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XAY DUNG HE LOGIC M3 LOAI HAI DAI SO GIA TU*
PHAN ANH PHONG!, DINH KHAC DONG2, TRAN DINH KHANG?

LKhoa Cong nghé thong tin, truong Dai hoc Vinh
2Vien Cong nghé thong tin va Truyén thong, truong Dai hoc Bdch khoa Ha Noi

Tém tit. Bai bao dé xuit mot phuong phap xay dyng mot he 1ogic md loai hai dai s gia tit (HaT2-
FLS). Quy trinh nay gom hai pha, trudc tien, thiét ké mot he 1ogic ma loai 1 (T1-FLS) tir dit lieu bing
cach két hgp thuat toan Fuzzy C-Means (FCM) véi giai thuat di truyén (GA). Sau d6, HaT2-FLS
dugc xay dyng tit T1-FLS vira thiét ké. Co s6 luat trong HaT2-FLS st dung cling s6 luat, sé tap mo
nhu ¢o s6 luat trong T1-FLS, diém khéac biét 14 & chd mdi luat trong HaT2-FLS cé phan tién dé va
phan két luan déu 1d cAc HaT2FSs. Trong pha hai, cAc tham s6 ctia HaT2FSs dugc t6i wu bang GA.
Thit nghiém phuong phap dé nghi v6i bai toan du bao thoi gian séng ctia bénh nhan viém tiy cho
két qua tin cay.

Abstract. This paper proposes a method for constructing the HaT2-FLSs. This method consists of
two main stages. First, the data-driven T1-FLS is designed based on combination of FCM algorithm
and GA. Second, we construct HaT2-FLS on the basis of the proposed T1-FLS. Specifically, we use
the rule base of T1FLS as the rule base for Ha-T2FLS and the T1-FLS’s fuzzy sets as the input of
HaT2-FLS. In the second stage, the parameters of HaT2FS are optimized by GA. An experiment on
predicting the survival time of myeloma patients is given to show the effectiveness of the results.

1. DAT VAN DE

Tap md loai hai (T2FS) la sy mé rong ctia tap md thong thuong (tap mo loai 1 - T1FS)
duge dua ra dau tién béi Zadeh, d6 1a tap mo ma do thuoc ciia méi phan tit cling mo [19]. Véi
wu diém trong viéc bicu dién va phdi hgp véi tinh khong chic chin nén cac T2FS ciing nhu
T2-FLS da dugc ting dung trong nhiéu bai toan khac nhau nhu bai toan phan 16p [6l [11], bai
toan du béo [6] [T} 13} [T4],...

Theo Yager [18] “maot trong nhimg wu diém cia T2FS la cho phép md rong do thudc la
cdc gid tri ngon ngi” va gan day huéng tiép can nay da duge hudng ing nhicu [10] [15] [18].
Tuy nhién, cac nghién cttu d6 déu chua dé cap dén quan hé ngit nghia gitta cac do thuoc ngon
ngit nén két qua thu dude ¢6 thé phan truc quan [I]. Mit khac, cac nghien citu vé T2FS c6
do thuodc ngon ngit déu dudc tiép can theo kiéu truyen théng, do 1a dac ta cac do thudc ngon
ngit thanh cac T1FS, ro6i tinh toan va xi 1y dua vao cac T1FS nay [10 [15] 18].

Dai 86 gia tit (DSGT) 1a mot cach phoi hgp véi cac gia tri clia bién ngon ngit bang ca dinh
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tinh va dinh lugng [8 9], mot s6 két qua trong [8] da chiing t6 tiém ning ting dung clia viéc
biéu dién va xit Iy ngon ngit theo huéng nay. Bing cach sit dung cac gia tri ngon ngit trong
DSGT ciia bién chan 1y ngon ngit TRUTH lam do thuoc cho tap md ta thu dude tap ms loai
hai DSGT (HaT2FS) [1, 2, [3]. Cac két qua thyc nghiem trong [2, [13], budc dau da chitng to
kha nang tng dung ctia dang tap mo nay. Cac phép toan tap hop tréen HaT2FS 13 co s6 nén
tang ctia HaT2-FLS, trong cac thi nghiem [2) [13] chung duge xay dung bang anh xa dinh
lugng ngtt nghia nén chua khai thac duge tinh cau tric DSGT. Trong [4, [16] ching toi da de
nghi mot cach khac dé xay dung cac phép toan tap hop trén HaT2FS. Hudng tiép can nay
lay quan hé ngit nghia va tinh md clia cac gia tri ngon ngit lam co sé dé xay dung cac phép
toan. R6 rang, cac phép toan duge xay dung theo cach nay la mot trong nhitng diem manh
ciia HaT2FS, d6 13, qua trinh suy dién duge thao tac tric tiép trén ngon ngi.

Nham khai théc céc wu diem ctia HaT2FS, dong thoi gép phan khing dinh thém kha ning
ting dung ctia HaT2-FLS, bai bao nay dé xuat mot phuong phap xay dung HaT2-FLS tir dit
licu va thit nghiem. Qua trinh xay dung HaT2-FLS gom hai giai doan, truéc hét, xay dung
mot hé 1ogic md loai 1 (T1-FLS) dya vao tap dit lieu vao-ra, va sau d6, tit hé mo nay xay
dung HaT2-FLS nhim muc dich tang cuong stic manh cho hé théng. Nhu vay, cong viéc chinh
trong bai bao nay la: (i) Thiét ké mot T1-FLS tu dit licu, bao gom: x4c dinh s6 tap md va
ham thuoc ctia ching ting v6i bién vao, bién ra ctia hé thong; va tao ra mot co sd luat. (ii)
Xay dung HaT2-FLS tit he T1-FLS, bao gom: xay dung co s luat; va t6i uu cac tham so clia
cac HaT2FS. (iii) Ching t6 hiéu qué cia HaT2-FLS trong thit nghiem.

Sau md dau, Muc 2 tém luge cac kién thiic lien quan vé HaT2FS. Muc 3 trinh bay cac
thanh phan ctia mot HaT2-FLS va sau d6 dé xuat mot phuong phap xay dung hé mo nay ti
dit lieu. Thit nghiem phuong phap dé nghi vao bai toan dy bao thoi gian séng clia bénh nhan
viem tiy dugc trinh bay trong Muc 4 va cudi cing 13 phan két luan.

2. TAP MO LOAI HAI DAI SO GIA TU

2.1. So lugc vé dai sb gia ti&

Theo [9], DSGT la bo bon (AX, G, H, <), v6i AX la tap céac gia tri, G la tap cac phan ti
sinh, H 1a tap cac gia tii, bao gom cac gia tit am (H ™) va cac gia tit duong (HT), va < 1a
quan hé thi ti gitta cac phan tit cia DSGT. Bai bao nay chi xem xét DSGT déi xiing, tuyén
tinh, day dt (AX,G, H,<) c6 G = {ct,c"} vitap H = HT U H~ 1a tap sap thit ty, tic la
hy < hg <...<h,véi H" vah_y < h_g < ... < h_g v6i H~. Khi d6, cc phan ti trong
DSGT nay déu duge sap thi ty tuyén tinh. Trong DSGT, méi & € AX duge dic trung boi
fm(2) va v(#). Gia tri v(2) € [0,1] phan 4nh ngit nghia dinh lugng, con fm(2) € [0,1] thé
hién tinh mo ctia 2. Dé biét chi tiét hon vé cac dic trung trén c6 thé tham khao trong [8],
Thuat todn 2.1 sau day dugc dua ra dé tinh toan bo 3 gié tri nay, (fm(z),v(2), fm(2)).
Thuat toan 2.1
Input: fm(c™) =6;u(hj), j=1,...,(p+q); Quan hé SIG; & € AX.

Output: fm(z), v(2), fm(Z).

Budc 1: Dat o = Zi_zl_q /L(hz)v = Z?:l /L(hl), T = hj"l;/; Pmaz = D3

w(hjz!) = [1+ sign(hjz')sign(hmazhjz') (3 — @)] /2, v6i j #0 and —q < j < p;
fm(hphp—1...h1c) = p(hy) X p(hp—1) x ... x p(hy) x fm(c);
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Budc 2: Néu & = ¢ thi v(2) =0 — afm(); _m(:fs) 0; fm(s) =
Néu & = ¢t thi v(2) = 0 + afm(2); fm(2) =6; fm(d) = 1;
Budc 3: Néu (& # ¢7) va (& # cF) th:
Néu (1 < j < p) thio(2) = v(ha') = v(@')+sign(hya’)(; a 1fm(h33) w(hja’) fm(hi'));
Néu (—¢ < j < —1) thiv(z) = v(hjzn’) v(a!)+sign(ha') (S1__; fm(hx z')—
Néu sign(hmag®) = 1 thi fm(2) = v(2) + Bfm(2);fm(2) = v(&) — afm(2);
Néu sign(hmae®) = —1 thi fm(2) = v(2) + afm(2); fm(2) = v(&) — Bfm(2);
Sau day 1a mot s6 ky hiéu va thuat ngit duge dua ra dé sit dung cho céc phan tiép theo:
- AX} 1a tap gia tri chan 1§ ngon ngit mitc k£ (do dai k). Do dai ctia gia tri ngon ngit  1a s6
lan xuat hién cac ky hiéu trong .
-V2,9 € AX, @ dudc goi 1a ké thita ngit nghia ti 4, ky hieu 1a & < § néu & c6 dang 64 v6i &
13 chudi gia ti bat ky va & # 0.
- Hai gia tri ngon ng@t miic-k: 2,9 € AX v6i & < ¢ duge goi la cung mate lién ké néu
32 € AX}, sao cho & < 2 < 4.
- Cho m gia tri ngon ngit mic-k véi #1 < &3 < ... < &, ching dugdc goi 1a cung maic lién ké
nhaw néu doi mot lien tiép la ciing miec lién ké. Khi d6 ta ding ky hieu 210290 .. .03, dé
biéu dién m gia tri lien ké nhau.

\_/

2.2. Tap md loai hai dai sé gia t&

Béng cach st dung cic gia tri chan Iy ngon ngit trong DSGT tuyén tinh, day du clia bién
chan 1y ngon ngit TRUTH, (AX, G, H, <) lam do thuoc cho tap mg, ta thu duge tap mo loai
hai dai s6 gia tit (HaT2FS). Biéu dién hinh thitc ctia tap mo loai hai DSGT A tren X la:
A= f,uA x)/w, py(x) € AX.

Nhan zét 2.1. Cho DSGT tuyén tinh day du c6 (p + ¢) gia tit. Néu 2 € AX, va k nguyén

va k > g thi sé c6 M = (p+ ¢)* 9 gia tri ngon ngit mic-k khac nhau: @y, o, ..., 4y
ké thita ngtt nghia tit 2. Goi &1, Z9,...,2 1a tap M phan tit 14y tU 44, do,. .., Uy thoa
F1 < qo<...<@py. Khidb 21,29,...,2n 12 lien ké nhau va & = £10220 ...0% ).

2.3. Cac phép toan tap hop trén HaT2FS

Cac HaT2FS stt dung céac gia tri chan ly ngon ngit lam do thuoc cho méi phan tit, do vay
dé xay dung phép hgp va giao trén dang tap md nay thi can thiét phai dua ra phép join va
meet trén cac gia tri chan 1y ngén ngi.

Gié st Fy va Fy la cac tap mo loai mot trén doan [0,1], theo [I1], phép meet ctia Fy véi
Fy duge xac dinh bang cach 1ay méi phan tit trong Fy thuc hién meet véi mdi phan tit trong
Fy, sau d6 gop cac két qua lai. Phép meet nay la sy md rong cta viec ap dung Nguyén lyj md
rong léen mot t-norm, chang han nhu phép min clia hai gia tri trong [0,1].

Gia stt 2 € AX, va k 1a mot s6 nguyen thoa k > g, theo Nhan xét 2.1, & ¢6 thé dugc
xem 13 mot tap hop gom M gia tri ngon ngit miic-k ké thita ngit nghia tit no, &1, Zo, ..., .
Tuong tu cach xay dung phép meet trén cac T1FS, meet cua z va g € AXy sé duge tinh nhu
sau. Trudc tien, ldy moi phan tit &; trong M gia tri ngon ngit mic-k ké thita ngit nghia tit &
thiic hien meet v6i ¢, sau d6 gop cac két qua lai. 0 day, phép meet gitta ; va ¢ duge thuc
hién bang cach ap dung Nguyén lij md rong ciia phép min.

w(hja') fm(hir'));
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Lap luan tuong tu phép meet, phép join cac gia tri chan 1y ngon ngit trén A X sé dugce xay
dung, & day ap dung Nguyén ly md rong cho phép max thay vi phép min.

Gid st & € AXy, § € AXy, vak > g, khi d6 ¢6 hai kh& nang xay ra: (i) ¢ ké thita ngit
nghia tit £, tidc 1a ton tai &; trong M gia tri ngon ngit mitc-k ké thita ngit nghia tit # ding
bang ¢, va (ii) § va & khong c6 quan he ké thita ngit nghia, tic 1a y < &1 hodc la y > 2.
Dinh nghia 2.1. Gid st & € AX,,§ € AXy va k > g va & dugc biéu dién bang M gia tri
ngon ngit muc-k: 10220 ...01 ). Khi d6, phép meet (A) gita & va § duge dinh nghia:
(i) 2 A= (210220 ...03)) A J =9 néu g < I.
(ii) TAY= (:ﬁl A ]])@(:ﬁg A :lj) .. @(:ﬁM A :l]) = 110290 ...0%; néu Y ==x; v6i 1 € [1,M].
(iii) 2 A § = (210220 ...02y) A § = T néu § > &yy.
Dinh nghia 2.2. Gid st & € AX,,§ € AX; va k > g va & dugc biéu dién bang M gia tri
ngon ngi muc-k: 10220 ...01x . Khi do, phép join (V) gitta & va § duge dinh nghia:
(i) 2V§ = (210390 ...02))VY = T néu g < 7.
(ii) VY = (:ﬁlvg)@(:ﬁgvg) .. @(:ﬁMV:l]) = :ﬁi@:ﬁi+1@ .0z néu y==a; v6i 1 € [1, M]
(iii) 2Vy = (210220 ...02))Vy = § néu § > 2.
Két qua thu dugce ciia cac phép toan trén khong phai lic nao ciing 1a mot phan ti ctia DSGT.
Cu thé hon, khi & va § ¢6 quan hé ké thita ngit nghia, nhu trong trusng hop (44), thi gop clia
cac phan tit tit 21 dén Z; (véi phép meet) hodc gop cia cac phan tit tit 2; dén &y (v6i phép
join) chua chic da la mot phan tit cia DSGT. Dé két qua ctia phép hgp va giao cac HaT2FS
bat ky ciing 1a mot HaT2FS, ta phai xay dung cach tinh xap xi phép join va meet ciia cac
gia tri chan ly ngon ngit va van dé nay da duge ban luan chi tiét trong [4]. Dé dé theo doi, ta
ky hieu A va V 1a phép tinh gan ding meet va join clia hai gia tri ngdon ngit tuong ting.
Thuat toan 2.2. Tinh meet ctia hai gia tri chan 1y ngon ngit
Input: H- ={h_g,....,h_1}; H" ={hy,..., hy}; Bang SIG; & € AXy,§ € AXy, k> g;
Output: 2 = TAy
Budc 1: Néu § khong ké thita ngit nghia tit £ thi :
- Néu (¢ < 2) thi Return 2 = ¢, ngudc lai, Return 2 = 7;
Ngudc lai: Gid stt & = de va § = hphp_1 ... h1& v6i 6 1a chudi gia tit bat ky;
- Ky higu #7%" 1a gia tri ngon ngit mite-k nhé nhat ké thita ngit nghia tit 4; Dat j =0 ;
Budc 2: Néu (j = n) thi chuyén sang Bude 3, nguge lai (j < n) thi :
- Xac dinh :i";”i?, Néu g > :i";’”i? thi Return z = :i";”i?, Nguge lai, j = 5 + 1 ; Lip lai Bude 2 ;
Buéc 3: Return z = 9.
Thuat toan 2.3. Tinh join cla hai gia tri chan 1y ngoén ngi
Input: H- ={h_g,....,ho1}; H" ={hy,..., hy}; Bang SIG; & € AXy,§ € AXy, k> g;
Output: 2 = 2Vy
Budc 1: Néu § khong ké thita ngit nghia tit £ thi :
- Néu (¢ < 2) thi Return 2 = Z; ngugc lai, Return 2 = §;
Ngudce lai: Gid stt & = de va § = hphp_1 ... h1& v6i 6 1a chudi gia tit bat ky;
- Ky hieu 2% 1a gia tri ngon ngit miic-k 16n nhat ké thita ngi nghia tt &; Dat j =0 ;
Budc 2: Néu (j = n) thi chuyén sang Bude 3, nguge lai (j < n) thi :
- Xéac dinh 2% Néu g < &gt thl Return Z = 27, Nguoc lai, j = j + 1 ; Lap lai Bude 2 ;
Buéc 3: Return z =17..

Giast A=YV, () /zs va B >V pp(xi)/x; la cac HaT2FS tren X. Khi do:

(i) Phép hop: AUB =YY, (MA(!EiW_MB(:Ei))/:Ei
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(ii) Phép giao: AN B = ZZ 1 (,uA( )Dpg (i) /i
(iii) Phan bi ciia A : =A =2V (@) /@i, trong d6, néu p4(x;) = dc thi p4(x;) = Je.

3. XAY DUNG HE LOGIC MO LOAI HAI DAI SO GIA TU
3.1. Heé légic md loai hai dai sé gia tit
Tuong tu cac he 1ogic mo loai hai dya trén luat [I1], cac thanh phan ciia HaT2-FLS duge

minh hoa trong Hinh 3] (a), gom 4 khdi: md hoéa; co s luat; mo to suy dién va khéi xit 1y
dau ra (gidm loai va khit md).

———————————————— "
o 2 . H 'D‘r» 1.0
BDauvaol Vg hoa Co'sd luat Hokneme RS \\/ y
! '
: : A, A, A,
l : TT1FS : //\\\\\\\
. |HaT2Fs! i //// \
y TIFs Suy dién »| Giamloai |1 o >
ngén ngl ' : a, a,=b, as=b,=c, c,;=b; c; =1

(a) {b)

Hinh 3.1. (a) He 1ogic mo loai hai dai s6 gia ti. (b) Tap tham s6 ctia ham thudc loai 1

Khéi mo héa nhan dau vao 1a cac gia tri r6 va dau ra la mot tap mo loai hai DSGT tuong
ting bicu dién gia tri dé khi cho truéec mot DSGT ciia bién chan Iy TRUTH.

Co sd luat chita cac luat NEU- THI, gi& stt mdi luat 6 s gia thiét vA mot két luan, va luat thi
l ¢6 dang nhu sau: NéUlEl la Fll va To la le .o Tg la Fsl THI y la G, trong d6, 1, Ta, . . ., &
13 cac bién vao lan lugt xac dinh trén khong gian Uy, Us, ..., Us;y 13 bién ra xac dinh trén
khong gian V. F{, .. ,Fé la cac HaT2FS xac dinh trén cac khong gian tuong tdng.

Dé hiéu ré quy trinh suy dién trong HaT2-FLS, ta xét co s6 luat gdbm M luat sau day:

Luat thi I: NEU 2 1a A' THI y 1a B!

Su kien: z 1a Ay

Két luan: y 1a By

& day,  la bién dau vao, y la bién dau ra; Al, B!, Ag, By 1a cac HaT2FS.

Tuong tir nhu suy dién mo, tir luat NEU-THI thit { hinh thanh mot quan hé md R, quan he
nay ciing 1a mot HaT2FS. Gia sit ¢6 quan he R, = (fll xBl) = Juwv (a(w)Apgi(v)/(u,v).
Khi d6, dau ra cta luat thi [, B(l], ting véi dau vao Ay duge tinh bing phép hgp thanh gita
tap mo Ay va quan he mo Rl : B = Ay ORC, ,uBl( v) = Vu(,uAO( )A,uRlC(u v)). Cudi clng,

dé xac dinh tap mo dau ra clia he md By tng véi tap md dau vao Ao, tic 1a dét chay, Ay boi
tat cd cac luat co trong co sd luat, ta st dung phép hop cac HaT2FS dau ra ctia méi luat,
,uBé(v)7 tite 1a: By = VM, [MB(I)(U)]-

Bo phan xtt Iy dau ra gom hai phan: gidm logi va khit mo. Phép gidm loai HaT2FS thanh
T1FS nho vao dnh xa dinh lugng ngit nghia v trong [8], con qué trinh gidi md duge thyc hién
giong véi T1FS.
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Hinh 3.2. So do xay dung hé logic md loai hai dai s6 gia tit

3.2. Xay dung hé l6gic md loai hai dai s6 gia ti

Bai bao nay tiép can theo ting phan dé xay dung mot Ha-T2FLS tit dit lieu. Trudc tién,
két hop thuat toan FCM v6i GA thiét ké mot T1-FLS va sau d6 nhd vao hé mo nay dé xay
dung HaT2-FLS. Quy trinh dé xay dung hé logic m& nay dude minh hoa trong Hinh E11

Thuat toan FCM 1a mot trong nhitng thuét todn phan cum duge dua ra béi Bezdek [5]. Qua
trinh phan cum c6 thé dat dude t6i wu dua trén viec cuc tiéu héa ham J,, = Zfil 25:1 uy I
z; —¢; ||, trong do, ¢ la s6 cum, uy; thé hien do thuoc ctia z; trong cum j , x; la mau thit 4
trong N mau dit lieu, ¢; 1a tam ctia cum thi j, m > 1 duge goi la chi s6 tinh mo va || || 1a
mot ham do khoang cach gitta cdc mau dit lieu véi tAm cum.

GA 1a giai thuat hoat dong tuong tu co ché chon loc va di truyén tu nhién [7]. Khi sit dung
GA dé giai bai toan téi wu, phu thuoc vao bo 4 tham s6 (S, pe, pm, Grn), trong d6 S — s6 ca
thé trong quan thé; p. — xac suat lai ghép, p,, — xac suat dot bién va G,, — s6 thé hé can tién
hoa. Ca thé c6 gia tri ham muc tiéu tot nhat clia moi thé he sé 1 11 giai cudi ciing ctia GA.
Trong bai béo nay, GA duge ding dé t6i wu cac tham s6 ¢ va m trong thuat toan FCM & Pha
1, va cac tham s6 ctia HaT2FS 6 Pha 2.
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3.2.1. Pha 1 - Xay dung hé logic mo loai 1 t d@ liéu

Dé don gian, ta xét mod hinh ms MISO (Multi-Input Single-Ouput) véi 2 bién vao z1, 22
va 1 bién ra y. Gia st k1, ko va k3 1 s6 cum tuong ting thu dude khi stt dung thuat toan FCM
dé phan cum tap dit lieu clia cac bién 1, 2o vh y. Khi do, cac bién x1, o va y sé c6 ki, ko va
k3 tap mo tuong ng. Hon nita, nho vao tam mdi cum va sy phan bo dit lieu trong cdc cum
ta con xac dinh dude cac tham sb ciia cac tap mdo nay, khi dang ham thuoc ciia tap md cho
truée. Chang han, xét bién xq, gia st k; = 3 va ham thudc c6 dang tam giac, khi d6 3 tap
md loai mot Ay, As va Az duge mo ta theo bo 3 tham s6 (ay, b, ¢;), v6i i = 1,2, 3. Khong mat
tinh tong quét, gia sit A nam gita A; va A3, A; ndm bén trai vi Az nam bén phai Ay (xem
Hinh B.I1b). Tit day, ta ¢ thé dé xuat mot cach dé xac dinh céc tham s6 cho 3 tap md nay.
Chiang han, tai cac diém by, by va bs chiing déu c6 do thudc 1a 1 tai vi tri tring véi tam clia
moi cum; a3 = ming, — 30% X (max,1 — mingy); ¢1 trung véi be; ag trung véi by; co trung véi
bs; as trung véi by; con c3 = maxy +30% X (max,; —ming ). Trong d6, ming; 1a gid tri nhd
nhat va max,1 1a gid tri 16n nhat cia tap dit lieu ing vdi bién 2.

Nhu vay, tit két qua clia qua trinh phan cum, mot tap luat gom kq x ko x k3 luat duge tao
ra. Tuy nhién tap luat nay con mau thudn. Dé tao ra mot tap luat “t6t hon” tap luat tren, ta
st dung bo dit lieu huén luyéen, cu thé nhu sau.

Doc ban ghi thit ¢, (vyg, va, v¢) tit bo dit lieu. D6t chay ching qua ting luat, gan trong s6
w; cho moi luat. Gia st luat j: NEU z1 la Ay va zo la Ay THIy la B, khi d6, trong sb cia
luat nay tuong ting véi ban ghi ¢ 1a: wy; = min{ua, (vie), pa, (var), pa(ve) }. Nhu vay, trong
s6 cta luat j khi dot chay N ban ghi: w; = % Zjvzl wy;. DO1 véi cac luat mau thuan (luat
c6 phan tién dé giong nhau nhung phan két luan khac nhau) thi gitt lai luat c6 trong s6 16n
nhat. Tuy nhien, sau khi loai bé cac luat mau thuan, ki x ks luat con lai van c6 thé con du
thita. Ltc nay, mot ngudng 7 € [0, 1] dudc chon dé tiép tuc loai bo cac luat co trong sé qua
nhd, ngudng nay tity thuoc vao bai todn cu thé.

Nhu da biét, khi thuat toan FCM thyc hién thi hai tham s6 ¢ vA m can phai dugde xac
dinh. Nhiéu ttng dung st dung thuat toan FCM chon m = 2 theo goi ¥ clia Bezdek tit nam
1976 [5]. Gan day trong [12] Pal va Bezdek da chi ra ring m c6 thé duge lua chon trong [1.5,
2.5], hay trong [17] khuyén cdo m nén lay trong doan [1.5, 4],... Nhu vay, viéc chon gia tri
cho tham s6 m phu thude vao dic diém ctia bo dit liew. O day, ta st dung GA dé t6i wu hai
tham s6 m va ¢ sao cho sai s6 clia hé mo loai mot dugde xay dung tit két qua phan cum 1a nhé
nhat. Dé tranh biing nd tap luat, § day tham s6 ¢ duge gidi han trong khoang [2, ¢inaz]. Goi
CMOptimization(.) 1a thi tuc t6i wu tham s6 ¢; va m; ctia thuat toan FCM. Lic nay, ham
thich nghi duge chon 14 LSE (Least Square Error): LSE = Zi\il(yt — vy)?, trong d6, N —
s6 ban ghi huan luyén, y; - gia tri dau ra ctia hé mo loai 1, v; — gia tri dau ra mong mudn
trong ban ghi thi t.

Luu ¥ rang, qua trinh tinh toan trong T1-FLS st dung md héa don tri, toan ti ¢-norm min,
t-conorm maz va khit mo trong tam.

Theo cach mo ta tren day, Thi tuc 3.1 duge dua ra dé thiét ké mot T1-FLS tir dit lieu.

Tha tuc 3.1. Thiét ké hé mo loai 1

Input: N ban ghi, méi ban ghi ¢6 s+ 1 thanh phan, véi s cac bién vao z1, ..., xs; va thanh
phan con lai 1a bién ra y; G,, - S6 thé he; .

Output: Mot co sé luat va cac ham thuoc loai 1
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Budc 1: Véii=1,...,5+1khdi tao ¢; = 2; my = 2; € 7; Gy, = 100; Cppaz = |V N|
Budc 2: Xac dinh cac ham thudc ciia cac tap md loai 1
- Phan cum bang thuat toan FCM doc lap trén dit lieu clia timg bién vao va bién ra theo
(c1,mq), (c2,m2), ..., (€541, Ms+1). Gid sit thu duge kq, ko, . . ., kst1 cum tuong tng.
- X4ac dinh cac ham thuoc tam giac clia cic tap mo loai mot Ay va By tit két qua phan cum
Budc 3: Xac dinh tap luat: Tu cac tap mdo A va By, ta c6 k1 X ko X ... X kgyp ludt.
Gia st luat thi ¢ c6 dang: NE'U r1 la A{ Va4 ... V4 Tg ld Ag Tny lo B
Budc 4: Loai bé luat mau thudn va luat du thita dé ¢6 mot co sé luat t6i wu
Buéc 5: Xac dinh sai s6 dau ra ctia hé md loai 1
- Tong sai_s6 = 0;t=1;
- Trong khi ¢t < N: Doc ban ghi thit ¢, (vig, va, - - -, Vst, V)5
+ Tinh dau ra o y; theo hé logic mo ¢ Bude 4 véi dau vao 1a : (vig, vag, - - -, Ust).
+ Tong sai_so = Tong sai_so + (yr —vy)% t =t +1;
- Tinh toan sai s6 cia hé: Sai_sé = (Tong_sai_s6)'/?
Budéc 6: Toi uu ¢;, m; bing GA
Néu (Sai_s6 < €) hodc (S6_thé hé > G,,) thi chuyén sang Budc 7;
Ngugc lai, CMOptimization(c;, m;); Quay lén Buée 2 ;
Budc 7: Mot hé 16gic mo loai 1.

3.2.2. Pha 2 - Xay dung Ha-T2FLS

MG& héa: Thyc chat ctia bude md héa trong pha nay 1a chuyén tap md loai mot thanh tap mo
loai hai DSGT, trong d6 can chuyén cac do thuoc, 1a cic gia tri trong khoang [0,1] thanh cac
gia tri chan 1y ngon ngtt cia DSGT. Theo céch tiép can ctia DSGT, do dai ctia gid tri ngon
ngt, k, thé hién tinh ma ciia né. Hay néi cach khac k& phan anh miic do khong chic chin trong
gia tri ngon ngit, do vay, trong buéc nay ching to6i chon do dai 16n nhat ctia mot gia tri chan
Iy ngon ngit 1 kyuqe v6i muc dich duy tri mot mitc do khong chac chan.

Dé thye hién dude viec mo héa trong pha nay, trude tien ta xac dinh tap gia tri ngdn ngit
mitc—k v6i k = 1,2, ..., kpae, sau dé tim gia tri ngdn ngt ma khodng tinh md ctia né bao
ham do thuoc nay dong thoi dinh lugng ngit nghia ctia gia tri ngon ngit gan do thuoc dé nhat.
Chi tiét ctia budc nay duge trinh bay theo Thil tuc 3.2 sau day.

Thui tuc 3.2. Chuyén déi T1FS thanh HaT2FS

Input: Tap tham s6 tinh m& cia DSGT: fm(c™), u(hj) véij=1,...,p+ g, trong d6 (p+ ¢
1 s6 cac gia t11); kpmee nguyén duong; tap mo loai mot A xac dinh trén X.

Output: Tap mo loai hai DSGT: A

V6i mdi x; thude vao gid dd cua tap mo A, thuye hién cac bude sau:

Budc 1: k = 1;temp = 0; temp 1a cac gia tri chan 1y ngon ngit két qua tiém nang.

Budc 2: Xac dinh M gia tri chan 1y ngdn ngt mic-k : Z1k, . . ., Tk, vOi M = 2x (p+q

Budc 3: Xay dung M khoéng (fm(Z1x), fm(dw)]; - - - (fm(@ak), fr(@ae)]

tuong ung v6i Tig, . .., Tyk theo Thuat toan 2.1

Bu6c 4: Néu fm(Zi) < palz;) < fm(dqy) thi temp = temp U {;}

Buéc 5: Néu k < kyae thi k =k + 1 va quay len Budce 2

Budc 6: Xac dinh gia tri chan ly ngon ngit Z; € temp sao cho |pa(z;) — v(Z;)| nhé nhét.
Co s6 luat va mé to suy dién: Co s6 luat trong HaT2-FLS dudc tao ra tit co s§ luat ciia
hé m& ¢ Pha 1, no sit dung ciing s6 luat va cing s6 tap ms nhu T1-FLS, diém khac biét 1a &

)k—l
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chd cac tap mo trong phan tién dé v phan két luan ctia moéi luat déu 1a cac HaT2FS. Thu
tuc 3.2 sé dam nhan viéc chuyén doi cac tap md loai mot thanh cac HaT2FS, con qué trinh
suy dién duge thye hién nho vao cac phép toan tap hop tréen HaT2FS.
X lyj daw ra: St dung ham dinh luong ngit nghia v trong DSGT dé gidm loai HaT2FS thanh
T1FS, sau d6 4p dung phép khit mo trong tam ta thu duge dau ra y ctia he.
Toi wu cdc tham so cia HaT2FS: Cac tham s6 ctia HaT2FS duge t6i wu bang giai thuat di
truyen. Ky hiéu thi tuc nay la HaParaOptimization(fm(c™), u(hj)) véij=1,....,p+q.
Ma hoa 16i giai thanh chudi bits, mdi tham s6 trong thi tuc nay dung 10 bits. Nhu vay, do
dai cia mdi nhidm sic thé 14 10 x (p + ¢ + 1) bits. Dé dam bao rang buoc Z?Zg p(hy) =1,
moi (k) sé duge ma hoa, sau d6 them bude giai ma ching bang cach chia ty le. M6i doan
10 bits ctia timg p(h;) ky hieu 1a hjs sé duge chuyén sang hé thap phan la decimal (hjs). Ky
hieu tong thap phan cla céc p(hj) nay 1a decimal(sum). Khi d6, gid tri thuc dé tinh toan
ctia moi p(h;) duge tinh theo cong thite: p(h;) = decimal(hjs)/decimal (sum).
Ham thich nghi trong thi tuc téi wvu HaParaOptimization(fm(c™), p(h;)) duge sit dung
ciing 1a ham LSE: LSE = \/Zi\il(Y;’ —Y;)?2, 6 day, Y/ 1a dau ra ro cia Ha-T2FLS ting vdi
ban ghi thit ¢ va Y; 14 dau ra mong muén.
Nhu vay, toan bo qua trinh xay dyng hé logic md loai hai dai s6 gia tit c6 thé duge hinh thiic
hoa theo thi tuc sau day.
Thu tuc 3.3. Xay dung Ha-T2FLS
Input: fm(c™), u(hj) véi j thoa: —q < j < p,j # 0; € T; kmaz; Gn-S0 thé hé can tién hoa.
Output: Mot hé logic mé loai hai DPSGT
Buéc 1: Stt dung Thi tuc 3.1 dé thiét ké mot hé logic mo loai mot tir tap dit lieu
Buéce 2: Khéi tao Ha-T2FLS
2.1. Chuyén cac T1FSs trong Budc 1 thanh cac HaT2FSs theo Thii tuc 3.2.
2.2. Két hop co sd luat trong Bude 1 véi cac HaT2FS trong Bude 2.1 ta ¢6 mot Ha-T2FLS
Budc 3: Tinh toan sai s6 ctia Ha-T2FLS
3.1. Tong sai_so = 0;t=1;
3.2. Trong khi ¢t < N : Doc ban ghi thit ¢, (v, vat, - . ., Ust, Ut);
- Tinh dau ra rd Y, theo Ha-T2FLS 6 Budc 2.2 v6i dau vao: (vig, vat, - - ., Ust):

+ Suy dién, gidm loai HaT2FS bang ham v, va khit mo trong tam T1FS ta c¢6 Y/;

+ Tong sai_so = Tong sai_so + (Y —wv)? t =t + 1;
3.3. Tinh toén sai s6 ciia he: Sai_sé = (Tong_sai_s6 )'/?
Budc 4: To6i uu tham sb ctia Ha-T2FLS
Néu (Sai_s6 < €) hodc (S6_thé hé > G, ) thi chuyén dén Budc 5
Ngudgc lai, HaParaOptimization(fm(c™), u(h;)); Chuyén len Bude 2;
Buéc 5: He logic mo loai hai dai s gia tit t6i .

4. THU NGHIEM VA BAN LUAN

4.1. Bai toan

Bo dit licu vé bénh nhan viem tiy c6 thé duge tim thay trong tai lisu SAS/STAT 9.2 [20].
Theo bo dit lieu MYELOMA, bién Time mo ta thoi gian song tinh bang thang ctia bénh nhan.
Bién Vstatus nhan hai gia tri 0 va 1, thé hien bénh nhan con séng hay da chét sau qua trinh
nghién cttu. Néu Vstatus nhan gia tri 0 thi Time tuong ting la thiéu (vi bénh nhan con séng).
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Bdng 1. LSE ctia cac hé 16gic mo

Fuzzy Systems | T1-FLS [14] | IT2-FLS [14] | SIT2-FLS [14] | Ha-T2FLS
LSE 2.28 2.04 1.78 1.75

Cac bién lién quan dén sy song ctia bénh nhan 14 LogBUN — gia tri logarithm ctia urat nito
trong mau, HGB — Hemoglobin, Platelet — tiéu cau khi phan tich, Age — tudi ctia bénh nhan,
LogWBC — log ctia WBC khi phan tich, Frac — cic vét ran xuong, LogPBM — log phan tram
clia té bao huyét tuong trong tiy xuong, Protein — hién tugng nudc tiéu cé protein va Scalc
— huyét thanh canxi.

4.2. Tht nghiém va ban luan

Maic du cic tham s6 trong bai toan trén déu lien quan dén thoi gian song ctia bénh nhan
nhung trong cac nghién ctiu, hai nhan té c6 anh huéng 16n nhat 14 LogBUN va HGB. Dé tien
cho viéc so sanh, thit nghiem nay lya chon tham s6 va bo dit lieu hoan toan tuong tu [14]. Trong
s6 65 bo dit lieu nay, 45 bo dude dung dé xay dung mo hinh, 20 bo con lai duge ding dé kiém
tra. Trong Pha 1, diéu kién dimg ctia FCM 13 eps = 1073, Thi tuc CMOptimization(.) t6i

LogBUN Space HGB Space

10 - A~
05 - < /

o5 1.0 1.5 2.0 2.5 5.0 10.0

Hinh 4.1. Ham thuoc ciia T1FS ting véi cac bién LogBUN, HGB

uu ¢, m; , véi i = 1,2, 3, tuong tng véi 2 bién vao LogBUN va HGB va 1 bién ra S TIME.
Mbi ¢; duge ma hoa thanh 3 bits (vi ¢; € [2,7]), mbi m; duge ma héa thanh 10 bits (vi
m; € [1.10,10.00]). Ap dung lai ghép don diém p, = 95%. Xac suat dot bién p,, = 1%. S6
thé he G,, = 100. Tai mdi thé he giit lai 10 c& thé t6t nhat cho thé hé sau. Ham thich nghi
13 LSE. Sau khi phan cum md t6i wu tap dit lieu ciia cic bién vao LogBUN, HGB va bién ra
S TIME, mdi tap dit licu déu dugc phan thanh 4 cum (¢; = ¢y = ¢3 = 4), tuong ting véi
cac tham s6 my; = 2.67; mo = 2.98 va m3 = 1.71. Khi d6, cac tap md tng véi 2 bién vao
va 1 bién ra duge biéu dién theo dang tam giac (Hinh [£1]). Lc nay, co s luat ctia T1-FLS
gom 16 luat va sai s6 huén luyen LSE = 3.25, con sai s6 kiém tra LSE = 2.20. Tt hé md loai
mot nay, HaT2-FLS duge xay dung. Trong Pha 2, ta xét DSGT AT = (AX, G, H, <) vdi céc
tham s6 HT = {more,very}; H- = {less, possibly} va cac gia tri khéi tao fm(c™) = 0.5,
wu(less) = u(possibly) = u(more) = pu(mery) = 0.25. Cac tham s6 pe, pm, Gn, - - - va ham
thich nghi trong thi tuc t6i vu HaParaOptimization(fm(c™), u(h;)) duge sit dung gidng
nhu trong thii tue CMOptimization(.). Ngoai ra, né c6 mot so diém khac. Thit nhat, cach
ma hoa van la nhi phan nhung mdi nhidm sic thé trong thi tuc nay 1a 50 (vi DSGT dang
xét 1a d6i xiing va c6 4 gia t1t less, possibly, more va very). Thit hai, dé gidam thoi gian chay
ctia chuong trinh, tham s6 fm(c™) dugc gidi han trong khoang [0.3, 0.7] va cudi cting la, bo
sung budc gidi ma theo ty lé cia cac p(hj) dé ddm bao rang budce Z?:l p(h;) = 1. Khi cac
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tham s6 ctia DSGT, fm(c™) = 0.5, p(less) = 0.39, u(possibly) = 0.23, u(more) = 0.33 va
w(very) = 0.05 thi he mo loai hai DSGT cho két qua tot, véi sai s6 huan luyen LSE = 3.12
va sai 56 kiem tra LSE = 1.75. So sanh véi heé md loai hai khoang théng ké (SIT2-FLS) trong
[14] thi sai s6 ctia Ha-T2FLS ¢6 t6t hon chat it (cta [14], LSE = 1.78), tuy nhién so sanh véi
sai 86 clia heé mo loai 1 v hé mo loai hai khoang (IT2-FLS) ma nhém tac gia trong [14] da
cong b6 thi két qua du bao ctia Ha-T2FLS 1a thuc sy kha quan (Bang ).

SurvivalTime Space LOG(S_TIME)

REAL ——
TIFLS ——
20 HaT2-FLS  —e—em

(@) ' (b)

Hinh 4.2.a Hinh 4.2.b

Hinh 4.2.a. Ham thuoc ctia T1FS tng v6i bién S-Time.

Hinh 4.2.b. Dy béo thdi gian séng clia bénh nhan viem tiy véi cac hé mo khac nhau.

Hinh 4.2.b cho thay r6 hon vé két qua duy doan ctia 20 ban ghi véi 2 hé logic md khac
nhau: T1-FLS, Ha-T2FLS va két qua thiee té. Trong 20 ban ghi duge ding dé kiém tra, hon
mot nita c6 két qua du bao gan véi thuyc té. Két qua du bdo clia ciac ban ghi 1, 2, 5, 7, 17,
18 ¢6 sai lech dang ké so véi thite té, day ciing la nhuge diém tuong tu két qua dy bao trong
[14], viec Iya chon hai tham s6 LOGBUN va HGB c6 thé chua thé hien t6t cho bai toan du
bao nay, hodc 1a dit lieu ctia cac ban ghi trén bi nhiéu quéa 16n.

5. KET LUAN

Bai bao dua ra mot phuong phép xay dung Ha-T2FLS tir dit licu va thit nghiem. Diém
khac biet cia HaT2-FLS véi T1-FLS 13 cac tap mo trong phan gid thiét va phan két luan cta
moi luat 1a cac HaT2FS, nho d6 hé 1ogic mo nay c¢6 kha nang mo hinh héa toét véi dit lieu co
nhiéu. Hon ntta, viéc ¢6 them cac tham s6 tinh mo trong DSGT, fm(c™) va p(h;), da lam
cho qu4 trinh t6i 1tu hé mo nay c6 lgi thé hon T1-FLS. Két qua thit nghiém trong bai toan du
béo trén day la kha tin cay (LSE = 1.75), diéu d6 cho thay tinh hgp 1y ctia phuong phap de
xuat ciing nhut kha ning ing dung ctia HaT2-FLS. Trong tuong lai, ¢6 thé thit nghiem hé mo
nay trong nhitng tng dung khéc.
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