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Tém tat. Trong bai bao nay, ching toi dé xudt mot thuat toén tién hoa HA-(24+2)M-PAES sinh
cac hé luat mo Mamdani (MFRBS) dat dugc do théa higp khéc nhau gitta hai muc tiéu do phic
tap va do chinh x4c. Thuat toan dugc phét trién dya trén luge do tién héa (24+2)M-PAES dé xuat
trong [6]. Diém mdi ctia thuat toan 1a thire hien hoc dong thai co sd luat, phan hoach md va hang ti
ngodn ngtt cling véi tap md cia ching dya trén phuong phép luan Dai s6 gia ti (DSGT). Thuat toan
cho phép sinh céc luat tit mau dit lisu sit dung thoéng tin mdi nhit clia cic phan hoach va cac tap
md trong ciing cé thé. Thém vao dé, ching t6i dé xuat mot phuong phap ma hoéa cé thé méi theo
huéng tiép can Dai s6 gia tit dé giai quyét bai toan toan nay. Thuat toan duge thit nghiém trén sau
bai toan hoi qui mau lay tir [10] duge cong dong nghién cttu chap nhan, két qua cho thiy thuat todn
sinh ra cAc MFRBS t6t hon so v6i thuat todn st dung ciing luge do tien héa trong [8] trén ci hai
muc tiéu do phtc tap va do chinh xac.

T khéa. He luat mo Mamdani, hoi qui, dai s6 gia ti, tinh dé hiéu.

Abstract. In this paper, we propose an evolutionary algorithm to generate Mamdani Fuzzy Rule-
based Systems (MFRBS) with different trade-offs between complexity and accuracy. The algorithm
was developed by taking the idea of the schema evolution (24+2)M-PAES proposed in [6]. The main
novelty of the algorithm is to learn concurrently rule bases, fuzzy partitions and linguistic terms
along with their fuzzy sets by using hedge algebra (HA) based methodology. The algorithm allows
to generate generating rules from pattern data utilizing new information of partitions and fuzzy sets
in the same individual. In addition, we propose a new method for encoding individuals that can be
realized in the hedge algebra approach to solving regression problems. The computer simulation is
carried out with six standard regression problems in [10], accepted by the research community and
the obtained results show that the MFRBSs generated by the proposed algorithm are better than
those examined in [8] with respect to two objectives, the complexity and the accuracy.
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1. MG PAU

Hé luat mo (FRBS: Fuzzy Rule-Based System) da c¢6 nhiing ting dung thanh cong trong
nhiéu linh vite khac nhau nhu: diéu khién [9], phan 16p [1, 2, 3] va hdi qui [5, (6, |7, [8]. Nhidu
kiéu he mo khac nhau da duge dé xuat, tuy nhién hé luat mo dang Mamdani (MFRBS) c¢6
vai tro troi hon cac dang khac nhs MFRBS dugce dinh nghia bang cdc ménh dé if-then tuong
tu trong ngon ngt ty nhien [8]. Khi xay dyng FRBS, hai muc tiéu can dat duge ctia he luat
la tinh dé hiéu v do chinh x4c. Day 1a bai toan tdi wu da muc tieu véi cac muc tieu xung dot
nhau, doi héi phai c6 gidi phap thda hiép giita hai muc tiéu nay. Vi FRBS cho bai toan hoi
qui, do chinh xac thuong duge do bang gia tri trung binh phuong sai (MSE: Mean Squared
Error). Tinh dé hiéu ctia FRBS rat khé hinh thiic héa, vi vay cdc nha nghién citu thudng tap
trung vao mot s6 diic trung ciia khai niém nay va dua ra cac rang buoc dé théa man nhiing
ddic trung do6. Trong [11] cac tac gid dua ra mot s6 ddc trung: 1) sy rd rang ctia phan hoach
(s6 tap mo, kha nang phan biet giita cac tap md, phan hoach c¢6 phtt toan bo vii tru); 2) do
phtic tap ctia he luat (s6 luat, chiéu dai cta luat).

Yéu t6 1) dé dang dat duge néu stt dung phan hoach md déu véi cac tap mo tam giac biéu
thi ng@ nghia ctia cadc nhan ngoén ng duge gan véi ching [3,6]. Tuy nhién sit dung phan hoach
déu thuong lam gidm do chinh xéc ciia hé luat. Mot s6 nghién cttu thiye hién diéu chinh tham
s6 tap md dé nang cao do chinh x4c, khi d6 lam gia tang khong gian tim kiém va c6 thé lam
gidm tinh dé hiéu ctia he luat. Dé dat dugc yéu t6 2), he luat phai c6 it luat v do dai ctia luat
phai ngan. Diéu nay dan dén cac luat phai c6 tinh khai quat cao va vi vay ching lam gidm
do chinh xac ctia hé luat. Dé can bang gitta do chinh xac va do phtic tap, mot sd nghién cttu
phét trién cac thuat toan tién hoa da muc tiéu thuc hién hoc dong thoi co s6 luat, diéu chinh
tap mo va lia chon s6 tap md dé phan hoach cac thudce tinh trong qué trinh xay dung FRBS
nhu trong [8].

Trong bai bao nay, ching toi dé xuat thuat toan HA-(2+2)M-PAES xay dung MFRBS duya
trén phuong phép luan ctia DSGT va luge do tién hoéa (24+2)M-PAES ((2+2)Modify-Pareto
Archive Evolution Strategy) dé xuat trong [6] giai bai toan hoi qui dat dude su can bang gitta
do chinh xéac vA céc yéu t6 1) va 2). Dé thoa man yéu t6 1) ching toi st dung phan hoach
md duge xay dung dya trén tap tit ngon ngit duge sinh ra biang DSGT. Thuc hién diéu chinh
tap mdo dya vao diéu chinh ngit nghia clia cac tit ngon ngit thong qua diéu chinh tham s6 mo
ctia DSGT. Véi cach lam nay, phan hoach luon dam bao phti toan bo vit tru. Dé thoéa yéu tb
2), chiing t6i thyc hién chon phan hoach cho tiing thuoc tinh bang cach chon chiéu dai tdi da
clia tit, nham dat duge sut can bang gitta tinh khai quat (generality) va tinh riéng (specificity)
ctia hé luat. Bén canh dé, ching toi dé xuat phuong phap ma héa ca thé méi va phuong phap
sinh luat tit mau di lieu st dung thong tin mdéi nhéat ctia cac phan hoach trong céc cé thé.
Thuat todn duge thit nghiem trén sdu bai toan hoi qui mau trong [10]. Két qua thit nghiem
dugce déi sanh véi cac két qua clia cac thuat toan duge phét trién dua trén luge do tién héa
(2+2)M-PAES trong [8] 1a (2+2)M-PAES(C) va (2+2)M-PAES(I). Mat Pareto dat dugc troi
hon, trong khi do phrtic tap ctia hé luat tuong duong nhung do chinh xéc cao hon. Cac luat ¢
tinh khéi quéat cao hon do c6 do dai ngdn vi vay lam ting tinh dé hiéu ctia hé luat, dong thoi
dé hiéu hon v6i ngudi ding do st dung céc tit ngon ngit cé ngit nghia tur nhien.

Phan tiép theo bai bao dugc té chiic nhu sau: trong phan 2 ching t6i mo ta tém tat
MFRBS v6i ngit nghia DSGT cho bai toan hdi qui; phan 3 mo ta phuong phép thiét ké phan
hoach; phan 4 mo ta chi tiét phuong phap mé héa ca thé, cac toan ti di truyén va thuat toan
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tién hoa dya tren DSGT; phan 5 trinh bay két qua thit nghiém va phan tich danh gi4; phan
6 rat ra mot s6 két luan.

2. BAI TOAN HOI QUI VA HE LUAT MO MAMDANI
VOI NGU NGHIA DSGT

Bai toan hoi qui: cho tap mau di lieu D = {(z;,9:),4 = 1,..., N}, trong d6 x; € U =
Uy x Uy x ... x Up la tich Dé-cac clia cdc mién tuong ing ctia F bién (thuoc tinh) doc
lap X1, ..., Xp, y; € Upyq la bién phu thuoce, N la s6 mau dit lieu va thong thuong U; véi
i=1,.,F+11atap s6 thyc. Tt tap mau D xay dyng mot mo hinh cho phép dy doan gia tri
y ung vé6i gia tri x.

Giai bai toan hoi qui bang hé luat md dang Mamdani v6i ngit nghia DSGT 1a di xay dung
hé luat mo Mamdani ti tdp mau di lieu D. V6i cac luat md ¢6 dang nhu sau:

Rp: If X1 is Ayj and ... and Xp is Ap;, then Yis Ap 11 (1)
trong do:

- Af,jm € {{Af,O UX(kf) = {Af,07Af,la" . ’Afv‘X(kfﬂ}}’f =1,...,F la tap cac hang tu

c6 do dai khong qué ky dugc sinh ra bang DSGT dung dé phan hoach thuoc tinh thi
[, Ago ki hicu gié tri Don’tcare véi gia tri ham thuoc dong nhat bang 1.

- Ap 4 Lin € X(kF L) = { Ar + 1,150 Ap o X 1)|} , X(kF ) la tap cac hang ti co
do dai khong qua kpyq cia DSGT dung dé phan hoach bién phu thuoc Y.

-m=1,...,M v6i M la sb luat.

Nhu da trinh bay trong phan 1, muc tieu xay dung MFRBS cho bai toan hoi qui 1a hé luat
phai dé hiéu va c6 do chinh xé4c cao. Do phiic tap (complexity) cia hé luat duge xem la yéu
t6 quan trong thé hién tinh dé hiéu va duge xéc dinh bang téng do dai ctia cac luat trong hé
luat. Do chinh xac ctia hé luat duge do bang gia tri trung binh phuong sai theo cong thiic:

N

— 1 A,_ . 2
MSE = ﬁ ; (yz yz) (2)

trong d6 g; 1a gi tri suy dién tit he luat ctia diém dit lieu (z;,y;) theo phuong phép trung binh
M o
P 2 mm(@i)Ap g . Vo
trong s6, duge tinh nhu sau: g; = »=— i = 1..N,V6i () = Hle HA,, (xif)
Z—:l o (24) "
la do dbt chay luat thd m ctia mau dit lieu x;, A F+1,j, 12 gid tri dinh lugng ctia tit ngon ngit
Apiij, va A (.) 1a ham thudc cla tit ngon ngt Ay, ..

Luu §: néu 3™ i (27) = 0, ¢6 nghia 1a mau dit lieu z; khong dét chéy luat nao thi ;
sé duge xac dinh theo phuong phap dé xuat trong [5].
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3. THIET KE PHAN HOACH MO

Trong nghién citu nay ching toi sit dung cac tit ngon ngit dude sinh ra bing DSGT dé
xay dung céc phan hoach, ngit nghia cta tir la tap mo dang tam gidc (xem hinh 1) duge dinh
nghia bang bo ba gid tri dinh luong (v(Afj-1),v(Ay,;), v(Af 1)), trong d6 As 1 va Af g
lan lugt 1a tir bén trai va bén phai clia tit Ay ; trong Xz ). Dé diéu chinh ngit nghia cla tit
ngon ngit ta chi can diéu chinh bo tham sé pL, pc™, s6 lugng tham s6 khong phu thuoc vao
s6 Iugng tap mo duge st dung trong phan hoach. Nhu vay, theo tiép can DSGT khong gian
tim kiém cho viéc diéu chinh phan hoach ctia bai toan c¢6 F chiéu 1a 2 x (F + 1) chiéu. Tiép
can theo tap md trong [8], viéc diéu chinh phan hoach thong qua diéu chinh dinh cac tam
gidc, nhu vay s6 lugng tham s6 phu thuoc vao s tit ngon ngit sit dung. Gid sit s6 tit ngon
ngtt stt dung cho méi phan hoach 1& Ty (Vi 5 < Tinge < 9) thi khong gian tim kiém 1a
(Tmaz — 2) * (F + 1) chiéu. Nhu vay, theo tiép can DSGT thi khong gian tim kiém gidm di do
Tnaz — 2 > 2.

Hinh 1: Mot thiét ké phan hoach tap mdo dang tam gidc v6i tham s6 k = 2, uL = 0.4020657,
pe~ = 0.6768686

4. THUAT TOAN TIEN HOA DUA TREN DSGT

Khi thiét ké cac thuat toan tién hoéa, ma

héa ca thé la cong viec quan trong. Duya trén

L L. Li L Ls Lg; Ls
Z . £ £ z 2z ? 1
cau trac ma héa chiing ta thiet ke cic toan ti : I>Qo<><]
lai ghép, dot bién nham tim kiém 101 gidi tot i
0 _ 1
0 Tr=2 | Te=3

hon sau méi thé he. Trong [8] phat trién thuat

toan (2+2)M-PAES(I) va (2+2)M-PAES(C)

dua trén luge do tién héa (2+2)M-PAES dé Hinh 2: Phan hoach véi 2 tap mdo va 5 tap mo
xuat trong [6]. Dé thyc hién hoc dong thdi co

sé luat, phan hoach mo va diéu chinh ngit nghia ctia nhan ngon ngit, cac tac gia thie hién ma
héa ca thé gdm 3 phan: co s6 luat, phan hoach md, ham tuyén tinh titng khic. Mdi luat duge
ma hoéa bang 1 véc to F + 1 chiéu véi cac phan tit 1 chi s6 clia nhan ngon ngit trong phan
hoach. Co s luat duge ma héa khong phai 1a co sd luat thie sit can xay dung ma chi 1a co sé
luat duge xay duyng trén cdc phan hoach c6 sd tap mo dong nhat bang Th,q.. Co s6 luat nay
dugc goi 1a co sd ludt ao va cac phan hoach nhu vay duge goi 1a phdan hoach do. Cac tac gia
trong [8] phéi lam nhu vay nham duy tri duge ngit nghia clia cdc nhan ngdn ngit trong co sd
luat ctia ca thé cha me & trong cac ca thé. Néu méa hoa co s luat thuc thay vi co sé luat 4o
thi sau khi thuyc hién lai ghép, dot bién n6 cé thé lam mat di ngit nghia ctia nhan ngon ngit
trong c4 thé con. Vi du: gid sit mot ca thé cha me c6 véc to luat R = (1,2,2,5) va thudce tinh
thit 3 duge phan hoach bang 2 tap mo (Ly, Ls — Hinh 2), nhu vay tién diéu kieén thtt 3 ctia R
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12 nhan ngon ngit Lo, 6 day Lo nam & tan cung phia phai ctia phan hoach. Sau khi lai ghép,
ca thé con c¢6 véc to luat R = (1,2,2,5) va thudc tinh thit 3 duge phan hoach bing 5 tap md
(L1, Ly, L3, Ly, Ly — Hinh 2), nhu vay tién diéu kién thtt 3 cia R van la nhan ngon ngit Lo
nhung lac nay Lo lai ndm gan sat phia trai ctia phan hoach (tic la ng@ nghia cia nhdn ngon
ngi thay doi hoan toan).

V6i cach ma hoa dua trén co s luat 4o, dé tinh toan gia tri ham muc tiéu, cac téc gia
phai thuc hien chuyén doéi co sé luat 4o thanh co sé luat thue. Qud trinh nay cing lam mat
mat ng@ nghia cta nhan ngon ng@ va lam tang thoi gian tinh todn.

Ching toi tién hanh ma héa cac thé gom 3 phan: cac tham s6 md gia tit, chiéu dai t6i da
cia hang tit, co s6 luat. Méi luat ma hoa bang mot véc to, mdi phan ti 1a mot tit ngon ngit
duge sinh ra bang DSGT hoic gia tri Don’tcare. V6i phuong phap ma héa nay sau qua trinh
lai ghép, dot bién, néu phan hoach ciia thuoc tinh bi thay ddi thi khong lam méat di ngit nghia
cot 161 clia tir stt dung trong hée luat. That vay, gia st thuoc tinh thit f trude khi lai ghép, dot
bién duge phan hoach bang tap tit ¢6 do dai khong qua ky. Sau khi lai ghép, dot bién duge
phan hoach béang tap tir c6 do dai khong qua K. Néu Ky > ky thi X, C X(k}) vi vay ngit
nghia ctia tit trong cac luat ctia ca thé con it thay ddi. Néu k} < ky thl X,y C X(k}), khi do6
ta chi phai bién ddi nhing tit ¢6 do dai ky c6 trong cac luat thanh tit ¢6 do dai k} biang cach
cit bo nhimg gia tit bén trai chia tit dé thu duge tit c6 do dai bang k. Do tinh ké thita ngit
nghia ctia tit duge sinh ra tit gia ti, tit méi thu duge sau khi bién déi van gitt duge ngit nghia
16i ctia tit goc. Vi dw: néu ky = 3, K} = 2, tit “Little Very True” sé dugc bién doi thanh “ Very
True”. Véi phuong phdp ma héa nay, qud trinh tinh gid tri ham muc tieu khong phdi chuyén
doi co s ludt, vi vay lam gidam thoi gian tinh todn so vdi phudng phdp dé zudt trong [8].

4.1. Ma héa ca thé dua trén DSGT

M&i c4 thé p clia quan thé duge ma héa gom ba phan Cu, Cy, Crp (xem Hinh 3), trong
do6: Cp 1a day s6 ma héa cac tham s6 mo ciia DSGT bao gom F + 1 véc to, mdi véc to gom
2 phan tit thue ma héa tham s6 mo ctia DSGT pLy va pCy (6 day ching toi sit dung DSGT
c6 2 gia t11). Ck 1a mot véc to F + 1 chiéu, phan tit thii f 13 mot s6 tu nhién kf xac dinh do
dai t6i da cac hang tit sit dung dé phan hoach thudc tinh thit f. Crp ma hoa co s6 luat gdm
M, luat (M, co thé khac nhau gitta cic ca thé), véi méi luat 1a mot véc to c6 F + 1 phan
tlt, m6i phan tit gom mot tit ngon ngit va tap md tuong ng trong X4,y Nt vay Crp gom
M, x (F + 1) phan tt.

: HC-_‘ . ‘m.; c‘ | 1 ‘ e | e | ‘4«1

Cy Cy
Hinh 3: Cau tric ma héa mot ca thé

Chting ta gidi han s6 luat trong mdi co sé luat nim trong khodng [Minin, Minez] nham
dam bao hé luat sinh ra dat dugc sy can bing giita tinh dé hiéu va do chinh x4c dong thoi
gi6i han khong gian tim kiém céc heé luat. Ham muc tiéu ctia mdi c4 thé gom hai thanh phan
(MSE,Comp), trong d6 MSE duge xac dinh theo va Comp la tong do dai cia cac luat
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trong co sd luat.

4.2. Cac toan ti di truyén
4.2.1. Toan ti¥ lai ghép

Véi hai ca thé bd me py, p2 sit dung phuong phap lai ghép mot diém (one-point crossover)
doc lap tren Cp, Cy va Cgp. Thuc hién lai ghép trén C,, véi x4c suat Pcp, diém lai ghép
duge chon ngau nhién trong doan [1, (F +1) %2 —1]. C}, dugc lai ghép véi xac suat Pck, diém
lai ghép duge chon ngdu nhien trong doan [1, F' + 1]. Crp dugc lai ghép véi xac suat PcRB,
diém lai ghép duge chon ngau nhién trong doan [1, pyin — 1], trong d6 pn 12 s6 luat it nhat
clia 2 co s6 luat trong p; va pe. Chu ¥ néu trén Crp toan ti lai ghép khong duge thic hién
thi toan tit dot bién trén Crp luon xay ra. Sau khi lai ghép c6 thé tao ra céc luat tring nhau,
thue hién loai bé céc luat trung nhau chi gi lai mot luat.

4.2.2. Toan tit dot bién

V6i ¢4 thé con s thuc hien dot bién doc lap trén C),, Ck, va Crp. Thuc hién dot bién trén
C,, v6i xac suat Pmypu, chon ngdu nhién mot gen tht f € [1,(F + 1) * 2 — 1], thay d6i gia
tri tai f ctia C,, bang mot gia tri ngdu nhién trong doan [min, maz] C [0,1] do ngudi dung
xac dinh trude. Trén C), thyc hién dot bién véi xac suat Pmk, chon ngau nhién mot gen thi
f € [1,(F +1)], thay déi gia tri clia gen nay bing céch ngau nhién tang hodc gidm mot don
vi. Néu gia tri méi nam ngoai doan [1, kmax] thi dot bién sé bi bé qua. Trén Crp thuc hién
dot bién v6i xac suat PmRB, néu dot bién xdy ra thi chon thic hién mot trong hai toan ti
dot bién dudi day. Toan ti dot bién thit nhat x4y ra véi xac suat PmAdd, néu khong toan ti
dot bién thit hai duge ap dung.

- Todn tit dot bién thit nhat: them ~y luat vio Crp (céc luat dugce sinh ra theo thuat toan
trong muc 3.2.3), v6i v duge chon ngau nhién trong doan [1, Yimaz], néu v + M > Mypaz
thi v = My — M.

- Todn ti dot bién thit hai: thay doi ngdu nhién 6 gia tri cia Crp, véi § dude chon ngau
nhién trong doan [1, d;mez]. Chon ngdu nhien mot luat R, tiép theo chon ngau nhién
mot phan ti, gid st 1a f. Néu f < F thi chon ngdu nhién mot tit ngon ngit w trong
{Don'tcare} U Xky)s néu f = F + 1 thi chon ngau nhién mot tit ngon ngit w trong
X(kpys), ddt phan tit thit f cia luat R bang w. Néu luat sau khi dot bién c6 do dai 16n
hon £yq2 (chiéu dai t6i da ctia luat do ngusi dung chon trude) thi dot bién sé bi bo qua.

Sau khi dot bién he luat cé thé c6 cac luat c6 do dai bang 0 va cac luat tring nhau. Thuc
hién loai bd cac luat nay, véi luat trung nhau thi gitt lai mot luat.

4.2.3. Thuat toan sinh luat ngiu nhién tir di lieu

Chon ngau nhién mot mau dit lieu (z;,y;) trong tap dit lieu huan luyén. Thyc hién sinh
mot luat R c¢6 do dai £ dya trén cac hé khoang mo tuong tu S(ky) duge xac dinh tit bo tham
s6 mS ctia DSGT trong Cp v Oy, trong ciing c& thé nhu sau:
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Budc 1: Xac dinh céc tap ti ngon ngit X5y va cac he khoang md tuong tu S(kf) clia cac
thuoc tinh tuong ting v6i cdc bo tham s6 mo ctia DSGT trong Cu va chiéu dai toi da cla tit
trong Cy.

Budc 2: Sinh luat R; c¢6 chiéu dai F, v6i mau di lieu z; = (z41, T2, - - ., Tip,y;) € D, thuc
hién:

e Xac dinh tap cac diéu kien tien dé A; cia luat duge sinh bdi mau di lieu (z;, y;)

A ={(Avjis Azgis - Arg ) A € Xipysmip € T(Agy), f=1,2,..., F ji € [1, X}

e Sinh luat gom vé trai la 4; va két luan 1a Apyq j, tuong ting véi mau di lieu (z;, y;)

Ri = (A; € Apyay,) V6 At € X, 1)r ¥ € T(Art1)s Ji € [L [ X (kg ) ]

Trong d6 T (Ay ;) la khodng md tuong tu ctia hang tit Ay, trong S(kf).

Bu6c 3: Sinh luat R c¢6 chiéu dai £ tit luat R;. Chon ngau nhién £ € [1, £,,4,], thuc hién sinh
ngau nhién ¢ gia tri nguyen fi, ..., f; khac nhau trong doan [1, F], thay ddi cac diéu kien tién
dé c6 thit tu khac v6i f1,..., f; cta luat R; thanh Don’tcare khi d6 ching ta duge luat R ¢
chiéu dai ¢.

4.2.4. Thuat toan tién héa HA-(2+2)M-PAES

Trong phan nay trinh bay nhitng budc co ban ctia thuat todn HA-(2+2)M-PAES dugc
phat trién dya trén luge do tien hoa (2+2)M-PAES dé xuit trong [6]. Muc tiéu ctia thuat toan
la xay dung mot mat xap xi t6i uu Pareto véi mdi diém la mot ca thé véi 2 muc tieu MSE
va, Comp. Ki hieu P4 1a mit xap xi t6i uu Pareto ctia thé hé hién tai. Thuat toin gom cac
buée sau:

Buéc 1: Sinh ngau nhién 2 ca thé oq, 0y. Céc gen trong Cp la cac s6 thuc duge sinh ngau
nhién trong doan [min, mazx]. Cac gen trong Cj, 1a cac s6 tu nhien duge sinh ngdu nhién trong
doan [1, kmaz]. Cac gen trong Crp gom M luat duge sinh theo thuat toan trong muc 3.2.3
v6i M dugce chon ngau nhién trong doan [Mpin, Mimaz]-

Buéc 2: Bo sung o1, 03 vio Py

Buéc 3: Lap i =1,..., MaxGen (s6 thé hé toi da)

Budc 3.1. Chon ngau nhién hai ca thé cha me py, pa trong Pa (p1,p2 ¢6 thé trimg nhau)

Budc 3.2. Thuyc hién lai ghép hai ca thé cha me p1, po dé sinh ra hai ca thé con s1, so

Buéc 3.3. Thuc hién dot bién lan lugt trén sq, s9

Buée 3.4. Tinh gia tri muc tiéu (M SE, Comp) cia s, so

Budce 3.5. Lan lugt thuc hien bo sung s1, so vao P4 néu c6 thé

Buéc 3.6. Lap lai bude 3.1 cho dén khi i > MaxGen

Mot ca thé con s néu khong bi troi bai bat ky phan tit nao c6 trong P4 thi s duge bo sung
vao P4 dong thoi loai b tat ca céc phan tit trong P4 bi troi bdi s. Sau dé kiém tra néu sd
ca thé trong P, 16n hon sb lugng t6i da (archiveSize) dugce phép luu trit trong Py thi loai bo
ngau nhién mot ca thé trong ving c¢6 mat do cao nhat ra khéi P4. Xac dinh ving c6 mat do
cao nhat theo thuat toan trong [4].
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5. NGHIEN CUU MO PHONG MAY TINH

Chiing toi tién hanh thi

nghiém thuat toan HA-(2+2)M-  Bai toan H#Pat  #Att
PAES trén 6 bai toan hoi qui  Electrical Maintainance (ELE) 1,056 4
cho trong Bang 1, #Pat 1a s6  (Du bdo bdo tri ludi di¢n)
miu, #Att 1a s6 thuoc tinh. ~ Weather Ankara (WA) 9 1,609 9
Phuong phép thit nghiem Five- (D bao nhzf_a.t do trung binh ¢ Ankara)
= . Weather Izmir (WI) 1,461 9

Fold, moi dataset dugc chia ) N o, ,
thanh 5 phin (da d hia v (D bdo nhiét do trung binh ¢ Izmir)

anh 5 phan (da duge chia va 1 \ipG (MPGS) 398 5
111’1:1. trit trong llOl), thit nghiem (Dy bdo tiéu thu nhién lieu cia 0 10)
moi Fold 6 lan (6 x 5 = 30 Spock (STP-Du béo gid ¢6 phiéu) 950 9
lan thit). Méi lan thit nghiem  Treasury (TR) 1,049 15

tao ra mot mat Pareto xap  (Du bdo ldi zudt huy dong cia ngan hang)
xi t61 wu, sp xép céc ca thé

tang dan ctia gia tri MSE trén

tap huan luyén. Trén mdi mat min 0.3 Pep 0.75
Pareto da dugc sip chi git lai ~ ""*** 0.7 Pek 0.3
toi da 20 hoac bang vé6i sb kmaalc , 3 PeRB 03
lugng ca thé clia mat Pareto archiveSize 64 Pmp 0.3
c6 sb c& thé it nhat trong 30 MazGen 3,000,000  Pmik 0.3
Mpin 5 PmRB 0.1

mat Pareto. Thuyc hién tinh

trung binh gia tri MSE, Comp Minaq 50 PmAdd  0.75
trén 30 méat Pareto. Nhu vay Tmaz 0 nax D
dmax 5

v6i mdi bai toan ta thu duoc
mot mat Pareto xap xi téi wu
trung binh theo gia tri MSE va
Comp. Cac mit Pareto xap xi
t6i 1u trung binh ctia 6 bai toan duge thé hien trong hinh 4. Bén canh thé hien truc quan mit
xap xi toi wu Pareto, chiing toi thiyc hién phan tich théng ké theo phuong phap t-test véi do
tin cay 95% tréen gia tri MSE7, va MSE7, dé xac dinh cé sy khac biét gita thuat toan ctia
ching to6i va cac thuat toan trong [8] hay khong?.

Bang 2: Cac tham s6 thit nghiem

Chiing toi ap dung kiém tra trén 2 diém c6 do chinh xac va do phtic tap trai nguge nhau
clia miit Pareto: diém ting véi 16i giai c6 M SEr, nho nhat, Comp l6n nhat (ki higu la: FIRST)
va M SE7, 16n nhat, Comp nh6 nhat (ky hieu la: LAST). Cac két qua thong ke duge trinh
bay trong cic Bang 3,4. Cac ky higu duge sit dung tuong tu nhu trong [8], “*” thé hién cho
két qua tot nhat véi chit in dam, “47 thé hien két qua ciia dong tuong tng kém hon két qua
t6t nhat, va “=" thé hien khong c6 sut khac biét théng ké clia dong tuong ting véi két qua tot
nhat. Ky hieu MSEr,, MSErs, 04y, 0ts, ter, tis 1an luot 1a gia tri MSE trung binh, do lech
chuan, két qua théng ké trén tap dit licu huén luyen va tap dit lieu kiém tra va Comp, #R
lan Iugt 1a trung binh do phiic tap va trung binh s6 luat ctia he luat.

Quan sat Hinh 4 ching ta thiy rang, thuat toan HA-(2+2)M-PAES tao ra mat xap xi tdi
uu Pareto troi hon trén 5 bai toan, trir bai toan ELE. Hé luat dugc sinh ra ¢6 do phiic tap nho
hon nhiéu trén cac bai toan STP, TR, MPG6. Mat Pareto trén tap kiém tra khong khac nhiéu
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so v6i mat Pareto trén tap huan luyén trén 5 bai toan trit bai toan MPG6. Tt day chiing ta
c6 thé két luan rang thuat toan tao ra MFRBS c6 tinh 6n dinh trong qué trinh suy dién.

- o * HA-(2+2)M-PAES x10¢ Testing * HA-(2+2)M-PAES
] X Training ¢ (242)M-PAES(C) 22 0 (2+2)M-PAES(C)
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Hinh 4: Mat xap xi t6i wu Pareto trung binh theo do chinh xac M SE va do phic tap Comp
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Bai toan Thuat toan #R Comp MSE~, Ttr tir MSE~ g Ots tts

(24+2)M-PAES(I) 34.480  68.210  13660.200 1851.500
ELE  (242)M-PAES(C)  24.240 96480  13539.800 3764.700
HA-(2+2)M-PAES  34.966  75.414  13732.337  2499.690

15768.600 3239.900 =
15278.800  4129.000
14969.681 4010.176 *

*

(2+42)M-PAES(I) 20.200  75.160 1.911 0.381 + 1.997 0.298 +
WA (242)M-PAES(C)  15.270  98.650 1.694 0.489 + 2.094 0.973 +
HA-(242)M-PAES  24.100  58.000 1.265 0.175 * 1.383 0.229 *
(2+2)M-PAES(I) 17.830  61.810 1.474 0.343 + 1.647 0.343 +
WI (242)M-PAES(C)  13.120  83.550 1.441 0.276 + 1.556 0.243 +
HA-(2+2)M-PAES  24.167  57.833 0.873 0.102 * 1.034 0.161 *
(24+2)M-PAES(I)  40.360  130.280 2.565 0.341 + 4.185 1.352 =
MPG6  (242)M-PAES(C)  48.030  121.660 2.820 0.428 + 4.304 1.365 =
HA-(242)M-PAES ~ 47.700 112.033 2.153 0.192 * 4.036 1.117 *
(24+2)M-PAES(I)  48.530  184.000 0.748 0.098 + 0.934 0175 =
STP  (242)M-PAES(C)  49.420  181.730 0.795 0.225 + 1.046 0.309 +
HA-(24+2)M-PAES ~ 49.100  146.700 0.567 0.109 * 0.720 0.192 *
(2+2)M-PAES(I) 25.100  103.920 0.056 0.020 = 0.100 0.097
TR (242)M-PAES(C)  19.100  147.000 0.066 0.025 = 0.132 0.132 =
HA-(242)M-PAES  29.267  62.267 0.038 0.014 * 0.068 0.094 *

Béang 3: So sanh két qua thit nghiem thuat toan HA-(2+2)M-PAES véi cac thuat toan trong
8] tai diém FIRST

Béng 3 so sanh két qua gitta 10i gidi tot nhat ctia thuat toan HA-(2+2)M-PAES va hai
thuat toan (2+2)M-PAES(I) va (2+2)M-PAES(C) trong [8]. Tt bang nay cho thay gid tri
MSE ctia thuat toan HA-(2+2)M-PAES tot hon trén 5 bai toan trén ci tap huan luyen va
tap kiém tra, ngoai trit bai toan ELE thap hon trén tap huan luyén. Tuy nhién két qua phan
tich thong ke cho thay thuat toan HA-(24+2)M-PAES va thuat toan tot nhat khong cho thay
su khac biét. o) day c6 su khéc biet 16n vé do chinh xac gitta thuat toan ciia chting toi véi cac
thuat toan dudge so sanh. Nhu bai toan WA gia tri MSE cta thuat toan ctia ching to6i 1a 1.265
so voi (1.911 va 1.694) trén tap di lieu hudn luyen va 1.383 so vé6i (1.997 va 2.094) trén tap
kiém tra. Trén cac bai toan WA, WI, STP va TR thuat toan ciia chiing t6i tao ra cac he luat
c6 do phiic tap thap nhung do chinh xac cao hon nhiéu nhu bai toan STR gia tri MSE 1a 0.720
so véi (0.934, 1.046) trén tap kiém tra hozc bai toan TR gia tri MSE 1a 0.068 so véi (0.100,
0.132). Cac he luat duge tao ra c6 chiéu dai luat ngén hon so v6i cac thuat toan trong [8], véi
bai toAn WA phuong phap clia ching toi trung binh chiéu dai luat 1a 2.4 so v6i (3.72 va 6.46)
hodc bai toan WI chiéu dai trung binh luat 1a 2.393 so véi (3.467 va 6.368),. ... Tu day ching
toi thay rang thuat toan clia chiing toi sinh ra céc luat ¢6 tinh khai quat cao hon, do dé dé
hiéu hon véi ngudi ding.

Tit Bang 3 cho thay két qua phan tich thong ké t-test vdi do tin cay 95% thi thuat toan
ching toi dé xuat khéc biét so véi cac thuat toan trong [8] trén 3 bai toan (WA, WI, STR)
trén tap da lieu kiém tra, cac bai toan con lai khong c6 st khac biét ndo. Phan tich cac két
qua trong Bang 4 ciing cho két qua tuong ty nhu trong Bang 3.
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Bai todn  Thuat toan #R Comp MSEr, Otr ter MSE~Tg Ots tis

*

18896.000 3672.500 *
18977.300  5816.400

(2+2)M-PAES(I)  13.560 29.560 16358.500 2713.600
ELE (24+2)M-PAES(C) ~ 20.000  45.100  16595.800 5556.400

HA-(2+2)M-PAES ~ 22.448  41.655  19296.504 5920.099 +  21042.461 9578.943  +
(2+2)M-PAES(I) 7.380  19.110 2.142 0.449 + 2.244 0.529 +

WA (242)M-PAES(C)  10.700  32.250 1.877 0.733 = 2.119 0.937 =
HA-(2+2)M-PAES  15.300  28.167 1.686 0.359 * 1.795 0.401 *
(2+2)M-PAES(I) 6.370  12.370 1.670 0.539 + 1.827 0.566 +

WI (242)M-PAES(C)  10.380  36.270 1.577 0.377 + 1.678 0.325 +
HA-(2+2)M-PAES  14.767  28.033 1.080 0.330 * 1.176 0.342 *
(2+2)M-PAES(]) 32.600  73.960 2.829 0.350 + 4.109 1.321 =

MPG6  (24+2)M-PAES(C)  81.160  84.900 2.985 0.457 + 4.327 1.410 =
HA-(24+2)M-PAES  37.267  79.700 2.295 0.204 * 4.114 1.065 *
(2+2)M-PAES(1)  47.530  163.420 0.849 0.164 = 0.958 0.183 =

STP (24+2)M-PAES( C)  44.460  144.400 0.881 0.225 = 1.102 0.323 +
HA-(2+2)M-PAES  37.900 103.833  0.645 0.195 * 0.763 0.201 *
(2+2)M-PAES(I) _ 10.850  41.500 0.070 0.025 = 0.123 0.125 =

TR (24+2)M-PAES(C)  15.650  73.030 0.076 0.027 = 0.148 0.135 =
HA-(2+2)M-PAES ~ 23.500  43.600 0.048 0.031 * 0.063 0.034  *

Béang 4: So sanh két quéa thit nghiem thuat toan HA-(2+2)M-PAES v6i thuat toan trong [8]
tai diém LAST

6. KET LUAN

Bai bao dé xuat mot thuat toan tién hoa HA-(2+2)M-PAES xay dung hé luat mo Mamdani
dya trén ngit nghia va phuong phéap luan ctia DSGT va luge do tién hoa (2+2)M-PAES trong [6]
giai bai toan hoi qui. Thuat toan cho phép hoc dong thdi co sé luat, phan hoach va diéu chinh
cac tap md vdi s6 tham s6 ¢ dinh 2% (F 4 1) thay vi bién thien theo s6 tap mo duge st dung
trong phan hoach nhu trong [8]. Chiing t6i dé xuat phuong phép ca thé dua trén tinh chat
clla tap tit ngon ngit sinh ra bing DSGT. Phuong phap ma héa dé xuat lam gidm thoi gian
tinh gia tri ham muc tieu va khong gian tim kiém so v6i cdc thuat todn trong [8]. Thém vao
d6 thuat toan phat trién phuong phap sinh luat tit mau dit lieu dya trén nhitng thong tin méi
nhat ctia chinh ca thé thay vi sinh luat ngau nhién nhu trong [8]. V6i thuat toén sinh luat nhu
vay sé tao ra cac luat cé tiem nang dét chay dit lieu cao hon.

Két qua thit nghiem thuat toan HA-(2+2)M-PAES trén sdu bai toan hoi qui cho thay mat
Pareto tao ra troi hon so véi mat Pareto tao ra trong [§] trit bai toan ELE. Trén cac diém
duge xem xét ctia mat Pareto (FIRST, LAST) do chinh xéc ctia hé luat duge sinh ra ti thuat
toan HA-(24+2)M-PAES t6t hon trén ci tap huan luyén va tap kiém tra. Thuat toan tao ra
cac luat c6 tinh khéi quat cao hon lam tang tinh dé hiéu ctia hé luat. Tt két qua thit nghiem,
chiing toi ¢6 thé két luat ring DSGT gitip cho viéc t6i wu t6t hon nhd gidm bét khong gian
tim. He luat dugc tao ra dé hiéu hon v6i nguoi dung do st dung cac tit ngon ngit cé ngit nghia
thay vi cac nhan.
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