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MOT PHUGNG PHAP TIEN HOA SINH HE LUAT MO CHO BAI TOAN
PHAN LGP VOI NGU NGHIA THU TU NGON NGU*
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LVien Cong nghé thong tin, Vien Khoa hoc va Cong nghé Viét Nam
2 Truong Dai hoc Giao thong Van tdi Ha Noi

Té6m tét. Bai bao dé xuit mot phuong phéap thiet ké he luat md cho bai toan phan 16p ¢6 tham khéo
¥ tudng dé xuat trong [17] dé sinh he luat khéi sinh. Vigc sinh luat trong nghién citu nay dya trén
phuong phap hoc tién héa t6i wu da muc tieu [10-15] va phuong phéap dai sb gia tit [1-8] va dé xuat
mot tiéu chuan danh gia do thich nghi ciia cac luat dia trén viéc cai tién tieu chuan danh gia dé xuét
trong [17]. Céc tit ngon ngit duge sit dung trong viée sinh céc luat mo duge thiét ké dya trén dai sd
gia t1t va thuat gidi tién héa dya trén viéc t6i wu hoa céc tham s6 md clia dai s6 gia ti. Phuong phap
dé xuat duge thit nghiem trén 9 bai toan phan 16p dién hinh duge cong bé trén UCI [18] cho hiéu
qué phan 16p cao ma van bao dam tinh dé& hiéu cla hé luat.

Abstract. In this paper, we propose a method to design fuzzy rule-based systems for classification
problems with reference to the idea proposed in [17] to generate initial rule-based system. The gener-
ation of rules in this method is based on evolutionary multi-objective optimization [10-15] and hedge
algebra methods [1-8] and proposed a rule evaluation measure bases on the improvement of the rule
evaluation measure proposed in [17]. The linguistic terms used to generate fuzzy rules are designed
based on hedge algebra and the generic algorithms based on optimizing the fuzzy parameters of hedge
algebra. The proposed method is tested on 9 typical problems published in the UCI [18] with high
performance classification while ensuring the rule-based system easy understanding.

1. GIOI THIEU

He mo dya trén luat da c6 nhitng tng dung thanh cong trong trong nhiéu linh vic khac
nhau, trong dé c6 linh vic diéu khién, phan 16p trong nhitng nam gan day. Bai toan phan 16p
dit lieu 1a mot trong nhitng bai toan duge nhiéu nha khoa hoc nghién citu gidi quyét. Nhieu
phuong phap da dé xudt dé giai bai toan nay nhu mang no ron, cay quyét dinh, hé mo dua
trén luat. Trong nhitng thap nién gan day da c6 nhiéu dé xuat giai bai toan phan 16p bang
he luat mo [6-8,10-17] va da cho két qua kha t6t so v6i cac phuong phap khac. Mot s6 nghién
ciiu gan day tap trung vao xay dung cac thuat toan hoc tu dong dé sinh hée luat mo dua
trén cac thuat giai tién hoa t6i vu da muc tieu. Cac thuat todn dé xuat nham tao ra cic hé
luat mo théa man cac muc tiéu: ti 1é phan 16p chinh xéac cao, so luat it, chiéu dai trung binh ctia
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cac luat ngan va dé hicu vé6i con ngusi. Cac nghién citu da dé xuat chii yéu tap trung vao viéc
dé xuat cac thuat toan sinh hé luat mdo véi s6 luat it nhat va ti 1é phan 16p dat cao nhat ¢
thé dugc.

Nhiéu phuong phap da dé xuat cho két qua hé luat co ti lé phan 16p chinh x4c cao, nhung
hé luat sinh ra khong dé hiéu déi v6i con ngusi, do tap md st dung khong phai la ngon ngit
tu nhién nhu trong [20]. Mot s6 phuong phap nhu trong [10-17] stt dung mot tap cac ti ting
véi cac tap mo dang tam gidc ¢ dinh cho viéc sinh luat, cac luat sinh ra dé hiéu véi ngusi
diing hon nhung van bi han ché do gia tri ngon ngit chi 1a nhan dudc ngusi thiét ké gan cho
diya trén cdm nhan tric gidc. Ngoai ra, viéc diing cting mot tap cac tit véi cac tap mo ¢ dinh
trude cho céc bai toan khac nhau 1a khong phit hop véi thyce té, vi trong thuyc té ngit nghia
clia cac tit phu thudc vao bai toan cu thé va ching duge Iwa chon dé sit dung phu thudc vao
ngit canh dit liéu cu thé. Dé khac phuc nhuge diém nay nhom tac gia trong [6-8] da ing dung
DSGT dé trich rit cac gia tri ngon ngit tich hgp cling céc tap md clia chiing cho titng bai toan
trong viéc xay dung hé luat. Két qua heé luat sinh ra ddm béo dude tinh dé hiéu, ddm bao ngit
nghia cla cic tap mo phu thudc vao cac dac trung dit lidu cia tiing bai toan. Mic du phuong
phap dé xuat trong [6-8] dd khic phuc duge cdc nhuge diém vé ngit nghia clia cac tap mo
nhung thuat todn xay dung hé luat phéai xem xét mot lugng 16n cac luat tng cit (m x C’flmax
luat véi bai toan c6 n thudce tinh, do dai luat t6i da 1a lpax va m mau di ligu).

Trong [17] dé xuat mot thuat giai di truyén (SGERD) sinh hé luat tng ctt nhé dong thoi
két hop véi tieu chuan sang luat dé tim ra hé luat t6i wu. Phuong phap nay c6 uu diém la sd
luong cac luat tng cit sinh ra it, s6 thé hé ctia thuat giai di truyen hitu han. Tuy nhién viéc lira
chon hé luat t6i wu cudi cting chi theo kinh nghiém (theo tiéu chuan do thich nghi cao nhat)
va dac biet 1a tap cac tap mo tam gidc duge gan nhan ngon ngit ¢6 dinh da dude sit dung cho
nhiéu cong trinh nghién citu khac nhau dé sinh luat. Nhu vay, ching khong dude diéu chinh
thich nghi dé khai thac cac diic trung riéng biét ctia cAc bai toan khac nhau nén kho cé thé
nang cao hiéu qua phan I6p chinh xac.

Bai bao dé xuat mot phuong phap véi thuat toan OPHA-SGERD dugc phat trién bang
cach két hgp phuong phap xay dung hé luat SGERD véi phuong phép dé xuat trong [6-8],
dugde nghién cttu dua trén cach tiép can ctia nhém H. Ishibuchi. Thuat toan OPHA-SGERD
thite hién viéc sinh hé luat tng cit, sau d6 ching toi xay dung thuat toan tim hé luat toi wu
HA-OFRB theo ham muc tiéu dé xuat trong [15] v6i viéc cai tién tieu chuan chon luat trong
[17]. Thuat todn dé xuat phai xem xét mot s6 it cic luat hon so véi [6-8] va ¢6 kha ning tao
ra cac hé luat ¢6 ti 1é phan 16p cao, dé hidu v6i con nguosi va on dinh véi cac bai toan khac
nhau. Ciing giong [6-8], viec trich rit cac gia tri ngon ngit duge tich hgp véi tap mo tam gidce
ciing 1a mot thanh phan ciia phuong phap OPHA-SGERD dudce dé xuat.

Bai bao duge bd cuc nhu sau: Muc 2 tong quan vé thiét ké he phan 16p mo dua trén céc
luat md va DSGT. Muyc 3 ban vé céc tieu chuan danh gia luat, Muc 4 dé xuat phuong phap
sinh hée luat dya tren DSGT va Muc 5 phuong phap téi wu tham s6 ctia DSGT. Viéc nghién
citu thit nghiem va danh gia phuong phap dé xuat duoc trinh bay trong Muc 6, va cudi cling
13 phan két luan.

2. TONG QUAN THIET KE HE PHAN LGP VOI LUAT MO NGU NGHIA
DSGT

Céc luat mo dang if-then cho mot bai toan phan 16p mau véi n thuoc tinh c¢6 thé viét nhu
sau:
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Luat R;: If 1 is Aj; and ... and z,, is Aj, Then C; véi j = 1..N (2.1)
trong d6 z; la bién ngon ngit (thuoc tinh) va Aj; (i = 1,...,n) la cac nhan ngdn ngi cla cac
diéu kien trong tien de duge lay trong X ) clia mot DSGT AX; ting véi thuoc tinh j, C; la
ten 16p két luan ctia R; va N la s6 luat mo. Van dé dat ra la xay dung mot phuong phéap
cho phép thiét ké he phan 16p mo dua trén mot tap N luat mo c6 dang (2.1) dugce trich rit
tr mot tdp mau phan 16p D ¢6 M 16p v6i m mau di lieu ¢6 n thudce tinh duge gan nhan
dp = [dp1,dp2, .., dpn, Cpl,p = 1, ..., m. Trong d6 tap nhan cac lop la C ={C;:j=1,..., M}.

Mot s6 két qua nghien citu gan day déu tap trung vao viéc xay dung heé luat duya trén viec
xem xét tat ci cic td hgp 6 thé c6 clia cac gia tri ngon ngit lam tién dé [10-15], mdi mot t6
hop tao ra mot luat. Theo hudng tiép can nay, khi bai toan c6 nhiéu thuoc tinh thi so luat
sinh ra 6 kich ¢ ham mii theo s6 thuoc tinh (372, K'CY luat véi bai toan c6 n thude tinh,
stt dung K gié tri ngon ngit cho mdi thuoc tinh). Mot hudng tiép can khac duge dé xuat trong
[6-8] stt dung DSGT, phan chia khong gian mau dya trén hé khoang tuong tu dé tao thanh
cac siéu hop. Thuyc hién sinh ra cac luat c6 do dai I < n tit mdi mau di lieu dya trén céc siéu
hop chita mau dit lieu d6. Trén co s6 tap luat ¢6 do dai n sinh ra cac luat c6 do dai ngan hon
bang cach bd di mot s6 diéu kién tién dé ctia luat c6 do dai n. Khi d6 s6 luat t6i da phai xem
X6t 1a m x S G luat, trong d6 m 1a s6 mau dit lieu, [ max 1a chiéu dai t6i da clia luat.
Phuong phap sinh luat nay da lam gidm s6 luat tng ctt, tuy nhién sé luong van con 16n. Trong
phan 4 sé trinh bay mot phuong phap xdy dung hé luat @ng ctt v6i s6 luat sinh ra gidm dang
ké so v6i cac phuong phap néu trén.

Lép két luan C; clia luat R; trong (2.1) duge xac dinh bang cach tinh do dot chay cta céac
mau dit licu huén luyén. Do dot chay luat R; v6i phan tien dé Aj = Ajp X Ajo x -+ x Ajp
duge xac dinh nhu sau:

pa, (dp) = [T mji(ya), (2.2)
=1

trong d6 p;i(-) 1a ham thudce clia tap md cla gid tri ngdn ngit Aj; € X, (tap tat ca cac tu
c6 do dai < k). Trong DSGT v6i mdi tit ngon ngt s; ¢6 mot khoéng tinh mo tuong tng 1a
[v(s;),v(sy)], trong d6 s;, s, 1an lugt 1a cac tit ¢6 ciing do dai lien ké bén trai va bén phai ctia
U si5v(s1), v(s,) lan lugt 1a gia tri dinh lugng ngtt nghia clia tt ngdn ngit s; va s,., v(s;) la gia
tri dinh lugng ngit nghia cla tit ngon ngit s;. Khi dé ta xay dung ham thudc pji(s) c6 dang
tam gidc nhu sau:

1
0 v(s) | v(s;) V(s 1 ”
max(— =) 0y o s
/,L"(S) = ’U(Si) - ’U(Sl)
i s —v(sy
max(————-—,0) s 2 v(si)

Khi d6 16p két luan Cj ctia luat R; duge xéc dinh theo cong thic (2.3) dudi day
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C; = argmax{conf(A; = Cy)|C, = 1,2,..., M}, (2.3)

trong do, Y ec, ha;(dp)
conf(A; = Cp) = —Zg—ro
Wi =G = (@)

la do tin cay cua luat.

Phuong phap lap luan trén he luat duge st dung pho bién nhéat 1a phuong phép single-winer
rule, do né dé hiéu véi con nguvi. Theo phuong phap nay mot mau dit lieu d, = [dp1, dp2, ..., dpn]
dugc phan 16p theo luat c6 do dét chay cao nhat R,. N6 duge phat biéu nhu sau:

o (dp) = max{pa,(dy), j=1,2,..,N} (2.4)
trong d6 pa;(dy) la mic do dot chay luat R; clia mau dit lieu d, duge xac dinh theo (2.2).

3. CAC TIEU CHUAN DANH GIA LUAT

Céc thuat toan xay duyng hé mo phan 16p, thudng st dung céc tiéu chuan danh gia luat
v6i muc dich chon ra duge cac luat ¢é kha nang lam tang hiéu qué phan 16p cta hé luat, do
dé lam gidm bét s6 luat ctia hé cho phit hop vé6i yéu cau doc dé hiéu ctia ngusi dimng. Mot sd
tieu chuan duge thita ké tit linh vire khai pha luat két hop, do 1a do hd trg va do tin cay cla
luat.

Tiéu chuan dya tren do tin cay va do hod trg ciia luat

(ZdPEClasst MA]‘ (dp) ) 2

221:1 KA, (dp)

Mot s6 thuat todn hoc may don gidn trong moi trusng md (SLAVE) st dung tiéu chuan
danh gia

fCS(Aj = Cj) =

(3.1)

fr(4; = Cj) = Z HA; (dp) — Z HA; (dp). (3.2)

dp€ClassC} dpZClassC
trong d6 dee()lasscj pa; (dp), de%lmj (dy) lan lugt 1 téng do dét chéy luat ctia nhing mau

dit lieu ma luat dodn nhan ding va khong ding.

Mdi mot luat mo luon xéc dinh 2 khong gian con, khong gian phtt va khong gian quyét
dinh ctia luat. Khong gian phti clia luat bao gom tat ca cac mau di lieu dot chay luat, khong
gian quyét dinh bao gom nhitng mau dit lieu duge phan 16p bdi luat. Khong gian phu clia
cac luat ké nhau c6 thé giao nhau. Vi vay mot s6 mau dit lieu c¢6 thé dét chay mot sb luat
ké nhau, khi dé khong thé xac dinh dugc chinh xac khong gian quyét dinh ctia luat. Dé giai
quyét tinh hudng nay trong [16,17] dé xuat ngudng 7; cho luat R;, khi d6 cac méau di lieu c6
do dot chédy luat 16n hon 7; thi né duge cho la thuoc vé khong gian quyét dinh ctia R;. T d6
trong [16,17] dé xudt tiéu chuan danh gia

fr(4; = Cj) = fr(4; = Cj) + (1 — 7)), (3.3)
trong do v, la s6 mau di lieu ¢6 do dét chdy luat R; cao hon 7, 7; 1a tham s6 ngudng duge
xac dinh nhu sau 7; = 0.5% véi l; 1a chiéu dai ctia luat R;.
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Khong gian quyét dinh ctia luat |
ya

é](héng gian phu cua ludt

Hinh 8.1. Minh hoa khong gian phii va khong gian quyét dinh ctia luat

Ta thay viec xay dung ham xac dinh ngudng 7, = 0.5% 13 khong phit hgp véi cac bai toan
khac nhau, vi st phan b6 clia cic mau dit lieu 14 khac nhau trong mdi bai toan. Do d6 ti le
giao nhau gitta cdc khong gian pht cia cac luat trong cac bai todn khac nhau la khac nhau.
Vi vay, tham s6 ngudng dé quyét dinh mot méau dit lieu thuoc vé khong gian quyét dinh ctia
luat nao dé phai phu thudc vao titng bai toan. Ching t6i dé xuat tieu chuan danh gia luat
(3.4) dua tren (3.3) v6i tham s6 ngudng la mot ham phu thuoe tham s «, trong d6 « € (0, 1)
va, dude xac dinh tity theo titng bai toan, hay tap mau, bang gidi thuat di truyén.

fir(Aj = Cj) = fr(A; = Cj) + (1 — o), (3.4)

Trong (3.4), v; 14 s6 mau dit ligu c¢6 do dot chdy luat R; 16n hon ab. Ta thuce hien xac
dinh tham s6 o t6i ttu cho titng bai toan dugc tién hanh dong thoi véi qua trinh xac dinh cac
tham s6 mo ctia DSGT déi v6i bai toan do.

4. THUAT TOAN TOAN TIEN HOA SINH HE LUAT OPHA-SGERD

Trong phan nay sé mo ta thuat toan OPHA-SGERD dé sinh hé luat. V6i méi thuoc tinh
thit j clia bai toan ta st dung mot tap X,y U {Don'tcare} cac tit ngon ngit dé sinh ra diéu
kién tien dé thit j ctia luat, trong d6 Don'tcare 1a tap mo ¢6 ppon/teare() = 1.

Thuat toan duge thiét ké dya trén y tudng clia thuat toan tién héa trong [17]. Mdi ca
thé trong quan thé la mot luat mo R, c6 n bién diéu kién tien dé va 16p két luan trong
C,R, : A, — C,, trong d6 A, = (A,[1],..., Ar[n]), A,[j] 1a bién diéu kien tién dé tht j cta
luat va nhan gid tri trong tap X, U {Don'tcare}. Goi cac bién diéu kien tién dé co gia tri
Don'tcare 1a cac bién khong hoat dong, cic bién diéu kieén tién dé c6 gia tri thuoc Xy la
cac bién hoat dong. Tai moi thé he, tit tap luat tng cit chon ra @ luat c6 do do thich nghi
cao nhat tren mdi 16p lam quan thé hien tai. Tt quan thé hién tai tao sinh ra cac luat con c¢6
chiéu dai 16n hon cha me ctia ching mot don vi. Nhitng luat con c¢6 do do thich nghi cao hon
cha me ciia chiing cling vdi cac luat cha me duge gitt lai lam tap luat tng ctt cho thé he ké
tiép. Quan thé khéi tao la tap cac luat c6 do dai 1 dugc sinh ra tit t& hgp tat ca céc kha nang
cua cac gia tri ngon ngt X(x,).

Mot s6 ky hieu: R 1a tap luat tng cii cho quan thé ké tiép trong qua trinh tién héa; R 1a tap
céc luat clia quan thé hien tai, R’ 1a tap luat bo trg cho qua trinh tao sinh; R(C;), R(C;), R'(C})
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la cac tap luat c6 cung 16p két luan Cj; |R(Cy)], |[R(Cy)| 1an luot 1a s6 luat cta tap luat R(C))
va R(C)); R,.fitness va R,.Class 1a do do thich nghi va 16p két luan cta luat R,.

Ham SORT(R(C};)) thuc hién sdp xép cac luat trong tap luat R(C;) theo do do thich nghi
clia luat gidm dan.

Algorithm OPHA-SGERD (D, M,n,Q, X, f)
Input
- Tap méu di lieu D = {(dp, Cp) : p = 1..m}, s6 16p két luan M, s6 thuoc tinh n
- S6 luat Q dugc chon ting véi méi 16p, tap cac tap ti ngon ngit X = {Xk;) 15 =1.n}
- Ham do do thich nghi f cta luat (chon trude 1 trong 4 ham (3.1), (3.2), (3.3) hoac (3.4))
Output
- Tap luat mo R c6 t6i da M x Q luat
Method Phuong phap tién héa sinh hé luat
Begin
Khdi tao R bang tap luat rong;
for j — 1 ton do
for each z in X(;,) do
Sinh luat R, ¢6 A,[i| = Don'tcare v6i i = 1..n,i # j va A,[j] = x;
R,.Class < argmax{conf(A, = C})|} ; //xac dinh 16p két luan
R,.fitness < f(R,); //tinh do do thich nghi cta luat R,
R+— RU {RT};
endfor
endfor
g— 1
Khéi tao R’ bang tap luat réng; //R' 1a tap bd trg sit dung trong qua trinh tao sinh
repeat
for j «— 1 to M do
Khéi tao R(C;) béng tap luat réng;//R(C;) dé luu céc luat trong R c6 vé phai
la Cj;
for each R, in ® do
if R,.Class = C; then R(C;) «— R(C;) U{R, };
endfor
SORT(R(C})); //sép xép tap luat R(C;) theo do do thich nghi ctia luat gidm dan
endfor
Khéi tao R bang tap luat rong;
for j «— 1 to M do
if g > 1 then
Dat R(C;) gom min{Q, |R(C;)|} luat dau tien ctia R(C;) da duge sap;
else
if [R(Cj)| > 2% Q then
Dat R(C;) gom Q luat dau tien cia R(C));
R(Cj) «— R(Cj) \ R(Cj); ,
Dit R'(C;) gom @ luat dau tien ctia R(C;); //xéac dinh tap bo tro R’ ting
véi l6p C;j //
else
Dat R(Cj) gom [R(C;)|/2 luat dau tien ctia R(C));
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R(Cj) — R(Cy) \ R(Cy); ?
R'(C;) «— R(C;); //xéac dinh tap bo tre R’ tng véi 16p C;

R «— RU R(Cy);
endfor
g—g+1
if g <nthen R «—— REPRODUCE(R,R',P,M,n, X, f); //thuc hién thuat toan
tao sinh
until (¢ > n) or (R trung R);
return R;
End
Thuat toan tao sinh REPRODUCE(R,R',D,M,n, X, f), thuc hién tao sinh trén cac
luat ctia quan thé R va quan thé bd trg R’ dé tao ra tap luat tng cit ctia thé he ké tiép bao
gom cac luat ciia R va cac luat thé hé con c6 do do thich nghi cao hon cha me sinh ra chtng.
V6i moi luat R; c6 16p két luan C; cta R thyc hién tao sinh trén luat R; nhu sau: chon
ngau nhién mot luat R, trong so cac luat c6 cung 16p két luan C; ctia R. Néu luat R, trung
v6i luat R; thi chon lai luat R, bang cach chon ngau nhién mot luat trong cac luat ¢6 cling
16p két luan C; ctia R'. Tiép theo chon ngau nhién mot bién z; trong sé cac bién hoat dong
clia ctia luat R,. Kiém tra, néu bién z; tuong ting trong luat R; 6 gia tri la Don'tcare thi
lan luot sinh ra cac luat con ctia R;j bang cach thay thé gia tri Don’tcare clia bién z; cta luat
R; bang mot gia tri ngon ngt trong tap X (k;)- Xéac dinh 16p két luan clia cac luat mdi sinh
theo (2.3) va gia tri do do thich nghi theo ham (3.1), (3.2), (3.3) hoac (3.4) dugc chon. Cac
lugt c6 do do thich nghi cao hon do do thich nghi ctia lnat R; duge gitt lai lam luat tng ct
cho thé he ké tiép. Néu bién x; tuong ting trong luat R; c6 gia tri khac Don'tcare thi khong
thyc hién tao sinh trén luat R;.
Ham RANDOM (R, C;) thuc hién chon ngau nhién mot luat trong céc luat c6 cing 16p
két luan C; cta tap luat R, ham RANDOM ACTIV E(R,) thuc hién chon ngdu nhién chi s6
ctia bién trong s6 cac bién hoat dong clia luat R,.

Algorithm REPRODUCE(R, R', D, M,n, X, f)
Input:
- Tap luat mo R, tap luat mo bd trg R/, tap mau dit licu D = {(d,, Cp) : p = 1..m}
- 86 16p két luan M, s6 thuoc tinh n, tap cac tap tit ngon ngit X = { X, : j = 1.n}
- Ham do do thich nghi f cta luat (chon 1 trong 4 ham (3.1), (3.2), (3.3) hodc (3.4))
Output:
- Tap luat mo R
Method: Tao sinh hé luat tng ctt cho quan thé ké tiép
Begin
R— R;
for each R; in R do
R, — RANDOM (R, C;);
if R, trung R; then R, — RANDOM (R, C});
i — RANDOMACTIVE(R,);
if A;[i] = Don’tcare then // Aj la vé tréi cla luat R;
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for each z in X, do
Sinh luat R, c6 A,[t] = A;[t] véit = 1..n;
Apli] «— x;// A, 1a vé trai cta luat R,
R,.Class «— argmax{conf(A, = Cp)|Cr =1,2,..., M}
R,.fitness < f(R,); //tinh do do thich nghi cta luat
if R,.fitness > Rj.fitness then ® «— RU{R,};//b0 sung luat R, vao R
endfor
endif
endfor
return R;
End

5. TOI UU THAM SO MO DSGT VA TOI UU HE LUAT

5.1. T6i wu tham s6 ma DSGT

Dé nang cao hiéu quéa phan 16p cia hé luat thi cac tap mo phai duge diéu chinh thich nghi
véi tling bai toan. Trong nghién cttu nay, cac tap mo duge xay dung dyra trén cac tlit ngdn ngi
duge thiét ké dya tréen DSGT. Vi vay dé diéu chinh cac tap md thi ta phai thyc hien diéu
chinh céc tham s6 md ciia DSGT tic 1a di tim cac tham s6 md t6i wu dé lam tang hicu qua
phan 16p cua hé luat.

Stt dung DSGT ¢6 2 gia tit (V, L) cho tat ca céc bai toan, vi vay viéc toi uu tham so cla
DSGT cho mdi bai toan 1a di tim cac bo tham s t6i wu op = {(ou;mci,o,ui, okj,oa) : j =
1..n} v6i ham do do thich nghi (3.4) hodc op = {(o,u;mc_,oui,okj,oa) :j = l.n} véi cac
ham con lai.

Dé tim tham s6 md t6i uu ctia DSGT, ta thuc hien thiét ké mot thuat gidi di truyén dua
trén so do ma héa nhi phan véi ham muc tiéu per f(R, D) 1a hiéu qua phan 16p ciia he luat R
dugc sinh ra tir thuat toAn OPHA-SGERD trén tap mau di lieu D véi phuong phap Test-All.
Céac toan tit dot bién, lai ghép va lia chon quan thé ké tiép duge thita ké trong [9].

Algorithm OP — PARHA(D,M,n,Q, f, PAR, Npop, Gmax, Pmu, Pcross, lchrom)
Input:
- Tap mau dit lieu D = {(d,,Cp) : p = 1..m}, s6 16p két luan M, s6 thuoc tinh n
- S6 luat Q duge chon ting v6i moi 16p
- Ham do do thich nghi f cta luat (chon 1 trong 4 ham (3.1), (3.2), (3.3) hodc (3.4))
- Tap céc rang buoc tham s6 mo ctia DSGT
PAR = {(min “j‘mc—v max u?mc_, min ui, max,ulz, min k;j, max k;) : j = 1l.n}
- Npop la s6 ca thé trong quan thé, Gmax 1a s6 thé hée tién hoa, Pmu la xac xuat dot
bién, Pcross la xac xuat lai ghép, lchrom la chieu dai gen
Output: ‘ ‘
- Bo tham sb tdi uu op = {(ou?mcf,oui,ok‘j,oa) : 7 = 1.n} v6i ham do do thich nghi
(3.4) hodc op = {(ouiemc_,o,ui, okj) : j = 1..n} v6i cac ham con lai.
Method: Phuong phap t6i wu tham s6 mo cia DSGT
Begin
1 «— 0;

Khdi tao qu?m thé POPO = {p071, ~--7p0,Np0p};
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op.objvalue < 0; //khéi tao gia tri ham muc tiéu ctia bién luu bo tham s6 t6i uu
repeat
for each p in POPF; do
Xay dung tap céc tap tit ngon ngit X = {X,) : j = 1..n} bang DSGT véi bo
tham s6 mo p;
R+«—— OPHA - SGERD(D,M,n,Q, X, f); //xay dung hé luat R véi tap cac
tap tit ngén ngit X
p.objvalue «+— per f(R, D); //tinh gi& tri hAm muc tiéu ctia ca thé p
if op.objvalue < p.objvalue then op «—— p;
endfor
1 — 1+ 1;
if + < gmax then
Thyec hién lai ghép, dot bién;
Lua chon quan thé thé he thit i (thé he ké tiép): POP;;
endif
until ¢ > Gmax;
return op; //tra lai bo tham s6 toi wu
End

5.2. Thuat toan HA-OFRB t6i uwu hé luat

Thuat toan OPHA-SGERD sinh ra hé luat c¢6 t6i da M x @ luat theo phuong phap Test-
All. Thuat toan sinh ra hé luat véi s6 luat kha lén M x @ luat, dé dam bao tinh dé hiéu cia
hé luat thi ta can tim mot he luat con S t6i wu trong M x Q luat, sao cho S ¢6 hiéu qua phan
16p chinh xac cao nhat c6 thé, c6 s6 luat it nhat va tong chiéu dai cac luat ctia he luat la
nho nhat (tic 1a S thoa man ham da muc tieu: f,,,(S) = {max f,(S), min f,,(S), min £;(5)},
trong d6 f,(S) 1a hieu qué phan 16p chinh xéac cia he luat S, f,,(S) la s6 luat trong S, f1(S) 1a
tong chidu dai clia cac luat trong S). Day 1a bai toan t6i uu da muc tiéu, dé giai quyét van dé
nay, trong [15] H.Ishibuchi v cac dong nghiép da dé xuat giai phap thay thé ham da muc tieu
fmo(S) bang ham mot muc tieu f(S) = max{w, f,(S) — wn f1(S) — wi fi(S)} v6i wy, wy, w; 1a
cac tham s6 cho trude c6 gia tri trong khoang (0, 1) va théa man wy, + w, + w; = 1. Nhu vay
viée tim kiém hé luat S t6i wu tré thanh bai toan t6i wu ham mot muc tieu f(.9).

Dé tim he luat t6i uu, ta xay dyng mot giai thuat di truyén dé lam viéc nay, véi so dd ma
héa nhi phan va ham muc tieu f(.9). Véi s6 luat t6i da Ryay cho trude khi dé6 méi ca thé clia
quan thé c¢6 Rmax bién muc tiéu 1a rq, ..., "Rmax. Gid tri clia cac bién muc tiéu duge gisi han
trong khoang [0,1]. Khi d6 luat c6 chi s6 [r; x |R|] v6i i = 1..Rpax trong he luat R sé duge
chon vao he luat t6i uu, trong d6 |R| 1a s luat ciia he luat R. O day, ta st dung toan ti dot
bién, lai ghép va Iya chon quan thé ké tiép trong [9]. Do thuat giai di truyén tuong ty nhu
trong muc 5.1 nén khong trinh bay lai & day.

6. THU NGHIEM VA DANH GIA

Trong phan nay sé thit nghiem va so sanh hiéu qui phan 16p ciia thuat toan OPHA-
SGERD trén 9 bai todn duge lay tit UCT [18] v6i thuat toan SGERD trong[17]. Phuong phap
thit nghiem Ten-fold, véi cac tiéu chuan danh gid luat (3.2), (3.3) va (3.4). Két qua thyc
nghiém lan lugt trinh bay trong bang 6.3, 6.4 va 6.5.



342 NGUYEN CAT HO, HOANG VAN THONG, NGUYEN VAN LONG

Qué trinh thit nghiem dugc thie hién v6i hai pha. Pha thi nhat tim cic tham s6 toi wu
ctia DSGT, thyc nghiém véi cac tham sb clia giai thuat di truyén nhu sau: xéac suat lai ghép
Pecross = 0.85, xac suat dot bién Pmu = 0.05, gidi han cac bién muc tiéu 0.3 < ,u,;mc_ <
0.7, 0.3 < ,ui <0.7, 1 <k; <3v6ij=1.n,0.3 < a<0.7, chiéu dai mdi gen lchrom = 24,
s6 ca thé 250 va s6 thé heé tién hoa 150, tham sé ctia thuat toan OPHA-SGERD Q = 20,
chiéu dai t6i da ciia luat < 3, phuong phap thit nghiém sinh luat Test-All. Pha thi hai tim
hé luat t6i wu tit he luat R dudce sinh ra tit thuat toAn OPHA-SGERD. Thuc hién thuat
toan HA-OFRB v6i cac tham s6: Rpax duge gidi han véi gia tri xap xi bang s6 luat ciia hé
luat cong bo trong [17], chi tiét mo t& trong bang 6.2, x4c suat lai ghép Pcross = 0.85, xéc
suat dot bién Pmu = 0.05, gidi han cac bién muc titu 0 < r; < 1 v6i ¢ = 1..Rpay, chicu
dai mdi gen Ichrom = 24, s6 ca thé 250, s6 thé heé tién héa 500, tham s6 ham muc tieu
wp = 0.99, w, = 0.001,w; =1 — wy — wy.

Ki hieu: #Na s6 thuoc tinh, #Nc s6 16p, #Np s6 mau dit lieu, #Nar trung binh so6 luat,
#Nal trung binh chiéu dai luat, Perf ti 1é phan 16p chinh xac.

Bang 6.1. Cac bai toan thi nghiém Bang 6.2. Cac gia tri cua Rpax
trong quéa trinh t6i wu hé luat
Ai s six Ham déanh gia luat
Bai toan #Na #Ne #Np Bai toan G2) G3) G4
Cancer 9 2 684 Cancer 6 5 3
Glass 9 6 214 Glass 12 12 12
Iris 4 3 178 Iris 5 5 5
Pima 8 2 768 Pima 7 8 8
Sonar 60 2 208 Sonar 6 6 6
Wine 13 3 178 Wine 8 7 7
Image 19 7 210 Image 12 14 14
Vowel 10 11 990 Vowel 30 34 34
Yeast 8 10 1484 Yeast 23 22 22

Bdng 6.3. So sanh két qua thit nghiém thuat toan OPHA-SGERD
va thuat toan SGERD vé6i ham danh gia (3.2)

Bii Perf (%) #Nar #Nal
todn OPHA- OPHA- OPHA-
SGERD | SGERD | SGERD | SGERD | SGERD | SGERD
Cancer | 96.29 96.42 538 6 1.17 1.33
Glass 62.90 68.22 11.52 12 1.85 2.83
Iris 96.93 96.67 4.00 4 1.01 1.25
Pima 74.64 77.34 6.12 7 1.42 143
Sonar 77.20 82.21 4.29 6 1.14 1.50
Wine 95.52 96.07 7.12 8 1.39 2.13
Image 83.52 86.19 11.44 11 2.18 2.45
Vowel 19.68 S 30 29 3.04 3.03
Yeast 49.84 53.77 2236 20 2.85 2.90

Tit cac bang két qud cho thay, ti 1é phan 16p chinh x4c cao hon ciia thuat toan OPHA-
SGERD cao hon so véi thuat toan SGERD. Bang 6.3 cho thay thuat toan OPHA-SGERD c6
ti lé phan 16p chinh x4c cao hon thuat toan SGERD trén 8 bai toan, trong dé c6 mot sé bai
toan c6 ti 1é cao hon kha nhiéu nhu bai toan Glass 1a 5.32%, Sonar 1a 5.0% va Image 1a 2.67%.
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Bdng 6.4 So sanh két qua thit nghiem thuat toan OPHA-SGERD
va thuat toan SGERD vé6i ham danh gia (3.3)

Bai Perf (%) #Nar #Nal
todn OPHA- OPHA- OPHA-
SGERD SGERD SGERD SGERD SGERD SGERD
Cancer | 97.02 96.42 3.96 5 231 2.40
Glass 63.38 73.36 10.22 11 2.13 245
Iris 96.40 97.33 4.30 5 1.95 1.80
Pima 73.08 76.95 7.76 8 7.18 2.50
Sonar 75.20 79.81 596 5 5.17 3.80
Wine 96.19 96.63 6.14 7 3.56 2.43
Image 86.10 86.76 9.28 14 4.56 2.57
Vowel 58.53 55.25 33.78 30 3.88 2.57
Yeast 56.53 54.18 21.50 20 5.50 2.95

Bdng 6.5. So sanh két qua thit nghiém thuat toan OPHA-SGERD
v6i ham dénh gia (3.3) va (3.4)

o Perf (%) #Nar #Nal
Bai toan

(3.3 (3.4) 3.3 3.4 (3.3) (3.4
Cancer 96.42 96.42 5 6 2.40 1.83
Glass 71.96 73.83 12 11 2.58 3.73
Iris 9733 97.33 5 4 1.80 1.50
Pima 76.95 77.34 8 7 2.50 2.29
Sonar 79.81 78.85 5 5 3.80 4.40
Wine 96.63 97.19 7 8 2.43 2.75
Image 86.76 86.19 14 12 2.57 4.00
Vowel 55.25 57.37 30 34 2.57 3.44
Yeast 54.18 55.73 20 19 2.95 3.53

Bdng 6.6. So sanh két qua thit nghiém thuat toAn OPHA-SGERD
v6i cac tiéu chuan danh gia khac nhau

Bai toan Perf ¢9)
3.2) 3.3) 3.4
Cancer 96.42 96.42 96.42
Glass 68.22 73.36 73.83
Iris 96.67 97.33 97.33
Pima 77.34 76.95 77.34
Sonar 82.21 79.81 78.85
Wine 96.07 96.63 97.19
Image 86.19 86.76 86.19
Vowel 51.72 55.25 57.37
Yeast 53.77 54.18 55.73

Chi c¢6 duy nhat bai toan Iris c6 ti 1é thap hon, tuy nhién ti 1é thap hon rat nhé chi 0.26%.
Bang 6.4 cho thay thuat toan OPHA-SGERD c6 ti lé phan 16p chinh xéc cao hon thuat

toan SGERD trén 6 bai toan, dac biét 1a bai toan Glass c6 ti 1é cao hon nhicu 1a 9.98%, Pima

1a 3.87%, Sonar la 4.6%. Céac bai toan c6 ti & thip hon khong dang ké nhu bai toan Cancer
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14 0.6%, Vowel 12 3.28% va Yeast la 2.35%. V6i tieu chuan danh gia (3.3) cho thay thuat toan
OPHA-SGERD tao ra hé luat c6 ti Ié phan 16p chinh xac cao dong thoi dé& hiéu véi ngudi sit
dung nho vao cac diéu kién tien dé 1a cac tit ngon ngit duge sinh ra béi DSGT va chiéu dai
luat ngan. Bang 6.4 cho thay chicu dai he luat sinh ra béi thuat toan OPHA-SGERD thap
hon thuat toan SGERD trén 8 bai toan va chi cao hon trén 1 bai toan. Bang 6.5 cho thay tieu
chuan danh gia (3.4) cho ta he luat c6 tf 1& phan 16p chinh xac cao hon tiéu chuan danh gia
(3.3), tuy nhién su khéc biét khong duge ro rang, do chi ¢6 5 trong 9 bai toan co ti 1é phan 16p
chinh xéc cao hon, cao nhat trén bai toan Vowel 1a 2.12%. Tit bang 6.6 cho thiy tieu chuan
dénh gia (3.4) tao ra he luat c6 ti lé phan 16p chinh xéc cao nhat trong 3 tieu chuan danh gia
(3.2), (3.3) va (3.4).

Tt nhitng so sanh danh gia § trén cho thay thuat toan OPHA-SGERD tao ra cac hé luat
c6 ti 1é phan 16p chinh xac cao hon thuat toan SGERD, dé hiéu véi ngudi st dung do c¢é chiéu
dai luat ngan va cac diéu kién tien dé 1a cac tit ngon ngit c6 ngit nghia.

7. KET LUAN

Bai bao da dé xuat mot phuong phap xay dung hé luat mo cho bai toan phan 16p diya trén
viéc cai tién phuong phap SGERD bang viéc ting dung DSGT va thuat toan toi wu hé luat,
dong thoi dé xuat tieu chuan danh gia cac luat dua trén viec cai tién tiéu chuan danh gia dé
xuat trong [17].

Phuong phap sinh hé luat ting ¢t ¢6 ¥ tudng khéc so véi cac phuong phap dé xuat [6-8,
10-15, 20]. T cac luat 6 chiéu dai 1 v6i khong gian md 16n ¢6 do do thich nghi nh6. Sau mai
bude thuat toan sinh ra cac luat c6 chieu dai ting thém mot don vi. Cac luat thé hé con ¢
khong gian md giam va do do thich nghi tdng lén. Do d6 tang tinh chinh xac khi phan 16p va
dam bio heé luat sinh ra don gidn bdi cac luat c6 do dai ngan duge xem xét trude. Véi viec
ap dung DSGT he luat dugc tao ra dam bao tinh dé hiéu véi con ngusi. Dac biet thuat giai
di truyén vdi sé thé he hitu han, nhiéu nhat bang s6 thuoc tinh ctia luat, ton it thoi gian cho
viec xay dung hé luat tng cit va vi vay c6 thé gidi quyét dude cac bai toan véi s6 mau dit licu
va s6 chiéu 16n.

Két qua thit nghiem cho thay, hé luat xay dung duya trén DSGT cho két qua phan lép
chinh x4c cao hon 8 trong 9 bai todn vdi tidu chuan danh gid (3.2) va 6 trong 9 bai toan vdi
tieu chuan danh gia (3.3). Nhin chung hé luat sinh ra d& hiéu véi ngudi st dung do chiéu dai
ctia luat giam. Tieu chuan danh gia (3.4) dé xuat trong bai bao cho két qua phan 16p chinh
xac cao hon cac tieu chuan danh gia con lai trong hau hét cac bai toan.
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