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This paper proposes an approach for handling linguistic words
directly to develop an evolutionary method for designing fuzzy rule-
based systems interpretable in Tarski et al.’s sense and scalable to
solve dataset regression problems. This interpretability requires that
the constructed fuzzy multi-granularity structures representing the
currently used word sets of dataset’s attributes must be the isomorphic
images of their respective semantic word sets’ structures.
Furthermore, in practice, human domain knowledge are accumulated
and grown over time, leading to the requrements of expanding the
currently used word sets to solve their encountered problems more
effectively. It suggests studying behaviors of fuzzy rule-based
systems when allowing the currently used word sets of dataset’s
attributes to grow while requiring the already constructed fuzzy sets
based semantics of the existing linguistic words are reused.
Experiments were conducted with 15 regression datasets to show the
performance and advantages of the proposed method compared to the
existing methods.
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Dai s6 gia tir

Hé dua trén luat mo
Thi tu nglt nghia
Kha niang mé rong
Tinh giai nghia dugc

Bai bao dé xuét tiép can tinh toan truc tiép trén tir ngdn ngir dé phat
trién phuong phap tién héa thiét ké cac hé dua trén luat mo cé tinh
giai nghia duoc theo quan diém cua Tarski va co thé mo rong aé giai
bai toan hdi quy. Tinh giai nghia nay doi hoi rang cac cau trac da thé
hat mo duoc xay dung biéu dién ngir nghia cua tap tir duoc khai bao
cua cac thudc tinh dugc su dung phai 13 hinh anh diang cu cua cau
trdc ngir nghia cua tap tir twong tng cua chiing. Hon nita, trong thuc
té, tri thirc cua con nguoi duge tich 1ty va gia tang theo thoi gian dan
dén nhu cau mo rong tap tu hién dugc st dung dé giai bai toan tng
dung trong thyc tién hiéu qua hon. N6 goi y viéc nghién ciu cac
hanh vi cua cac hé dua trén luat mo khi cho phép gia ting tap tur hién
duoc sir dung cua cac thudc tinh trong khi van dam bao céac tap mo
da duoc xay dung duoc sir dung lai. Cac thuc nghiém duoc tién hanh
vé6i 15 tap dix lidu hoi quy cho thdy tinh hiéu qua va uwu diém cua
phuong phap duoc dé xuat so véi cac phuong phap da duoc cong bd.
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1. Giéi thiéu

Mot trong nhiing kha nang dic biét cia con nguoi 1a xir 1y tryuc tiép trén tri thirc ngén ngit cua
ho dé giai mot bai toan thuc té. Bé md phong kha ning cua con ngudi trong viéc xir ly tinh toan
truc tiép céc tir cua ngdn ngit, ching ta can phai thiét 1ap mot cau trdc tinh toan thich hop trong
d6 cac ddi tugng tinh toan ciia cac bién co thé dugc coi nhu 1a ngit nghia tinh toan cua cac tir.
Cac hé dua trén luat mo (fuzzy rule-based systems — FRBS) véi nglr nghia cua cac tir ngbn ngt
trong co so luat duoc biéu dién bang cac tap mo la mot trong cac cong cu dugc dung dé mo
phong kha ning 1ap luan cua con ngudi. Tuy nhién, cac FRBS dugc thiét ké theo huéng tiép can
ly thuyét tap mo do khong ¢ co so hinh thirc ¢é dam bao rang cac tap hop mo do biéu dién chinh
X&c ngir nghia cua cac tir ngdn ngir duoc gan cho chlng, nhat la sau qué trinh hiéu chinh cac
tham s6 cua cac ham thudc, do d6 chung khong duoc cho 1a cac cong cu o thé xir ly truc tiép
trén cac tir ngdn ngir. Vi vay, ching van chua thé md phong chinh xac cach ma cac chuyén gia
1ap luan, hay néi cac khac la ching kho giai nghia dugc. Do d6, Mencar va Fanelli da dua ra mot
s6 rang budc mac phan hoach mo va co so luat dé dam bao tinh giai nghia duoc [1].

Trong bai bao nay, ching t6i nghién ctru mot phuong phép luén tinh toan tryc tiép trén cac tir
ngdn ngit theo tiép can Pai sb gia tir [2], [3] dé phat trién cac thuat toan tién hoa thiét ké cac
LRBS c0 tinh giai nghia dugc theo quan diém cua Tarski [4]. Nhu vay, khi thiét ké cac LRBS
can 6 mot co ché hinh thic dé xac dinh ngir nghia tinh toan cua tir Ngdn ngir tir Ngir nghia dinh
tinh vén c6 cua né [4]-[8], tuc 1a cac cau trac da thé hat mo phai 14 hinh anh ding cau cua cau
tric ngr nghia cua tap tir twong rng cua cac thuge tinh. Dé dap g doi hoi nay thi cac cau tric
phan hoach mo biéu dién cu trc ngir nghia cua cac tu ngon ngix cua cac bién ngdn ngit phai giai
nghia duoc [8]. Bén canh d6, van dé vé kha ning mo rong mién tir cia bién ngén ngir sau khi da
dugc dua vao ung dung ciing dugc nghién ciu nham thiét ké cac LRBS méi hiéu qua hon dua
trén cac LRBS di duoc thiét ké va dang duoc ap dung dé giai cac bai toan ung dung thuc té.

2. Cau tric ngir nghia dya trén tap mé cia cac tir ngdn ngir
2.1. Khai ni¢m tinh gidi nghia dwoc

Theo Tarski va c&c cong su [4], khai niém tinh giai nghia dugc trong todn hoc va logic dugc
thé hién rang, thay vi giai mot bai toan da cho Ps trong Iy thuyét S nguoi ta c6 thé giai n6 trong
mot Iy thuyét T khac bang cach bién ddi Ps sang T bang phép bién doi T khi va chi khi S c6 thé
giai nghia duoc trong T bang phép bién ddi T. Nhu vay, néu ly thuyét T thoa man diéu kién nay
thi T dwoc goi la c6 thé giai nghia duoc ddi vai S.

2.2. Cdu trdc ngi# nghia da mirc ciia mién tie ngdn nga vo han cia cac thugc tinh
2.2.1. Biéu dién cdu triic ngir nghia dua trén tdp mo ciia mién tir theo tiép cin PSGT

Dai s6 gia tw (DSGT) dugc Nguyén Cat Ho va Wechler gioi thigu nam 1990 [2], [3]. Trong
[5], cac tac gia d& mé rong DSGT truyén théng «4* thanh BSGT mo rong A4, bang viéc bo sung
mot g|a tir nhén tao ho nham mé hinh héa I8i ngir nghia cua cc tir ngdn ngi.

Mién tir X bao gém hai c4u tric, Cau tric ngir nghia duya trén thir ty T4 = (X4,, <) va ciu tric
khai quat dac ta G* = (X4, g). Hai cAu tric nay tao thanh ciu tric ngir nghia da muc duoc biéu
thi bang S* = (X4,, <, g) va thé hién dudi dang bui da mirc nhu trong Hinh 1 dwoc goi la bui ngit
nghia B4 cua S*. B# 1a mot cdu trdc c6 tiém nang vo han. M3i ndt cia né biéu dién tinh mo cua
mot tir & mirc dic ta k. Goi cAu tric bao gdom tat ca cac muc | = 1 dén k 14 k-section cua bui ngir
nghia B4, ky hiéu 1a B;. N6 biéu dién cu triic ngit nghia cuia tap tr Xz, ).

Mudn cau tric T(X?) biéu dién cau tric $* = (XA, <, g) bao toan cau tric cua $* hay ndi cach
khac la T(X*) giai nghia duoc thi doi héi dinh nghia hai quan hé ky hiéu 1a < va c trén T(X*) vi
S* ¢6 cac quan hé thir tw < va khai quat - dac ta g. Ky hiéu mai tap mo hinh thang la bo ba (a, b,
c), trong d6 a, ¢ € [0, 1], b la mot khoang con cua [0, 1] dong vai tro 1a 161 cia bo bavaa<b <c.
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Pinh nghia 1. Vi moi tip ma hinh thang dugc xay dung T(X*), dinh nghia:

1) Quan hg thir ty < trén T(X"): Hai bo batvat véit=(a, b, c) vat = (a, b', ¢') thoamén t <
t' néu va chi néu céc 16i cua ching thoa man b = b’ hoic b < b' va thoa it nhat mot trong céc bat
dangthica<a'vac<c.

2) Quan hé bao ham < trén T(X"): Hai bo ba t va t' ¢ trén duoc goi la thoa man t < t' néu va
chi néu day 16n cua t duge bao ham trong day 16n cua t', tic 1a (a, ¢) < (&', ¢).

Tap T(X*) véi hai quan h¢ < va < duoc ky higu la Mg, = (T(X"), <, ), dugc doi la cau tric
da thé hinh thang cua A. Trong thuc té g dung, mién tir sir dung trén mdi bién thudong duoc gisi
han v&i mot mirc dac ta toi da la k nao do.

0' en(c ) - ‘ -
&0 3(e)
. ! hoc S
L. eu(Vc ) X ‘Heﬂ(Lc ) o
0 3(Ve) .\(hqi: 7y 3(Le)
é f'] - i "‘.;ﬂ
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Hinh 1. Cdu trdc bui ngit nghia B4 va cac quan hé cia chiing

0, c w, ct 1,

001 0235 0.28 0.46 049 069 074 0.99

W,

0.01 0.1225 0.145 0352 0.37 058 061 084 0865 0.99

0, e Lve Lle Vie W, VLc* LLct Lve* vt 1,
0.01 0.06625 0.0775  0.181 0.19 0316 0.3232 0.406 0415 054 055 0642 0.65 0.79 0.80 0.915 0.9275

Hinh 2. Cdu trlc phan hoach da thé hinh thang biéu dién cau tric ngiz nghia S* = (XA, < g) cuia bién A
Trong [8] da ching minh dwoc rang, cau tric M4, nhu Hinh 2 13 hinh anh ding cu cua ciu
trdc ngit nghia 8 = (XA, <, g), tic 12 $* ¢6 thé giai nghia dugc trong M.

2.2.2. Khd nang mo réng cia khung nhan thizc ngdn ngiz (LFoC) cua bién ngdn ngi

Khai niém Khung nhan thic ngdn ngix (Lingistic Frame of Cognition LFoC) duogc dua ra
trong [6]. Trong nghién ciu nay, LFoC F4 12 mot tap con hitu han caa XA nham nhan manh yéu
cau vé ngir nghia cua F4 phai 13 mot ciu trdc con caa toan bd ciu trdc ngit nghia S* cua bién A.

Trong thuc tién wng dung, ngit nghia cua cac tir ngdn ngit nhin chung 1a khong thay doi, trong
khi céc tri thic d6 van gia ting cung voi su ton tai va phat trién cua x& hoi. Vi vay, ching toi
dung trén quan diém cAc tir ngdn ngir clng c6 mat trong cac tap F, F va F4 ¢6 ngir nghia nhu
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nhau. N6 dan dén viéc can nghién cau kha nang mo rong (khi mo rong, ngir nghia cua cac tu
dang sur dung khong bi thay d6i) va dan dén van d¢ 1a liéu cac quan hé cau trlc gitra cac tur cung
c6 trong cac cau tric S%, S# va §4 ciing giéng nhau, tic $% 1a cau trdc con cia 7 va 7 1a cau
trdc con ciia $4. Mot cau hoi can dat ra 1a lieu LFoC, F, ¢6 cau trdc ngir nghia khong? Néu c6
va dugc ki hiéu 12 §4 thi liéu n6 c6 phai l1a cau trdc con caa S*? Y nghia tng dung an chira trong
doi hoi nay dugc hiéu nhu sau: Cau tric F# cia bién ngon ngir A ¢6 tiém nang vo han, nhung tai
thoi diém hién tai cua vong doi cta ung dung thwong chi doi hoi str dung mét tap con hitu han
cac tir, dang F& véi mie diac ta 1a k. Dung trén quan diém ngir nghia dinh tinh caa mdi tir x phai
duogc xac dinh trong ngit canh toan mién F4 cuaa bién ngdn ngi thi vé mat phuong phéap luan can
doi hoi viéc tinh toan trén cau tric S% toan cau tric 4, nghia 1a $# phai 1a cu tric con cua §°.
Khi can thiét, c6 thé mé rong S# bang cach ting mirc dac ta k.

3. Thiét ké tién hoa hé dua trén luat mo giai nghia dwegc va cd kha ning mé rong

Bai toan hoi quy dugc phéat biéu nhu sau: Cho tap dit lidu D {do = (apa, @2, .., pn, Ap (1)
€[0,1]"*:p ., Np} véi n bién ngon ngir dau vao A, j = , N va mot bién ngbn ngir dau
ra An+1, VOi cac tap vii tru U; dwoc chuan hoa trong [0, 1]. LRBS giéi bai ton hdi quy la mot tap
cac luat mo dang if-then, mai luat mo c6 dang nhu sau:

g  IF AL IS Xgj1 & ... & AjtiS Xqjt Then An+1 1S Xgn+1 (1)

Trong d6, Xrqj 1a c&c tir ngdbn nglr trong X A (d3 bd sung mét gid tri “Don tcare™), j=1, ..., n
3.1. M4 hoa ca thé

Trong nghién ctu nay, ching toi chi st dung hai gia tur, trong do c6 mot gia tir am L; (Little)
va mot gia tir duong V; (Very) trén mdi bién ngdn ngit Al. Muc tiéu cua thuat toan tién hoa 1a di
tim kiém céc b tham sé tinh mo cia PSGT mé rong va LRBS t6i wu cho bai toan hdi quy. Mai
ca thé cua quan thé duoc ma hda gom hai phan C,va Crg, trong do:

- C,: Biéu dién cac tham sé tinh mo ciia cac DSGT mé rong AL trong tng véi cac bién
ngdn ngit A, 1A mot vécto 7 = (m, ..., m+1), trong 46 75 = {u(ho)), 24(L;), m(0)), m(c;), m(Wy),
m(1)},j =1, ..., n+1. Nhu vy, C, gom 6x(n+1) gen cAc s6 thyc.

- Cra: Bleu dlen co s& luat. M3i luat rq dwoc ma hda bang mot vécto gdm n + 1 s nguyeén.
Céc luat cia LRBS duoc sinh bang thi tuc sinh luat GenerateRule tuong tu thi tuc Pr trong [7].

MJi ca thé c6 ham muc tiéu gom hai thanh phan (MSE, Comp), trong d6 MSE 14 d6 chinh xac
ciia LRBS duoc xac dinh theo (2) va Comp la tong do dai cua cac luat trong LRBS.

1 No 2
MSE:mszl(yp—yp) (2
Trong do, § | la gid tri suy dién tir LRBS véi gid tri dau vao d, theo cdng thuc (3).
yp = 2?{1:1 Ha, (dp) Jzrq,(n+1)/zlc\1/1=1 HF, (dp) 3)

Trong d6, pr, (dp) = TTf=1 bx,g (ap) 12 40 d6t chay luat tha q ddi voi mau dir lieu d,,
Xrq,(n+1) 12 gid tri giai mo caa tap mo ¢6 nhén tap mo Xeq.(ns1) va ‘u'xrq]( ) 1a ham thuoc cua tap mo
tuwong rng vai nhan ngdn ngir Xrq . Néu Zq 1HE, (dp) = 0, c6 nghia la diém dix liéu d, khong bi
pht boi luat nao thi ; dugc xac dmh theo phuwong phap 1ap luan ciia Alcala dé xuat trong [9].

3.2. C4c toan ti di truyén

Ap dung toan tir lai ghép mot diém trén C, va Cre. Thuc hién dot bién theo thir tu va doc lap
trén C, va Cre. Vi toan tir dot bien trén Cre, ap dung mot trong hai toan tir thay doi gen trén Cre
va thém luat, tac 14 néu &p dung toan tir tha nhat thi khdng &p dung toan tir thi hai va nguoc lai.
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Trong qué trinh tién hda, néu mot luat b thay ddi va co d6 dai bang 0, tirc 12 phén tién dé cua
no6 déu la “Don 'tcare” thi nd s€ bi loai bo; néu c6 cac luat trung nhau thi chi gitr lai mot.

3.3. Thugt toan tién héa da muc tiéu thiét ké LRBS c6 tinh gidi nghia va cé khé ning mé rgng

Thuét toan IS-LRBMOEA(D, Semenna(A(D), paretofile)
Dau vao: Tap dir liéu D = {dp = (ai1, &i2, ..., @in, &i(n+1): 1 =110 Np};
—  Semenna(<A(D): ngir nghia cti phap cua cac bién (g vai cac thugce tinh;
— CAc xac suét lai ghép: Pc(C,) va Pc(Cre), Xac suat dot bién: Pm(Cy) Va Pmn(Crs),
X4c suat dot bién thém luat P,_Add_RB;
- k: Mot mang chira mie dic ta téi da cua cac LFoC hién dugc khai bao cua céc
bién;
— T 40 dai tdi da cua luat, Mmin VA Mmax twong tng 1 s6 luat nho nhét va lon
nhat caa LRBS trén mit Pareto, MaxGen: s thé hé, Paretofile: tép chira mat Pareto P
cudi cung;
Pau ra: IP — Cac phuong an tét nhat trén mit Pareto.
Begin
Buwéc 1: Khéi khéi tao: muc dich 1a xay dung cac LFoC, P khai tao.
If paretofile == “” then
Forh=1to2 //2céthé

BL.1. Sinh t3p tir X/ (LFoC) cho A, va tap chi s MX{‘,;'],)), j=1,., n+1,

- Sinh ngau nhién cac gia tri caa 7 = (u(ho), (L)), fm(0), fm(c), fm(Wj),
fm(1;)).
- Tinh toén hé khpéng tuong tu S?Ig,-) = {S?Igj) (x):x€ X(Akfj)},j =1, .,n+1
B1.2. Xay dung cac cau truc da thé hinh thang cua cadc LFoC nhu Hinh 2.
B1.3. Sinh cac luat ngdn ngit tir mdi mau dir liéu, dung Cre.
- Sinh ngau nhién mot s6 nguyén Mk € [Mmin, Mmax] V& goi My lan
GenerateRule(d,, {Sg*,g]_), zzex(xggj J: i <N+ 1}, e @€ sinh My luat véi dy duoc chon
ngau nhién tir D.
B1.4. Tinh gia tri MSE va d6 phuc tap Comp va gan h vao P.
End for
Else
B1.1b. Phuc hoi tép tin “paretofile”, ting cic LFoC dwoc khai bao hién tai dén
CAC Mike dac ta méi va xay ding c&c cdu triic da thé hinh thang bé sung ¢ cac murc k.
- Khdi phuc PP tir tép tin “paretofile” chira mat Pareto cua luot chay cudi cling.
- Sinh LFoC xgjj),j =1,.., n+1 néu A; <Kk;.
B1.2b. Xay dung cAc céu trac da thé hinh thang cua cac LFoC.
End if
Buwéc 2: Khéi tién héa duwgc |dp véi MaxGen lan dé lwu trie mgt mat Pareto toi wu.
B2.1. Tao hai cé thé con (offspring)
- Chon ngiu nhién hai ca thé 1 va p tir IP va ap dung toan tir lai ghép dé sinh hai
c& thé con 01 va 0z tir 1 Va , trén C,, va Crs VoI XAC suét Pc(C,) va Pc(Crs) twong ung.
- Ap dung toén tir dot bién trén C,, doc lap dbi véi 01 va 02 VGi X4c suat Pm(C,).
- Ap dung céc toan tir dot bién trén Cre doc lap ddi véi 01 va 0, VGi Xac suat
Pr(Cre). ,
If toan tu thém luat duogc ap dung véi x4c suat P,,_Add_RB then

4 i=1,...n+1

- Xay dung cac khoang tuong tu S(k )
J
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- Xay dung cac ciu tric da thé hinh thang caa cac LFoC nhu Hinh 2.
- Ap dung toan tir dot bién thém luat P,_Add_RB.
Else Ap dung toan tir thay d6i co so luat;
B2.2. Tinh toan gi4 trj cua tat ca cAc muc tiéu cua 01 va 0z
B2.3. Pua ting 01 va 02 vao P néu chiing khdng bi troi hon bai bat ky phuong 4n nao trong

IP. Néu IP day, loai bé ngau nhién cé thé thudc vé viing c6 mat do cao nhat.
Buéc 3. Luu mat Pareto: Ghi mat Pareto P vao tap tin c6 tén 1a “paretofile”.
End.

4. Két qua va ban luan
4.1. Cai dat thuc nghigm

Cac tham sé thiec nghiém: Céc rang budc dbi véi gia tri caa cac tham sé tinh mo cua céc bién:
0,3<fm(c™), u(L) <0,7,0< fm(O) fm(W) = fm(1;) < 0,1 va 0 < u(ho) <0,2. Gid tri cua cac tham
50 cua thuat toan tién hoa duoc dé xuat |a gidng nhau nhu trong Bang 1, riéng céc tap di lidu véi
s6 thugc tinh I6n hon 10 thay ddi zmax = 5 hodc 8. Trong trudng hop thuat toan 1S-LRBMOEA
dugc str dung lai dé thiét ké cac LRBS t6i vu méi khi cac LFoC gia ting t6i muc dic ta cao hon,
s6 thé h¢ toi da 1a MaxGen = 200000.

Bang 1. C4c tham sé thiec nghiém

Lmin = 0,3 Size = 64 MaxGen = 300000 PcRB = 0,3, x4c suat lai ghép trén Cre

Lmax = 0,7 kmax =3 Jmax= 5 Smax=5  Pcu =05, x4c suit lai ghép trén Cu

Mmin=5  Mpmnax= 30 fMWmin= 0, fMWmax= 0,1 PmRB = 0,1, xac §u€1t dot bién trén Crp

fMOmin=0 fmMOmax = 0,1, fMCpin= 0,3, fMCmax= 0,7  Pagqa =0,75, xac suat dot bién thém luat trén Crp

a=0,5 Tmax =5 Pmu=0,3, x4c Ssuét dot bién trén Cu

- Phwong phdp thuc nghiém: phuong phap kiém tra chéo 5-fold duoc sir dung. Mdi fold duoc
thuc nghiém 6 1an va ta c6 6 x 5 = 30 lan thyc nghiém. Két qua tong hop cua 30 lan thuc nghiém
dugc biéu thi bang mot mat xAp xi téi wu Pareto trung binh theo hai muc tiéu MSE va Comp cua
30 lan tha. Phuong phap kiém dinh thong k& Wilcoxon véi mirc ¥ nghia o = 0,05 duoc sir dung
dé két luan vé y nghia so sanh giita cac phuong phap thiét ké LRBS cho bai toan hdi quy.

4.2. Két qua mod phéng theec nghigm va ban lugn

Céc tap dir liéu thuc nghiém duoc lay tir [10] bao gdm Electrical Length 1 (ELE1), Electrical
Maintainance 2 (ELE2), Weather Ankara (WA), Weather Izmir (WI), Treasury (TR), Abalone
(AB), Mortgage (MTG), Computer Activity (CA).

- Thyc nghiém 1 chitng té tinh hiéu qud cia biéu dién da thé hinh thang c6 tinh gidi nghia
va c6 kha nang mo rong.

Céc két qua thuc nghiém ciia phuong phap thiét ké LRBS véi mirc dic ta kmax = 3 (do dai lon
nhét cua cé4c tir ngdn ngit 1a 3) dwoc d& xuat (dwoc ky hiéu 13 Acrs) dugc so sanh vai cac két qua thu
duogc caa cac phuong phép thiét ké HA-PAES-MG-Kmax Vi ngit nghia dya trén tap mo tam giac
trong [6] (dugc ky hiéu la HA3_Tg), nglt nghia dua trén tap mo hinh thang trong [7] (duoc ky hiéu
la HA3 Tz) trén 9 tap dir licu dau tién trong danh sach trén tai diém FIRST (diém c6 gla tri MSE
nhé nhat trén tap huan luyén) trén mat Pareto. Cac phuong phap HA3 Tz va HA3 Tg déu thiét ké
cac LRBS c6 muc dac ta kmax = 3.

Céc két qua thuc nghiém va so sénh cua cac phuong phap thiét ké LRBS nay dwoc thé hién
trong Bang 2, trong d6 cot Comp 1a do phuc tap cua LRBS, MSEy 1a gia tri MSE trén tap huan
luyén va MSE; la gia tri MSE trén tap kiém tra. Truc quan ta thiy rang, phuong phap Acrs €O gia tri
MSE; nhé hon so voi phuong phap HA3 Tz di véi 8 trén 9 tap dir lieu dugc thuc nghiém va nho
hon so voi phuong phap HA3 Tg trén tat ca cac tap dir liéu dwoc thuc nghiém.
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Bang 2. Gia tri MSE trén tap huan luyén va kiém tra tai diém FIRST

% = Comp MSE, MSE;

[a g Acrs HA; Tz HA;3 Tg Acrs HA; Tz HA;3 Tg Acr3 HA; Tz Diff (%) HA; Tg lef(%)
ELE1 47,57 28,03 46,13 138060 146715 141666 193388 201659 -4,10 202591 -4,54
ELE2 61,63 60,90 66,97 9065 8477 8813 10337 10460 -1,18 10686 -3,27
WA 50,87 74,83 60,03 0,99 0,964 1,03 1,11 1,14 -2,63 125  -11,20
WI 56,07 72,77 61,30 0,769 0,718 0,79 0,911 0,85 7,18 0,96 -5,10
TR 71,87 84,70 29,40 0,021 0,028 0,03 0,035 0,04 -12,50 0,04 -12,50
AB 107,03 72,60 59,57 2,205 2,325 2,31 2,395 2,45 -2,24 2,41 -0,62
MTG 31,73 37,07 28,13 0,012 0,013 0,02 0,017 0,02 -15,00 0,02 -15,00
CA 78,27 35,70 44,67 4,446 4,506 4,58 4,74 491 -3,46 4,86 -2,47
PT 68,00 45,70 38,30 59,7 62,584 71,89 62,75 66,58 -5,75 7347  -1459

Bang 3. So sanh d¢ phirc tap cua LRBS tai diem FIRST ~ Bang 4. So sanh gia tri MSE; tai diém FIRST

Acrsvs | R* | R~ | ExactP-value Hypoth. (Ho) AcrsVvs | R* | R~ |Exact P-value| Hypoth. (Ho)
HAs Tz 16 29 >0,2 Khong bi bac bo HAs Tz | 40 5 0,03906 Bi bac bo
HAs_Tg 22 33 >0,2 Khong bi bac bo As_Tg 45 0 0,003906 Bi bac bo

Két qua kiém dinh thong ké Wilcoxon véi mie ¥ nghia o = 0,05 d6i véi do phic tap va gié tri
MSE;s cta cac LRBS duoc thiét ké boi cac phuong phép Acrs, HA3_Tz va HA3_Tg tuong ing
duoc thé hién trong Bang 3 va Bang 4. Dé dang thay rang, cac gia tri Exact P-value trong Bang 3
déu Ién hon muc y nghia a = 0,05 nén céc gia thuyét Ho khong bi bac bo. Do d6, do phic tap cua
cac LRBS duoc thiét ké boi cac phuong phap 1a twong duong nhau. Cac gia trj Exact P-value
trong Bang 4 déu nho hon mirc ¥ nghia a = 0,05 nén cac gia thuyét Ho bi bac bo. Do do, ta ¢6 thé
két luan rang, Asrs hiéu qua hon so véi HA3 Tz va HA3_Tg.

- Thuc nghiém 2 chiing t6 ¥ nghia cia viéc mé réng cua tap tir diroc khai bao trong mién
gia tri cua bién ngdn ngi.

Gia str cac LRBS da duoc thiét ké véi muic dic ta kmax = 2, dwoc ky hiéu 1a Acr.. Nguoi s
dung mong mu0n ma rong cac LFoC 1én mirc dac ta kmax = 4 (dugc Ky hiéu 1a Asrays) nham gia
tang tri thirc mién vai ky vong nang cao do chinh xac cia cac LRBS. Do d6, sau khi ting mirc
dic ta 1én 4, cac LRBS hién c6 trén mat Pareto dugc tiép tuc tdi wu dé thu dugc cac LRBS méi cd
co so luat da dugc bd sung céc tir co do dai 3 va 4. Viéc mo rong cac LFoC dugc khai bdo cua
cac bién khdng 1am phé v& ciu tric phan hoach da thé biéu dién cau tric ngit nghia duya trén tap
mo hinh thang hién tai nhw da duoc trinh bay & trén.

Bang 5. Gia tri MSE trén tap huan luyén va kiém tra, so sanh giira Acrara Va Acrz, Acrs, Pie

Acr214 Acr, . Acr3 . FSMOGFSe+TUNe .
Dataset ——yier = NSE. MSE,  MSE. DA T usE,  MsE. D) MSE,  MSE. D'Mi(%)
ELEL 127041 214067 150665 202248 584 138060 193388 10,69 151600 195000 978
ELE2 7906 9709 9384 11512  -1566 9064 10337  -6.08 9665 10548  -7.95
WAN 00053 1,1089 1,005 1189  -674 099 111 -01 1441 1635 -3218
Wiz 06817 08588 0748 0871 A4 0769 0911 573 0929 1011  -1505
TRE 00194 0031 0023 0033  -606 0021 0035 -1143 0034 0044  -2955
ABA 21604 23817 2281 2429  -195 2205 2395 056 2445 2509  -507
MOR 00079 00121 00120 00164 -2622 0012 0017 -2882 0016 0019  -36.32
CA 3975 4319 4326 4502  -595 4446 474 888 0158 5216  -172
POLE 5108 5534 6087 661 -1628 597 6275 -1181 10085 10281  -46.17
PLA 1105 1182 1156 1217  -288 1142 121  -231 1106 119 -067
FRIE 1239 1542 13 1586  -277 1502 1917 -1956 271 313 -50.73
MPG6 1618 4238 19 4205  -133 1768 3994 611 286 456  -7.06
ANA 000193 000304 0,00236 0,00317 41 000189 000345 -1188 0003 0003 133
CON 1722 226935 1845 238489  -484 100 258277 -1214 29901 32977  -3118
MV 04024 04103 04978 05058 -18.88 05183 05224 -2146 0458 0158 15968
Téng -109.22 -123.96 -108.34

Céc két qua thuc nghiém duoc thé hién trong Bang 5 va két qua kiém dinh théng ké Wilcoxon
VGi mic ¥ nghia o = 0,05 ddi voi gia tri MSEss cia cac LRBS duoc thé hién trong Bang 6. Phéan
tich s liéu trong Bang 5 ta thdy rang, phuong phap Acris €0 gid tri MSEss nhd hon so véi cac
phuong phap Acrz, Acrs vd FSMOGFSe+TUNe trong [11] twong tng ddi voi 14, 13 va 12 trén 15
tap dir liéu duoc thuc nghiém. Xét trén ty 1 phan trim gia tri MSE;s giam, phuong phap Agrays €O
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ty 1& giam twong (tng SO v&i Cac Acrz, Acrs va FSMOGFSe+TUNe la 109,22%, 123,96% va

108,34%. Nhu vay ta thay riang, khi cac LFoC @ng véi cac thude tinh duoc mé rong thi gia tri

MSE;s giam vé mit tong thé, tirc 1a do chinh xéac ciia cac LRBS ting lén. Két qua kiém dinh gia

thuyét thong ké trong Bang 6 cho thay cac gia thuyét Ho déu bi bac bo. Do do, ta ¢ thé khang

dinh rang, phuong phap Acrar4 tot hon so véi cac phuong phap Acrz, Acrs VA FSMOGFSe+TUNe.
Bang 6. So sanh gia tri MSE;s tai cdc diém FIRST

So sanh R* R- Exact P-value Hypoth. (Ho)
Acr214 VS Acr2 105 15 0,008362 Bi bac bo
AGr214 VS Acra 96 24 0,04126 Bi bac bo
Agr2t4 VS FSMOGFSe+TUNe 97 23 0,03534 Bi bac bo

5. Két luan

Bai béo tap trung nghién ctu van dé giai nghia dugc va kha ning mo rong cua cac LRBS
dugc trich rat tir dix lidu sé cho bai toan hoi quy. Tinh giai nghia dugc cua cac LRBS duoc hiéu
theo dinh nghia cta Taski trong [4] va cac thuat toan thiét ké LRBS phai ¢ kha ning thao tac
truc tiép trén céac tir ngdn ngir. Trén co so d6, bai bao da ching to rang phuong phap biéu dién
ciu triic tap md da thé hinh thang cua cac LFoC duoc xay dung duwa trén DSGT mé rong 12 giai
nghia dugc theo dinh nghia ctia Taski. Bai bao ciing dé Xuat mot thuat toan tién hoa trich rat cac
LRBS giai nghia duoc va ¢ thé mé rong theo yéu CAU Cla ngudi quan tri Gng dung, chang han,
m¢ rong khung nhan thiee ngdn ngir LFoC. Cac két qua thuc nghi¢m da chung to rang, phuong
phap thiét ké dugc dé xuit trong bai baO cho két qua tét hon so v6i cac phuong phap tiép can
theo ly thuyét tap mo va phuong phap tiép can DSGT da dugc dé xuit trudce day.
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