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Tém tit. Phuong phap lugng hoa dai s6 gia tit (DSGT) theo cach truyén théng [1-2] da dem lai
nhitng thanh cong budc dau trong ting dung DSGT vao bai toan thiét ké cdc heé phan 16p mo (HPLM)
v6i ngit nghia tap md tam giac clia cic ti ngon ngit [3, 4, 11]. Ngit nghia s6 clia mdi tit ngon ngi
duge xac dinh bdi gid tri dinh lugng ngit nghia chi 1a mot diém, cho phép xac dinh dinh cla tap mo
hinh tam gidc. Phuong phéap lugng héa DSGT mé rong da dude cong bd trong [10], duge bd sung
thém kh4 nang mo hinh héa ngit nghia 16i ctia tit, cho phép xay duyng cic phan hoach trén mién cac
thuoc tinh dya trén chinh cdc khoang tinh md mitc & va cho phép dinh lugng ngit nghia 16i clia cac
tit dusi dang khodng dudc st dung dé xéac dinh day nhé clia cac tap md hinh thang. Bai béo dé xuét
mot phuong phap thiét ké cac tit ngon ngit va HPLM dang luat véi ngit nghia tap md clia cac ti
mong muén dang hinh thang dya trén phuong phép lugng héa DSGT mé rong nay va khio sat tinh
hi¢u qua ctia phuong phap lugng héa mdi khi giai quyét bai toan phan 16p. Két qua thiyc nghiém véi
10 tap dit lieu mAu chuan cho thiy phuong phap lugng héa DSGT méi mém déo hon va cho két qua
t6t hon.

T khéa. He luat md phan 16p, phan hoach md, dai s6 gia tt, anh xa dinh lugng khoang.

Abstract. The conventional method of quantification of hedge algebras [1-2] has achieved some
effective successes in its application to hedge algebras to the fuzzy classifier design problem using
fuzzy set based semantics of linguistic terms in the form of triangle fuzzy sets [3, 4, 11]. The numeric
semantic of a term defined by its semantically quantifying mapping value is a point which is relevant
to define the vertex of the triangular fuzzy set. An extended quantification method of hedge algebras
proposed in [10], using partitions of the feature spaces, based on a degree k semantically quantifying
mapping intervals, allows to model the core semantics of a terms in the form of an interval, which is
upper base of a trapezoidal fuzzy set. This paper proposes a method for designing linguistic terms
and fuzzy rule based classifiers with trapezoidal fuzzy set semantics, based on this extended hedge
algebras quantification and examines the effectiveness of the new quantification method in solving
classification problems. The experimental results over 10 datasets have shown that the proposed
method is more flexible and produces better results.

Key words. Fuzzy classification system, hedge algebras, fuzzy partition, interval semantically quan-
tifying mapping.

1. MO DAU

Trong nhitng nam gan day, hé mo dya trén luat da c6 nhitng ing dung thanh cong trong
nhiéu linh vite khac nhau. He phan 16p mo (HPLM) la truong hop don gidn nhat ctia he mo

*Bai bao dudc thyc hién véi su hd trg tit quy phét trién KHCNVN (Nafosted), ma s6 102.01-2011.06.
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dya trén luat. Mot huéng nghién cttu trong linh vyc nay dang dudgec quan tam la xay dung
HLPM duya trén he luat mo dang if-then [3-9] va da cho két qua khé tdt so véi cac phuong
phéap khac.

Trong tiép can ly thuyét tap md [5-9], cac tap md clia cdc gia tri ngdn ngit hau hét 1a
dang tam giac c¢6 dinh va cac gia tri ngon ngit chi 1a nhan duge ngudi thiét ké gan cho dua
trén cam nhan tryc giac, do dé ching khong thé phan anh ngit nghia clia cic gia tri ngon ngit
tuong ing mot cach thich dang. Mac du hé luat chia cac tit ngon ngit véi ngit nghia biéu thi
bang tap md, nhung bai toan thiét ké cac tit ngon ngit cling v6i ngit nghia clia ching trong
pham vi 1y thuyét tap mo lai chua duge dit ra mot cach ré rang.

DSGT cung cap mot co sé hinh thitc toan hoc cho viec mo hinh héa va thiét ké cac ti
ngon ngi cling véi ngit nghia dua trén tap mo clia ching va ¢6 thé tng dung trong qua trinh
thiét ké tap gia tri ngon ngit cling véi ngit nghia dya trén tap mo cho viéc xay dung tu dong
co s§ luat ctia heé phan 16p md. Phuong phap thiét HPLM vé6i ngit nghia DSGT [11] duge
chia lam hai giai doan. Giai doan thi nhat 1a giai doan thiét ké tir dong cac tit ngon ngit
cung v6i nglt nghia dya trén tap ms cia ching. Giai doan hai la giai doan xay dyng phuong
phap trich rat hé luat mo t6i wu ti tap dit lieu mau dya trén ngit nghia tich hop véi ngon
ngit thu dugce & giai doan trén. Giai doan thit nhat doi héi phai giai bai todn xay dung cic
khoang lan can ngit nghia cta tap céac tir trong X () ¢6 do dai khong 16n hon k sao cho ching
lap thanh phan hoach ctia [0, 1]. Do cach lugng hoa truyén théng [3, 4] chap nhan tien dé
S{fm(hz): h € H} = fm(x) dan dén cac khoang tinh mo clia cac hang tit c6 do dai k trong
X da du lap day mién tham chiéu [0, 1] nén khong con khong gian cho viéc xay dung céc
khodng lan can ngit nghia cho cac hang tit ¢c6 do dai nhé hon k, dan dén viéc phai xay dung
hé khoéng tuong tu muc k [3, 4, 11]. Véi phuong phép lugng héa nhu vay, cac gia tri dinh
lugng ngit nghia c6 thé duge xem nhu la ngit nghia 16i cia cac tit va phit hop vé6i ¥ nghia ciia
cac dinh cta cac tap mo tam gidc tuong tng.

Dé ¢6 them khong gian cho viéc xay dung cac khoang lan can ngit nghia cho céc hang tit
c6 do dai nho hon k, trong [10] da chap nhan gia thiét > {fm(hz): h € H} < fm(zx). Khi do,
gia ti hg dudc sit dung trong viéc mo ta ngit nghia ctia hang tit phu thudc ngit canh, né dap
tng dugc yéu cau hinh thiic héa trong trinh bay va mé ta dugc sy thay doi ngit nghia theo
ngit canh xac dinh béi sy hién dién dong thoi véi cac hang tit khac. Cach lugng héa DSGT md
rong nay phép xay dung cac phan hoach trén mién cac thuoc tinh dya trén chinh cic khodng
tinh mo mtc k do c6 du khong gian dé biéu dién lan can ngit nghia ciia cac hang tit c6 do dai
nhoé hon k. Gia tit hy duge sit dung dé xay dung gia tri dinh lugng khodng ciia cac tit ngon
ngtlt, hor xac dinh ngit nghia 16i ciia chiing. Day chinh la co sé cho phép xay dung cac tap mo
hinh thang v6i day nho la gia tri dinh lugng khoang ctia cac tit ngén ngt tuong tng.

Muc tiéu bai béo 1a ching minh kha nang tng dung hiéu qua cta phuong phap lugng hoa
DSGT md rong vao bai toan thiét ké cac tit ngon ngit ciing v6i ngit nghia dya trén tap mo
hinh thang va xay dung HPLM dang luat. Viéc phat trién phuong phap thiét ké tir dong cac
ti ngon ngit sé dya trén viec xay dung cac phan hoach md ciia mién cac thuoc tinh, duge
thiét lap tit cadc khoang tinh md mitc & trong DSGT md rong. Thuat todn xay dung cac luat
md khdi sinh cling dude cai tién cho phit hop véi cach Iugng héa méi.

Bai bao duge bd cuc gom 5 muc. Sau phan mdé dau, Muc 2 trinh bay tém tat phuong phap
lugng héa DSGT mé rong duge dé xuat trong [10]. Muc 3 1a trinh bay phuong phéap thiét ké
ngon ngit gan két v6i ngit nghia dinh lugng hinh thang va thiét ké HPLM dang luat dya trén
phuong phap dinh lugng DSGT md rong. Muc 4 trinh bay cac thit nghiém va danh gia. Va
cudi cung 1a két luan.
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2. MO RONG LUGNG HOA DAI SO GIA TU

DSGT la mo hinh dinh tinh nén dé tinh toan s6 dugc can phai lugng hoa cac dac trung
clia n6 trén co sé ngit nghia dinh tinh. C6 ba dic trung lugng héa DSGT 1a do do tinh mg cia
DSGT, cac khodng tinh md ctia cdc hang tit va anh xa dinh lugng ngit nghia. Trong [10] dé
xuat phuong phap md rong cac khai niém nay nham xay dung mot co sé hinh thiic héa linh
hoat hon mo ta duge ngit nghia phu thudc ngit canh, cho phép mdé rong kha nang ting dung
ctia DSGT. Muc nay tém tat lai phuong phap luong héa ba dic trung nay, lam co sé cho viée
xay dung phuong phap thiét ké cac tit ngon ngit véi ngit nghia dinh lugng khodng va tap mo
hinh thang.

Cho DSGT mé rong AX™* = (X*,C, G, H**, <) cia mot DSGT AX = (X,C,G,H, <),
trong d6 H** = H U {ho}, ho € H, (xem [10]).

Mot ham fm : X* — [0,1] duge goi 1a do do tinh mo cia DSGT AX* néu n6 thoa cac
tinh chéat:

(fm1) fm(c™) + fm(W) + fm(c") = L;
(fm2) >y grea fr(hu) = fm(u), Vu € H(G);

(fmS) Vh € Hex? V:c,y c H({C_,C+}) thda T,y ?é hOZ voi mot z bét ki, W =
mix
fm(hy)
fm(y)

Gia st AX* 1a mot DSGT tuyén tinh mé rong va mot do do tinh mo fm : X* — [0, 1]
théa cac tinh chat trén. Khi d6, véi mdi k& > 0, mdi hang tit z clia X(*k) dugc lien két v6i mot
khoadng trong PI([0,1]), tap tat cd cac khoang con ctia [0,1], dugc goi 1a khodng tinh md miic
k cia x va né duge xay dung quy nap theo k nhu sau:

1) V6i k = 1, xay dung cac khoang tinh mo 1 (c™), S1(W), S1(c™) véi [S1(2)| = fm(z), sao
cho chiing c6 thit ty tuong dong vé6i thit tir clia cac hang tit ¢=, W, c™.

2) V6i k > 1, va x & C, ta xay dung cac khoang tinh ms Sy (z) sao cho:

(i) Néu |z| < k — 1 thi [Sg(z)| = |Sk_1(2)]-

(ii) Néu |z| = k — 1 thi [Sg(z)] = p(ho) fm(z).

(iii) Néu |z| = k thi [Sg(z)| = fm(z).

(iv) Thit tu ctia cdc khodng tinh mo tuong dong véi thit tu clia cac hang tit z.
Ta gia st cac khoang tinh md & déng tréi, chi c6 hing c6 gia tri 1 1a déng ca hai dau.
Anh xa dinh lugng ngit nghia biéu dién ngtt nghia 16i clia cac gia tri ngon ngi. Cho do do

tinh md fm cia DSGT AX*. Khi d6 anh xa dinh lugng khodng f duge dinh nghia nhu sau
f(@) = Sy@)11(hox) € PI0,1], Yo € X* va l(z) la do dai ciia 2. Luu § rang néu z = hoz,

thi f(z) = i) +1(hoz) = Si) (ho?).

Vi ngit nghia 16i clia cac tit ngon ngit duge xéc dinh bdi céc gia tri khoang clia anh xa
dinh lugng khoang ciia DSGT mé rong duge sit dung trong muc sau dé sinh ngit nghia tap
md hinh thang clia cac tit ngon ngit ctia bién ngon ngit, nén DSGT md rong cé thé duge ap
dung trong viéc giai quyét cac bai toan tng dung khac nhau. Bai bdo nay sé chiing minh kha
niang tng dung hiéu qua ctia ching trong viéc giai cac bai toan phan 16p.
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3. THIET KE HPLM DANG LUAT VOI NGU NGHIA DUA TREN DAI SO
GIA TU

Tri thitc cia HPLM dang luat trong bai bao nay 1a mot tap cac luat md c6 trong s6 co
dang

Luat R, : IF Xy is Ay AND ... AND X, is A, THEN C, with CF,, véi ¢ = 1..N (3.1)
trong d6 X = {Xj,j = 1,...,n} la tap n bién ngon ngt (thuoc tinh) va A, ;(j = 1,...,n) la
cac nhan ngon ngit clia cac dieu kien mo trong tién dé, Cy 1a tén 16p két luan cia R, va N
la s6 luat mo, CFy la trong s6 hay do tin cay cta luat thi ¢. Thong thuong, mot bai toan
phan 16p P duge cho bdi mot tap dit lieu mau phan 16p D gom m mau dit lieu duge gan nhan
d,=[dp1,dp2,....dpn,Cpl,p=1,...,m, v6i n thuoc tinh, M 16p két luan (hay M nhéan) trong
tap C = {C; : ¢ = 1,...,M}. Luat R, dang (3.1) c¢6 thé dugce viét gon lai thanh A, = C
with C'Fy, trong do A, 1a cac tién dé cta luat thi ¢ va Cy 1a mot nhan 16p.

Giai bai toan thiét ké HPLM dang luat 1a xay dung phuong phap trich rat mot hé luat
mo tit tap D cho HPLM sao cho dat hiéu qua phan 16p cao dong thoi hé luat thu dugc lai
dé hiéu déi v6i ngusi dimmg. Phuong phép thiét ké HPLM dang luat v6i ngit nghia DSGT bao
gom hai budc:

(1) Thiét ké tu dong cic hang tit ngon ngit toi wu va ngit nghia dya trén tap mo clia ching
déi véi ting thudce tinh ciia tap dit licu mau véi viee ap dung giai thuat tién hoa da muc tieu
sao cho viéc thiét ké 1a két qua clia sy tuong tac gitta ngit nghia clia cac hang tir va dit lieu.
(2) Trich rut cac co sé luat mo tir dit lieu mau sao cho co s6 luat mo thu duge c6 sy can bang
hop 1y gitta hiéu qua phan 16p va tinh dé hic¢u. Trén co s tinh da dang va tinh phit hop ciia
cac hang tut thu duge tit bude (1), muc tiéu ctua bude nay la tim giai phap dat duge su can
bang (tradeoff) t6i wtu gitta hiéu qua phan 16p va tinh it phiic tap va dé hiéu ctia he luat trén
co sG can bang gitta tinh khai quat va tinh riéng biét clia cac hang tit khi tuong tac véi dit
liéu mau.

D61 v6i bai toan phan 16p cu thé, dé thiét ké cac hang tit cho dédc tinh Fj, céc dit kien
sau can dugc chi ra dé sinh tap cac hang tit X (k) V& dé xac dinh cac ngit nghia tap mdo cta
ching:

e Cédc hang tir sinh ¢; va C;L7 tap cac gia td am H~ = {h;; : —¢; <1 < —1}, tap céc gia ti
duong H" = {h;; : 1 <1i < p;}, gia tit hg. Trong nghién cttu nay chi sit dung mot gia tit am
va mot gia tit duong nén p; = g; = 1.

e Céc rang buoc ctia cac tham sé6 md dé duy tri sy phit hgp ngit nghia ciia cac hang tit

aj < fmj(c™) < a;-, bj < fm;(W) < b;, fmi(c™) + fm;(W) + fm;(c™) =1,

ej S ,U/(h],z) S 6;7 Zhj,iEHjM(hj,i) =1

va do dai t6i da clia cac hang tit k; < K, v6i K 1a mot s6 nguyén duong.

3.1. Thiét ké cac hang tir ngon ngit

Céc nghién cttu [3, 4, 11] cho thay ct phap va ngit nghia clia cdc hang tit dong vai tro rat
quan trong. Tuy nhién, cac cach tiép can trong pham vi Iy thuyét tap mo, ct phap va ngit
nghia dinh tinh clia cac tit ngon ngit chua duge dé cap. Vi vay, muc nay trinh bay viéc thiét
ké t6i wu cac hang tit mang ngit nghia dinh tinh cling v6i ngit nghia md ctia chung cho bai
toan phan 16p md va né 1a co sé dé tao ra cac luat mo véi ngit nghia dé hiéu déi véi ngudsi st
dung.
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Phuong phap lugng héa DSGT mé rong la ¢o s6 hinh thic héa cho phép ngit nghia dinh
tinh x4c dinh ham dinh lugng ngit nghia khoang [10] va diing hox dé sinh khoang ngit nghia
16i ctia hang tit x, dong thoi, né xac dinh cac khodng tinh md clia cac tit clia thude tinh. V6i
ngtt nghia dinh lugng khoang va khoang tinh md clia cac tit ta c6 thé xay dung ngit nghia tap
md. Trong nghién citu nay ching la cac tdp md hinh thang. Day la dac trung lam cho cach
tiép can DSGT khéc biét v6i cach tiép can duya trén tap mo.

Phuong phap luan trén dude 4p dung vao viéc thiét ké cac hang tit ngon ngit véi ngit nghia
dua trén tap mo c6 do dai t6i da la k; cho bai toan phan 16p mo nhu sau:

+ D41 v6i moi thuoc tinh j clia tap di lieu mau duge lien két véi mot DSGT AX;, tién hanh
xay dung tap cac hang tir X ) 6 do dai nho hon hodc béng k; va ¢6 thit tu theo ngit nghia
dinh tinh cta ching.

+ V6i moi 0 < k < kj, gid st X, ={z;;:9=1,...,Njp} véi thi tuw z;; < ... < TN, va ky
hie¢u J; la tap céc tham s6 mo cua AX j. Véi cac gia tri cu thé ctia cac tham s6 md trong Jj,
xay dung cac khoang tinh mo S (x;,;) mic k va cac gia tri dinh lugng ngtt nghia f(z;,) doi
vOi cac hang tit trong X [10] va cac dai lugng nay hoan toan dugce xac dinh. Cac khoang
tinh mo Sy (x;;) thoa man thi tu S (z;1) < ... < 3k(33j,Njk) va tao thanh mot phan hoach
ctia [0, 1]. Vi du, Hinh 3.1 biéu dién hé khodng tinh md& véi k; = 2 clia mot DSGT ¢6 2 gia
tl, trong d6 L€ H- vaV € HT.

|l »le »le
e > >

0 Si(c) $,(W) §i(c")

a. Hé khoang tinh md ctia cac hang tit ngén ngit miic k = 1

Hd—b

0  $AVe) 35(¢") S,(Lc) S,(W) Sy(Lc™) Sy(c™) (V™) 1
b. Hé khoang tinh md& ctia cac hang tt ngdn ngt mic k = 2

Hinh 3.1. He khodng tinh md clia cac hang tit ngon ngit véi kj = 2

Theo [10] thi f(z;;) € () xac dinh gia tri dinh lugng ngit nghia khoang clia hang tit
zj; biéu thi khoang dinh lugng ngit nghia 16i ctia x;;. Ta ¢6 thé ding né lam déy nhé ciia tap
md hinh thang ctia tt z;; do céc gia tri trong khoang doé phit hgp véi ngit nghia dinh tinh cta
tit nhat. Déi véi cac hang tir x;; ¢6 do dai nho6 hon k thi f(z;,;) = Sk(xj,), 6 do dai bang k
thi f(zj;) = Sk+1(hoz)-

Dé lap luan phan 16p cho cac mau dit lieu dua tren hé luat mo dang (3.1) bang phuong
phap lap luan Single Winner Rule [7, 8 , 11], mdi gia tri ngon ngit duge gan mot ham dinh
lugng ngit nghia. Véi ngit nghia dinh lugng khoidng va phuong phap phan hoach trén mién
thudc tinh theo cac khoang tinh ma duge xac dinh 6 trén, ham dinh lugng ng nghia gan cho
moi gia tri x;; duge xac dinh theo dang hinh thang p.,,(v) (cong thiic 3.2) sao cho gia tri
ham cang gan vi trf khoang dinh luong ngtt nghia 161 ctia ;;; 1a f(z;;) thi cang 16n va nhan
gia tri 1 trong khoang f(z;;), né sé nhan gia tri 0 néu cham dau mat phai clia f(z;;-1) va
dau mat trai cta f(z;;41) (Hinh 3.2).

Ky kiéu L(e) va R(e) lan lugt 14 diém mit trai va miit phai ctia mot khoang bat ky. Trong
Hinh 3.2, hang tit z;; c¢6 do dai nhé hon k nén f(z;;) = Sk(x;;). Trong khi dé cac hang tit
xj7i_1 va a,’j’z‘_;,_l co d@ dai bé“mg k nén f(xjﬂ'_l) g %k(a:j’i_l) va f(a;jﬂ-“) Q %k(xj,i-i-l)- Nhu
vay, cac tap mo hinh thang duge xay dung c6 mién tin cay (ddy nho) la f(x;;) hay khoang
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%f xj,i-::l I (© /1) B If(xj,m)i
oy, () iy, () .
B L AR L l | \ .
| Su(x;1) | Si(x;i) | Si(xix1) |

Hinh 3.2. Ham dinh lugng dang hinh thang clia cac hang tur

[L(f(x;4)), R(f(x;:))] va mién xac dinh (ddy l6n) la khoang [R(f(zji-1)), L(f(xji+1)]. Gia
su dét a — R(f($j,i—l))7 b= ,C(f(.’E],Z)), Cc = R(f(:cw)), d= ,C(f(l‘jﬂq_l)), ta co c@ng thuc
tinh gid tri ham dinh lugng ngit nghia dang hinh thang cong thic (3.2).

O khiv <a hoacv >d
V78 ia< <b
:u‘mj,i (V) — b —a vola <V < (32)

viic<v<d

— C

Nhu vay, khi cho céc gia tri cu thé clia cidc tham s6 ngit nghia (xem Muc 3.3) thi céc
khoang tinh md tich hgp véi cac hang tit, cac gia tri dinh luong khoang biéu thi khoang dinh
lugng ngit nghia 16i clia cAc hang tit duge san sinh ra bang mot thuat toan. Véi cach xay dung
tap md hinh thang dua trén cac khoang tinh md va anh xa dinh lugng khoang, duge sinh ra
cling véi cac hang tit nhu trong Hinh 3.2, cac toa do ctia moi dinh hinh thang duge xac dinh.
Nghia 14 tap md hinh thang dugc sinh ra bing mot thuat toan. Dé lam giam do phiic tap ciia
thuat toan sinh luat dugc trinh bay trong phan tiép theo, viéc sinh cic tap mo hinh thang
duge thye hién dong thoi véi viée tinh cic khodng tinh mo va anh xa dinh lugng khodng ctia
cac hang tit ngoén ngi.

Céc nghien cttu [9, 11] da phan tich dén su can bang gitta tinh pho quat va tinh riéng clia
cac tit trong mot hé luat. Luat chita cang nhiéu tit pho quét thi do phiic tap ctia luat cang
giam va s6 mau duge doan nhan béi luat cang 16n, trong khi luat ¢6 nhiéu tit rieng c6 thé phan
16p diing cho cac mau c6 tinh dic thii. Vi vay, dé tang tinh phd quat clia cdc hang tit trong
X (kj)» cac tap mo da dugce thiét ké ¢ dang da thé hat (multiple granularity) dé tao ra su da
dang ctia tinh phd quét va tinh riéng ctia ngit nghia céc tit cho phép tim kiém sy can bing giita
tinh phd quat va tinh riéng ctia viec thiét ké cac tit ngon ngit cho bai toan P. Mai thé hat chi
thiét ké tap mo cho céc hang tit ¢6 do dai bang nhau va hai hang tit 0 va 1. Dau mat trai va
phai ctia day 16n tap mo hinh thang tuong ng 1a dau mut trai ctia 4nh xa dinh luong khoang
clia hang tit bén phai va dau mit phai clia anh xa dinh luong khodng ctia hang tit bén trai, co
ciing do dai lién ké n6. Hai tap ma ctia hai hang tit 0 va 1 ¢6 dang hinh tam giac. Hinh 3.3 biéu
dién ba phan hoach mg, biéu thi cho ba thé hat déi véi thuoc tinh thit 29 ciia tap dit lieu mau
wdbe duge cung cap béi KEEL-Dataset repository (http://sci2s.ugr.es/keel/datasets.php), c6
569 mau di lieu, 30 thudc tinh va 2 nhan 16p.

3.2. Tha tuc xay dung tap luat khdi sinh tir tap di liéu mau

Dé nghién ctu vai tro ctia ngit nghia dang hinh thang ctia tit ngon ngit, ta ap dung phuong
phap xay dung HPLM véi ngit nghia tap md tam gidc duge nghién cttu trong [11] dé so sanh.
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Hinh 3.3. Cac tap md dugc thiét ké dudi dang da thé hat

Theo phuong phéap nay, dau tien ta xay dung tap luat khdi sinh dé lam dau vao cho giai thuat
tim kiém tap luat t6i wu cho HPLM can xay dung cho bai toan phan 16p P.

Trong tiép can ly thuyét tap mo duge nghién citu trong [7-9], viec xay dung tap luat khai
sinh tit tap di lieu mau dya trén cac phan hoach md ciia khong gian cac thude tinh duge xéc
dinh bdi cac tap mo tam gide da duge lya chon dya vao dd ho tro va do tin cay ctia khai pha
dit lieu dé trich rat luat mo. Theo d6, moi két hgp cé thé cé gitta cac tap md cla cac thudc
tinh déu c6 thé 1a tién dé ctia mot luat md vi c6 thé ¢6 nhitng mau trong D hd trg cho chiing
va, do do6, s6 luat can xem xét dé xay dung tap luat khéi sinh 1a ham mii cia s6 thuoc tinh.

V6i DSGT mé rong, viec phan hoach md trén mdi mién thudc tinh j dya trén cic khoang
tinh md miic k; cta cac tu trong X ), tic 1a cdc khodng ro. Céc phan hoach nay sinh ra
mot phan hoach rd X, (k;) clia khong gian n chieéu ctia D. Céc tap ctia Hg 1a cac sieu hop c6
dang S, (71,i1) X Sk, (22,2) X oo X Sy, (Tin), Vi S, (44;) 1a khoang tinh mo miic k; cta tit
2ji; € Xjk)s 45 = 1,0 [ Xj (k)] Khi d6, mbi mau p; € D xdc dinh duy nhat mot sieu hop
HB; € Hs chita n6. Siéu hop nay xac dinh mot luat ngon ngit co s6 c¢6 dang IF & is Ay
AND ... AND X, is A;,, THEN Cy, v6i Agj = x5, j = 1,...,n, va Cy la tén 16p clia mau
pi. Trén quan diém luat sinh ra tit dit lieu, ta chi xem xét viéc sinh cac luat co sé tit nhing
sieu hop c6 chita mau dit lieu. Do d6 so luat co sé t6i da dude sinh 1a N.

Tt tap luat co sd ta sinh ra cac luat c6 do dai ngan hon bang cach bé di mot s6 diéu kien
tien dé ctia luat c6 do dai n. Khi d6 s6 luat t6i da phai xem xét 1a m x Zé;”f * C! luat, trong
d6 m 1a s6 mau dit lieu, Imazx 1 chiéu dai toi da cta luat.

Dat IT = U{J; U {k;}|j = 1,...,n} va goi chung cac gia tri trong II 1 cdc tham s6 ngit
nghia. V6i tham s6 dau vao II, ta sé thiét ké mot thi tuc xay dung mot tap luat mo, goi Ia



332 PHAM DINH PHONG, NGUYEN CAT HO, TRAN THAI SON, NGUYEN THANH THUY

tap khdi sinh, tit Ngp mau di lieu (tap dit lieu huan luyen) lay ti tap dit lieu mau D cia bai
toan P. Ky hiéu thu tuc nay 1a V(II, D, Ny).

Thii tuc zay dung tap ludat khéi sinh bao gom cdc bude sau:

Budc 1. Xay dyng tap cac hang ti, tap khoang tinh mao, tap d4nh xa dinh lugng khoang va céc
tap mo hinh thang clia cac hang tit ddi véi moi thudce tinh ctia tap dit lieu mau.

M&i thuoc tinh j ctia tap dit lieu mau duge lien két véi mot DSGT md rong AX ;. V6i cac
tr nguyén thiy va tap cac gia t am, gia ti duong va gia t hg duge xac dinh trude, tao sinh
céc tit ngon ngit ciia AX ;. T tap céc gid tri cu thé clia cac tham s ngit nghia cho trong II
va tap cac hang tit X, mic k da dudc sinh ra, tinh céc khoang tinh mo y(x;;) mic k véi
zji € Xk ddi v6i moi k < kj;. Tinh cac gid tri anh xa dinh luong khoéng f(x;,;) va xay dung
cac tap mo hinh thang tng v6i cac hang tu trong X ).

Bude 2. Chon loc cac luat khéi sinh tit cac mau di liéu.

Khi céc hang tit tich hgp vé6i cac tap md duge xac dinh, nhiem vu tiép theo 1a sinh tat ca
cac luat ngon ngit mo tryc tiép tit Ny mau dit lieu ctia D. Mdi mau dit lieu p; = (d;, Cy), d; € D
sinh ra mot luat mo béi cac khoang tinh mo Sy (x;;) mic k; cua Xj (k;) nhu sau:

Vi céc khoang tinh mo Sy (xj,) muc k; cla Xj’(k].) tao thanh mot phan hoach nhi phan
ctia khong gian duge chuan héa clia thuge tinh thi j 14 [0, 1] nén chi c6 duy nhat mot khodng
tinh m& S, () ing véi hang tit x;;(;) mic k; chita thanh phan dit ligu d;; véi j = 1,...,n
clia d;. Tap cac khodng tinh mo chita thanh phan dit lieu d;; xac dinh mot khéi hop H; chita
mau dit lieu d;. Khéi hop H; cting véi 16p két luan C) ciia p; xac dinh luat mo co s6 do dai n
c¢6 dang sau:

IF Xl is 1,i(1) AND ... AND Xn is Ln,i(n) THEN Cl (Rb)

Dé cho gon, luat trén dugce ki hieu la A; = C), trong d6 A; = (Ay1,..., Ain) V6 A =
“X is .CI}] ’L(j)
n dugce xay dung bang cach bo di mot s6 dieu kién tien dé A4; ; clia luat co sé va ¢6 duge luat
dang sau:

i =1,...,n. Tu cac luat co sd c6 do dai n, cac luat tng vién c¢6 do dai nhéd hon

(Agjrs - Agig) = Cq = Aq = Cq (Rena)
trong d6 1 < ji < ... < ji(q) < n, con phan két luan ctia luat la 16p Cy duge chon tit cac nhan
16p ¢6 do tin cay cla luat A, = Cj 1a 16n nhat, nghia 1a C; dugce tinh theo cong thiic sau

Cq = argmaz{c(Aq = Cy)|lh =1, ..., M}, (3.3)
trong do c(A, = C}) la do tin cay cia luat Ay = C), tic 1a ta c6 [7, 8, 11]

(g = Cn) = D 1a,(dp) [ S ia, (dy), (3.4)

dp€eCh,

véi pa, (dp) 1a Ao d6t chéy ctia m6i mau dit lieu d, doi véi luat Ry, tite 1a duge tinh bang biéu
thitc toan tit nhan (product operator) sau

/'LAQ (dp) = H(ZL(Zq;.'qu,JZJ(dsz) (35)

Bude 3. Chon loc tap luat khéi sinh S tit tap luat tng vien st dung mot tiéu chuan sang.
Sau Buéc 2 ta thu dugc tap luat S va chi git lai N Ry luat tu tap luat nay véi N By 1a tham
s6 dieu chinh. Tap luat 8o dugc phan nhém thanh M nhém theo cac nhan 16p 6 phan két
luan ciia luat. Cac luat duge Iya chon theo tiéu chuan sang, tic la sip xép cac luat giam dan
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trong mdi nhém theo tieu chuan sang va chon ra N By luat trong mdi nhém tit trén xubng
dudi. Tieu chuan sang duge sit dung phd bién 1a tich (e.s) ctia do tin cay (c) va do ho trg (s).
Do tin cay dugce tinh theo cong thic (3.4), do ho trg duge tinh theo cong thic sau [7, 8, 11]

S(Ag=Ch)= > pa,l (3.6)

dpECh

Nhu vay, sau Bu6e 3 ta thu duge hé luat khéi sinh Sy ¢6 NRy = NBy *x M luat. Trong
qua trinh 1ap luan, cac luat duge gdn mot trong s6 (rule weight). Theo [7, 8, 11], trong s6 luat
duge tinh bang cong thiic

CF(AG = Oq) = Cq — Cq,2nd> (37)

trong do, ¢, la do tin cay cta luat Ry va cg 2,4 1& do tin cay 16n nhat clia cac luat c6 ciing
tien de dieu kien A nhung két luan 1a 16p khac véi C,

Cqond = max{c(A, = Cp)|h =1, ..., M;Cy, # Cy}.

So véi thu tuc xay dung tap luat khdi sinh trong [11], tai Bude 1 cac anh xa dinh lugng
diém truyén théng duge thay thé bing cac anh xa dinh luong khoang, cac tap mo hinh tam
giac duge thay thé bang cic tap mo thang. Tai Bude 2, cac khoang tinh md mic k; duge st
dung lam phan hoach trén mién céc thuoc tinh thay cho cac khodng tuong tu mic k;.

Do phiic tap clia thi tuc xay dung cac luat khdéi sinh 13 da thitc ddi véi kich thude va s6
thudc tinh cta tap dit lieu mau D nhu da duge chiing minh trong [11].

3.3. Tbi wu héa tham s6 ngi nghia ciia cic hang tir ngdon ngit va tdi uu héa hé
luat

Két qua clia bat ky phuong phap tiép can theo hé md dya trén luat nao ciing phu thuoc
vao cac tham s md. Véi phuong phap thiét ké HLPM dua trén hé luat mo theo tiép can ly
thuyét tap mo [6-9], cac tac gid st dung cac chién luge tim kiém t6i wu cdc tham s6 mo, cu
thé 1a hicu chinh céc tham s6 cia tap mo dang tam giac bing giai thuat di truyén. Véi phuong
phap thiét ké HLPM dang luat theo tiép can DSGT [11], cac tac gia da phan tich sy phu
thuoc clia két qua phan 16p ctia he luat vao cac tham s6 mo gia ti (tham s6 ngit nghia) va
stt dung giai thuat di truyen lai SGA véi viec danh trong s6 cac ham muc tiéu dé hiéu chinh
cac tham s6 nay cho timg tap dit lieu mau cu thé. Sau khi c6 duge bo tham sé mds gan toi
uu, tién hanh tao sinh hé luat khéi sinh lam dau vao cho tht tuc t6i vu héa hé luat mds do
cac tieu chuan sang duge ap dung khong cho két qua tot. Véi phuong phap luong héa DSGT
md rong, bai bao sit dung gidi thuat toi wu héa bay dan da muc tieu PSO (Particle Swarm
Optimization) v6i ham thich nghi chia sé [12], dinh hudéng viéc tim kiém cac ca thé trong toi
wu toan cuc (mit Pareto hay Pareto front), dé tim kiém t6i wu cac tham sb ngit nghia va t6i
uu héa hé luat. Nho dé cac muc ticu t6i wu duge chia sé binh dzzmg thong qua hé s6 chia sé va
két qua 1a mot tap cac phuong an.

Tap cac tham s6 can duge hiéu chinh thich nghi déi véi bai toan thiét hé phan 16p mas P
dya trén phuong phap lugng héa DSGT md rong 1a cac tham sé ngit nghia trong P. Chiing
bao gom cac do do tinh md fm;(c™) ctia hang U sinh ¢~ va ctia hang fm;(W); cac do do
tinh mo clia cac gia tit clia thuoc tinh j va tham s6 k; nguyen duong han ché do dai clia cac
tit ngon ngit duge thiét ké ciia thudc tinh j. Cé thé thay so véi phuong phap t6i wu héa trong
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[11], phuong phap duge dé nghi 6 day c6 nhiéu hon hai tham s6 hiéu chinh thich nghi cho méi
thuoc tinh j: tham s6 do do tinh md ctia W; va tham s6 do do tinh mo ciia gia tit hj .

D@ hiéu chinh thich nghi cac tham s6 ngit nghia duge néu é trén cho phit hop véi ting tap
dit lisu mau, bai toan tién héa t6i wu hoa da muc tiéu thiét ké cac tit ngon ngit toi wu cho bai
toan phan 16p P duge dat ra la [11] v6i V(II, D, Np) la tht thuc xay dung hé luat khéi sinh
va, véi cac rang budc vé cac tham s6 ngit nghia da dude néu ¢ trén. Khi do, muc tiéu ciia bai
toan dat ra la t6i da hoa hiéu qua phan 16p va t6i thiéu héa do dai trung binh cac luat ciia P.

Nhu da duge dé cap & trén, giai thuat PSO duge sit dung dé tim kiém gia tri toi wu clia
cac tham sb ngit nghia cho bai toan phan 16p md cu thé P véi co s6 luat §. Thi tuc tdi wu
héa cac tham s6 nghia duge dat ten 1a MPSO _SPO. Cac muc tiéu ctia bai toan t6i uu hoa
la

maximize per f(S) va maximize avg(S)~! véi rang buoc S C 8. (3.8)
trong do perf(S) la ty lé phan 16p ding ctia hé S trén tap mau huin luyen, avg(S)™! la
nghich dao ctia do dai luat trung binh ctia he §. S6 luat dimg dé t6i wu héa cac tham sé ngit
nghia dugc c6 dinh trude theo ting tap dit liu mau cu thé nen khong nam trong cic muc
tiu can toi wu hoa.

Sau qué trinh t6i vu héa tham s6 cac tham s6 ngit nghia bang giai thuat MPSO _SPO
ta thu dugce cdc tham s6 gan t6i wu Iy, St dung thi tuc xay dung luat khdi sinh dé sinh
tap luat khéi sinh 8o véi N Ry luat sit dung cac tham so II,,:. Co6 thé st dung céc tieu chuan
sang dé lva chon mot tap luat cho HPLM dang luat tit tap luat So. Tuy nhién, viéc stt dung
cac tiu chuan sang c6 thé cho tap luat khong dat duge cac muc tieu (3.8) tét. Bai toan dit
ra 1 phai chon ra mot tap luat con cua Sy cho HPLM sao cho dat cdc muc tiéu sau

maximize per f(S), maximize NR(S)~! va maximize avg(S)~! véi rang budc
S C Sy, NR(S) < Npax- (3.9)
trong d6 NR(S)~! 1a nghich déo clia s6 luat trung binh vA Nyax 1& s6 luat chon téi da va
duge cho trude. Ta goi bai toan nay 1a bai toan t6i wu hoéa heé luat. Tiép tuc st dung gidi thuat
tién hoa da muc tieu PSO cho bai toan t6i wu héa hé luat v6i ba ham muc tiéu cu thé trong
(3.9). Thu tuc toi uu héa he luat duge dat ten la MPSO _RBO.

Dé la chon cac tap luat con tit 8¢ cho viec sinh céc ca thé cho giai thuat MPSO_ RBO,
phuong phap ma héa sé thie duge st dung. Mai cé thé tng véi mdi 161 gidi 1a mot tap luat
S duge chon tit S¢ va duge bidu dién bdi mot chudi s6 thue 7; = (p1, ..., PNpax)> Pj € [0,1].
Gia tri p; xac dinh chi s6 cfia luat trong Sy duge chon cho S c6 gia tri 1a p; x |So|, ta ¢6
0 < p;j x[So| <[Sol-

S = {R; € Soli = |p; x So|J, i > 0} (3.10)

trong do |e| 1a phép lay phan nguyen.

Do giai thuat t6i wu héa he luat cho mot tap dit lieu mau cu thé ¢6 ap dung phuong phap
tim kiém t6i wu Pareto nén cho két qua 1a mot tap cac phuong an. T tap cac phuong an tim
duge ta chon ra mot phuong an véi tap luat cho két qua phan 16p trén tap huan luyén cao
nhat. Néu c6 nhiéu phuong 4n gidng nhau thi chon ngau nhién mot phuong an.

4. KET QUA THUC NGHIEM VA DANH GIA

Muc nay trinh bay cac két qua thite nghiém ctia hé phan 16p déi v6i mot s6 tap dit licu mau
chuan duge cung cap bdi KEEL-Dataset repository (http://sci2s.ugr.es/keel/datasets.php).
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Mai tap dit lieu mau duge chia thanh 10 phan bang nhau sin c6 tit lien két trén. Tién hanh
lay lan lugt ting phan dé kiém tra (tap kiém tra), toan bo 9 phan con lai duge ding dé sinh
luat (tap huén luyén). Mdi tap dit lieu mau duge chay thit nghiem 3 lan 10-folds theo céch
nhu trén, ta c6 két qua ctia 30 lan chay. Két qua cudi cliing clia cic lan thit nghiém sau khi
t6i wu héa he luat duge tinh trung binh déi vé6i s6 luat #R, do phic tap clia hée luat #C, ty
lé phan 16p ding trén tap huan luyen P, va trén tap kiém tra P.. Do phiic tap ctia hé luat
dugc tinh theo cong thic #C = #R x Avg, trong d6 Avg la do dai trung binh ctia hé luat.

Trong bai toan thic nghiem, s gia t1t Am va gia tit duong déu duge lay 1a 1. Gia st gia
ti am 1a L va gia ti duong 1a V. Céac rang budc clia cac tham s6 ngit nghia bao gom: giéi han
do dai ctia cac hang tit k; < 3;0,2 < fm;j(c™) < 0,7;0,0001 < fm;(W) <0,2; fm;(c™) +
fmi(W)+ fmj(ct) =1;0,2 < (L) <0,7;0,0001 < p15(ho) <0,5. Gia tri cia cac tham s6
nay duge chon 1a két qua ctia nhiéu lan thiyc nghiém véi cac gia tri khac nhau ciia cac tham
s6 d6i v6i mot sb tap dit lieu mau trén co sé danh gia su can bang gitta hiéu qua phan 16p va
su can doi gitta mien gia tri cia fm;(c™) va fm;(ct).

Céc tham s6 cho thuat toan MPSO _SPO gom: sb thé he t6i da: 250; s c4 thé mdi thé
hé: 600; He s6 Inertia: 0,4; hé s6 nhan thitc c4 nhan 0,2; hé nhan thic xa hoi: 0,2; S6 luat khéi
sinh bang s6 thuoc tinh; gidi han do dai ctia luat 14 1; Thuc hién toan tit dot bién khi ty le di
chuyén ctia céc ca thé nhé hon 70%.

Céac tham sb cho thuat toan MPSO _RBO nhu sau: S6 thé he t6i da: 1000; s cé thé
moi thé he: 600; He s6 Inertia: 0,4; hé s6 nhan thitc c4 nhan 0,1; hé s nhan thitc xa hoi: 0,1;
Thuc hién toan tit dot bién khi ty 1é di chuyén ciia cac ca thé nhé hon 70%; Hé s6 chia sé cac
ham thich nghi duge tinh tu dong; S6 luat khéi dau |[So| = 300x s6 16p; gidi han do dai cia
luat ddi véi tap dit lieu mau c6 s6 thuodc tinh 16n hon 30 1a 2, ngudce lai 1a 3.

Phuong phép lap luan duge stt dung la  Single Winner Rule [8].

Két qua chay thuc nghiem ctia phuong phap dudc dé xuat va so sanh véi két qui clia
phuong phap lugng hoa truyen thong [11] duge thé hien trong Bang 1.

Bdng 1. Két qua chay 3x10 — folds trén 10 tap mau dugc thit nghiem

Tap dit lidu mau Lugng hoéa st dung ngit nghia Lugng hoéa st dung ngit nghia So sanh
hinh thang tam giac
Stt | Ten #R | #Rx# | P, P, #R | #Rx p, Py, #Py. | ##RX#
C #C C

1 |Bands 7,00 78,17| 76,28 72,10 6,00 83,40| 7557| 70,63| 1,47 -5,28
2 |Bupa 8,97| 170,65| T77.54| 69,41| 897 |196,37| 77,40| 67,71 1,7 -25,72
3 |Dermatology 10,87| 189,45 96,88| 95,52 10,93 | 194,61| 98,82| 95,52 0 -5,16
4 |Haberman 4,00 20,00 77,67 77,43| 3,00 13,30| 76,78| 75,11 2,32 6,7
5 |Pima 5,97 50,32| 78,53| 76,66| 5,00 51,17| 79,03| 75,70 0,96 -0,85
6 |Sonar 5.97 53,89| 86,84| 77,29| 7,00 84,00 88,59| 76,73| 0,56 -30.11
7 | Vehicle 11,03| 216,26 71,64| 68,12 11,93 | 324,98| 70,59| 67,46| 0,66| -108,72
8 |Wdbc 4,97 41,56 97,40 95,85| 4,97 45,86 96,51| 94,90 0,95 -4.3
9 | Wine 5,87 42,06 100,0| 98,52| 5,73 65,17| 99,79 98,30 0.22| -23,11
10 | Wisconsin 6,93 57,55| 96,74 96,45 597 67,42| 98,38| 96,72 -0,27 -9,87

Trong Bang 1, cot gop “So sanh” gom cot “# Pi.” thé hien phan tram tang hi¢u qua phan
16p ctia phuong phap duge dé xuat so v6i phuong phap luong hoa truyén théng ddi véi ting
tap dit lieu mau, cot “# #R x #C” thé hién syt chénh léch do phtic tap ctia hé luat. Két qua
cho thiy, phuong phap duge dé xuat cho két qua phan 16p cao hon dbi véi hau hét cac tap
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dit lieu mau duge thie nghiém, dong thoi ¢6 do phitc tap thap hon rat nhiéu so v6i phuong
phap lugng héa truyen théng [11]. Cu thé, hidu qua phan 16p tang 8.57% va do phiic tap ciia
he luat gidm 18,32%.

Bdng 2. So sanh hiéu suat phan 16p ctia HPLM stt dung Wilcoxon véi mitc a = 0,05

Vs R* R | Exact P-value | Asymp. P-value | Confidence interval | Exact confidence

Lugng héa st dung ngit

- L 43,0 | 2,0 0,011718 0,012851 [0,33,1,47] 0,95118
nghia tam gidc

Bdng 8. So sanh do phic tap ctia hé luat st dung Wilcoxon véi mic a = 0,05

1) R R Exact P-value | Asymp. P-value Confidence interval Exact confidence

Lugng hoa str dung ngir

. 9 50,0 | 5,0 0,019532 0,019059 [-54,785 , -3,005] 0,95118
nghia tam gidc

Thuc hién phuong phap kiém tra Wilcoxon Signed Rank [13, 14] sit dung dit liéu trong
Béng 1 dé so sanh két qua ctia hai phuong phap. Céc két qua kiém tra hiéu suat phan 16p
va do phitic tap ctia hé luat lan lugt duge thé hién trong Bang 2 va Bang 3. Véi gia tri R~ 1a
tong cac xép hang ting véi cac hiéu qua phan 16p ctia phuong phép luong héa DSGT mé rong
nho6 hon gia tri gang (critical value) tng vé6i s6 tap dit ligu mau Ny = 10 va p = 0,05 bang
8 (c6 thé tham khao trong bang phan phéi T Wilcoxon (bang B.12 trong [14])) nén ta c6 thé
khing dinh ring phuong phap thiét ké HPLM dang luat véi phuong phap lugng héa DSGT
md rong khong nhitng cho hiéu qué tét phan 16p hon ma con c6 do phtic tap ctia hé luat thu
dugc giam dang ké so v6i phuong phap lugng héa DSGT truyen théng.

5. KET LUAN

Bai bao dé xuat va phat trién phuong phap thiét ké HPLM dang luat duya tréen DSGT mé
rong duge dé xuat trong [10] va tién hanh nghién citu thit nghiém phuong phéap thiét ké doi
v6i mot s6 tap dit lieu mau chuan duge cung cap béi KEEL-Dataset repository. Phuong phap
luong héa DSGT md rong cho phép xay dung cac phan hoach trén mién cac thuoc tinh dia
trén chinh céac khodng tinh ma miic k& va cho phép dinh lugng ngt nghia 16i clia cac tir ngon
ngit dudi dang khoang. Day chinh 1& co s& cho phép xay dung cac tap md hinh thang véi day
nho la gia tri dinh lugng khoang clia cac tit ngén ngit. So véi tap md hinh tam giac thi tap
md hinh thang c6 mién tin cay rong hon va hai canh bén ¢6 do doc 16n hon nén cho ty 1& mat
mat thong tin it hon. Két qua thit nghiém trén 10 tap dit litu mau cho hiéu qué phan 16p ctia
HPLM dugc dé xuat cao hon véi do phiic tap nhé hon so v6i HPLM sit dung phuong phap
luong hoéa truyén théng. Diéu dé chiing té rang phuong phap duge dé xuat khong chi c6 mot
co s6 11 thuyét chiat ché ma con hita hen tao ra mot kha ning tng dung tiém ning.
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