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The fuzzy rule-based classifier design methods have been widely
studied by the research community due to many practical applications
in the real life. The quality of a classifier clearly depends on the
semantic representations of linguistic words in the rule bases. Hedge
algebra allows to the creation of a formal formalism for designing the
fuzzy sets-based computational semantics of linguistic words from their
inherent semantics. However, the existing design methods of fuzzy
sets-based computational semantics of linguistic words do not
guarantee the interpretability of the fuzzy rule-based classifiers.
Specifically, the designed multi-granularity representation does not
retain the generality-specificity relation of linguistic terms. This paper
presents a fuzzy sets-based computational semantic representation that
guarantees the interpretability of the fuzzy rule-based classifier.
Experimental results on 23 real-world datasets have shown that the
proposed method gives better classification accuracy while not
increasing the complexity of the fuzzy rule-based systems in
comparison with the existing methods.
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Dai s6 gia tir

Tht tu ngit nghia
Hé phan I6p

Tinh gidi nghia dugc
Hé dua trén luat mo

Phuong phap thiét ké hé phan 16p dua trén ludt mo da va dang duoc
nghién ciru rong rdi do c6 nhidu tng dung trong thuc tién. Chat lugng
ciia mot hé phan 16p phu thude vao cac biéu dién ngir nghia cua cac tir
ngdn ngit trong co s& luat. Pai s gia tir cho phép tao ra mot co s& hinh
thirc thiét ké ngir nghia tinh toan dya trén tip mo cua cac tir ngdn ngit
trong co s& luat tir ngir nghia vén c6 cia ching. Tuy nhién, cac phuong
phap thiét ké ngir nghia tinh toan dya trén tip mo chua dam bao tinh
giai nghia ctia hé phan 16p duya trén luat mo. Cu thé, biéu dién da thé hat
cua khung nhan thirc ngdén nglt chwa dam bao tinh chung - riéng cua cac
tir ngdn ngit. Bai bao nay trinh bay mot phuong phap biéu dién ngir
nghia tinh toan dya trén tap mo dam bao tinh giai nghia dugc ciua hé
phan 16p. Két qua thyc nghiém véi 23 tap dir liéu chuan cho thay
phwong phap dugce dé xuét cho do chinh xac phéan 16p tét hon trong khi
khong lam ting d6 phac tap cua hé luat so véi cac phuong phap da
dugc cong bd.
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1. Gioi thigu

Phuong phap thiét ké hé phan 16p dya trén ludt mo (Fuzzy rule based classifiers — FRBCs)
dugc nghién ctu rong réi do co nhiéu wng dung thyc té trong linh vuc khai pha dir liéu [1] - [5]
Phuong phap thiét ké FRBC theo tiép can ly thuyét tap mo [1] — [5] sir dung cac tap mo dé phan
hoach mién gia tri cia cac thudc tinh dya trén tri thirc cua cac chuyén gia. Do do, so tap mo duoc
sir dung bi giGi han 1a 7+2 va cac tap mo thuong duoc biéu didn dudi dang phan hoach déu. Bén
canh d6, do khong c6 cau ndi hinh thirc giira ngir nghia ciia cac tir ngdn ngir Voi cac tip Mo nén
cac tap mo thu duoc sau qué trinh tdi wu khong phan anh dung ngit nghia thyc cta cac tir ngon
ngir theo ¥ do thiét ké cuia cac chuyén gia va lam giam tinh gidi nghia cta hé luat phan 16p.

Dai s6 gia tir (BSGT) [6] — [8] duoc Nguyén Cat Ho va cong su gidi thiéu vao nam 1990 di
dugc tng dung hiéu qua trong nhiéu linh vuc khac nhau nhu khai pha dir liéu [9] — [14], diéu
khién mo [15], xtr 1y anh [16],... DPSGT cung cap mot co sé toan hoc cho viée lién két ngir nghia
tinh toan dwa trén tap mo Vai ng nghia von c6 cua cac tir ngdn ngilt trén co s¢ khai thac tinh thir
tu V& ngir nghia cta cac tir trong mién gia tri ngdn ngit, cho phép tao ra mot co s¢ hinh thic sinh
nglr nghia tinh toan dya trén tap Mo tur ngir nghia dinh tinh von ¢6 cla cac tir ngdn ngit. Dya trén
co sO hinh thic nay, Nguyén Cat Ho va cac cong sy lan dau tién da ung dung DSGT dé thiét ké
t6i wru cac tir ngdn ngir cung voi ngir nghia tinh toan dua trén tap md cho FRBC mét cach hiéu
qua [9], [10], trong d6 nglr nghia dua trén t4p Mo hinh thang dugc chirmg minh 1a hiéu qua hon
Nngl nghia tinh toan dya trén tap Mo tam giac.

Dua trén DSGT, mot phuong phép luan tinh toan truc tiép trén cac tir ngon ngir dé thiét ké cac
hé dya trén luat mo c6 tinh giai nghia theo quan diém cua Tarski dd duoc dé xuét va dugc ap
dung hiéu qua ddi voi bai toan hdi quy [13], [17] va tom tit ngon ngit tur dir li¢u [14]. Phuong
phap luan nay dam bao cac cdu triuc da thé hat md phai 1a hinh anh dang ciu cua ciu triic da ngi
nghia cua tap tu twong ung cua cac thudc tinh. Trong bai bao nay, ching t6i ap dung phuong
phap luan ndi trén giai bai toan phan 16p dua trén luat mo (FRBC).

2. Phwong phap nghién ciru
2.1. Céu triic da ngiv nghia ciia mién hgng tir
2.1.1. Tinh giai nghia duoc

Tinh giai nghia dugc Tarski va cac cong su [18] dinh nghia trong toan hoc va logic nhu sau:

Ly thuyét S duoc goi la c6 thé giai nghia duwoc trong Iy thuyét T néu ton tai mét ban dich T tir
ngon ngir hinh thirc L(S) cia S sang ngén ngiv hinh thirc L(T) cua T théa man diéu kién, véi moi
ménh dé p € L(S) thi p c6 thé chitng minh dwoc trong S khi va chi khi T(p) € L(T) c6 thé ching
minh duwoc trong T.

Theo khai niém nay, thay vi giai mot bai toan di cho P trong 1y thuyét S nguoi ta co thé giai
n6 trong mot Iy thuyét T khac bang cach bién ddi Ps sang T bang phép bién doi T khi va chi khi S
c6 thé giai nghia duoc trong T bang phép bién dbi T. Nhu vay, néu Iy thuyét T théa mén diéu
kién nay thi T duoc goi 1a ¢6 thé giai nghia dugc ddi véi S.

Trong cac muc tiép theo s& khang dinh rang, cau tric da ngit nghia S* = (X, <, g) cua mién tir
X" cua thude tinh A véi cac quan hé thi tu ngit nghia < va quan hé khai quat-dac ta g thi khi tinh
todn v6i tr ngdn ngir thong qua cac tap Mo twong Ung cua chung la giai nghia dugc theo khai
niém cua Tarski khi va chi khi cac tap mo tao thanh mot c4u trac 1a anh dang ciu cua ciu tric da
ngir nghia $* = (X%, <, g). Khi d6 cdu tric tap md nay co thé giai nghia dugc cho S,

2.1.2. Dai 56 gia tir mé réng biéu dién 16i ngit nghia cua tir ngén ngir

DBSGT mé rong dugc NguyénqCét Hb va cac cong su gidi thi¢u trong [10] 1a mét mé rong cua
BSGT truyéen thong bang viéc bo sung mot gia tir nhan tao hy nham mo hinh hoa 16i ngt nghia
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cua cac tir ngdn ngit. Nhd d6, DSGT mé rong da dap Gmg duoc cic yéu cau da dang trong biéu
dién ciu trac da ngir nghia cta cac tng dung trong thyc tién.

Cho mét PSGT tuyén tinh A" = (X4, G, C, H, <) ctia mdt bién ngon ngit A. Mot gia tir nhan
tao hy ¢ H dugc bd sung dé sinh 161 ngit nghia cua mdi tir x € X*. V& mit ca phap, hex ¢ X* va
dat X4, = X* U {hex: x € X*}. Ta c6 DSGT mé rong cua A" 1a AL, = (X4,, G, C, Hep, <), trong
d6, Hen = H U {ho}, X4, = C U He(G) =C U {h, ... hic: ¢ € G, hj € Hen, V6i j =1, ..., n}. Do do,
ta co, X* = C U H(G) c X4, = C U He(G).

bat Xenk = {x € X2,: |x| = k}, trong d6 |x| 1a d6 dai cua X, 1 tap cac tir c6 do dic ta k (k-
specificity) va X2, ) ={x€ XA X <Kk} = Uicici X2 eni 12 tap cdc tir c6 do dac ta khong 16n hon
k. Khi d6, X£, ; = G U C va v6i moi k> 2 thi X£, , = Xi¢ U {hou: U € XZ, 1y}, tac la voi k>0
thi X} en,(k) Dao gom tat ca céc tir c6 murc dic ta k, 18i ngit nghia ciia ching va tit ca cac tir c6 mirc
dic ta thap hon k.

Ngoai cau trac ngit nghia dua trén thi tw, dugc ky hidu 1a $? = (X4,, <), mién tir caa X* bao
ham mot cAu tric ngit nghia khac duoc thé hién thong qua quan hé khdi qudt-dac ta (generality-
specificity), tirc 1a mot tir X c6 tinh khai quat hon tir y va dugc ky hiéu boi g(x, y) va nguoc lai, y
dugc goi 14 ¢o tinh dic ta hon x. Ciu trac nay duoc goi 1a cau tric khdi qudt-dac ta va duoc ky
hiéu 1a G* = (X4, 9).

Nhu vdy, mién tir cia X bao gdm hai ciu tric: $* = (X4,, <) va G* = (X4,, g), tirc 1a bién
ngon ngir A khong chi c6 mét ciu trac ngit nghia theo thir ty nhu quan niém trude day ma con
nhiéu van dé phirc tap ¢ trong n6. Két hop céu trac the tu S? va ciu tric khdi qudt-dic ta G* ta
¢6 CAu tric ngir nghia da mirc hay cau trac da ngit nghia va duoc biéu thi bang S* = (X4,, <, 9).

2.1.3. Biéu dién cdu triic da ngi nghia cuia mién tir dua trén PSGT

Mudn cau trac T(X?) biéu dién ciu tric 8" = (X*, <, g) bao toan cau tric cua S* hay noi cach
khéc 1a T(X) giai nghia dugc thi can dinh nghia hai quan hé ky hi¢u 1a < va < trén T(X") vi 8" c6
cac quan h¢ thi tw < va khdi quat-dac ta g. Ky hiéu moi tap mo hinh thang 1a b ba (a, b, c),
trong do a, ¢ € [0, 1], b 1a mot khoang con cua [0, 1] dong vai tro 12 16i cua bg ba vaa<b <c.

Pinh nghia 1. Vi moi tip mo hinh thang duoc xay dung T(X?), dinh nghia:

1) Quan hé thu tu < trén T(X®): haibobatvat véit=(a, b, c)vat =(a, b, c)théamint<t'
néu va chi néu cac 13i cta ching thoa man b = b' hoic b < b' va thoa it nhat mot trong cac bat
dangthuca<a'vac<c.

2) Quan hé bao ham < trén T(X"): hai bo ba t va t' ¢ trén dwoc goi 1a thoa mén t  t' néu va chi
néu day 16n cua t duge bao ham trong day 16n cua t', tire 13 (a, €) < (@', ¢).

Tap T(X") véi hai quan hé < va c duoc ky hiéu la Mg, = (TXM, <, <), dugc goi la céu trac
da thé hinh thang cua A. Trong thyc té (g dung, mién tir st dung trén mdi bién thuong dugc gioi
han v&i mot murc dac ta toi da 1a k nao do.

Pinh nghia 2. Vi moi s6 nguyén k > 1, k-section B cua ciu tric ngit nghia §* = (X*, <, g)
14 cAu trac con S‘,? = (X(}(), <k gx) thoa mén cac diéu kién sau:

(i) X(y = £x € X" x| <k}, tap hop céc tir c6 mire do ddc ta khong 1én hon k;

(i) Cac quan hé < va gy lan luot 12 cic quan hé < va gbi gii han trén tap tir X(}{).

Pinh nghia 3. Véi moi s6 nguyén k > 1, mot k-section cuia cau trac da thé hinh thang M4, =
(T(XM), <, ©) cua Ala céu trac M{;‘lr’k = (T(X, (“}()), <, k), dugc goi 1a mot cau triic con da thé hinh
thang muc k théa man cac diéu kién sau:

0] T(X(“}()), trong do X(“}() dugc dinh nghia nhu trong Dinh nghia 2 1a tdp cac tdp mo hinh
thang cuia cac tir X4,y duoc xdy dung theo mic tir | = 1 dén k;

(i) Cac quan hé <, va < lan luot 1a cac quan hé < va c bj gi6i han trén T(X {}()).
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Trong [14], cdu trac M. nhu Hinh 1 da dugc chiing minh 13 hinh anh dang cau cia cau trac
ngir nghia 8" = (X*, <, @), tirc 1a 8 ¢6 thé giai nghia duoc trong M.
0, c W, c* 1,

0.01 0235 0.28 0.46 049 069 074 099

0,

0.01 0.1225 0.145 0352 0.37 084 0865 0.99

0, e Lve Lle Vie W, VLc* LLct Lve* vt 1,

0.01 0.06625 00775 0.181 0.19 0316 0.3232 0.406 0.415 0.54 0.55 0642 0.65 0.79 0.80 0915 0.9275

Hinh 1. Cdu triic phdn hoach da thé hinh thang biéu dién cdu tric ngit nghia 5> = (X*, < g) ciia bién A
2.2. Thiét ké hé phén 16p dwa trén lugt mé trén co sé Cau tric da ngiv nghia

Bai toan thiét ké hé phan 16p duya trén luat md P dugc dinh nghia nhu sau: Mot tap P = {(d,,
Cy)|dyeD,Cye C,p=1,..., m}gdomm mau dit liéu, trong d6 d, = [dp1, dy2, ..., dpn] 12 dOong
thi p", C = {Cs|s=1, ..., M} 1a tap gdm M nhan 16p, n 1a sb thudc tinh.

Hé co so luat cho bai toan phan 16p dugc sir dung trong bai bao nay 1a tap luat c6 trong sd
dudi dang:

Luat Ry: If Xy is Agz and ... and X, is Aq, then Cy with CFy, forg=1, ..., N (1)

trong d6, X = {X;, j = 1, .., n} 1a tap n bién ngon ngit ang vai n thude tinh cua tap dir ligu P;
A 1a cac gia tri ngdn ngit cua thude tinh thir j, Fj; Cq 1a nhan 16p va CFy 1a trong s6 cua luat Ry
Luat Ry dugc viét gon lai nhu sau:

Aq = Cq with CFg, vdig=1, ..., N 2

trong d6 A, 14 tién dé cta luat tha g.

Giai bai toan P 1a trich xuat tir tap dir liéu P mot tap luat S c6 dang (1) nho gon, dé hiéu voi
nguoi dung va cd do chinh xac phan lop cao.

Cau trac da thé hinh thang MZ,. biéu dién cau tric da ngit nghia caa mién hang tir dugc sinh ra
nhu trong Hinh 1. Nhu da duoc dé cap ¢ trén, day la cAu trac dam bao tinh giai nghia, do d6 hé
phan 16p dua trén hé luat mo véi ngir nghia tinh toan ctia cac tir ngdn ngit duoc biéu dién bai cau
triic nay s€ dam bao tinh giai nghia ctia hé phan 16p d6. Thu tuc sinh luat trong [9] duoc st dung
sinh tap luat mo tir dit lidu. Mot thuat toan tdi wu duoc ap dung dé tim bo tham sé ngit nghia tdi
vu va chung duoc sir dung dé sinh tap luat khoi dau lam dau vao cho thu tuc lva chon tap luat
nho gon va dé hiéu cho hé phan 16p trén co sd thoa hiép gitta do chinh xac va do phuc tap cia hé
phéan 16p.

3. Két qua thuc nghiém va thio luin

Muc nay trinh bay cac két qua thuc nghiém cua phwong phap biéu dién ngit nghia tinh toan
Cua cac tr ngdn nglr dua trén tdp Mo hinh thang theo cau triic da ngir nghia méi dugc sinh bai
DSGT AX™, dam bao tinh giai nghia cua hé phan 16p va ching minh tinh hi¢u qua h¢ phan 16p
mMa&i nay so vai cau truc da the hat cii va tiep céan ly thuyét tap mo.
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3.1. Cai dat thuc nghigm

Céc thuc nghiém duogc cai dit biang ngdn ngir C# chay trén Windows 10 voi cAu hinh may
Intel Core i5-8250U 1,8GHz, 8GB RAM. Céc tap dit li¢u dung trong céc thuc nghiém dugc lay
tir nguon KEEL-Dataset tai dja chi http://sci2s.ugr.es/keel/datasets.php. Phuong phap kiém tra
chéo 10 nhom (ten-folds cross-validation) dugc ap dung dé huan luyén va klern tra. Phuong phap
kiém dinh gia thuyét thong ké Wilcoxon [19] dwoc str dung dé két luan vé ¥ nghia so sanh giira
cac phuong phap.

Nham giam khéng gian tim kiém trong qua trinh huin luyén, cac rang budc Vé gia tri clia cac
tham sb ngir nghia duoc 4p dung nhu sau: s gia tir 4m va s gia tor duong 1a 1, gia tir 4m la
“Less” (L) va gia tir duong 1a “Very” (V); 0 <k; <3; 0,2 < {fm (cj),fm(c;r)} <0,7; 0,00001 <
{fm(0)), fm(1p} < 0,1; 0,0001 < fm(W) < 0,2; fm(0;) + fm(c;) + fm(W-) +fm(c) +
fm(1)); 0,2 < {uLy), u(Vp} < 0,7; 0,01 < p(ho) < 0,5; va pu(Ly) + p(Vy) + pu(hoy) =

Pé tdi wu cac tham sé ngir nghia va Iya chon hé luat tdi wu cho hé phan 16p, thuat toan toi wu
by dan da myc tiéu (PSO) [20] duoc sur dung. Trong t01 uu cac tham s6 nglr nghia, gia tri cua
cac tham s6 cua thuat toan: s6 the hé 13 250; s6 ca thé mol thé hé 1a 600; hé sb Inertia 12 0,4; hé s6
nhan thtrc c4 nhan 1a 0,2; hé s6 nhan thirc xa hoi 1a 0,2; s6 luat khai tao bang sé thudc tinh; d6 dai
ti da cua luat 1a 1. Trong t6i wu hé luat, gia tri ciia cac tham s cua thuat toan: s6 thé hé 1a 1000;
s6 luat khai tao 13 [So| = 300 x s6 16p; do dai tdi da cua luat 1a 3.

Phuong phap 1ap luan phan 16p dugc sir dung trong tat ca cac thuc nghiém la single winner
rule [3, 4], tiéu chuan sang luat 14 tich ctia do tin cay va do hd tro tuong tng theo cong thuc (4)
va (5) trong [4] va trong s6 ludt duoc tinh toan theo cong thirc (10) trong [4].

3.2. Két qud thuc nghigm
Bang 1. Két qua thuc nghiém cua hé phdn 16p FRBC_GS va FRBC_AX®"

FRBC_GS FRBC_AX™
#R #RxC P, P. #R #RxC P,  Pe

STT Tap dirligu 4P, #R*C

1  Appendicitis 3,93 18,35 92,52 88,52 3,67 16,77 92,38 88,15 0,37 1,58
2 Australian 480 48,34 8853 8754 500 4650 8856 87,15 0,39 1,84
3 Bands 6,00 56,22 76,44 7432 6,00 5820 78,19 73,46 0,86 -1,98
4 Bupa 9,77 186,31 77,28 72,44 8,97 181,19 79,78 72,38 0,06 5,12
5 Cleveland 13,93 410,52 68,97 62,17 14,57 468,13 66,64 62,39 -0,22 -57,62
6 Dermatology 12,20 259,86 96,88 95,62 10,43 182,84 96,37 9440 122 77,02
7 Glass 14,53 443,60 78,91 72,33 14,23 47429 78,78 72,24 0,09 -30,68
8 Haberman 3,00 9,60 77,20 76,77 3,00 10,80 77,60 77,40 -0,63 -1,20
9  Hayes-roth 9,57 110,06 88,31 85,00 9,80 114,66 89,40 84,17 0,83 -4,60
10 Heart 750 8753 88,46 8457 8,37 123,29 89,19 8457 0,00 -35,77
11  Hepatitis 400 19,48 9351 8993 3,70 2553 93,68 89,28 0,65 -6,05
12 lonosphere 8,63 85,90 95,17 91,84 8,63 88,03 94,69 91,56 0,28 -2,13
13 lIris 400 16,00 98,00 98,00 5,30 30,37 98,25 97,33 0,67 -14,37
14 Mammogr. 6,97 7855 85,64 8433 7,10 7384 8549 84,2 0,13 4,71
15 Newthyroid 6,00 52,20 97,57 96,46 533 39,82 96,76 9567 0,79 12,38
16 Pima 6,40 5549 78,23 76,95 597 56,12 78,69 77,01 -0,06 -0,63
17 Saheart 6,60 64,88 7586 70,49 563 59,28 7551 70,05 0,44 5,59
18 Sonar 6,00 48,42 88,16 79,75 587 4931 8759 7861 1,14 -0,89
19 Tae 9,47 142,71 69,91 62,07 10,90 210,70 68,97 61,00 1,07 -67,98
20 Vehicle 11,17 195,81 70,13 68,52 11,23 19507 70,74 68,20 0,32 0,74
21  Widbc 473 40,82 97,42 96,78 4,00 25,04 97,08 96,78 0,00 15,78
22  Wine 567 34,98 99,73 98,70 5,77 40,39 99,60 98,49 0,21 -5,41
23 Wisconsin 790 75,29 97,92 97,09 7,87 6981 97,78 96,95 0,14 5,48
Trung binh 110,47 86,12 83,05 114,78 86,16 82,67
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Ky hiéu hé phan 16p dugc dé xuat 1a FRBC_GS va ky hiéu hé phén 16p sir dung céu tric da
thé hat cii khong dam bao tinh giai nghia dwoc cua hé phan 16p [10] 1a FRBC_AX®™. Bang 1 thé
hién cac két qua thuc nghiém va so sanh gitra hai hé phan 16p FRBC_GS va FRBC_AX®", trong
d6, ky hiéu #R 1a s6 luat trung binh, #R xC 1a d phuic tap cua hé phan 16p dugc tinh bang tich
cua sb luat trung binh #R va sb diéu kién luat trung binh C, Py va Py lan luot 1a d6 chinh xéac
phan 16p trung binh trén tap huin luyén va tap Kiém tra, #P, va #RxC tuong tmg la chénh léch
cua do chinh xac trén tap Kiém tra va do phuc tap caa hai hé phan 16p dugc so sanh.

Truc giac quan sat cac két qua thuc nghiém trong Bang 1 cho thay, hé phan 16p FRBC_GS ¢c6
d6 chinh xac phén 16p trén tap kiém tra cao hon so v&i hé phan 16p FRBC_AX®" d6i véi 20 trong
s6 23 tap dir lidu duoc thuc nghiém. Xét trén do chinh xac phan 16p trung binh cta cua 23 tap dir
liéu, hé phan 16p FRBC_GS c¢6 d6 chinh xac phéan 16p trung binh 1a 83,05%, tot hon so vé&i hé
phan 16p FRBC_AX®" ¢6 do chinh xac phan 16p trung binh 1a 82,67%, trong khi ¢6 do phuc tap
trung binh thip hon mot chut (110,47 so vai 114,78).

Béng 2. So sanh dg chinh xac gia hai hé phan 16p FRBC_GS va FRBC_AX®™"
bang Wilcoxon Signed Rank test véi o = 0,05

So sanh (a = 0,05) R* R Exact P-value Hypothesis
FRBC GSvs FRBC AX®" 2470 29,0 4,08E-4 Rejected

Bang 3. So sanh dg phiic tap cua hai hé phan lop FRBC_GS va FRBC_AX™
bang Wilcoxon Signed Rank test vai a = 0,05

So sanh (a = 0,05) R R Exact P-value Hypothesis
FRBC_GSvs FRBC_AX®™" 158,0 118,0 >0,2 Not Rejected

Thuc hién cac kiém dinh gia thuyét théng ké Wilcoxon [19] véi d tin cay 95% (« = 0,05) sir
dung dir lidu trong Bang 1 véi gia thiét do chinh xac phan 16p va do phuc tap twong ¢ng cua hai
hé phan 16p 1a tuong dwong nhau. Trong Bang 2, ta thiy gia tri Exact p-value < 0,05 nén gia
thuyét trong duong vé do chinh xac phan 16p cua hai hé phan 16p FRBC_GS va FRBC_AX®" bj
bac bo. Trong Bang 3, gia tri Exact p-value > 0,05 nén gia thuyét tuong duong vé do phuc tap
cta hai hé phan 16p khong bi bac bo. Véi cac két qua kiém dinh nay, ta c6 thé khang dinh riang
phuong phap thiét ké ngir nghia tinh toan duwa trén céu triic da ngit nghia méi khong nhing co
biéu dién cac phan hoach mo dam bao tinh giai nghia cia FRBC ma con ¢ d6 chinh xac phan
I6p cao hon so véi phuwong phap biéu dién da thé hat cii. Hon nita, cac két qua thuc nghiém so
sanh trén ciing cho thay viéc dam bao tinh giai nghia cia FRBC déng vai tro quan trong dam bao
ngir nghia tinh toan phan anh dung tinh mo cua théng tin va lam ting hiéu suét cia hé phan 16p.

Dé chi ra tinh higu qua ciia hé phan 16p dugce dé xuat, cac két qua thuc nghiém cua hé phan
I6p FRBC_CS duoc so sanh v6i cac két qua caa hé phan 16p theo tiép can 1y thuyét tip mo duoc
dé xuat trong [1] va [2] tuong ung la Product-1-ALL TUN va PAES-RCS. Két qua thuc
nghiém trong Bang 4 cho thay, hé phan 16p FRBC_CS cho d6 chinh x4c phan 16p cao hon hai hé
phan 16p Product-1-ALL TUN va PAES-RCS ddi véi 22 trén 23 tap dir liéu dugc thir nghiém.
Xét trén gia tri trung binh ctia d§ chinh xac phan 16p, hé phan 16p FRBC_CS c¢6 gia tri trung binh
la 83,05%, cao hon 2,48% va 2,39% tuong ung so véi h¢ phan 16p Product-1-ALL TUN va
PAES-RCS. Xét trén d9 phuc tap cua hé phan 16p, hé phan l16p FRBC_CS c6 d¢ phuc tap phan
I6p thap hon nhiéu so véi hai hé phan 16p con lai, twong tng 1a 110,47 so vai 163,40 va 355,23.

Két qua kiém dinh gia thuyét thong ké Wilcoxon véi do tin cay 95% (a = 0,05) sir dung dit liéu
trong Bang 4 dbi voi d9 chinh x4c phan 16p va do phuc tap cua hé luat twong ting dugc thé hién
trong Bang 5 va Bang 6. Do céc gia tri Exact p-value déu nho 0,05 nén gia thuyét twong duong vé
d6 chinh xac phén 16p va d6 phirc tap cua hé phan 16p cia FRBC_CS so véi Product-1-ALL TUN
va PAES-RCS bi bac bo. Do do, ta ¢ thé khang dinh rang hé phan 16p FRBC_CS tt hon hai h¢
phan 16p con lai trén ca hai ti€u chi d§ chinh xac phan 16p va do phuc tap cua h¢ phan 16p.
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Bang 4. Két qua thuc nghiém ciia cdc hé phan 1ép FRBC_CS, Product-1-ALL TUN va PAES-RCS
Product-1-ALL

FRBC_CS PAES-RCS

STT Tap dit ligu - #Pe  #RxC TUN #Pe  #R*C
#RxC P, H#RxC P, #RxC Py
1 Appendicitis 1835 8852 3528 8509 343 -1693 2089 87,30 122  -2,54
2 Australian 4834 8754 32964 8580 1,74 -281,30 6243 8565 189 -14,10
3 Bands 56,22 7432 75600 6756 6,76 -699,78 104,09 6580 852 -47,87
4 Bupa 186,31 7244 25620 6867 3,77 -69,89 21091 67,19 525 -24,60
5 Cleveland 41052 62,17 114000 59,06 3,11 -729,48 1020,66 58,80 3,37 -610,14
6 Dermatology 259,86 9562 38940 9543 0,19 -12954 18528 9448 1,14 7458
7 Glass 44360 72,33 487,90 72,13 020 -4430 53488 7128 105 -91,28
8 Haberman 960 76,77 20241 7265 412 -19281 21,13 71,88 4,89 -1153
9 Hayes-roth 110,06 8500 120,00 8403 097 -994 15852 78,88 6,12 -4847
10 Heart 87,53 8457 30030 8321 136 -21278 164,61 8284 1,73 -77,09
11 Hepatitis 1948 8993 30030 8321 672 -28082 20,29 8853 140  -081
12 lonosphere 8590 91,84 67063 9040 144 -58473 86,75 90,79 105  -0,85
13 Iris 16,00 9800 6984 9533 267 -5384 1854 97,33 067  -2,54
14 Mammogr. 7855 84,33 13254 8337 096 -5399 10674 8049 384 -28,18
15 Newthyroid 5220 9646 97,75 9535 111 -4555 5647 9460 186  -4,27
16 Pima 5549 7695 27064 7466 229 -21515 57,20 77,05 -0,10  -171
17 Saheart 64,88 7049 52521 7092 -043 -460,33 11084 70,13 0,36 -4596
18 Sonar 4842 7975 52460 77,00 275 -47618 4759 7890 085 0,83
19 Tae 142,71 6207 32314 60,81 126 -18043 21592 60,78 1,29 -7320
20 Vehicle 19581 6852 55577 64,89 363 -359,96 382,12 66,16 2,36 -186,31
21 Wdbc 4082 96,78 18370 9514 1,64 -142,88 4427 9490 188  -345
22 Wine 3498 9870 17094 93,98 472 -13596 5899 9303 567 -24,00
23 Wisconsin 7529 97,09 32802 9646 063 -25273 69,11 9635 0,74 6,18
Trung binh 11047 8305 35523 80,66 163,40 80,57

Bang 5. So sanh dg chinh xdc cua h¢ phdn lép FRBC_CS so véi Product-1-ALL TUN va PAES-RCS
bang kiém d@inh Wilcoxon véi a = 0,05

So sanh (a = 0,05) R* R Exact P-value Hypothesis
FRBC_CS vs PAES-RCS 2730 3,0 1.192E-6 Rejected
FRBC_CS vs Product-1-ALL TUN 2750 1,0 4.768E-7 Rejected

Béng 6. So sanh dg phirc tap cua hé phdn 16p FRBC_CS so véi Product-1-ALL TUN va PAES-RCS
bang kiém dinh Wilcoxon véi a = 0,05

So sanh (a = 0,05) R* R™ Exact P-value Hypothesis

FRBC_CS vs PAES-RCS 276,0 0,0 2.384E-7 Rejected

FRBC_CS vs Product-1-ALL TUN 246,0 30,0 4.752E-4 Rejected
4. Két luan

Pam bao tinh giai nghia dugc cta hé dya trén luat mo noéi chung va cua hé phan 16p dya trén
luat mo ndi riéng dong vai tro quan trong dam bao ngir nghia tinh toan phan anh ding tinh mo
cta thong tin va qua trinh xir Iy thong tin dugc nhit quan. Bai bao trinh bay mdt phuong phap
thiét ké ngir nghia tinh toan dya trén t4p Mo cua cac tir ngdn nglr dam bao tinh giai nghia cua hé
phéan 16p dya trén luat mo. Bang cac két qua thyc nghiém va két luan so sanh bang phuong phép
kiém dinh gia thuyet thdng ké Wilcoxon cho thiy tinh hiéu qua cia phuong phap biéu dién nay
khi p dung thiét ké hé phan 16p dya trén luat mo.

Loi cam on
Nghién ctru ndy duoc tai trg bai Truong Dai hoc Giao théng van tai trong dé tai ma sb T2022-
CN-001TD.
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