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Abstract. Fuzzy rule-based systems have many practical applications. However, to extract a
compact, highly accurate rule-based system and ensure its interpretability requires different
methodologies and techniques, including methods of representing the semantics of linguistic
words in the rule bases. Hedge algebras is utilized to create a formal basis for designing
computational fuzzy-set-based semantics of linguistic words from their inherent semantics.
Many studies on computational fuzzy-set-based semantic representation methods to ensure
the interpretability of fuzzy rule-based systems have been proposed and applied to solve
classification and regression problems. Those studies also showed that the shape of the fuzzy
set affects the accuracy of the fuzzy rule-based systems. A method to design a multi-semantic
structure with a fuzzy set of the form S function to ensure the interpretability of the
classification systems according to Tarski's point is presented in this paper. Experimental
results with 15 real standard data sets show that the proposed method obtains better
classification accuracy while not increasing the complexity of the rule bases compared to the
ones of the existing methods.
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Tom tat. Hé dya trén luat mo ¢6 nhiéu tng dung trong thuc tién. Tuy nhién, dé trich rut duogc
hé luat ngan gon, c6 do chinh xac cao va dam bao tinh giai nghia can c6 phuong phap luan va
ky thuat khac nhau, trong d6 c6 phwong phap biéu dién ngir nghia ctia cac tir ngdn ngir trong
co so luat. Pai s6 gia tir cho phép tao ra mot co sé hinh thuc thiét ké ngir nghia tinh toan dya
trén tap mo Cua cac tir ngbn ngu trong co s luat tir nglr nghia vbn ¢6 cua chdng. Pa co nhiéu
nghién ctru vé phuong phap biéu dién Ngit nghia tinh toan dya trén tap mo dam bao tinh giai
nghia cta hé dua trén luat mo duoc dé xuat va dugc ung dung giai bai toan phan I6p va hoi
quy. Céc nghién ctru d6 ciing chi ra rang, hinh dang cua tap mo anh huong dén do chinh xéc
hé dua trén luat mo. Mot phuong phép thiét ké cau trac da ngir nghia voi tap mo dang ham S
dam bao tinh giai nghia cua hé phan I6p theo qua diém cua Tarski duoc trinh bay trong bai
bdo nay. Két qua thuc nghiém véi 15 tap dir liéu chuan phat sinh trong thuc tién cho thay
phuong phap duoc dé xuat cho do chinh xac phan 16p tét hon trong khi khong lam tang do
phuc tap caa hé luat so véi cac phuong phap da dugc cong bd.

Tir khoa: Pai sé gia tir, Tha tu ngir nghia, Hé phan 16p, Tinh giai nghia duoc, Hé dua trén
luat mo.

@ 2024 Truong Pai hoc Giao théng van tai

1. PAT VAN PE

Céac hé dua trén luat mo (Fuzzy rule-based systems — FRBS) vai nglr nghia cua cac tir
ngon trong co s& luat dugc biéu dién bang cac tap mo 1a mot trong cac cong cu dugce dung dé
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mo phong kha nang 14p luan cua con ngudi va dugc Gng dung dé giai nhiéu bai toan wng dung
thuc té nhu phan 16p [1-4], hoi quy [5-8], y té [9], ... Mot trong c&c muc tiéu quan trong cua
cac FRBS la tinh giai nghia duoc, tuc la chuyén gia co thé doc va hiéu duoc hé luat mo, tir 6
¢6 thé str dung n6 dé 1ap luan nhu nhirng tri thicc ma ho co.

MGt trong nhitng kha ning dic biét ciia con ngudi 1a xt ly tryc tiép trén tri thac ngdn ngi
cua ho dé giai mot bai toan thuc té. Bé md phong kha ning cua con ngudi trong viéc xir Iy
tinh toan truc tiép cac tir cia ngdn ngit, ching ta can phai thiét 1ap mot cau trdc tinh toan thich
hop trong d6 cac ddi twong tinh toan cua cac bién cd thé duoc coi nhu 14 ngir nghia tinh toan
cuia cac tir ciia cac FRBS. Tuy nhién, cac FRBS duoc thiét ké theo huéng tiép can Iy thuyét
tap mo do khong c6 co sé hinh thirc dé dam bao ring cac tap hop mo d6 biéu didn chinh xéac
ngir nghia cua cac tir ngdn ngir dugc gan cho chung, nhét 12 sau qué trinh hiéu chinh céc tham
so cua cac ham thudc, do d6 chung khong dugc xem la cac cong cu c6 thé xir ly truc tiép trén
c4c tir ngdn ngir. Vi vdy, ching van chua thé md phong chinh xac cach ma céac chuyén gia lap
luan hay néi cac khac la chang khoé giai nghia dugc. Do do, Mencar va Fanelli da dua ra mot
s6 rang budc mirc phan hoach ma va co s luat dé dam tinh giai nghia duoc [10].

Phuong phap luan tinh toén tryc tiép trén cac tir ngon ngir theo tiép can Pai s gia tir [11-
13] dé phat trién cac thuat toan tién hda thiét ké cac hé dua trén luat mo cho bai toan hoi quy
[6, 7] va bai toan phan l6p, dugc goi la hé phan 16p dua trén luat mo (Fuzzy rule-based
classifier - FRBC) ¢4 tinh giai nghia duoc theo quan diém cua Tarski [14] duoc dé xuat trong
[15]. Theo phwong phap luan nay, khi thiét ké cac FRBC can c6 mot co ché hinh thirc dé xac
dinh ngir nghia tinh toan tir ngir nghia dinh tinh von c6 cua cac tir ngdn ngir [15], tic la cac
ciu triic da thé hat mo phai 1 hinh anh dang ciu cua cau tric da ngir nghia cua tap tir twong
g cua cac thudc tinh. Bé dap tng doi hoi nay thi cac cau tric phan hoach mo biéu dién cau
tric da ngir nghia ciia cac tir ngdn ngir cua cac bién ngdn ngir phai giai nghia duoc [6, 15].
Ngir nghia tinh todn dua trén tap mo trong nghién cau [6, 7, 16] co ham thugc dang hinh
thang c6 wu diém so véi hinh tam giac [17] 1a biéu dién duoc 18i ngi nghia khoang cua cac tu
ngon ngir. Tuy nhién, ca hai dang tap mo nay déu c6 cac canh duoc biéu dién boi cac ham
tuyén tinh c6 d6 doc I6n nén chua that mém déo va gay mat mat thong tin 16n. Ngit nghia tinh
todn duya trén tip mo dang ham S lan dau dugc dé xuat trong [18] va dugc img dung cho bai
toan hoi quy va bai toan phan 16p [19]. Ham S 1a ham phi tuyen nén phl hop vai sy bién thién
vé ngit nghia von co cua céac tir ngdn ngir trong khi van biéu dlen duoc 16i ngir nghia khoang
ctia c&c tir ngdn ngir. Tuy nhién, trong cac nghién cau [18, 19], cau tric phan hoach mo da thé
hat vai tap mo dang ham S chua dam bao tinh giai nghia theo quan diém cua Tarski [14, 15].
Phuong phap thiét ké ciu trac da ngit nghia véi ngir nghia tinh toan dua trén tip mo dang ham
S cho cac FRBC dam bao tinh giai nghia theo quan diém cua Tarski dugc trinh bay trong bai
bao nay. Céc thuc nghiém ddi véi phuong phép thiét ké FRBC duoc dé xuat duoc tién hanh
v6i 15 tap dir lieu phan 16p duoc lay tir nguon KEEL-Dataset cho thy tinh hiéu qua cua
phuong phap thiét ké FRBC duoc dé xuat so véi cac phuong phap da dugc cong bd.

2. CAU TRUC NGU NGHIA DUA TREN TAP MO CUA CAC TU NGON NGU
2.1 Khai niém tinh gidi nghia dwoc

Theo Tarski va cac cong su [14], khai ni¢m tinh gidi nghia duoc trong toan hoc va logic
dugc phat biéu nhu sau:

Ly thuyét S duroc goi 1a c6 thé gidi nghia diroc trong Iy thuyét T néu ton tai mét ban dich
Jtr ngobn ngez hinh thic KS) cua S sang ngbn ngar hinh thirc K{T) cua T thoa man diéu kién,
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V6i moi ménh dé p € KS) thi p ¢ thé chitng minh dwoc trong S khi va chi khi p) € HT) co
thé chitng minh duwoc trong T.

Khai niém nay cho biét rang, thay vi giai mot bai toan da cho Ps trong ly thuyét S nguoi
ta c6 thé giai n6 trong mot ly thuyét T khac bang cach bién doi Ps sang T bang phép bién d6i &
khi va chi khi S c6 thé giai nghia duogc trong T bang phép bién doi & Nhu vay theo khai niém
nay, néu ly thuyét T thoa mén diéu kién nay thi T duoc goi 1a cd thé giai nghia duoc di voi S.
Ky hiéu $* = (XA, <, g) & cdu trdc ngit nghia mién tir X* cua thudc tinh A véi cac quan hé thir
tu < va quan hé khai quat — dac ta g. Nhu vay, khi tinh toan vai tir thdng qua cac cac tap mo
tuong tng cua ching la giai nghia dugc theo khai niém cua Tarski khi va chi khi cac tap mo
tao thanh maot cAu tric 1 anh dang cau cua cau trdc ngit nghia $* = (XA, <, g). Khi d6 céu tric
tap mo nay co thé giai nghia duoc cho A,

2.2 CAu tric da mic cia ngir nghia dinh tinh va dinh lweng ciia mién tir vo han cia cac
thugc tinh

2.2.1. Pai sb gia tir mé& rong biéu dién 16i ngir nghia cia tir ngdn ngir

Dai 56 gia tr (DSGT) mé rong duoc cai tién tir DSGT bang viéc bo sung mot gia tir nhan
tao ho nham mé hinh héa 16i ngir nghTa cua cac tir ngbn ngir [16].
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Hinh 1. Cau trdc bui ngir nghia B4 va cac quan hé cua ching [6].

Cho mot BSGT tuyén tinh A = (XA, G, C, H, <) cia mot bién ngdn ngir A. Mot gia tir
nhan tao ho ¢ H duogc bd sung dé sinh 18i ngir nghia cua mdi tir x € XA, Vé mat ct phap, hox ¢
XA va dat X2, = XA U {hox: x € XA}. Ta c6 DSGT mé rong cua A 12 AL, = (X4, G, C, Hen,
<), trong d6 Hen = H U {ho}, X4, =C U Hen(G)=C U {hn...hic:Cc € G, hj € Hen, VGi j=1
to n}. Vivay, XA =C U H(G) c X4, = C U Hen(G).

bat Xe,M = {x € X4,: |x| = k} vai |x| 1a Ky hiéu do dai cua tir X, tap cac tir co do dac ta
muc k (k-specificity) va Xen,(k) ={xeX4: X <k}= Ulgiikxem — tap cua cac tur cé muae dac
ta khong I6n hon k. Khi d6, X2, ; = G U C va véi moi k> 2 thi XZ,, = X U {hou: u €
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X& -1} tic 12 vsi k > 0, X2, ) bao gdm tat ca cac tir c6 mire dic ta k, I5i ngit nghia cta
ching va tét ca céc tir c6 mirc dic ta thip hon k.

Céu trlic khai quét-dc ta cta bién ngon ngix A, G* = (X*, g): Mién tir ciia X* ciing bao
ham nhitng cau trdc ngir nghia khac, quan hé khai quéat-dat ta, tic 1a mot tir x cd tinh khai
quat hon tir y va dugc Ky hiéu bai g(x, y) va nguoc lai, y dugc goi 1a cé tinh dac ta hon x. Do
do, quan hé g duogc goi la quan hé khai quat-dac ta (generality-specificity).

Mién tir XA bao gébm hai ciu trlic, cu tric ngit nghia duva trén thi te §4 = (X4,, <) va cdu
tric khai quat-dac ta, G* = (X4, g), tic 1a mot bién A khong chi ¢ mot cau tric ngit nghia
ma con nhiéu vin d& phuc tap ¢ trong né. G* = (X4,, g) dugc goi la cu tric ngir nghia da
muc va duoc biéu thi bing $A = (X4, <, g). Dé md ta rd rang ciu trdc nay, nghién cau nay
trinh bay dudi dang bui da mic nhu trong Hinh 1 va né duoc goi la bui ngir nghia B4 cua SA.
B4 ch thé duoc xay dung nhu 1a mot cau tric tiém nang vo han. Mdi ndt caa nd biéu dién tinh
mo ctia mot tir & mirc dic ta k. Goi cau tric bao gom tit ca cac mac | = 1 dén k 1a k-section
ctia bui ngit nghia B4, ky hiéu 1a B%. N6 biéu dién cau tric ngit nghia cia tap tir X2, ).

2.2.2. Biéu dién cau tric ngir nghia dwa trén tap mo cia mién tir theo tiép can PSGT
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0.01 0.06625 0.0775  0.181 0.19 0.316 0.3232 0.406 0.415 0.54 0.55 0.642 0.65

0.79 0.80 0.915 0.9275

Hinh 2. CAu tric phan hoach da thé hinh thang biu dién ciu triic ngir nghia $* = (X*, <, g) ciia
bien A [6].

Mudn cau tric §(X*) biéu dién cau tric $* = (XA, <, g) bao toan cau tric cia §* hay noi
cach khac la §(X*) giai nghia duoc thi doi héi dinh nghia hai quan hé ky hiéu 1a < va c trén
(XA vi $” ¢6 cac quan hé thir ty < va khai quat-dac ta g. Ky hiéu mdi tap mo hinh thang la
bo ba (a, b, ¢), trong do a, ¢ € [0, 1], b Ia mét khoang con cua [0, 1] dong vai tro 1a 16i cua bo
bavaa<b<c.

Pinh nghia 1. V6i moi tap ma hinh thang dugc xay dung §(X?), dinh nghia:
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1) Quan hé thr tu < trén §(X*): hai bo batvat vsit=(a b, c)vat = (a', b’, ¢) thoa man
t < t'néu va chi neu cac 16i cua ching thoa man b = b" hodc b < b’ va théa it nhat mét trong
cac bat dangthaca<a'vac<c'

2) Quan hé bao ham c trén §(X”): hai bo ba t va t' ¢ trén duoc goi la thoa mén t  t' néu
va chi néu day 16n caa t duoc bao ham trong day 16n cua t', tac 1a (a, ¢) < (@, ).

Tap §(X*) véi hai quan hé < va < duoc ky hiéu 1a MZ. = (§(XP), <, <), dugc goi la ciu
trac da thé hinh thang cua A. Trong thyc té tng dung, mién tir sir dung trén moi bién thuong
duogc giagi han véi mot mue dac ta toi da 1a k nao do.

Pinh nghia 2. V&i moi s6 nguyén k > 1, k-section B# cua cau trdc ngir nghia 8 = (XA, <, g)
la cdu triic con S = (X(y, <k, Ok) théa man cac diéu kién sau:

(i) Xy = {x € X% |x| <K}, tap hop cac tir c6 mue d¢ dic ta khong 16n hon k;

(i) Céc quan hé <k va gk lan luot 12 cac quan hé < va g bi gi¢i han trén tap tir X,
Pinh nghia 3. V&i moi s6 nguyén k > 1, mot k-section ciia cau trac da thé hinh thang M2, =
(8(XM), <, ©) cua A la ciu tric ME, x = (5)’()({}()), <, k), duoc goi 1a mot céu tric con da thé
hinh thang muc k thoa man cac diéu kién sau:

() s(X E}l{)), trong d6 X 6}() dugc dinh nghia nhu trong Pinh nghia 2 1a tip cac tap mo hinh
thang cua cac tur X E‘}() duoc xay dung theo muc tir | = 1 dén k;

(if) Cac quan hé < va cx Ian luot 1a cac quan hé < va c bi gi6i han trén §(X(,).

Trong [6] da chiing minh dugc rang, cau tric M4, nhu Hinh 2 1a hinh 4nh dang ciu cua
C4u tric ngir nghia §* = (XA, <, g), tuc 1a $” ¢6 thé giai nghia dugc trong MA..

3. PE XUAT MO HINH THIET KE FRBC VOI NGU NGHIA TiNH TOAN DUA
TREN TAP MO DANG HAM S PAM BAO TiNH GIAI NGHIA

Bai toan thiét ké hé phan 16p dya trén luat mo P dugc dinh nghia nhu sau: Mot tap P =
{(dp, Cp) |dp € D, Cp € C, p=1, ..., m} gdm m mau dir liéu, trong d6 dp = [dp.1, dp2, ..., pn]
la dong tht p™", C = {Cs|s=1, ..., M} la tap gdm M nhan 16p, n 1a s6 thudc tinh.

Hé co s& luat cho bai toan phan 16p duoc sir dung trong bai béo nay 1a tap luat co trong sé
dudi dang:

Luat Rq: If X1 is Agz and ... and Jxq is Agn then Cq with CFq, for g=1, ..., N Q)

trong 46 % = {X, j = 1, .., n} 1a tap n bién ngdn ngix tng vai n thudc tinh caa tap di lieu P; Aqj
la cac gia tri ngon ngir cua thugc tinh the j, Fj; Cq la nhan 16p va CFq la trong s6 cua luat Ry
Luat Rq duogc viét gon lai nhu sau:

A, = C, with CFq, v6i g=1, ..., N (2)

trong d6 Aq |4 tién dé cua luat thi q.
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Gidi bai toan P Ia trich xuat mot tap luat S c6 dang (1) tir tap dit liéu P voi diéu kign ring
nd can phai nho gon, de hiéu véi ngudi dung va c6 do chinh xac phan I6p cao. Phuong phép
thiet ké hé phan I6p dya trén luat mo theo tiép can DPSGT gom hai budc nhu sau (Hinh 3):

(1) Thiét ké t6i wu cac tir ngdn ngit cing véi ngit nghia tinh toan dua trén tap mo caa ching st
dung giai thuat téi vu. Sau budc nay ta thu duoc bo tham sé ngit nghia tbi wu.

(2) Trich xuét tir tap dix liéu huan luyén tap luat tdi vu cho hé phan I16p trén co so thoa hiép
giira tinh d& hiéu va d6 chinh xéac cua hé phan I6p sir dung giai thuat tbi uu.

L. X Doc gia tri t6i wu ciia
Bat dau —py 00 B1E T TO1 U £
cac tham so nglr nghia

A 4

Poc dir liéu Sinh tap luat khéi dau
So tir dir liéu bang thu
i tuc IFRG
Téi wu céc tham s6 ¢
ngit nghia véi qua T6i uu tap lut khoi
trinh sinh luat str dau Sp st dung thuat
dung thu tuc IFRG toan toi wu

' —

Xuat hé luat t6i uvu S
Xuat gia tri cac tham cho FRBC

s6 ngit nghia ti wu
Két thuc
Giai doan 1: to1 vu cac

tham s ngit nghia Giai doan 2: tbi wu hé luat

Hinh 3. Phuong phap hai buéc thiét ké hé phan 16p dua trén luat mo theo tiép can BSGT [17].

Pai s6 gia tir mg rong cung cap mot co so hinh thire cho phép ngit nghia dinh tinh xac
dinh gia tri ngtr nghia dinh luwgng khoang cua cac tir ngbn ngt, va trén co sé do6 ngir nghia dua
trén tap mo cé 16i 1a mot khoang cua chiing dugc xdy dung. Tuong tu [18], trong bai bao nay
ching toi str dung dai s6 gia tr mé rong dé sinh ngir nghia dua trén tdp mo ¢6 dang ham S cé
I6i Ia mot khoang cho hé phan 16p dua trén luat mo.

Mbi BSGT X dugc lién két vai mot thudc tinh thir j cua tap dit liéu cam sinh cac tur
ngon ngir Xj,«j co do dai lon nhat k; theo thur tu ngir nghia cua ching. Vi nglr nghia dinh
lugng khoang f(x;) = J(hox;i) < 3(xj) biéu thi 16i ngir nghia cua tir ngdn ngit Xji nén dugc

dung dé biéu dién dinh cua tap md dang ham S Gng véi tir xji. Céc gia tri trong khoang dinh
cuia tap mo phd hop véi ngit nghia dinh tinh caa tir nhat nén cé gia tri 1a 1.

Ky kiéu £(+) va ®(*) 1an luot 1a diém mat trai va mat phai cia mot khoang bat ky. Gia st
dat a = R(f(xji1), ¢ = £(F(x;), d = REK), g = L(f(xji+1)), khidob=a+(c—a) /4, e=d +
(g—e) /4 vavlamot diém dix lidu. Ta cd ham biéu dién do thudc cua v vao nta trai caa ham
S, Sieft nhu sau:
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0, 0<v<a
(v-a)’
(b—a)(c—a) v a<v<b
Steft =
o v=e)®
(C_b)(c_a)’ bSVSC
1 v>e

va ham biéu dién d6 thudc cua v vao nira phai cia ham S nhu sau:
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Tap mo dang ham S duoc biéu dién nhu Hinh 4 [18].

Céc wu diém cia tap mo dang ham phi tuyén (ham S) da duoc khang dinh trong cac
nghién ctru trude day [18, 19]. Vi vay, trong bai bao nay chung toi tiép tuc str dung tap mo
dang ham S dé xay dung cau trdc phan hoach da ngit nghia trén mién gia trj thuoc tinh cua tap
dir liéu nhu dugc thé hién trong Hinh 4.

a b c d e Jg

Hinh 4. Biéu dién tap md dang ham S [18].

Vi cac tir ngon ngir khong phai la cac hang tir 0 va 1, gia tri cua a la gié tri dau mat phai
cua gia tri dinh luong khoang cua tir gan nhat bén trai co cung d6 dai va gia tri g 1a dau mat
tra~| cua gia tri dinh lugng khoang cua tur gan nhat bén phai c6 cung do dai. Vi dy, Hinh 5 biéu
dién cau trdc da ngir nghia su dung cac tap mo dang ham S véi do dai toi da cuia cc tir ngobn
ngtr kj = 2. Trong d6, tdp mo tng véi tr Le* ¢c6 mat trai a = R(f(Lc’)) va mat phai g =
£(f(vc™)), twong tu véi cac tap mo khac.

Véi gia tri cu thé cua cac tham sb ngit nghia bao gom fm(c’), fm(W;), fm(0;), fm(1;), z«(hi.),
#(hjo) 1a do do tinh mo twong Gng cua ¢;, Wj, 0j, 1, hji, hjo va véi gia tri cu thé cua k;, cac
khoang tinh mo Jk(Xj.i), Xji € Xjk, k <kj va cac ngir nghia dinh luong khoang f(xj,i) duoc tinh
toan. Céc khoang tinh mo Jkj(x;,i) tao thanh phan hoach muc k; trén mién gia tri caa thugc tinh
j. C6 duy nhat mot khoang tinh mo trong sé cac khoang tinh mo Jki(xji) chta diém dix liéu dp;
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ciia mau di liéu dp. TAt ca cac khoang tinh md mic kj chia dpj (0 < < n) tao thanh maot siéu
hop H, va chi sinh cac luat mo tir cac siéu hop loai nay. Luat mo co s6 c6 do dai n dugc sinh
tr H voi nhan 16p Cp cta mau dit liéu dp va cac luat mod thir cip co d6 dai L < n thu duoc
bang céch bo bét n - L thudc tinh.

VAN W
-
———e e —O_ _
F
Nt

Lc* ve* 1,

Hinh 5. C4u trdic phan hoach da ngir nghia véi tap mo dang ham S va k; = 2.

Sinh cac khoang tinh m¢ muc k;,
anh xa nglt nghia dinh luong
khoang va cac tdp mo tu gia tri
clia cdc tham s6 ngir nghia cho
tét ca cac thudc tinh

A
Sinh cac luat co s d0 dai n tur
cac khoang tinh mo murc kj chira
dir liéu

A

Tinh d¢ tin cay va do hd trg clia
luat va sinh cac luat thr cap do
dai L tir cac ludt co s¢ @ dain

v

Sang ludt v&i mot tiéu chuan
sang cu thé dé thu dugc tap luat
khoi dau Sy

A

Tinh trong s6 cho céc luat trong
tap luat khoi dau Sy

A 4

( Két thuc )

Hinh 6. Luu db thu tuc sinh tap luat khai dau [17].
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Qua trinh sinh luat thdng qua thu tuc sinh tap luat khoi dau IFRG(T, P, NRo, L) [17],
trong d6 JI 14 tap gia tri caa cac tham sb ngir nghia va L la s6 tién dé toi da cia mdi luat. Tha
tuc nay duogc truc quan héa nhu dugc thé hien trong Hinh 6. B phuc tap caa tha tuc sinh tap
luat khoi dau IFRG 1a da thuc dbi v6i s6 mau va sé thudc tinh cua tap dix liéu D va da duoc
ching minh trong [17].

MOi loai dit liéu c6 su phan bb khac nhau, yéu cau cac b tham sé nglr nghia phu hop dé
t6i wu hoa hi¢u suat phan l6p. Vi vay, chiing toi ap dung mot thuét toan t6i wu dé tim ra bo
tham s ngw nghia tdi uu, sau do sir dung chung dé taora tap luat ban dau cho qua trinh lya
chon tap luat nho gon va d& hiéu cho hé phan Iép, dong thoi dam bao sy can bang gitta do
chinh xac va d¢ phuec tap cua FRBC.

4. THU'C NGHIEM

4.1. Cai dat thuc nghiém

Pé cong bang trong so sanh, danh gia, cac thuc nghiém duoc tién hanh giéng nhu trong
[15, 16, 19]. Cu thé, c4c thuc nghiém ciing dugc cai dat bang ngdn ngir C# chay trén
Windows 7. Cac tap dit liéu thuc nghiém duoc lay tr nguon KEEL-Dataset tai dja chi
http://sci2s.ugr.es/keel/datasets.php. Phuong phap kiém tra chéo 10 nhom duogc 4p dung dé
huan luyén va kiém tra. D¢ dam bao su khac bigt cua cac két qua thyc nghiém cua cac hé
phan I6p dugc so sanh 1a ¢6 ¥ nghia, phuong phap kiém dinh gia thuyét thong ké Wilcoxon
[19] duoc st dung dé kiém tra gia thuyét Ho (null hypothesis) c6 d tin cay 1a 95% (a = 0,05)
Vvé6i gia dinh rang céc két qua cua cac phuong phap dugc so sanh 1a twong dwong nhau.

Nham giam khong gian tim kiém trong qua trinh huan luyén va dé dam bao tinh can ddi
gitra cac mlen ngir nghia, cac rang bugc Vvé gia tri cua cac tham sb ngit nghia duoc 4p dung
nhu sau: sé gia tir Am va sb gia tir dwong 1a 1, gia tir 4m 1a “Less” (L) va gia tir duong 1a

“Very” (V); 1 < kj <3; 0,2 < {fm( ;). fm(c; )} < 0,7; 0,00001 < {fm(0;), fm(1j)} < 0,01;
0,0001 < fm(Wj) <0,2; fm(0;)+ fm(c; )+ fm(W, )+ fm(c; )+ fm(1;) =15 0,2 < {u(Ly), p(V))} <
0,7; 0,01 < z(hoj) <0,5; and z(L;) + 2(V;) + z(hoyj) = 1.

Thuat toan t6i vu bay dan da muc tiéu (PSO) [20] duoc sir dung cho c4c bai toan téi uu.
Trong t6i wu cac tham sé ngir nghia: s6 thé hé 1a 250; sé ¢ thé mdi thé hé 12 600; hé sb Inertia
1a 0,4; hé s6 nhan thtic c& nhan 14 0,2; hé s6 nhan thic xa hoi 12 0,2; sb luat khoi tao bang sb
thudc tinh; d6 dai toi da cua luat 1a 1. Trong t6i uu hé luat: s6 thé hé 1a 1500; sé luat khoi tao
12 |So| = 300 x s6 lop; @6 dai téi da cua luat 1a 3.

4.2. Két qua thue nghiém va thio luin

Pé ching to tinh hiéu qua cua h¢ phan 16p voi ciu tric da nglr nghia dya trén tap mo
dang ham S duoc duoc dé& xuat (dwoc ky hiéu 1a FRBC_MS), két qua thuc nghiém cua
FRBC_MS dugc so sanh vai hé phan 16p véi tap mo dang hinh thang dam bao tinh giai nghia
dugc dé xuét trong [15] (FRBC_TRA_MS) va hé phan 16p véi tip md dang hinh thang
khong dam bao tinh giai nghia duoc dé xuat trong [16] (FRBC_TRA). Két qua thuc nghiém
va so0 sanh cac hé phan 16p néu trén duoc thé hién trong Bang 1. Trong Bang 1, cot Pre 13 do
chinh xé&c phan Iép trung binh trén tap kiém tra va #RxC la do phuc tap cua hé phan 16p duoc
tinh bang tich cua sb luat trung binh va sé diéu kién trung binh caa cac luat.
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Vi s6 ligu trong Bang 1 ta thiy, hé phan Ié6p FRBC_MS duogc dé xuat c6 do chinh xac
phan 16p trung binh trén tap kiém tra d6i véi 15 tap dix liéu thuc nghiém la 85,07, 16n hon
tuong tng so vai cac hé phan Iop FRBC_MS va FRBC_TRA 1a 0,36% va 0,67. Xét theo do
phtic tap caa hé phan 16p, hé phan 16p FRBC_MS duoc dé& xuat co6 do phuc trung binh tap
tuong duong hai hé phéan I6p dugc so sanh.

Bang 1. Két qua thuc nghiém cua céc hé phan 16p FRBC_MS, FRBC_TRA_MS va FRBC_TRA.

_ FRBC_Ms RBC_TRA_ FRBC_TRA
STT Téap dir liéu MS #Pe  #R*C 4Pe  #RxC
#RXC P, #RxC Py #RXC Py

1 Appendicitis 19,72 88,73 18,35 88,52 0,21 1,37 16,77 88,15 0,58 2,95

2 Australian 49,00 87,73 48,34 8754 0,19 066 46,50 87,15 0,58 2,50

3 Glass 428,07 73,03 443,60 72,33 0,70 -15,553 474,29 72,24 0,79 -46,22
4 Haberman 2000 77,05 9,60 76,77 028 10,40 10,80 77,40 -0,35 9,20

Hayes-roth 121,4 85,42 110,06 85,00 0,42 11,09 114,66 84,17 1,25 6,48
6 Heart 93,22 84,57 87,53 8457 0,00 570 123,29 84,57 0,00 -30,07

7 lonosphere 91,87 92,13 8590 9184 0,29 597 88,03 91,56 0,57 3,84

8 lris 21,68 98,67 16,00 98,00 067 568 30,37 97,33 1,34 -8,69

9  Mammogr. 72,90 83,91 78,55 84,33 -042 -565 73,84 84,20 -0,29 -0,94

10 Newthyroid 41,61 96,94 52,20 96,46 0,48 -10,59 39,82 95,67 1,27 1,79

11 Pima 46,73 77,18 5549 76,95 0,23 -8,76 56,12 77,01 0,17 -9,40
12 Saheart 78,71 70,92 64,88 70,49 043 13,83 59,28 70,05 0,87 1943
13 Tae 170,45 63,57 142,71 62,07 150 27,73 210,70 61,00 2,57 -40,26
14 Wine 39,10 98,87 3498 98,70 0,17 4,11 40,39 98,49 0,38 -1,29

15  Wisconsin 78,76 97,28 75,29 97,09 0,19 3,48 69,81 96,95 0,33 8,95
Trung binh 91,53 85,07 88,23 84,71 96,98 84,40

Bang 2. So sanh do chinh xéac cua hé phan 16p FRBC_MS so véi FRBC_TRA_MS va
FRBC_TRA bang phuong phap kiém dinh Wilcoxon véi a. = 0,05.

So sanh (a = 0,05) R* R Exact P-value Gia thuyét Ho
FRBC MSvs FRBC TRA MS 96,5 8,5 0,00354 Bi bac bo
FRBC MSvs FRBC TRA 99,0 6,0 0,001709 Bi bac bo

Dé khang dinh ty 18 tét hon vé do chinh xéac phan I6p caa hé phan 16p duoc dé xuat so Vi
hai hé phan 16p duoc so sanh 1a co ¥ nghia, phuong phap kiém dinh thong ké Wilcoxon duoc
sir dung dé kiém tra gia thuyét Ho (null hypothesis) véi do tin cay 12 95% (a = 0,05) va gia
dinh rang @6 chinh xac phan I6p ciia cac phuong phap phan 16p dugc so sanh 14 twong duong
nhau. Két qua kiém tra dugc thé hién trong Bang 2 cho thay rang, cac gia thuyét Ho bi béac bo.
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Diéu nay cho thay ring, hé phan I6p dugc dé xuat FRBC_MS thyc sy tot hon hai hé phan I6p
duoc so sanh ve d6 chinh xac phan lop.

Tiép tuc str dung phuong phép kiém dinh thong ké Wilcoxon d6i véi do phic tap cia hé
luat phan 16p véi gia thuyét do phuc tap cia cac hé phan 16p 1a tuong duong nhau. Két qua
kiém tra dugc thé hién trong Bang 3 cho thiy ring, cac gia thuyét Ho khdng bi bac bo. Do do,
hé phan 16p dugc dé xuat FRBC_MS c6 do phuc tap twong duong hai hé phan 16p con lai.

Véi céc két qua so sanh va kiém dinh théng ké Wilcoxon néu trén, ta cd thé khang dinh
rang hé phan 16p duogc dé xuit FRBC_MS c6 d6 chinh xé&c phan 16p tét hon so véi cac hé
phan 16p duoc so sanh nhung khong lam tang d6 phirc tap cua hé luat.

Bang 3. So sanh d6 phuc tap cua hé phan I6p FRBC_MS so véi FRBC_TRA_MS va
FRBC_TRA bang phuong phéap kiém dinh Wilcoxon véi o= 0,05.

So sanh (& = 0,05) R* R ExactP- s thuyét Ho
value
FRBC_MS vs e
FRBC_TRA MS 39,0 81,0 >0,2 Khoéng bi bac bo
FRBC_MS vs FRBC_TRA 64,0 56,0 >0,2 Khong bi bac bo
5. KET LUAN

Ngir nghia tinh toan dua trén tap mo cua céac tir ngén ngfr trong co s¢ ludt cua cac hé dua
trén ludt mo noi chung va cua hé phén 16p dya trén luét mo noi riéng dong vai tro quan trong,
la mot trong cac yéu t6 nang cao do chinh xac ctia hé phan 16p. Bai bao nay trinh bay phuong
phép biéu dién ngit nghia tinh toan dya trén tip mo dang ham S vOi cau trac da nglr nghia
dam bao tinh giai nghia cta hé phan 16p va dugc xay dung boi dai sO gia tr mo rong. Cac két
qua thuc nghiém va klem dinh gia thuyét théng ké Wilcoxon cho thay tinh hiéu qua cia cac
phuong phéap dugc dé xuét khi 4p dung cho hé phan 16p duya trén luat mo.
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