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TIEP CAN PAI SO GIA TU CHO PHAN LGP MO
NQUYEN CAT HO!, DUONG THANG LONG2, TRAN THAT SON!

L Vién Céng nghé thong tin, Vién Khoa hoc va Cong nghé Viét Nam
2Khoa Cong nghé Tin hoc, Vién Dai hoc Mé Ha Noi

Abstract. In this paper we propose a novel method for fuzzy classification using hedge algebras,
which call H A for short. The authors in [1, 2, 3] have pointed out that the results of H A methods
depend on the fuzzy measures of some parameters of hedge algebras, so in this paper we use genetic
algorithms for optimizing these parameters. We apply the method to iris classification problem,
which has been used by many papers and shows that, our results are better in comparing with other

methods in [9, 13 — 18, 20)].

Tém tdt. Bai bdo dé xuit mot phirong phdp méi cho bai todn phan 16p md st dung dai s gia tir
(HA). Céc tac gid trong [1, 2, 3] da chi ra rang két qua cia cic phwong phap dua trén dai s6 gia tir
phu thuoe dén tham sé md cia cic gia tir, & day chiing téi stt dung gidi thuat di truyén dé toi wu
cidc tham s6 nay. Két qud dp dung thir nghiém vio bai todn phan 16p cic loai hoa iris cho két qué

rat tot so v6i cde phuong phap trong [9, 13 — 18, 20].

1. GIOT THIEU

Bai todn phan 16p m& (fuzzy classification) da va dang duwoc nhiéu tdc gid nghién ctu va
trng dung khé thanh coéng, cdc phwong phap dwoc biét dén nhu hé mo [8,9, 12 — 14, 16], hodc
hé mo —noron [10, 11, 15]. Céc phwong phép nay tiép can gidi tich dén cdc tap md, sit dung
céc phép toan truyen thong trén cac tap mo deé lap luan két qua dau ra cia hé. Trong dé bao
gom hai giai doan chinh thiét ké mot hé phan 16p mo (Hinh 1.1). Thit nhét, xdc dinh mot
hé m& véi viee lwa chon céc bién vao, cdc tham s6 mo, phan hoach céc khodng mo ciia bién
vao, cach lap luan dau ra cho hé mo va xay dung cdc luat md; thit hai, t6i wu cdc tham s6
cla hé nham tang hiéu qua phan 16p.
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Hinh 1.1. Qua trinh xay dung mét hé phan 16p mo

Xuat phdt tir tap dir lieu mau (dataset) D = {d; = (pi1, ..., pin, L)}, i = 1, ..., Q, trong
dé6 kich thuée dau vao (s6 thuoe tinh p; 1,...,p; v) 1& N, moi dir liéu ¢6 nhan phéan 16p ¢; twong
trng, kich thudce tap mau la Q. Céc tdc gid [10, 11, 15] da st dung phwong phép trich rit luat
tlr tap dir liéu mau c6 két hop mang noron, trong [9] da 4p dung ky thuat t6i wu tham s6
cho hé m¢& dua trén gidi thuat di truyen.
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Bai bdo dé xuidt mot phwong phdp méi tiép can dai s6 gia tir (Hedge Algebras — H A).
Khai théc tir nhirng diac trung vé tinh ¢é cau tric thit tu cia cde phan tik 14 cdc nhan ngon
ngit, st khong phu thudc vao bicu dién giai tich cia céc tap mo va cdc phép todn mo cia dai
s6 gia tir [1—6]. Mién gia tri cliia moi bién thudc tinh dau vao hinh thanh mét ciu tric dai
s6 gia tit twong tng, ching ta xéc cidc tham s6 mo cho moi thuoc tinh, tir dé xay dung cic
ham dinh lwong, khodng mo, ham dinh tinh héa.

Céc luat cia hé mo dwoc bieu dién dwéi dang Tagaki—Sugeno nhw sau [17,18]:
IF X1 15 A@l AND X2 15 Ai72 AND...AND XN X Ai,N THENY = gdi, (Ol)

trong d6, bién vao X; ¢ mién gid tri 1a mot cau tric dai s6 twong ing AX;, A;; € AX;
la cdc hang tir (phan tit) trong dai s6, bién ra Y = g; twong tmg véi nhan phan 16p, g; €
{c1,¢2,...,ci.}, K. 1a 56 16p. St dung phép két gop N dau vao cho moi luat bang todn ti
nhén, tinh do kich hoat dau vao cia luat thit ¢ véi mot di lieu d = (py, ..., py) nhu sau

Bi(p1s - pn) = [ [J = L...Nsm(p;, Aij),i = 1. M, (0.2)

trong dé sm(p;, A; ;) ham do d6 twong tu (twong dwong) cia thude tinh dau vao p; so véi
hang tir A; ; cia daisé AX;, M la s6 luat. Pau ra cia hé y* duoc xéc dinh bang két qud cia
luat ¢ mitc do ddp ttng dau vao 16n nhat

y* = gir, 1 = argmaxi=1,.. mbB; (0.3)

Thure t&, xuat phét tir tap dit liéu mau cia mot bai toan cu thé ching ta phai xdc dinh tap
céc tham s6 md cho dai s6 gia tir (tham s6 gia tir) cida moi thude tinh vao, tir dé xay dung
tap cdc luat mo. Hon ntra, s6 luat mo (M) tim dwoc cang nhd gon cang t6t nhung van dam
béo hiéu qua dp dung. Céc téc gid trong [1—6] da cho thay anh hwdng cia tham s gia tir
dén két qua 4p dung kha 16m, trong bai nay ching toi sé 4p dung giai thuat di truyén deé toi
wu cdc tham s nay.

Ngoai ra, cac mau dir lidu cé thé dang ngon ngir (linguistic) hodc/va dir lieu dinh lrong
trén mieén thue cia bai todn, ky hieu UCR, trong khi moéi bién ngon ngt X cé mién ngir
nghia dinh lwong twong tng trén doan [0, 1], ky hiéu U,. Ching ta phai chuan héa dir liéu
(chuyén tir mién thwe vé mién ngir nghia dinh lwong) bang anh xa tuyén tinh f : U — U, va
chuyén nguwoc lai bang anh xa ngwoc cia né f~1: U, — U.

2. PAI SO GIA TU' VA CACH TIEP CAN PE PHAN LOP MO

Nhw da trinh bay & trén, ta xem moi thuoc tinh dau vao c¢é cau triic mién ngtr nghia
twong tng la mot dai s6 gia tir. Xét cdc dai s6 nay la cdc dai s6 gia tir tuyén tinh day du
[1-6], ky hieu AX = (X,G,C, H,> ,®,<), trong dé X la tap céc hang tir (terms) cia dai
s6, G tap phan tir sinh, C cic gid tri hang, H la tap cic gia tir (hedges),® gia tir t&i han min,
3" gia tir t6i han max, < quan hé thit tw ngtr nghia gitra cdc hang tir. Truéc hét, ching toi
trinh bay mot s6 khai niém, ky hiéu va kién thitc co s& ciia dai s6 gia tir ciing nhu cdch tiép
can dé tng dung cho bai toan phan 16p mo.

Ching ta dinh nghia khodng m¢ (fuzziness intervals) cia mot hang tir  dwa trén thi tu
nghtr nghia cia cdc hang tir va do do tinh mo cia ching.
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Pinh nghia 2.1. [5] Khoang m¢& cia mét hang tir 1& mot khoang con cua [0, 1] ¢6 do dai
ding bang do do tinh mo fm(x), ky hieu I(x), dwoc xéc dinh bang quy nap theo do dai ctia
2 nhwr sau:

(i) V6i do dai @ bang 1 (I(z) = 1), tic la @ € {c, ¢}, Spmlc) va Spnle’) 1a cde
khodng con va tao thanh mot phan hoach cia [0,1], thoa Sp,(c) < Spp(ch), tie 1a Vu €
Srm(c ), Vv € Spn(c’) 1 w < v, diéu nay phi hop véi tht tu ngit nghia cla ¢ va ¢’
1S pm(c)] = fm(c™) va [Spm(c)| = fm(cT), trong dé [Spm, ()| ky hicu do dai cla Sy, ().

(ii) Gid st Vo € X d6 dai bang k(I(z) = k) ¢6 khodng m& 1 S pp, (2) va [ (2)| = fm(),
cdc khodng mor cia y = hz, Vi € [—p"q)(I(y) = k+1) 1a tap {3 (hiz)} théa man mot phan
hoach ctia S (2), | pm(hix)| = fm(h;x) va ¢b thit tu tuyén tinh twong Gng véi thit tu cia
tap {h_qx, h_g1, ..., hpx }.

Khi I(x) = k, ta ky hiéu I(a) thay cho Sy (x), X = {o € X : [(a) = k} la tap hang tir
do dai ding k, I, = {Sk(z) : @ € Xi} 1a tap tat ca cdc khodng mo mite k (k — khodng).

RO rang hai khodng mo bang nhau, ky hieu S(a) = 3(y), khi chiing dwoc xdc dinh bédi
cung mot hang tir (z = y), tite 1a Sr(x) = Sr(y) va Sr(z) = Sr(y), trong dé Ir(x), Sr(x)
ky hiéu diém trai cing va phai cling ciia khodng mo 3(z). Ngwoc lai ching ta goi hai khodng
mo khéac nhau, S(z) # S(y).

Pinh dé 2.1. [5] Cho AX = (X,G,C, H,Y,®,<) la mot dai s6 gia b tuyén tinh tu do, ta
o,

(i) Néu Sign(hpx) = +1, thi S(h_gz) < S(h_griz) < ... < S(hoz) < I(ha) <
S(hox) < ... < SY(hpx), va néu Sign(hyx) = —1, thi S(h_gr) > F(h_griz) > ... >
S(ho1z) > S(hix) > S(hoz) > ... > S(hpx);

(i) Tap Iy = {Sk(x) : @ € X} la mdt phin hoach cia khodng [0, 1];

(i) Cho mot s6 m,{3(y) : y = hpm...h12, YRy, ..., b1 € H} la mot phian hoach cia khodng
mo I(x);

(iv) Tap Iy = {Sk() : @ € Xi} min hon (finer) tap I = {Sk(x) : @ € Xi_1}, tibc la
moi khodng trong I, déu duwoc chita trong I 1 ;

(v) Neva <y val(z) = l(y) = k thi Sk(x) < Sk(y) va S(x) # Si(y);

(Vi) Yo,y € X zdc dinh hai khoing mo Si(x) va I(y), ching hodc khéng cé quan
hé k€ thira; hodc cd quan hé ké thira (ky hicu Sp(x) ~ Si(y)) néu IS,(2) € I,,v <
min(k,1),S1(z) < SL(y), Sr(2) = Sr(Y), va S1(z) < S(@), Sr(2) = Sk(@), hay Su(2) 2

x=h;, . hyz,y = k’jm...kﬁjlz, Yhi, k’j S

n

Sk(z) va I, (2) D W(y), ticlax,y duoc sinh ra ti z,

H.

Céc tinh chdt (i—v) da dwoc chiing minh trong [5], (vi) dé dang dwoc suy ra tir tinh phan
hoach cia cdc khoang mo.

Chiing ta thay dura trén cau tric thit tw cia X, phan tit @ nam & gitta hai tap {h_;x :
—q <i<—1} va{hjz:1<j <p}, hon nra ta cé

Z |S(hix)| = fm(x) X Z w(h;y) = a.fm(z) = o|3(x)]. (0.4)

i€[—q,—1] i€[—q,—1]
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biéu nay goi ¥ ching ta chon diém cudi chung cia hai khodng mo S(h_q12) va (ki) la
gid tri dinh lwong ngr nghia v(x) (xem [3]) cia hang tir .

Anh xa dinh lrong ngit nghia v phu thuoc vio cdc tham s6 do do tinh md fm(c™), fm(c’),
w(h). Céc tham s6 nay duwoc thiét lap mang tinh chi quan, phu thudéc ngir canh sit dung va
cé thé thay doi tiy y. Chiing ta xem gid tri v(a) € [0, 1], khdc véi mot gid tri s6 thuc trén
doan [0,1] trong tw nhién, nhur moét bi€u dién dinh lwong ngir nghia cia x. Nhu vay, ngi
nghia cia dang thitc v(x) = a khic véi ngir nghia clia b = a, trong dé a, b 1a céc gid tri thuc
thuan tiy.

Hon nira, trong cic tng dung ma dic biét 1a bai todn phan 16p, xudt phat tir dir lieu
dinh lwong, ta xay dung hé céc luat mo dé phan 16p, vi vay viéc dinh tinh héa céc dir liéu
thue nay rat can thiét. Dwa trén phan hoach céc khodng mo mitc k, Iy, moi khodng mo S(a)
mang v nghia dinh lwrong cho hang tir , ta sé 4nh xa moi gid tri trong khodng mo nay dén
hang tir  twong ung.

Pinh nghia 2.2. Cho AX = (X,G,C, H,Y, ®,<) 1a mot dai s6 gia tir tuyén tinh day du,
cée tham s6 mo dwoc thiét 1ap, va mot s6 k > 0. Anh xa dinh tinh ngit nghia mic k cia
mot gid tri ngr nghia dinh lwong v, ky hiéu 7 : [0, 1] — X, dwoc dinh nghia dwa trén phan
hoach céc khodng mo Iy, nhu sau: Vo € [0, 1], 7(v) = € Xi, sao cho v € Iy (a).

Bay gior, ta di xay dung thu tuc tinh phan hoach cdc khodng m& mitc & + 1 cho mot
khodng mo & mite k, tinh phan hoach tat ca cdc khodng mo mike k& cho mot dai s6 gia tir AX
tuyén tinh day dd véi tham s6 bat ky.

Dua trén tinh thit tw cia cdc khodng mo trong phan hoach, (xem Pinh de 2.1. (i)), ky
hieu Sz (z) va Sg(w) la diém trai va phai cia khodng mo I(a), tinh khodng mo mikc k + 1
thong qua thad tuc sau.

Thud tuc 2.1. Tinh phan hoach céc khoang m& mitc k + 1 (Sg41(ha)vh € H) cia khoang
mo mie k(Sk(x)).

Input: Sg(x), w(h)Vhe H = {h_g,h_gi1, ..., h—1,h1, ha, ..., Ay}

Output: Spr1(ha)Vh € H.

Actions:

Step 1) Néu Sign(hyz) = 1 (tie 1a S(h_q2) < ...
dat j = —q,t = 1. Nguoc lai (Sign(hyx) = —1), dat j

(

khodng m& déng tréi thi dat S(hjx) ciing déng trai.
Step 3) Dt i = j, thay doij theo t,j = j +¢, néu j = 0 thi j = j + ¢ (khong xét ho).
Step 4) Tinh khodng mo ti€p theo S(hjz) = (Sr(hix), Sr(hiz) + u(hy).|S(@)]].
Step 5) Néu j = —q hodc j = p thl dirng, ngugc lai quay lén Step 3) tinh tiép.

Thi tuc nay dwoc diung dé tinh todn phan hoach tit ca cic khodng mo Iy, véi k cho truée
cla mot dai s6 gia tr AX nhuw sau.

Thd tuc 2.2. Tinh phan hoach tit ca céc khodng me cho dén mie k*, I; = {S;(x) : @ € X}
véij=1,2, ..., k* cia AX.
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Input: Céc tham s6 mo fm(c), fm(ct), u(h),¥h € H. s6 k* nguyén duwong (k* > 0),
Output: Tét ca céc khodng mo tir mie 1 dén mie k%, [; = {3;(x) : Vo € X;}(j = 1...k%),
Actions:
Step 1) Pat X7 = {c7,c¢"}, tinh I; = {S(c), S(cM)}, véi S(e) = [0, fm(e)], S(ch) =
(fm(c™), 1],
Step 2) Lap véi j = 2 dén k*, tinh
21) Xj = {h.%‘ :Vh € HVx € Xj,1}7
2ii) I; = Uzer,l {Sj(ha) : Vh € H} |, trong d6 tinh {3;(hx) : VA € H} dua trén
Sj_1(x) € ;1 (st dung Thu tuc 2.1).
Nhu vay, sau khi xdc dinh tham s6 mo cia HA va mot s6 k, ding thi tuc trén tinh mot
phan hoach céc khodng m& mite k, Sx(x), ta stt dung phan hoach nay lam co s& xdc dinh do
do twong dwong gitra mot gia tri dinh lwong véi mot nhan ngon nglr nhu sau.

Pinh nghia 2.3. Cho phan hoach cdc khodng mo mike k, Si(z), cia mét HA, do do twong
tu cia mot gid tri dinh lugng v € [0, 1] va mét hang tir @ € Xy, trong H A, ky hiéu sm(v, z),
xdc dinh dua trén khodng m& mitc k cia 2 theo dang (Hinh 2.1) sau

i) sm(v,2) = (v —=S1(x))/(v(z) — S(x)), néu Sp(z) < v < v(w),

ii) sm(v,z) = (Sr(z) +v.(p— 1) — pv(x))/(Sr(z) —v(2)), néu v(z) < v < Ig(z),

iii) sm(v,x) = 0, nguge lai, titc 1a v ¢ I(x).

ok
g
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Hinh 2.1. Dang tam gidc do d6 tuong tu gitta v va x

trong dé, p la mot tham s6 do mirc do twong tw gitra v va @ khi v = Sg(x), & day ta chon
p=0,5v6iv=Sp(z) thi sm(v,2) = 0, vi khodng mo I(x) & dang déng phai va mé trai.
Ham do do twong tuw sm(v,x) & day duoc ding dé xdc dinh do kich hoat dau vio clia mot
dtr liéu mau déi véi vé trai cda luat trong (1.2), nhu vay do kich hoat 5(p1, ..., pn) cing lém
néu céc sm(p;, A;),7 =1, ..., N cang lém, va nguoc lai. Khi v = v(2) thi 8 =1, vd v cang xa
gia tri dinh lwong cia 2 thi 3 cang gidm dan.

Thu tuc 2.3. Tinh khoang m¢o mitc cue dai bao ham hai khoang mo cho truée.

Input: Hai khodng mo bat ky Sx(2), 3i(y), va tap tat ca cdc phan hoach I;(j = 1,2,...k%)
cia AX.

Output: I, (2) chita hai khodng m& i () va Sj(y) da cho khi ching ¢6 quan hé “ké thira”,
ro rang v < min(k, ).
Actions:

Step 1) Bat v = min(k, 1),
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Step 2) Néu 33,(2) € 1, ,(2) D Si(z) va Fu(z) 2 (y) thi két qud 1a I,(2), véi z 1a
hang tir twong ung khodng mo <,
Step 3) Nguoc lai gidm v di mot (v = v — 1) va néu v = 0 thi khong c¢é két qua, tirc 1a

hai khodng mo Sk () va 3y(y) khong c6 quan hé ké thira, néu v > 0 lidp lai Step 2).

Pinh nghia 2.4. Cho mot dai s6 gia tir tuyén tinh AX va céc tham s6 gia tir, v&i bat ky
hai hang tir «,y € X xéc dinh hai khodng mo twong ting Jx(x) va I(y). Ta dinh nghia
mitc do gan nhau, ky hiéu A(.,.), cia hai khodng md nhw sau:

(i) Néu hai khodng md ¢ quan hé ké thira Sg(z) ~ Sy(y) thi AM(Sk(x), Si(y)) = v/max(k, 1),
véi v 1a mitc khoang mo tinh trong Tha tuc 2.3.

(i) Nguoc lai, titc 14 hai khodng m& khong ¢6 quan hé ké thira, thi A = 0.

Dinh nghia nay cho phép xéc dinh hai hang tir , v ¢6 thé két nhap thanh mot hang tir z
dai dién ma khong lam mat nhiéu ¥ nghia cia , y bang cdch dwa vao A. Néu A = 0 thi khong
thé két nhap vi ching xéc dinh hai khodng m& khong quan heé ké thira, ngwoc lai chiing ta
chon z Ia hang tir ¢6 khodng m& twong ting & mitc thap hon. Gid sit k > 1 va S(x) 2 S(y),
khi dé z = y, khodng m& I () dwoc md rong va biéu dién bdi I(y).

R6 rang phép két nhap trén sé khong lam mat thong tin, vi & day ching ta md rong
khodng mo. Tuy nhién, A cang bé thi phép két nhap cang lam tang tinh md cia mot khai
niém meo, va dan dén né phi cdc khai niém khéc trong ciing mot phan hoach. Khi A = 1, cé
nghia 1 = y, dan dén $,(2) = Sk(z) = Si(y).

3. THIET KE MOT MO HINH PHAN LGP MO THEO HA

Nhu da trinh bay & trén, mo6 hinh ctia ching t6i duge chia lam hai giai doan (Hinh 3.1).
Truée hét ching ta thiét lap bo tham s gia tir, 4p dung vao giai doan thit nhat dé phan
hoach cdc khodng mo trén mien cia céc thudc tinh vao, chuyén cic dir lieu thue ve dang
ngon ngir (linguistic domain). Giai doan thit hai 4p dung mot phwong phép hoc dé trich rit
céc luat mo (dwéi dang ngon ngtr) tir tap dir lieu mau (dataset) — HAR learning. Tuy nhién,
hién nay chwa cé phrrong phap dé xdc dinh b tham s6 gia tir thich hop, chi yéu bang thuc
nghiém. Trong bai bdo nay, tic gid da ap dung gidi thuat di truyen (GA) d€ t6i wu bo tham
s6 nay nham dat két qua phan 1ép t6t hon véi kich thuée tap luat nhd hon.

Drataset
(real domain)

PR HA
3 parameiars
Drataset
‘ (Jimguistic domai) Cenetic Algorithms for
. HAR _..........\.\:" Optimizing parameters
L lparmng 1
Fuzzy rules

classify for
new data

Hinh 3.1. So db qua trinh xay dung hé phan 16p mo theo HA
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Xét tap dir liéu mau cia bai toan phan 16p c¢é N thuoc tinh vao, dau ra la chi sd 16p twrong ting
(hoac nhan cia 16p) ¢ dang D = {(pi, t;) i = 1,...,Q},pi = (D1, Pis2s oy PiN) € RV 1 €
{1,2,..., K.} 1a nhan chi s6 16p, K. 13 s6 16p cia bai toan. St dung 4nh xa tuyén tinh dé
chuyén tap dir liéu mau vé mién dinh lwong Us; = [0, 1], v6i moi bién vao X; xdc dinh mién
tham chiéu U; = [a;, b;], ta cé:

ijl : Usj — U;,Vy € Usj'yfq;;(y) =4 er-(bj - aj)? (0.5)
va anh xa nguoc
Ju; Uy — Uy, Yo € Uy, fu, () = (@ —a;)/(b; — aj). (0.6)

Nhw vay, tap dir liéu mau dwoc chuyén ve dang dinh lwong, ky hiéu 13 DS, moi mien dinh
lrong cia bién vao duwge phan hoach thanh cdc khodng md mikc k cho trude, dua trén 4nh xa
dinh tinh trong HA (Pinh nghia 2.3), moi dir liéu trong mién dinh lwong thudc mot khoing
mo sé duoc xdc dinh mot hang tir twong tng, khi dé tap dir lieu mau dwoc chuyén vé dang
ngon ngtt (DL). Giai doan hoc trich rit cdc luat mo sé thye hién trén DL.

Thuat todn hoc trich it cdc luat mo tir DL theo ciach xay dung mot tap céc vé trai cé
thé (candidates of left) tir khong gian vao p; = (pi1, pi2, .-, Pi,N), VOi moi vé tri tim dwoc
ta tinh téng mitc d6 kich hoat dau vao cia né theo tirng 16p trén cic mau dir liéu va sinh
luat méi cho vé trai nay véi dau ra twong tmg 14 16p c6 tong mitc dép ng dau vao 16n nhat.
Thuat todn dwoc trinh bay nhu sau.

Thuét toan 3.1: HAR learning algorithms,
Input:

+ Dataset D = (zp,1,) v6i K. cum,p=1,...,Q,

+ Céc tham s6 mo gia tw fm(c™), fm(h)Vh € H,

+ Céc mitc khoang mo cho céc thuoce tinh k:;-‘,j =1...N.

Output: tap cic luat mo Ry, ..., R
Methods:

Step 1) Khéi tao tap luat R = &, tap vé trai L = &.

Step 2) Tinh phan hoach cdc khoang mo Ik;s cho céc thuoc tinh theo tham s6 mo gia tir
va mitc k:;-‘,j =1,2,...,N.

Step 3) Véi moi mau dir liéu (wp, t,) € D:

i) V&i moi gid tri cda thuoe tinh dau vao @, ; € @, tim A; = mp+ (2, ;) theo Pinh
nghia 2.2,

ii) Tao mot tuyén vé trai left = (A1, As, ..., An),

iii) Néu left chwa c6 trong danh sdch vé trdi, L, thi thém left: L = L Uleft.

Step 4) Tinh tong mitc do kich hoat dau vio cia cic dir lieu mau ddi véi tuyeén cic vé
trai theo tirng 16p, chia cho s6 mau dit liéu trong moi 16p twong ing, ky hieu C;(1),

Vi e{l,..., K.}, Vieft, € L. Ci(t) = Z { H sm(xp,;, A j) : e = t}/count(t). (0.7)
p=1,.,Q j=1..N
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trong d6 ham sm(.,.) tinh theo Pinh nghia 2.3, count(t) 14 dém s6 mau du liéu c¢6 dau ra
mong muon la .
Step 5) Vé&i moi vé trai left; € L:
i) Tim chi s6 16p c6 mitc ddp ing 16n nhat, ¢ = argmazi—1. k. {Ci(t)}.
ii) Tao luat m&i c6 vé trai la left; va vé phdi twong tng 1a ¢, r; = left; — c.
iii) Thém luat nay vio tap luat R néu chwa ton tai, R = RUr;.

Step 6) Loai bd cde luat du thira trong tap R thu dwoc & Step 5, st dung Tha tuc 3.1
sau, dua vao do do kha nang két nhap (integratable) gitra hai luat (itgr), thay thé hai luat
cé itgr cao nhat bang mot luat méi sinh ra tir hai luat dé bang cach tang tinh mo clia cac
thudc tinh vao trong luat. Qué trinh sé dirng khi khong tim dwoc hai luat cé itgr 16m nhat
va 16n hon hon ngudng o cho trude.

Ham itgr dwoc xay dung trén co s& cdc thuoc tinh vao cia luat. Xét hai luat c6 vé phai
giong nhau, vé trai ciia moi luat xdc dinh mot tap cdc khoang mo, ky hieu {S, (z1), ..., Sky (zn) }
va{Sy, (y1), -, Siy(yn) }, khi dé dura trén dédnh gid mike d6 phi nhau A; = M(S;(2;), i, (y5)),

j = 1...N, (Pinh nghia 2.5), ta tinh ham itgr nhu sau

itgr(r, ri) = { ! right(r) 7 right(ry), (0.8)

MIN;—1. NA; else,

trong d6 right(r) la vé phai cia luat r.

Vidu 3.1. Cho hai luat r; = (VASmall, VLarge, class),r; = (M ASmall, Large, class),
ta c6 Ay = 2/3, Ao = 1/2,itgr(r;,r;) = 1/2, khi dé thay bang mot luat méi

r" = (ASmall, Large, class).

Truong hop hai luat r; = (VALarge, LV Large, classy),r; = (M ASmall, LV Large, class)
c6 A1 = 0, Ay = 3/3,itgr(r;, rj) = 0, khong thé két nhap hai luat nay thanh luat méi.
b) Té% wu tham sé cia phwong phdp bang TG A

Trong [1 — 6] cdc tdc gid chi ra mirc A6 4nh hudng cia bo tham s6 gia tir dén két qua ting
dung ciia mét s6 phwong phép tiép can theo dai s6 gia tit, phwong phap nay khong nam ngoai
tinh chat dé, két qua trich rit cac luat mo véi muc tiéu s6 luat cang nhéd cang tot nhung dam
bdo sai s6 phan 16p cho phép. Mot cach kha mém déo va linh hoat 14 sit dung giai thuat di
truyen (GA) [7,9,13, 18] t6i wu cdc tham so, ddc biét trong [7] da chi ra cach két hgp tham
s6 nhiét (phéng theo nhiét do téi luyén thép) nham tang toc do hoi tu cia giai thuat, goi 1a
TGA.

O day, ta chon s6 gia tir 1a 2, H = {L,V}, trong dai s6 ciia moi thudc tinh. Vay ching
ta ¢6 bo tham s6 gia tir cia cde bién vao PARp, = (fm;(c™), 1;(L)), 7 =1,..., N, cdc mikc
khodng mo PARy, = (k1, ..., ky). Dé ¥ rang fm;(c™) =1 — fm;(c™) va p;(V) =1 — p;(L).
bé ap dung giai thuat GA [7] thuc hién t6i wu cdc tham s6, trwdc hét, moi cd thé trong GA
dwoc ma héa duwéi dang s6 thue trong doan [0,1] biéu dién cic tham s6 cia mé hinh, gom:

e Mot nhiém sac thé cé N gen, (fmi(c™), fma(c), ..., fmn(c™)), biéu dién tham s6 do
do tinh m& cia cac phan tir sinh am trong cdc dai s6 gia tik.
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e Mot nhiém sic theé c6 N gen, (u1(L), u2(L), ..., un(L)), bieu dién cic tham s6 do do
tinh mo cua gia ti L trong dai s6 cia céc bién vao twong ing AX;,j=1,2,...,N.

e Mot nhiém sac thé ¢6 N gen, (k1 k2, ..., kx) biéu dién mitc khodng mo can phan hoach
trén mién céc bién vao X;,5 =1,2,...,N.

Gidi thuat GA xudt phét tir mot tap céc cd thé ban dau chon ngau nhién, st dung cic
phép chon loc (selection) dé€ chon ra nhirng c4 thé b me cho qué trinh lai ghép, phép lai
ghép (crossover) thuc hién trén cdc cd thé bé me dé sinh ra céc cé thé con, phép dot bién
(mutation) cdc cé thé con nham tranh roi vao t6i wu dia phuwong, cudi ciing phép tai tao
(reproduction) chon ra nhitng cé thé t6t cho vao thé hé tiép theo. Qua trinh nay dwoc tiép
tuc véi hy vong thé hé sau gom céc cd thé tot hon thé hé trude (Hinh 3.2).

R =,
{ start 2

e

Init population
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eI stop condition? T
‘ kit e
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Hinh 3.2. So db hoat dong cia gidi thuat di truyen

Trong dé, cac phép di truyen cliing nhw dieu kién dirng cda giai thuat dwa trén co s& ham
danh gid do phu hop cia tirng cd the, FITNESS(.). V&i muc tiéu t6i wu céc tham s6 nham
tang do chinh xdc trong phap 1ép va gidm kich thwée tap luat sinh ra, ham FITNESS(.)
dwoc thiét ké dwa trén nhitng két qua nay. Thuc vay, véi moi bo tham s6 trng véi mot cd
the, sit dung Thuat todn 3.1 sinh ra tap cdc luat mo phan 16p dwa trén tap mau dataset.
Ham FITNESS(.) xay dung trén co s& gom 3 yéu t6 sau:

i) Panh gid cda moi luat mo, Fr(.), theo trong tam cia cdc mau dir lieu dwoc phan 16p bdi
luat d6. Puge tinh theo do thudce cia trong tam cac mau dir lieu vao luat dé, cong thite (2),

F(r) = H sm(cj, Aj), (0.9)

j=1..N

trong do, ¢; 1a tam cia cdc mau dir liéu dwoc phan 16p béi luat r, A; 1a hang tit HA cia
bién vao X; trong phan diéu kién cda luat r. V6i hé 6 M luat, khi dé ddnh gid do phi hop
cua tap luat la

Zizl...M Fr(”)‘

F =
M

(0.10)
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. A7 . ~ bl ~ s ~ e s> ~ ~ [N x N
ii) Tong sai s6 cla tap céc luat doi véi tap dir liéu mau kieém tra, Fg(.),
Es = Numberoferrors(misclassifieds). (0.11)

iii) Kich thude cia tap luat, F,(.),

Fon(M) = M. (0.12)
Vay ham danh gia cla ca thé s& la
FITN ESS(individual) = el + (1 —wo) Fy, (0.13)
wy. Ks +wsa. Fy,

trong dé, wq 1 trong s6 ddnh gia sai s6 phan 16p cda tap luat trén cd dir liéu huan luyén va
dir liéu kiem tra, wo 13 trong sé cho kich thuéce tap luat, wy + we = 1, wq 1a trong s6 danh
gid cia cd hai yéu t6 trén so véi yéu to F,.

RO rang, theo (0.9), ta chon bo trong s6 wo, w1, wy thich hop dé két qua phan 16p cang
chinh xdc va s6 luat sinh ra ngay cang bé (sé dwoc thit nghiém & phan sau).

Céc phép di truyén cia GA da dwoc céc tac gia trong [7] phan tich va ddnh gid, ho da st
dung tham s6 mé phéng nhiét do toi luyén — T, tdc dong vio cdc phép trén nham cii thién
chat lrong cia GA truyen thong, méd rong thanh gidi thuat TGA. Trong bai bdo nay, tic gia
da st dung céc phép di truyén nhw sau.

e Phép chon loc stt dung so do chon loc xép hang khong tuyén tinh theo ham s6 mii: céc
cé thé dwoc sap xép theo thit twr gidm cia ham FITNESS(.), ca thé thit ¢ (xép hang 7) sé
dwoc chon vio quan thé bs me (parent) theo x4c xudt

pi = 7“&_;)_'&1 (0.14)
1 (Tw)
a = Tky (0.15)
Y(T) =1+ (Ymaz — 1) n(To) — In(Th) (0.16)

Un(Ty) — In(Tepa)’

trong d6 N 1a s6 c4 thé trong quan thé, Ty, = Tp.a* 1a nhiét dé téi luyén hién tai (tikc thé hé
thtt & = 1,...,G) gidm tir nhiét A6 ban dau Ty dén Tong = Tp.0%,0 < a < 1 (thuwong chon
a=0,7), G 1a s6 thé hé can tién héa, ham «(T) sé ting tuyén tinh theo s6 thé hé da tién
héa tir 1 dén Ymas, thwdng chon Y. = 10.

e Phép lai ghép dwoc chon ngau nhién theo phan bé déu mot trong ba phép lai ghép mot
diém cat, lai ghép tuyén tinh va lai ghép tuyén tinh md rong, cu thé nhu sau:

*) Lai ghép mot diém cat: Chon mét vi tri ngau nhién ¢ phan bo déu theo chieu dai chuoi
gen ctia hai c4 thé bé me X, Y, hai c4 thé con U, V sinh ra bang cich 1y phan dau cia ca the X
ghép véi phan sau Y vanguoc lai, U = Left(X, )+ Right(Y,7),V = Left(Y,i)+ Right(X, ).
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*) Lai ghép tuyén tinh: Chon @ ngau nhién phan bé deéu trong khoang (0,1), tir hai c4 thé
bé me X, Y sinh hai ¢4 thé con U,V nhu sau: U = a.X + (1 —a).Y,V = (1 —a).X +a.Y.

*) Lai ghép tuyén tinh mé& rong: Chon mot diém cat 4 chia chudi gen hai cd thé bé me
X,Y thanh 4 phan X = Left(X,i), Xgr = Right(X,4),Yy = Left(Y,i), Yr = Right(Y,1),
khi d6 thwe hién phép lai ghép tuyén tinh trén hai nira cia bo me nhw sau

Up=aXr+(1—a).Yy, Ugr = a.Xg+(1—a).Yg, VL = (1—a) X +a.Yy, Vg = (1—a). Xp+a.Yg,

véi a chon ngau nhién phan phdi déu trong doan [ffic;, 14 ﬂ];lﬁ], f1, f2 1a do phu hop
(FITNESS) ctda hai c4 thé bé me.

e Phép dot bién dwoc tinh nhw sau. Gid sit mot gen cé gia tri 2; nam trong khodng giéi
han gia tri 1a [L;, U;] dwoc chon d€ dot bién, gid tri gen sau dot bién 1a

’ x; + z(ml—Ll) u < 0,5,
[ p— .1
? {961 + 2. (U; — ;) else, (0.17)
trong dd, u chon ngau nhién trong doan [0, 1], z = sign(u — 0.5).Tk.(1 + T%C)u“*l‘ —1, Ti la
nhiét do toi luyén tai thé heé thit k.

e Phép téi tao la cach thay thé bé me bang cé thé con, moi cd thé con canh tranh véi cé
thé t6t nhat trong hai ¢4 thé b6 me. Goi gp,, gpy, ge trong tmg la gid tri ham muc tiéu cia
hai c4 thé bo me va ca thé con, g* = min{gp,, gp, }, khi d6 ca thé con dwoc chap nhan véi

_ge—d" B . R L
xac suat p = min{l,e Tk }. Trong truong hop cd thé con khong dwoc chap nhan, cé the
b6 me twong tng véi g* duoc chap nhan.

Phan tiép theo sé la ing dung phuwong phdp nay vao bai todn phan 16p céc loai hoa (IRIS
dataset).

4. AP DUNG THU NGHIEM VAO BAI TOAN
PHAN LOP CAC LOAI HOA IRIS

Bai toan phan 16p IRIS dwoc cic tic gid st dung rat pho bién [8—18] va da dwoc cong
b6 tai [19], tap dir liéu mau c¢é 4 thuoc tinh vao (sepal—length, sepal—width, petal—length,
petal—width), kich thuéc 150 mau chia déu cho 3 16p (setosa, versicolor, virginica), moi 1ép
50 mau dit litu. Phan bé dir liéu cia céc thudc tinh vao trén tap dir liéu mau theo 1ép thé
hién trong Hinh 4.1 va Bdng 4.1, truc quan ta thiy 16p setosa dwoc phan biét 16 béi hai
thudc tinh petal—length va petal—width phan bé trong khoang [1, 1,9] va [0, 1, 0, 6] twong
ttng. Thuoc tinh petal—length phéan 16p versicolor (trong khoang [3, 5,1]), virginica (trong
khodng [4, 5, 6,9]) ro hon so v&i petal—width, twong Gng trong khoang [1, 1, 8] va [1,4, 2,5].
Hai thudc tinh sepal—length va sepal—width phan bo rong trong mién [4,3, 7,9] va [2, 4,4],
ching phan bé chong chéo 1én nhau gitta cic 16p dan dén vai trotdc dong phan 1ép cia hai
thudc tinh nay khong 16m.
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Hinh j.1. D6 thi phan bé dit liéu cia 4 thuoc tinh theo 16p trén tap dir liéu mau

Bdng 4.1. Khodng phan bé dir liéu cia cdc thudce tinh theo cdc 16p

Class name Sepal—length  Sepal—width Petal—length Petal—width

Iris—setosa [4,3,5,8 ] [2,3,44] [1,1,9] [ 0,1, 0,6 ]
Iris—versicolor [ 4,9, 7 | [ 2,34 ] [3,5,1] [ 1, 1.8 ]
Iris—virginica [ 4,9, 7,9 ] [2,2,3,8] [4,5,6,9] [1,4,25]

Ta sir dung cdc dnh xa tuyén tinh f,, : U; — [0, 1], (j = 1...4), twong tGmg véi cdc thudc
tinh vao sepal—length, sepal—width, petal—length, petal—width, dé chuyén dit liéu tir mién
thwe vé mién ngtr nghia dinh lwong (Hinh 4.2).

Uk en 271 6 8
N |
Uswa ll 2& g 5
e - a
Urim 05 3',—"‘5 J
s = a
e i 9 1i5 3
o a

Hinh J.2. Anh xa tuyén tinh chuyén dir liéu thue vé mien ngir nghia dinh lrong

Theo phwong phdp ti€p can cia dai s6 gia tir (HAR), ta xay dung céc cau tric dai s6 gia tir
tuwong ting cho cdc bién vao, AX; (j = 1...4), véi bo cde tham s6 gia ti 1a {fm;(c™), u;(P),
wi (L), i (M), pj(V)}, trong d6 H- = {L}, H" = {V}. Céc bién vao X1, X5, X3, X4 tuong
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ung la thudéc tinh sepal—length, sepal—width, petal—length, petal—width. Nhuw vay, ching ta
c6 vecto gom 24 tham s6 cia moi ca thé trong GA, chia lam 6 nhiém sac thé gom

*) 01 nhiém sic thé tham s6 mo cia ¢, chromosomey = (fmi(c™), fma(c™), fma(c),
fma(c™)), twong ting cia 4 thude tinh X;,j = 1...4.

*) 04 nhiém sac thé tham s6 mo céc gia tt P, L, M,V twong tng la chromosome; =
{11 (P),..,ua (P)}, chromosomes = {1 (L), ..., pa (L)}, chromosomes = {p1 (M), ..., pa (M)},
chromosomey = {u1(V), ..., ua(V)}.

*) 01 nhiém sic thé tham s6 mitc khodng md ciia mo6i thuoc tinh, chromosomes = (ki
ko, ks, ka).

O day, ta chon 160 c4 thé ngdu nhién trong quin thé xuit phét, s6 thé hé tién héa la
20. Ham FITNESS(.) tinh theo cong thitc (9) vdi bo trong s6 (wp, wi, we) dwge chon khéc
nhau. Thit nhét, tat cd cdc mau dir lieu duwoc sit dung dé hudn luyén (training) va ciing dung
de kiém tra (testing), chay thir nghiém Ian thit nhat (E1) v6i bo trong s6 FITNESS wgy =
(wo = 0,6, w; = 0,3, wy = 0,7), lan thtt hai (E2) véi bo trong s6 wge = (0,9, 0,5, 0,5).
két qud thu duwoc cdc tham s6 gia tir trong Bang 4.1, s6 luat sinh ra trong truomg hop E1 13
5 v&i 56 161 phan 16p 1a 0/150 mau dir lieu, trudmg hop E2 ¢ s6 luat 1a 4, s6 16i phan 16p
3/150 (Bang 4.4). So véi [9], 86 budc tién héa cia phuwong phap nay gidm 80% (20/100), s6
luat trong E1 gidm 25% (6/8) va cd hai déu cé két qua phan 16p chinh xdc 100%. Trong khi,
6 luat & E2 giam dén 50% (4/8) nhung két qua phan 16p chinh xéc dat 98%, chi gidm 2% so
vai [9].

Bdng 4.2. Két qua cic tham s6 trong hai truomg hop E1, E2

Thuoc tinh  fm(c™)  p(P) (L) pM)  wV) k
Trwong hop thir nghiém E1

S.len 0.010206 0.075309 0.168202 0.547296 0.209191 1
S.wid 0.069836 0.129965 0.515H646 0.127315 0.227172 2
P.len 0.687520 0.022336 0.447423 0.134606 0.395633 2
P.wid 0.265453  0.115678 0.111313  0.009905 0.763102 3
Truong hop thit nghiém E2

S.len 0.063385  0.005110 0.194986 0.135107 0.664796 1
S.wid 0.009477 0.320817 0.137353 0.145616 0.396213 1
P.len 0.946530 0.334347 0.271895 0.006914 0.386842 3
P.wid 0.007080 0.182840 0.195990 0.012080 0.609088 3

Bdng 4.3. Bang FAM két qua céc luat mo trong hai truomg hop E1, E2

Rules Left of rules Right of rules
Sepal length  Sepal width Petal length  Petal width
Trwong hop thinghiém E1

1 Large Large V Small V Small setosa

2 Large Large L Small Large versicolor
4 Large L Large L Large PV Large versicolor
3 Large Large Large V Large virginica
) Large L Large L Small V Large virginica
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Hai thudc tinh sepal—length, sepal—width c6 tham s6 mo fm(Small) (Bang 4.2) rdt nho,
doi chiéu v6i Bang 4.3 thi cdc luat mo sinh ra chi chita céc hang tir sinh bdi Large va giong
nhau & cic luat trén hai thuoc tinh nay. Gidi thich rang khi hai thudc tinh ¢é cdc mau dit liéu
dwroc phan bd chong chéo gitra cac 16p va rong khap trén mien dinh lwong nén tac dong rat it
dén su phan 16p, ching ta c6 thé khong can dén thuoc tinh nay. Do vay, chi 14y mot khoing
mo khd 16n phd kin khodng phan bé cia cdc mau dir liéu, titc 14 do do tinh m& cia hang
tlr co 8¢ twong tmg khé 16m. Nguwoc lai, khi mot thuoc tinh (vidu petal—length) cé tham s6
mo fm(c) thue té€ hon (khong qua nhova khong qud 16n) thi cdc luat mo sinh ra chira cdc
hang tir sinh bdi cd ¢~ va ¢'. Clng theo Bang 4.3, cdc luat mo sinh ra chita cdc hang tir
khdc nhau & thuoc tinh petal—length va petal—width, tirc 13 hai thuoc tinh niy quyét dinh
chi yéu dén su phan 16p. Diéu nay rat phit hop véi su phan bé cia tap dir lieu mau nhuw da
phan tich & phan trén, khing dinh két qua ding din cia phwong phép nay.

Tiép theo, ta sit dung chién lwgc leave—one—out. Moi lan thir nghiém 14y ra mot mau
dé kiém tra mo6 hinh, con lai 149 mau dung cho huan luyén trich rit luat. Tién hanh chay
150 Ian thit nghiém cho Ian lrot méi mau dir lieu dwoc 14y ra kiem thir, két qua 16i phan 16p
nhd nhat 1 0, 16n nhat 3 16i. S6 luat sinh ra nhé nhat 14 3, 1ém nhat 8 luat cho moi lan thi
nghiém. Tinh trung binh cong két qua cia 150 Tan thir nghiem 14 1,14 16i/150 mau, dat do
chinh xdc 99, 24%, tang ddng ké so véi [9] 1a 98,67% (2 16i/150 mau), hon nita s6 luat trung
binh 1a 5,27, gidm 2,4% so vé6i [9] 1a 5,4 luat.

bic biét, trong truwong hop thir nghiém nay cho két qua rat tot tai 40 Ian thir nghiém
twong ng véi cdc mau dir lieu dwoc diung dé kiém tra, cdc két qua nay déu sinh ra 5 luat
m& va s6 161 phan 16p 0/150. Bang 4.3 thé hién so sdnh cia phwong phip nay véi céc két
qua trwde (ky hieu “\” 1a khong xdc dinh).

Bdng 4.4. Két qua trung binh cia leave—one—out va so sdnh véi cdc phwong phép trueée

Our method Method [9] Method [13] Bayes method Method [20]
SG uat(TB) 5.27 54 475 \ \
Két qua 99.24% 98.67% 98% 97.33% 94.33%

Trudng hop thit 3, st dung chién lwoc k—cross—validation, cdc mau dir liéu trong moi lép
dwroc chia ngau nhién theo tylé 1:1, mét nira danh cho huan luyén, nira con lai dé kiém tra.
Chay thir nghiém 150 Ian, tinh két qua trung binh cong cia 150 lan thit nghiém dat chinh
xac 98,02% (2,97 16i/150 mau), t6t hon so véi (9,16, 17] twong tng 1a 95,5%, 97, 84% va
96, 7%, s6 luat sinh ra bénhat 13 3 luat va lén nhat 14 5 luat, tinh trung binh 13 3, 83 luat,
gidm 19,03% so véi [17] (3,83/4,73), gidm 56, 72% so vé6i [16] (3,83/8, 85), ting 8, 62% so
véi [19] (3,83/3,5). Két qua t6t nhat trong 150 lan thir nghiém 1a 3 luat mo va dat ty lé
chinh x4c 98, 67%, tot hon so v&i [18] 1a 3 luat mo va ty 1é chinh xdc 96,4%. Bang sau thé
hién so sanh két qua trung binh cia phwong phdp nay véi cdc phwong phép truéde (ky hiéu
“\" 1a khong xdc dinh).

Bdng 4.5. Két qua trung binh cia k—cross—validation so sanh véi |9, 14 — 17, 21]

Our method 9] [17] [16] [14] [15]  [21]
53 luat(1B) 3.89 35 473 885\ v\
két qua& 98,03%  95,5% 97.84% 96,7% 96,21% 97,34%  98%
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5. KET LUAN

Bai bdo da dé xuat mot phuwong phdp méi gidi quyét bai todn phan 1é6p mo dua trén tiép
can dai s6 gia tit. Mién ciia cdc thuoc tinh vao dwoc cau héa dua theo dai s6 cia céc hang tir,
phan hoach mién nay thanh céc khodng m& mite k, chon hang tir thich hop cho moi khoang
mo tir tap dit lieu mau. Sau dé diing Thuat toan 3.1 d€ hoc va trich rit cdc luat me, hon
nira ky thuat rit gon tap luat mo cing dwa trén cau tric dai s6 cia mién thuoc tinh vao
bang cich gidm tinh 16 (hodc ting tinh mo ) cia mot gia tri dau vao trong luat. Céch lam
nay sé phai thoéa hiép gitra sai s6 phan 16p véi s6 luat sinh ra.

Két qua cho thay cach tiép can nay chi phu thuéc bo tham s6 gia tir va chon mitc khodng
mo cho mdi thude tinh vao, mot giai phap duwoc hiu hét céc tdc gid sir dung dé t6i wu cac
tham s6 cho mo6 hinh 1a gidi thuat di truyén, st dung giai thuat di truyén cé tich hop thém
tham s6 nhiét, phong theo nhiét do t6i luyén thép [7], nham tang toc do hoi tu cia gidi thuat.

Khéc véi cdc phuong phép tiép can hé mo theo gidi tich, phwong phép dai s6 gia tit nay
dira trén su phan hoach cdc khodng mo cia mieén cdc thude tinh, dat dwoc hai wu diém néi
bat sau. Thit nhat, moi khodng mé dwoc xéc dinh bdi mot hang tir, khai thac dic tinh ké
thira cia cdc hang tir (theo Pinh dé 2.1. (vi)) di xay dung giai thuat sinh luat mo (Thuat
todn 3.1) chi yéu xit Iy trén cdc hang tir duéi dang cdu tric, giam bét cdc qua trinh tinh
toan theo giai tich, dan dén toc dé nhanh hon. Thit hai, két qua phan 1ép cida phwong phap
nay luon dat do chinh xéc cao vi theo tinh phan hoach ctia khodng mé, moi dit liéu trong tap
mau chi thuéc vao mot khodng mo nhat dinh va dwoc xit Iy phan 16p theo khodng mdo dé.
Khéc véi cich ti€p can giai tich, moi dit lieu c¢é thé thuoc vio hai tap mo vi cac tap mo ¢
giao nhau, dan dén di licu ndy sé dwoc xem xét phan 16p theo hai tip mo.

Két qua 4p dung vao bai todn phan 16p céc loai hoa (iris) cho thay phwong phdp nay tot
hon két qud cia céc téc gid [9, 13-18,20]. Pic biét téc do hoi tu nhanh hon, cdc trudomg hop
thir nghiém chi can tién héa qua 20 thé he, gidm 80% so vé&i [9] (20/100).

Tuy nhién, cé thé thay rang qud trinh phan hoach mién cdc thudc tinh vao thianh céc
khodng mo sé con phu thudc vao mot yéu to nira dé 1a s6 céc gia tir tham gia trong dai s6
twong tng. RO rang, néu cang nhiéu gia tir thi moi mitc khodng mo dwoc phan hoach thanh
nhiéu khodng mo hon, tiang tinh mém déo trong qua trinh 4p dung. Nhung khi dé chiing ta
phai théa hiép véi toc do tu, ting s6 lwong gia tir 1én cing cé nghia s6 lwong tham s6 mo
clia gia tir cling tang 1én va khong gian tim kiém trong giai thuat di tuyeén sé 16n hon, dan
dén toc do hoi tu ngay cang giam.
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