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Tém tat: Thiét ké ngif nghia tinh todn ctia cdc tif ngdn ngi trong co s luat va biéu dién cAu tric ctia ching déng vai
trd quan trong trong viéc ning cao hiéu suit ciing nhu tinh gidi nghia dudc ctia hé dua trén luit md. Bai bdo niy trinh
bay phuong phép thiét ké ngit nghia tinh toan dua trén tip md dang ham S dudc sinh bdi dai s6 gia ti md rong va dugc
bi€u dién dudi dang ciu tric phan hoach m& ddm bdo tinh gidi nghia dudc clia hé phan 16p dua trén luat md. Két qua
thuc nghiém véi 23 tap dif liéu chudn cho thdy hé phan 16p véi ngit nghia tinh todn dua trén tdp mo dang ham S cho do
chinh xac phan 16p tét hon so v6i ngii nghia tinh toan dua trén tip md tam gidc va hinh thang cling nhu chi ra tinh hiéu
qua ctia biéu dién cAu tric phan hoach m& dam bao tinh gidi nghia dudc ctia hé phan 16p so vdi ciu tric phan hoach da

dugc d& xuét trude do.

T khéa: dai s6 gia tit, thit tw ngit nghia, ham thudc, hé phdan I6p dwa trén ludt mo.
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Abstract:

A Design Method of Computational Semantics of Linguistic Words for Fuzzy Rule-based Classifier

The design of computational semantics of linguistic terms in the fuzzy rule bases and structural representation of them
play important roles in improving the performance and the interpretability of fuzzy rule-based systems. This paper
presents a method of designing computational fuzzy sets-based semantics in form of S-shape membership function
generated by the enlarged hedge algebras and represented as fuzzy partition structure to ensure the interpretability of
the fuzzy rule-based classifiers. Experimental results over 23 real-world datasets have shown that the classifier with the
fuzzy set-based computational semantics in form of S-shape membership function gives better classification accuracy
than the ones previously proposed with triangular and trapezoidal fuzzy sets based semantics as well as shown the
efficiency of the fuzzy partition structure representation which ensures the interpretability of the fuzzy rule-based

classifiers in comparison with the existing ones.
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I. GIOI THIEU

HE phan 16p dua trén ludt md (Fuzzy Rule Based
Classifier —- FRBC) c6 nhiéu ting dung trong linh vuc khai
pha di liéu [1H4] [18422] do md hinh phéan 16p nay cé uu
diém 1a dé hi€u véi nguoi dung va c6 thé st dung céc tri
thiic dang luat if-then dudc trich rut tu dong tu dit liéu nhu
la tri thdc ctaa ho.

Trong [4, [5], Ishibuchi va Yamamoto dé xuit phuong
phép trich rdt hé luat md tdi gian cho FRBC tif cAu triic
phan hoach m& da thé hat dugc thiét k& sin bang cach ap

dung mot s6 ky thuat trong khai pha dit liéu nhu dd tin ciy,
dd ho trg va trong s luat két hop véi thuit toan di truyén
da muc tiéu. Alcala va cac cong su dé xuét trong [1]] mot
s6 phuong phap Iya chon mot don thé hat tot nhét trong s
cac thé hat dugc thiét ké sin ban dau do ho quan niém ring
cAu tric phan hoach m& da thé hat khong gidi nghia dudc.
Sau d6 thuit toan di truyén dugc dp dung dé€ lua chon hé
luat tdi uu ddng thdi véi téi uu cac tham sb ctia cac ham
thudc. Mot gian do tién héa da muc tiéu nhanh va hiéu qua
dugc Antonelli v cic cong su dé xuit trong [2]] c6 tén 1a
PAES-RCS. Pay 1a mot tiép can tién héa da muc tiéu thuc
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hién huén luyén dong thdi co s& luat va co s6 dit liéu cla
FRBC. Trong pha dau, tip ludt md tng cti vién dugc sinh
tif cdc phan hoach m& dugc thiét ké sin bang thuat todn
C4.5. Sau d6, thuit toan tién héa da muc tiéu dudc thuc
hién d€ lya chon mot tap ludt md tir tap ludt dng cl vién
ddng thdi véi Iva chon cac diéu kién ciia luat md ciing nhu
hiéu chinh cic tham s6 ctia ham thudc. Trong [5], Rey va
cdc cong su d& xuit thém mot muc tiéu 1a tinh thich hop
cua luit (rule relevance) bén canh hai muc tiéu la tinh chinh
xac (accuracy) va tinh giai nghia dugc (interpretability) cho
giai thuat tién héa da muc tiéu Iya chon hé luat t6i wu cho
hé dua trén luat mo. Trong [18], Rudzinski dé xuit thuat
toan tién héa da muc tiéu thiét k& hé phan 16p dua trén
luat md huéng tinh giai nghia dudc. Trong qud trinh huén
luyén, cdc tham s6 ctia cic ham thudc va ciu tric ctia co
s& luat dugc tién héa dong thdi. Cac do do vé sb tip mo
hoat dong va s6 bién diu vao hoat dong (tic dudc st dung
béi it nhat mot luat) ciing véi do dai trung binh cla luat
dudgc stt dung d€ ddnh gi4 tinh gidi nghia dugc clia hé phan
16p. Mot md rong clia gidi thuat Chi ndi tiéng thiét ké hé
phén 16p dya trén ludt md phan tan cho phén 16p dir li€u
16n bang cach ap dung khung lam viéc dit liéu 16n phd bién
Apache Hadoop, dudc dé xut bsi Elkanoa va cic cong su
trong [[19]. Trong [20] va [21]] cac tac gia dé xuét xdy dung
cic hé phan 16p dua trén luat mo dic thu dp dung trong
céc linh vuc y t& va danh gid rii ro tin dung. M6t phuong
phép thiét ké FRBC st dung gii thuat tién héa lugng tir da
dan s6 (Multi-population quantum evolutionary algorithm)
v6i su tdi tao lai ludt mau thuin dugc Zhang va cic cong
su dé xuét trong [22].

Nhu da dugc trinh bay & trén, cac phuong phap thiét ké
FRBC trén co s 1y thuyét tap mo [1-4] [18-22]] trich rit
céc luat md tr cac phan hoach md dugc thiét ké sin trén
mién gia tri cda cdc thudc tinh s dung cic tip mdS. Dé
nang cao hiéu qua phan 16p, gia tri ctia cac tham sd ham
thudc dugc hiéu chinh thich nghi bang giai thuat t6i uu. Do
khong c6 co s hinh thifc két ndi giita ngit nghia clia céc
ti ngdn ngl véi cac tdp md nén ngl nghia tinh todn dya
trén tdp mo khong phan anh diung ngit nghia thuc cla cac
ngdn ngif sau qua trinh t6i vu va 1am dnh hudng dén tinh
giai nghia dugc ctia hé ludt phéan 16p.

Dai s6 gia tit (DSGT) [6H8] da c6 nhiing ting dung hiéu
qua trong khai pha dit liéu [9-12], diéu khién ms [13]], xi
ly anh [[14], lap lich [13], ... PSGT khai thic tinh thi ty vé
ngit nghia clia c4c tlf trong mién gid tri ngdn ngi clia bién
ngdn ngit d€ hinh thanh modt co sé hinh thic todn hoc cho
viéc lién két ngit nghia tinh todn dua trén tip mo v6i ngi
nghia vbn c6 cda cic tir ngoén ngii. Trén co sé d6, DSGT
da dudc dng dung hiéu qua dé thiét ké t6i uu cic tir ngon
ngli cing v6i ngt nghia tinh toan dva trén tdp md hinh tam
giac [9] va hinh thang [10] cho cac FRBC. Ngit nghia tinh
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todn dua trén tdp md hinh thang c6 wu diém so vé6i hinh
tam gidc 13 biéu dién dugc 16i ngit nghia khoang ciia céc
tl ngdn ngid. Tuy nhién, ca hai dang tip md nay déu c6 céc
canh dudc bi€u dién bdi ciac ham tuyén tinh c6 do dbc 16n
nén chua that mém déo va gdy mét mat thong tin 16n. Mot
phuong phap thiét ké ngit nghia tinh todn dua trén tip mo
dang ham § va dugc sinh béi PSGT md rong [10] cho cac
FRBC dudc trinh bay trong bai bao nay. Do ham S 1a ham
phi tuyén nén phu hop véi su bién thién vé ngit nghia von
c6 clia cic tif ngdn ngli trong khi van biéu dién dudc 16i
ngl nghia khoang cta céc tit ngbén ngi.

Mit khac, d€ ddm bdo tinh gidi nghia dudc cia hé dua
trén luat md dudc thiét ké theo tiép can DSGT, trong [11]
cdc tac gia da dua ra bdn rang budc trén ngit nghia tinh
toan ciia cac tif ngdn ngit. Cac phuong phap thiét ké ngit
nghia tinh todn dua trén tdp md cho FRBC ciia cic cong bd
trong [9, [10] déu chua thoéa tit ci bdn rang budc nay. Cu
thé, mot tif ngdn ngi ~x dugc sinh ra tif tf ngdn ngi x bdi
gia td i c6 ngli nghia cu thé hon x nhung vin gilt nguyén
ngit nghia gbc ctia x. Vi du, tif ngdn ngit “rdt tré” dudc
sinh ra tif tif ngdn ngi “tré” bdi gia tif rdt c6 ngit nghia
cu thé hon “tré” nhung van giit dudc ngit nghia gbc clia
“tré”. Do d6, dé théa rang buodc thif ba trong [L1]], trong
biéu dién ciu tric phan hoach md st dung céc tip md thi
do hd trg clia tip md tng Vi tif ngdn ngd hx phai nim
tron trong dd hd tr¢ clia tip md Gng v6i tif ngdn ngi x.
Tuy nhién, céc thiét ké phan hoach md trong [9} [10] khong
thda tinh chit nay. Bai bdo niy trinh bay mot phuong phap
biéu dién ciu tric phan hoach md st dung cdc tap md c6
dang ham S théa tit ca boén rang budc trong [11]], tic dam
bdo tinh giai nghia dugc cia hé phan 16p dya trén ludt mg.

Phan con lai cta bai bdo dudc bd cuc nhu sau: muc 2
trinh bay tom tat DPSGT md rong va hé phan 16p dua trén
luat mo véi ngti nghia dya trén tdp md dang ham S; muc
3 trinh bay két qua thuc nghiém va thdo luin; mot sd két
luan ridt ra trong muc 4.

II. NOI DUNG NGHIEN CUU
1. Mot s6 khai niém c¢ ban vé dai sb gia tir mé rong

DSGT md rong [10] dudc xdy dung bang viéc bd sung
mot gia tif nhan tao 4y nhim md hinh héa 16i ngit nghia
clia cac tit ngdbn ngd.

Mot ciu tric AX" = (Xep, G, C, H,,, <) dugc goi 1a
DSGT mé rong (DSGTMR) ctia DSGT tuyén tinh va sinh
tu do AX néu thda céc tién dé bd sung sau:

(A1) hox ¢ H(G) = {oc |c € G} va hhox = hox ludn 1a diém

bat dong.

(A2) hpx 2x = hgx <...< h_1x < hox < hyx £...< hpx
hpx <x = hpx <...< x < hox < h_jx <...< hgx.

Mot ham fm: X, — [0, 1] dugc goi 1a d6 do tinh mo
ctia PSGTMR AX*®" néu n6 thda céc tinh chét sau:



(F: fm(0) + fm(c™) + fm(W) + fm(c*) + fm(1) = 1;
(F2): Y fm(hx) = fm(x) v6i Vx € H(G);

heH,,
(F3): Vx,y € H(G),Vh € H, ty 1& fm(hx)/fm(hy) =
fm(x)/fm(y) khong phu thuoc vao bit ky tif ngon ngit
nao trong X,., dudc goi la do do tinh md cua gia tG & va
dugc ky hiéu 1a u(h).
Do do tinh mo cia mot tir ngdén nglt cia PSGTMR X,,,
thda cdc tinh chit sau:

D Y fmGx) =1,k >0 Véik=1thi fm(0)+
xeX(k
ey + frm(W) + fm(c) + fm(1) = 1;
2 X u=1
heH,,
3) fm(hx) = u(h)fm(x), v6i Yh € H,.,, Vx €

H({c™,c*}) va hx # x;

@) fm(x) = u(hy)...u(hy) fm(c), trong dé x = hy,...hjc,
c € {¢7,c*}, la biéu dién chinh tic clia x € X,,.

Cho d6 do tinh m& fm : X., — [0, 1] cia m6t DPSGTMR
AX" clia bién mot ngit X va mdi tif x € X,, dugc lién
két v6i mot khoang J(x) € [0, 1]. Cic khodng nay dugc
goi 12 cdc khoang tinh m& tng v6i céc tif clia X néu thoa
céc diéu kién sau:

(FID): |3 (x)| = fm(x) v6i Vx € X va |I(x)| bi€u thi do
dai ctia khoang J(x);

(F12): Tap {J(hx)|x € X.,,} tao thanh mot phan hoach ctua
J(x) va cé thi tu tuong dong véi thi tu clia cac tif ngdn
ngit lién két v6i chiing.

Khoang tinh md mic k cia x dugc ky hiéu 1a I (x).
Quy udc riang cac khoang tinh ma 1a mé phai va déng trai,
khoang tinh md ciia hing ti 1 13 dong ca hai phia.

Anh xa ngit nghia dinh lugng khoang f(x) ciia tit ngon
ngt x duge xac dinh 1a ham f(x) = J(hox),x € X, va
khang dinh nay da dugc ching minh trong [10].

2. Thiét ké FRBC véi ngit nghia tinh toan dua trén
tap mo dang ham S

Bai toan thiét k& hé phan 16p dua trén luit mo P dudc
dinh nghia nhu sau: Mot tap P = {(d,,, Cp)|d, € D, Cp, €
C,p=1,...,m} gom m miu di liéu, trong d6 d, =
ldp1,dpa,....dpn] 1a dong thi p', C = {C|s =1, ...,
M} 1a tip gdm M nhan 16p, n 1a sb thudc tinh.

Hé co s6 ludt cho bai todn phéan 16p dugc st dung trong
bai bdo nay la tap lut c6 trong s6 dudi dang:

Luat R, : If X; is A, 1 and ... and X, is A, ,

thenC, with CF,, forq=1,..., N (1)

trong d6 xy = {X;,j = 1,...,n} 1a tdp n bién ngdn ngit
ung v6i n thudc tinh cua tap dit liéu P; A, ; la cac gia tri
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ngén ngit cia thudc tinh thi j, F;; C, 1a nhan 16p va CF,
1a trong s6 cta luat R,. Luat R, dugc viét gon lai nhu sau:

A, = C, with CFy, v6ig=1,...,N 2)
trong d6 A, 1a tién dé cia luat thi g.

Giai bai toan P 1a trich xuat tir tap dit liéu P mot tap
luit S c6 dang (1) nhd gon, dé hiéu véi ngudi diung va cé
do chinh xdc phan 16p cao. Phuong phép thiét ké hé phan
16p dua trén luat mS theo tiép can DSGT gdm hai budc
(xem Hinh [T)):

1) Thiét ké t6i uu cdc tif ngdn ngii cling véi ngit nghia
tinh toan dya trén tdp mdJ cia ching st dung gii thuat
tdi uu. Sau budc nay ta thu dudc bo tham sb ngit nghia
t6i uu.

Trich xuit ti tdp di liéu huin luyén tap luat t6i wu
cho hé phan 16p trén co s6 thda hiép gitta tinh dé hiéu
va do chinh xac cua hé phan 16p st dung giai thuét

2)

t6i uu.
N ]?()C gid tri 101 uu cua
cac tham so ngir nghia
DPoc dir liéu Sinh tap ludt khoi dau
8 tir dir liéu bang thu
l tuc IFRG

Téi wu cac tham sb
ngilt nghia voi qua
trinh sinh luat sir
dung thu tuc IFRG

Toi wu tap luét khoi
dau S str dung thuat
toan tdi uu
Xuét hé luat t5i wu S
cho FRBC

Giai doan 2: tbi vu hé luét

A 4

Xuét gi tri cac tham
s0 ngir nghia toi vu

Giai doan 1: t8i wu céc
tham so ngilt nghia

Hinh 1. Phuong phdp hai budc thiét ké FRBC

DSGTMR la cung cip mot co sé hinh thic cho phép
ngli nghia dinh tinh x4c dinh gia tri ngti nghia dinh lugng
khoang cuia cac tir ngdbn ngit, va trén c¢d sd do ngit nghia
dua trén tip mo c6 16i 1a mot khoang cuia ching dudc xay
dung. Trong bai bio nly chiing tdi sit dung DPSGTMR dé
sinh ngt nghia dya trén tdp md c6 dang ham S c6 16i 1a
mdt khoang cho hé phan 16p dua trén luit mg.

Méi BPSGT AX j" dugc lién két v6i mot thude tinh thi j
cua tap du liéu cam sinh cdc tu ngbn nglt X;, (x;) c6 do dai
16n nhit k; theo thd tu ngit nghia cta ching. Vi ngit nghia
dinh lugng khoang f(x; ;) = J(hox; ;) € I(x;;) biéu thi
16i ngit nghia cua t ngdn ngit x;; nén dugc ding dé bi€u
dién dinh cta tap md dang ham S Gng véi it x; ;. Céc gid
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tri trong khoang dinh cua tdp md phu hgp véi ngt nghia
dinh tinh cla tif nhit nén c6 gid tri 1a 1.

Ky kiéu £(*) va R(*) 1an luct 1a diém muit trai va mit
phdi cia mot khoang bat ky. Gid st diat a = R(f(x;,i-1)),
c=L(f(xj:), d=R(f(x;.:), g = L(f(x},+1)), khi d6
b=a+(c—a)/d,e=d+(g—e)/4 viv 1a mot diém dit
liu. Ta c6 ham biéu dién d6 thudc ctia v vao nlia trai clia
ham S, S;.r; nhu sau:

0, 0<v<a
(v-a)?
S, . =1 Taca <v<b
left = (v=c) <
T e bsvsc
1, v>c

va ham biéu dién do thudc clia v vao nita phii ctia ham S,
Srigh: nhu sau:

1, 0<v<d
(v=d)?
Sy =1 | @og dsvse
right = (v—g)2 < <
e=d)(g-d)’ esv=§g
0, v>g

Tap m& dang ham S dugc biéu dién nhu Hinh

Trong bai bao nay, tip md dang ham S dudc si dung
d€ phan hoach mién gia tri thudc tinh ctia tip dit liéu dudi
dang céu tric da thé hat dugc dé xuét trong [10], dudc goi
12 phan hoach k; va dudi dang ciu tric da thé hat dugc dé
xudt trong [L1]] v6i mic k = 1 dugc tich thanh hai mic O
va 1, dudc goi la phan hoach ko.

Hinh 2. Biéu dién tip md dang ham S

Trong céu triic phan hoach k; mdi thé hat dugc phan
hoach bdi cac tip ma tng véi cac tif ngdn ngit c6 do dai
bing nhau va hai phan tit 0 va 1, va theo thi tu ngit nghia
clia cdc tif ngdn ngi tuong ting. CAu tric phan hoach kg
khéc véi k; 12 miic k = 1 gébm cdc tif ngdn ngit c6 do dai
bing 1 dudc tach thanh hai thé hat: thé hat thi nhit (mic
k = 0) gdbm cdc hiang tit 0p, W va 1y, va thé hat thi hai
(mic k = 1) gdm 4 tit ngdn ngit 01, ¢~, ¢t va 1;. V6i cich
thiét ké nay, do hd trg clia tip mo tGng v6i tif ngdn ngit
x hoan toan chia dd hé trg clia tf ngdn ngit sx va trong
[11] da chung minh phan hoach ky dam bao tinh giai nghia
dugc cia hé dua trén luat mo.

V6i céc tit ngdn ngit khong phai 1a cac hing ti 0 va 1,
gia tri clia a 1a gia tri ddu mit phéi ctia gid tri dinh lugng
khoang clia tif gan nhét bén trai c6 cung do dai va gia tri
g 12 dAu miit trai cda gia tri dinh lugng khoang ctia tif gan
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nhét bén phai c6 cung do dai. Vi du, Hinh [3| biéu dién ciu
triic phan hoach k; va Hinh[4]biéu dién c4u tric phan hoach
ko, st dung cdc tdp md dang ham S vé6i do dai t6i da cla
cdc tir ngdén ngit k; = 2. Trong d6, tdp md ung véi tif Le*
¢6 miit trdi a = R(f(Lc™)) va mit phii g = L(f(Vch)),
tuong tu véi cac tdp md khac.

V6i gia tri cu thé clia cdc tham sb nglt nghia bao gdm
fm(e). fm(W)), fm(0)). fm(1,), u(hy ). pu(hyo) Ta 4
do tinh m§ tuong tng cia ;s W;, 0;, 1;, hj;, hjo va
vOi gid tri cu th€ cia k;, cac khoang tinh m& Iy (x;;),
Xji € Xjr,k < kj va cdc ngit nghia dinh lugng khoang
f(x;.i) dugc tinh todn. Cic khodng tinh mo Ty, (x; ;) tao
thanh phin hoach mic k; trén mién gia tri ctia thudc tinh ;.
C6 duy nhit mot khoang tinh mo trong sd cdc khoang tinh
md Iy, (x;,;) chia diém dit liéu d), ; cha miu dit liéu d,,.
Tét ca céc khoéng tinh md miic k; chia d,, ; (0 < j < n)
tao thanh mot siéu hop H,, va chi sinh cac luat mo tir cac
siéu hop loai nay. Ludt mo cd sd c6 do dai n dudc sinh tu
‘H), véi nhan 16p C,, ctia mau di liéu d,, c6 dang sau:

if X] is X1,i(1) and ... and Xn is Xn,i(n) then Cp (Rb)

Cac luat md thi cip c6 do dai L < n thu dugc bang cach
bd bét n — L thudc tinh cé dang sau:

if Xj] is Xj1,i(j1) and...and th is xjt’,-(j,)then Cq (Rsnd)

trong d6 1 < j; < ... < j; < n. Nhan 16p C, cuta ludt R,
dudc xdc dinh bdi do tin cdy c(A, = Cy) [3| 4] cia R,:

Cy=argmax(c(Ag = Cp) | h=1,...,M) 3)

Do tin cdy cha luidt mo dudc tinh nhu sau:

CAg=C = Y @) s, (dy) @
p=1

dpeCy,

trong d6 pa, (dp) la do dbt chdy ciia miu dit liéu d,, doi
véi tién dé luft cia R, va thudng dudc tinh bing biéu thiic
toan ti nhan theo cong thiic sau:

Ha, (dp) = l_[:“q,j (dp.j) - o)
j=1

VOi pg,j(dp,;) 1a do thudc clia di€m di lidu d,, ; vao tap
mo Aq,j.

Tap luat ung vién thu dugc sau khi sang loc cac ludt
khong nhét quan bang d6 hé trg. Tiép theo, mot tiéu chudn
saing dudc st dung d€ chon ra tip ludt khéi diu Sy gom
NRy = NBy x M luat v6i M 1a sb nhan 16p va NBy 1a s6
luat danh cho mdi 16p. Tiéu chuin sang dugc chon cé thé
1a dd tin cay c¢ (cong thic ), do hd trg s hoic tich ¢ X s.
D6 hd trg dudc tinh theo cong thife sau [3]:
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Hinh 4. Céu tric phan hoach k¢ véi tip m& dang ham S va k j=2

SAg=C)= D pa,(dp)/m. ©)

d,eCy,

Mbi luat duge gan mot trong s6 dé niang cao do chinh
x4c phan 16p. Trong bai bdo ndy, trong s6 luit dudc tinh
theo cong thic [3|:

CFq =cC (Aq = Cq) — Cq.,2nd> (7)

trong d6 ¢,,2nq 12 dO tin cly 16n nhit cta cic luat c6 cung
tién dé A, nhung khac két luén C,:

cg2nd =max(c(Ag = Class h) | h=1,....,M; h#Cq) (8)

Qua trinh sinh luat trén 1 thii tuc sinh tap luat khéi du
IFRG(I1, P, NRy, L) [9], trong d6 IT la tap gid tri cda cac
tham s6 ngit nghia va L 1a s6 tién dé t6i da ctia mdi luat.
Thii tuc ndy dudc tryc quan héa nhu duge thé hién trong
Hinh [5| Do phiic tap cta thd tuc sinh tap luat khdi dau
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IFRG 1a da thic dbi v6i s6 mau va sb thuodc tinh cda tap
di liéu D va da dugc chiing minh trong [9].

MBbi loai dit liéu c6 su phan b dit liéu khac nhau cin
bd tham sb ngit nghia phit hop d€ nang cao hiéu suit phin
16p. Do d6, mot thuit toan t6i uu duge dp dung dé tim bd
tham s6 ngif nghia t6i vu va chiing dugc st dung dé sinh
tap luat khdi dau 1am du vao cho thd tuc lya chon tap luat
nhé gon va dé hiéu cho hé phan 16p trén cd s théa hiép
gitta d6 chinh xac va dd phuc tap cta hé phan 16p.

IIl. KET QUA THUC NGHIEM VA THAO LUAN

Muc nay trinh bay cdc két qui thuc nghiém ctia cic hé
phan 16p dua trén luat md st dung cAu tric phan hoach kg
va k; v6i ngtt nghia tinh todn dya trén tdp md cé dang ham
S cla céc ti ngdn ngilt va so sanh danh gia véi cac hé phan
16p khac d€ minh ching tinh hiéu qua ctia cc hé phan 16p
dugc dé xuét.
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Bit dau

Sinh céc khoang tinh mo muc &;,
anh xa ngit nghia dinh lugng
khoang va cac tdp mo tur gia tri
clia cac tham sé ngit nghia cho
tht ca cac thudc tinh

Sinh cac luat co s¢ do dai n tir
céc khodng tinh m¢ mirc £; chira
dir ligu

!

Tinh d6 tin cdy va do hd tro ctia
luat va sinh céc luat thar cap do
dai L tir cac luét co so do dai n

v

Sang luft véi mot tiéu chuén
sang cu the dé thu duoc tap luat
khoi dau Sy

:

Tinh trong s cho cac luat trong
tap luat khoi dau S

Két thac

Hinh 5. Luu dd thd tuc sinh tip luit khéi dau

1. Cai dat thuc nghiém

Cic thyc nghiém dugc dudc cai dit bang ngdn
ngli C# chay trén Windows 7. Cac tdp du liéu thuc
nghiém dugc ldy t ngudn KEEL-Dataset tai dia chi
http://sci2s.ugr.es/keel/datasets.php. Phucng phdp kiém tra
chéo 10 nhém dugc dp dung d€ huin luyén va kiém tra.
Dé dam béo su khac biét cta cic két qua thuc nghiém cla
cdc hé phan 16p dugc so sanh la cé y nghia, phuong phap
kiém dinh gia thuyét théng k& Wilcoxon [16] dudc st dung
d€ kiém tra gia thuyét Hy (null hypothesis) c6 do tin ciy
1a 90% (a = 0,1) véi gia dinh ring cic két qua ctia cdc
phuong phap dudc so sanh la tuong duong nhau.

Nham gidm khong gian tim kiém trong qua trinh huin
luyén, cic rang budc vé gia tri clia cac tham sb ngit nghia
dugc 4p dung nhu sau: sd gia tif am va sb gia td duong
la 1, gia t& am la “Less” (L) va gia t& duong la “Very”
W)y 1<k <302 < {fm (¢5) . £ (5 } < 0,7;
0,00001 <{fm(0,), fim(1;)} < 0,01; 0,0001 < fm(W;) <
0,2; fm (0;)+fm (c]‘.)+fm (W;)+fm (c;)+fm (1;,)=1;
0,2 < {u(Lj),u(Vj)} <0,7;0,01 < u(ho ;) <0,5; and
p(Lj) + pu (Vi) + p(ho,j) = 1.
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Thuét todn t&i uu bay dan da muc tiéu (PSO) [17] dugc
st dung cho cic bai toan tdi uu. Trong tdi uu cic tham sb
ngil nghia: s6 thé hé 1a 250; s6 c4 thé mbi thé hé 1a 600;
hé s Inertia 1a 0.4; hé sb nhan thic cd nhan 13 0,2; hé
s6 nhan thic xa hoi 1a 0,2; sb luat khdi tao bang sd thudc
tinh; do dai tdi da ctia luat 1a 1. Trong ti wu hé luat: s6 thé
hé 1a 1500; s6 luat khdi tao 1a ISgl = 300 x sd 16p; do dai
tdi da ctia luat 1a 3. Phuong phap lap luin phéan 16p dudc
stt dung trong tt ci cdc thuc nghiém la single winner rule
[3 4], tiéu chudn sang ludt 1a ¢ X s va trong s6 luat dudc
tinh todn theo cong (7).

2. Két qua thuc nghiém

Ky hi€u hé phan 16p v6i ngit nghia tinh toan duya trén tap
md dang ham § v6i phan hoach kg [[11] va phan hoach k;
[10] tuong ung la FRBC_S_kO0 va FRBC_S, hé phan 16p
vd6i ngli nghia tinh todn dua trén tdp md hinh thang véi phan
hoach ko va phan hoach k; tuong tng la FRBC_TRA_kO
va FRBC_TRA, hé phan 16p v6i ngit nghia tinh toan dua
trén tAp mo tam gidc trong [9] 1a FRBC_TRI. Bang [I| thé
hién céc két quéa thuc nghiém va so sanh giita cic hé phan
16p néu trén, trong d6 chit dam thé hién két qua tot hon
so v4i cac hé phan 16p con lai. Ky hiéu #RxC la do phic
tap clia hé phan 16p (tich ctia s6 luat trung binh va sb diéu
kién trung binh cla céc luat), P, la do chinh xac phan 16p
trung binh trén tap ki€m tra.

Cic két qua thuc nghiém trong Bang [I| cho thiy, hé phan
16p FRBC_S_KkO0 c6 do chinh xéc phan 16p trén tap kiém tra
cao hon so véi cac hé phan 16p FRBC_S, FRBC_TRA_kO,
FRBC_TRA va FRBC_TRI tuong dng dbi véi 15, 18, 17
va 20 trong sd 23 tap dit liéu dudc thuc nghiém. So sinh
dya trén d6 chinh xac phan 16p trung binh cta 23 tap di liéu
dugc thuc nghi€m, hé phan 16p FRBC_S_KkO0 c6 d6 chinh
xédc phan 16p trung binh 1a 83,04%, cao nhit so véi cic hé
phéan 16p con lai. So sanh dya trén d6 phic tap cia hé phan
16p, cac hé phan 16p khong c6 su chénh léch nhiéu. Ngoai
ra, hé phan 16p FRBC_S c6 dd chinh xic phan I6p trung
binh 1a 82,79%, cao hon so véi hé phan 16p FRBC_TRA va
FRBC_TRI lan lugt c6 do chinh xdc phan 16p trung binh
1a 82,67% va 81,92%. Cac két qua kiém dinh gia thuyét
théng ké Wilcoxon [16] véi do tin cdy 90% (@ = 0, 1) st
dung dit liéu trong Bang [I| véi gid thiét do chinh x4c phan
16p va do phtc tap tuong ting cta hai hé phan 16p la tuong
duong nhau (Gia thuyét Hy) dugc thé hién trong Béang [l va
Bang Cic gia tri Exact p-value trong Bang [l| déu nhd
hon @ = 0,1 cho biét ring gia thuyét tuong duong Hy vé
d6 chinh xac phan 16p gitta cac hé phan 16p dudc so sanh
bi bac bd. Diéu nay c6 nghia 1a hé phan 16p FRBC_S_k0
c6 do chinh xac phan 16p cao hon so véi cac hé phan 16p
FRBC_S, FRBC_TRA _Kk0, FRBC_TRA va FRBC_TRI;
hé phan 16p FRBC_S c6 d¢ chinh xac phén 16p cao hon so
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Béang 1
KET QUA THUC NGHIEM CUA CAC HE PHAN LGP FRBC_S_KgO, FRBC_S, FRBC_TRA_KO0, FRBC_TRA vA FRBC_TRI
STT | Tap dit lie FRBC_S_k0 FRBC_S FRBC_TRA_KkO FRBC_TRA FRBC_TRI
ap du lieu #RXC Pre | #RXC Pre #RXC Pre | #RXC Pre #RXC Pre
1 Appendicitis 23,30 88,73 17,35 88,48 19,90 88,64 16,77 88,15 21,32 87,55
2 | Australian 46,23 87,54 35,93 87,25 46,16 87,49 46,50 87,15 36,20 86,38
3 | Bands 59,40 73,00 55,80 73,40 61,80 72,95 58,20 73,46 52,20 72,80
4 | Bupa 177,72 72,03 221,65 72,19 186,05 71,97 181,19 72,38 187,20 68,09
5 | Cleveland 509,54 61,73 433,16 61,86 703,17 61,14 468,13 62,39 657,43 62,19
6 | Dermatology 240,11 96,26 254,98 94,50 216,50 96,17 182,84 94,40 198,05 96,07
7 | Glass 467,18 72,97 364,08 72,30 400,20 72,32 474,29 72,24 343,60 72,09
8 | Haberman 12,00 77,42 16,00 77,43 12,00 77,41 10,80 77,40 10,20 75,76
9 | Hayes-roth 117,14 85,21 136,65 84,36 128,44 84,58 | 114,66 84,17 122,27 84,17
10 | Heart 117,24 84,94 95,25 84,69 124,75 85,43 12329 84,57 122,72 84,44
11 Hepatitis 26,10 91,22 36,63 89,99 25,95 91,22 25,53 89,28 26,16 88,44
12 | Ionosphere 98,81 92,32 92,83 91,65 96,91 92,22 88,03 91,56 90,33 90,22
13 | TIris 16,52 98,00 17,76 97,33 21,73 97,78 30,37 97,33 26,29 96,00
14 | Mammogr. 77,87 84,36 76,84 84,25 49,67 84,33 73,84 84,2 92,25 84,20
15 | Newthyroid 44,55 96,59 49,98 95,84 41,50 96,00 39,82 95,67 45,18 94,42
16 | Pima 62,11 76,45 47,55 77.17 57,70 717,09 56,12 77,01 60,89 76,18
17 | Saheart 95,24 71,07 68,13 70,42 89,79 70,71 59,28 70,05 86,75 69,33
18 | Sonar 59,29 77,98 62,32 79,43 53,86 717,95 49,31 78,61 79,76 76,80
19 | Tae 163,80 61,22 176,48 61,44 176,06 61,43 210,70 61,00 261,00 59,47
20 | Vehicle 177,29 68,48 207,91 68,88 163,80 68,41 195,07 68,20 24279 67,62
21 Wdbc 27,88 96,19 35,85 95,90 28,00 96,72 25,04 96,78 37,35 96,96
22 | Wine 36,73 98,87 46,79 98,51 36,37 98,50 40,39 98,49 35,82 98,30
23 | Wisconsin 91,27 97,34 73,66 96,80 79,82 97,05 69,81 96,95 74,36 96,74
Trung binh 119,45 83,04 114,07 82,79 122,61 82,94 114,78 82,67 126,53 81,92
Bang 11

SO SANH PO CHINH XAC GIUA CAC HE PHAN LGP FRBC_S_KO0, FRBC_S, FRBC_TRA_KO(,

FRBC_TRA vA FRBC_TRI BANG PHUONG PHAP KIEM DINH WILCOXON VOI &

0,1

So sanh (@ =0,1) R* R~ Exact P-value Gia thuyet Hy

FRBC_S_k0 vs FRBC_S 196,0 80,0 0,0802 Bi bac bd

FRBC_S_k0 vs FRBC_TRA_k0 188,0 65,0 0,04616 Bi bac bd

FRBC_S_k0 vs FRBC_TRA 208,0 68,0 0,03266 Bi bac bd

FRBC_S vs FRBC_TRA 188,5 64,5 0,04433 Bi bac bd

FRBC_S vs FRBC_TRI 240,0 36,0 0,0011184 Bi bac bd

Bang III

SO SANH PO PHUC TAP GIUA CAC HE PHAN LOP FRBC_S_K0, FRBC_S, FRBC_TRA_KO0,
FRBC_TRA vA FRBC_TRI BANG PHUONG PHAP KIEM PINH WILCOXON VOl = O,1.

So sanh (@ = 0,1) R* R Exact P-value | Gia thuyét Hy

FRBC_S_kO0 vs FRBC_S 133,0 1430 > 0,2 Khong bi bac bo

FRBC_S_kO0 vs FRBC_TRA_kO0 126,0 150,0 > 0,2 Khong bi bac bo

FRBC_S_kO0 vs FRBC_TRA 99,0 177,0 > 0,2 Khong bi bac bo

FRBC_S vs FRBC_TRA 115,0 161,0 > 0,2 Khong bi bac bo

FRBC_S vs FRBC_TRI 161,0 115,0 > 0,2 Khong bi bac bo

v6i hai hé phan 16p st dung cling cdu tric phan hoach k;
la FRBC_TRA va FRBC_TRI. Céc gia tri Exact p-value
trong Béng [[I] déu 16n hon « = 0,1 nén gia thuyét tuong
duong Hy vé do phiic tap ctia cic hé phan 16p khong bi
bac bd. Do d6, ta c6 thé khang dinh ring, véi cing mot
céach biéu dién phan hoach md thi cic hé phan I6p dua trén
ludt mg véi nglt nghia tinh toan dya trén tdp md cla cac
ti ngdn ngt ¢6 dang ham § dugc sinh bdi DPSGT mé rong
cho d¢ chinh xac phéan 16p cao hon so véi dang hinh tam
gidc va hinh thang do ham S biéu dién sy bién thién vé
ngil nghia tot hon. Ngoai ra, ciu tric phan hoach k¢ cho
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hiéu suit phan 16p t6t hon cu tric phan hoach k; ddng
thdi ddm bao tinh giai nghia dugc clia hé phéan 16p nhu da
dudc chiing minh trong [[11]].

Nham thé hién tinh hiéu qua ctia hé phan 16p v6i ngit
nghia tinh toan dua trén tdp md dang ham S dugc sinh béi
DSGT mé rong dugc dé xuit so véi tiép can ly thuyét tap
md, cic két qua thuc nghiém cda hé phan 16p FRBC_S
dugc so sanh véi cac két qua cla hai hé phan 16p PAES-
RCS va FURIA [2]. Két qui so sanh trong Bang cho
thiy, hé¢ phan 16p FRBC_S cho do chinh xédc phan 16p trén
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Bang IV
KET QUA THUC NGHIEM CUA HE PHAN LGP FRBC_S, PAES-RCS vA FURIA

FRBC_S PAES-RCS

FURIA

STT | Tap dir liéu IRRC Prs IRXC 2% #Pse #RxC IRRC Prs #Pse #RxC
1 Appendicitis 17,35 88,48 35,28 85,09 3,39 -17,93 19,00 85,18 3,30 -1,65
2 | Australian 35,93 87,25 329,64 85,80 1,45 -293,71 89,60 85,22 2,03 -53,67
3 | Bands 55,80 73,40 756,00 67,56 5,84 -700,20 535,15 64,65 8,75 -479,35
4 | Bupa 221,65 72,19 256,20 68,67 3,52 -34,55 324,12 69,02 3,17 -102,47
5 | Cleveland 433,16 61,86 1140,00 59,06 2,80 -706,84 134,67 56,20 5,66 298,49
6 | Dermatology 254,98 94,50 389,40 95,43 -0,93 -134,42 303,88 95,24 -0,74 -48,90
7 | Glass 364,08 72,30 487,90 72,13 0,17 -123,82 474,81 72,41 -0,11 -110,73
8 | Haberman 16,00 77,43 202,41 72,65 4,78 -186,41 22,04 75,44 1,99 -6,04
9 | Hayes-roth 136,65 84,36 120,00 84,03 0,33 16,65 188,10 83,13 1,23 -51,45

10 | Heart 95,25 84,69 300,30 83,21 1,48 -205,05 193,64 80,00 4,69 -98,39
11 Hepatitis 36,63 89,99 300,30 83,21 6,78 -263,67 52,38 84,52 5,47 -15,75
12 | Ionosphere 92,83 91,65 670,63 90,40 1,25 -577,80 372,68 91,75 -0,10 -279,85
13 | TIris 17,76 97,33 69,84 95,33 2,00 -52,08 31,95 94,66 2,67 -14,19
14 | Mammogr. 76,84 84,25 132,54 83,37 0,88 -55,70 16,83 83,89 0,36 60,01
15 | Newthyroid 49,98 95,84 97,75 95,35 0,49 -47,77 100,82 96,30 -0,46 -50,84
16 | Pima 47,55 77.17 270,64 74,66 2,51 -223,09 127,50 74,62 2,55 -79,95
17 | Saheart 68,13 70,42 525,21 70,92 -0,50 -457,08 50,88 69,69 0,73 17,25
18 | Sonar 62,32 79,43 524,60 717,00 2,43 -462,28 309,96 82,14 -2,71 -247,64
19 | Tae 176,48 61,44 323,14 60,81 0,63 -146,66 43,00 43,08 18,36 133,48
20 | Vehicle 207,91 68,88 555,77 64,89 3,99 -347,86 2125,97 71,52 -2,64 -1918,06
21 Wdbc 35,85 95,90 183,70 95,14 0,76 -147,85 356,12 96,31 -0,41 -320,27
22 | Wine 46,79 98,51 170,94 93,98 4,53 -124,15 80,00 96,60 1,91 -33,21
23 | Wisconsin 73,66 96,80 328,02 96,46 0,34 -254,36 521,10 96,35 0,45 -447.44
Trung binh 114,07 | 8279 | 35523 | 80,66 281,49 | 80,34
Bang V
SO SANH PO CHINH XAC CUA HE PHAN LOP FRBC_S so v61 PAES-RCS
vA FURIA BANG PHUONG PHAP KIEM DINH WILCOXON VOI & = 0,1

So sanh (@ = 0,1) R R Exact P-value | Gia thuyet Hy

FRBC_S vs PAES-RCS 275,0 1,0 2,622E-5 Bi bac bo

FRBC_S vs FURIA 227,0 49,0 0,005414 Bi bac bd

Bang VI
SO SANH PO PHUC TAP CUA HE PHAN LGP FRBC_S so vG1 PAES-RCS
vA FURIA BANG PHUONG PHAP KIEM DINH WILCOXON VOI & = 0,1

So sanh (@ = 0,1) R R Exact P-value | Gia thuyet Hy

FRBC_S vs PAES-RCS 275,0 1,0 4,768E-7 Bi bac bo

FRBC_S vs FURIA 225,0 51,0 0,00671 Bi bac bd

tap kiém tra cao hon hé phan 16p PAES-RCS va FURIA
1an lugt 1a 21 va 15 trén 23 tap dif liéu dugc thi nghiém.
Xét trén gia tri trung binh ctia d0 chinh xdc phan 16p, hé
phan 16p FRBC_S c6 gia tri trung binh la 82,79%, cao
hon 14n luot 1a 2,13% va 2,45% so véi hé phén 16p PAES-
RCS va FURIA c6 gid tri trung binh 1an lugt 1a 80,66%
va 80,34%. Phan tich trén do phtc tap cia hé phan 16p, hé
phan 16p FRBC_S c6 do phiic tap phan 16p thip hon rat
nhiéu so véi hai hé phan 16p con lai, tuong dng 1a 114,07
so véi 355,23 va 281,49.

Cic két qua kiém dinh gia thuyét théng ké Wilcoxon véi
do tin cay 90% (a =0, 1) stt dung dir liéu trong Bang
dbi v6i do chinh xdc phan 16p va do phiic tap ctia hé phan
16p dugc thé hién tuong tng trong Bang E] va Béang
Ta thdy rang, cic gia tri gid tri Exact p-value d&u nhd hon

@ = 0,1 nén gia thuyét tuong duong vé d6 chinh xdc phan
16p va do phtc tap cia hé phan 16p cia FRBC_S tuong
ting so vdi hai hé phan 16p dugc dbi sanh PAES-RCS va
FURIA bi bic bd. Do d6, ta cé thé khing dinh ring hé
phan 16p FRBC_S t6t hon hai hé phan 16p con lai trén ca
hai ti€u chi do chinh xac phin 16p va do phic tap cda hé
phan 16p. Do hé phan 16p FRBC_S_KO sit dung ciu triic
phan hoach ko t6t hon so véi hé phan 16p FRBC_S st dung
phin hoach ki nhu da dugc so sanh & trén nén ta c6 thé
két luan ring hé phan 16p FRBC_S_kO t6t hon hai hé phan
16p PAES-RCS va FURIA.

IV. KET LUAN

Ngit nghia dinh tinh cda cdc tit ngdén ngl trong cd sb
luat ctia hé phan 16p dua trén luat mo khong ding d€ tinh

16



todn dugc. Do do, viéc biéu dién ngilt nghia tinh toan phu
hgp véi ngit nghia dinh tinh cia céc tif ngdn ngt dong vai
trd quan trong. Bai bdo nay trinh bay phuong phap biéu
dién ngit nghia tinh todn dya trén tip m& dang ham S dugc
sinh ra bdi PSGTMR cho céc tit ngdn ngit dugc st dung
dé€ biéu dién céu tric phan hoach da thé hat dang ko va
k;. Cac két qua thuc nghiém va kiém dinh gia thuyét théng
ké Wilcoxon cho thdy tinh hiéu qui clia cic phuong phap
dugc dé xuit khi 4p dung cho hé phan 16p dua trén luat

ma.
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