAT TOAN ENHA-PAES-SF (ENHA-SF) VOI CAC THUAT
TOAN HA-PAES-MG-Kax (HA-TG), ENHA-0-MG (ENHA-TZ), PAES-KB TAI bIEM FIRST

Tip V-2, 86 18 (38), 12/2017

Bai toan Thuat toan #R m MSET: OTr tTr MSEr; OTs T
PAES-KB 27,00 46,00 145995,000 3855,000 + 194028,000 24745,000 *

HLEL HA-Tg 27,27 46,13 141666,344 5618,006 + 202590,688 35321,180 =
EnHA-Tz 17,33 28,03 146715,328 5401,636 + 201659,063 38816,035 =
EnHA-SF 25,80 43,53 134296,125 5393,771 * 203525,234 34480,344 =
PAES-KB 30,00 65,00 11043,000 2771,000 = 12606,000 3105,000 +

ELED HA-Tg 29,93 66,97 8813,093 1533,687 = 10685,542 3113,682 =
EnHA-Tz 26,60 60,90 8476,874 2077,039 * 10460,014 3577,895
EnHA-SF 29,57 57,80 8814,062 1484,897 = 10986,576 2239,502 =
PAES-KB 28,00 103,00 1,640 0,040 + 3,920 9,270 +

WA HA-Tg 25,00 60,03 1,032 0,071 + 1,247 0,172 =
EnHA-Tz 24,83 74,83 0,964 0,065 * 1,136 0,154 =
EnHA-SF 24,37 53,60 1,018 0,079 + 1,103 0,130
PAES-KB 25,00 91,00 1,300 0,270 + 1,490 0,260

WI HA-Tg 24,87 61,30 0,792 0,043 + 0,964 0,127 +
EnHA-Tz 23,17 72,77 0,718 0,045 * 0,846 0,136 *
EnHA-SF 25,00 51,57 0,773 0,048 + 0,925 0,110 +
PAES-KB 11,00 40,00 0,080 0,040 + 0,140 0,150 +

TR HA-Tg 15,00 29,40 0,031 0,004 + 0,045 0,022 +
EnHA-Tz 25,23 84,70 0,028 0,006 + 0,044 0,028 =
EnHA-SF 29,60 70,97 0,023 0,002 * 0,034 0,010 *
PAES-KB 29,00 107,00 2,320 0,080 + 2,480 0,180 =

AB HA-Tg 19,80 59,57 2,314 0,050 + 2,411 0,165 =
EnHA-Tz 18,10 72,60 2,325 0,072 + 2,451 0,190 =
EnHA-SF 28,73 109,47 2,215 0,045 * 2,404 0,151 *
PAES-KB 12,00 49,00 0,050 0,020 + 0,090 0,100 +

MTG HA-Tg 15,00 28,13 0,016 0,004 + 0,022 0,012 =
EnHA-Tz 17,57 37,07 0,013 0,002 = 0,021 0,011 =
EnHA-SF 18,00 26,70 0,012 0,003 0,018 0,005
PAES-KB 10,00 30,00 11,990 2,990 + 13,430 4,660 +

CA HA-Tg 13,80 44,67 4,577 0,369 = 4,862 0,630
EnHA-Tz 10,53 35,70 4,506 0,337 * 4,905 0,760 =
EnHA-SF 11,60 41,07 4,867 0,467 + 5,120 0,545 =
PAES-KB 14,00 53,00 87,000 26,000 + 89,000 25,000 +

PT HA-Tg 13,33 38,30 71,887 17,422 + 73,474 17,016 +
EnHA-Tz 15,53 45,70 62,584 13,044 + 66,577 15,747 +
EnHA-SF 14,13 44,67 55,510 7,792 * 58,171 9,530 *
PAES-KB - - - - - -

MPG6 HA-Tg 30,00 69,23 2,119 0,174 4,201 0,844 =
EnHA-Tz 48,37 142,53 1,946 0,187 4,098 1,136 =
EnHA-SF 49,40 116,03 1,702 0,144 4,086 1,042 *
PAES-KB - - - - - -

BB HA-Tg 24,00 86,50 111254,578 6668,565 300933,594 55664,977 =
EnHA-Tz 18,90 43,13 108939,016 10566,872 290203,406 112402,539 =
EnHA-SF 19,93 38,70 98882,602 11293,128 * 289854,875 76645,250
PAES-KB - - - - - -

ST HA-Tg 23,43 83,30 0,682 0,130 0,759 0,164
EnHA-Tz 29,80 112,93 0,504 0,061 0,708 0,186
EnHA-SF 48,73 154,23 0,363 0,043 * 0,540 0,140 *
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