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TICH HQP CAC PAI SO GIA TU
CHO SUY LUAN NGON NGU

TRAN DINH KHANG

Abstract. In this paper, a method for aggregation of hedge algebras is proposed. It
can be used for linguitic reasoning and building of linguitic data bases for any linguistic
variable.

1. Mé& dau

Trong thé giéi thuc tai phong phd, viéc lwu trir dir liéu cho céc hé thdng thong
tin va hé hé tro quyé&t dinh khong chi géi gon trong cac gid tri s6 mang tinh dinh
lrgng, ma con phai st dung cd céc gid tri ngén nglr. Ly thuyét tip md ra doi
cung cdp mét céng cu xit Iy cac dir litu dang niy, mét huéng nghién ciru trong
nhirng ndm gin day 1a dai s6 gia t ([1], [2]) m6 phéng ciu tric tip céc gid tri
ngén ngir thi€t 14p co s tinh todn va suy dién trén céc tri thirc chira cic gid tri
d6. Vi du nhw, dé do chiéu cao cia mdt ngudi, ta c6 thé st dung dai s8 gia t&r
véi cdc phan ti sinh {cao, thip} va cdc gia ti nhu {rdt, xdp xi, {t nhiéu, twong
déi,...}.

Tuy nhién trong phan 1én cdc truong hop, tip gid tri cho mét bi€n ngdén ngir
hét sirc phong phii khong thé biu dién chi bing mét dai sG gia tir ma phai cin
nhiéu dai sG gia tr khac nhau tich hop lai. Vi du, d€ miéu td trang thai st cda
bénh nhéan, cic bic si cé thé ghi trong bénh 4n céc gia tri ngdn ngir nhu:

{cé s8t, khéng sdt, sdt néng, s6t nhe, sot vira, s6t cao, sot lién tuc, sét con,

s6t ban ngdy, s6t vé chiéu, sot vé dém, sot kém gai rét, st rét run, sét khong

mo héi,...}

Viéc chuin héa va tinh todn trén cic dir liéu niy rat khé khin, cin phdi sir
dung nhiéu dai s8 gia ti khdc nhau nhu mtc d st (¢é sét, khéng sét, sét cao,
s0t vira,...), nhip d6 s&t (s6t lién tuc, s8t con,...), thoi gian s6t (s6t ban ngay, sot
vé dém,...), ki€u s6t (s0t kém gai rét, s6t khong mo héi,...) v.v... Sau dé gid tri
cudi cing vé dic di€m sét cho mét ¥ng dung cu thé nio dé, vi du d&€ chan doan
bénh s8t rét, duogc tich hop tir cic dai s6 gia tir nay.

Mé réng hon, tir mot luit If- then

If z; is A; and =3 is A; and ... and z, is A, then y is B,
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trong d6 z;, z3,..., Tn, ¥ 13 cidc bién ngén ngir 18y gid tri trong dai sé gia ti
X1, X2,.eey X, Y 6 thé tinh y tir cic bién z,, z4,..., ,. Néi cach khéc, dai s8
gia tr Y duoc tich hop cdc dai s6 gia t& X3, Xo,..., Xn.

Nhu vay, tich hop 1a qud trinh tinh todn, suy ludn tir nhigu dai s6 gia ti
(mtrc_d$ sdt, nhip_do_sdt, thoi gian sdt, ki€usét,...) vé mot dai s6 gia t& chung
(s6t cho ch&n doin s6t rét). Trong qué trinh d6, mic 40 tham gia cda céc dai
s8 gia ti thanh phin vao ngir nghia cla dai s8 gia ti tich hop ¢6 thé manh yéu
khéc nhau, dwoc bi€u dién bing mot gia tri ngdén ngir hoic mot gia tri s6 (trong
s6). D& thuin lgi cho viéc tinh toan, ta giad thiét cdc phin ti cla cing modt dai s
gia tir déu so sadnh dwoc véi nhau. Nghia 13, tip céc gia ti c6 thé sip xép duorc,
nhirng gia ti khéng so sdnh dugc véi nhau dwoc coi 1a déng mitrc va chi con mét
dai dién trong tip gia tir. Nhirng nghién ctru sdu hon trong vdn dé nay c6 the
xem trong [6]. Vi trong dai s6 gia td c6 thé dinh nghia tip céc gia ti thich hop,
nén gia thiét nay khéng lam mat di cdc tinh chat cida dai s6 gia tir.

Trong suy dién m¢ ciing da gidi bai toan twong tu & dang:

Ménh dé 1: If X, is A; and z, is A, and ... and z, is A, then y is B

Ménh dé 2: X, is A} and z; is A% and ... and z,, is A,

Két luan: y is B’

Trong d6 A;, AY, A2, AL, ..., A, A}, B 1a céc tip mo.

Ty theo cich xay dung quan hé R(A,, As,..., Ap; B) ma két ludn B’ ¢ thé
12 hop hay tuyén cia cic bai todn thanh phin

If z; is A; then y is B
z; is A;

y is B,
chi ti&t c6 thé xem thém & (3], [4], [5].

Céc phan tiép theo cda bai nay dé cip dén cic phwong phap tich hop dai sé
gia ti, tao tap gid tri nén cho suy dién mo.

2. Tich hop dai s8 gia tir

Dinh nghia 1 (B cda céc dai s3 gia tit).

Cho céc dai s6 gia t (X1, G, H,<), (X2, G2, H <),..., (X, Gn, H,<),
X € X1 X Xz X -+ X X, 1a bd cla céc dai s§ gia tir néu thda man céc diéu kién
sau:

(1) z € x, néu = = (z1, z2,..., T,) trong dé z; € X; hodc z; = 0.

(2) z,y € x, z=(z1, T2, ..., Tp) Vbi z; € X; hodc z; = 0;
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y = (Y1, Y2, Un) V6i y; € X; hodc y; = 0.
Tacédz <y, néuVi:(z; =y; =0) hodc (z; #0 va y; # 0 va z; < y;).
z; = @ dwoc hi€u 13 thanh phin X; khong cé gia tri ngoén ngir trong z € x.
Viéc tham gia cia dai s6 gia tir X; vao ngir nghia cia z 1a khéng xac dinh, ta cé
thé loai bé thanh phin niy ra khdi moi qué trinh tinh toén.

Dinh nghia 2. x 13 bd cda n daisé gia tw, z = (z1, Z2, ..., Zn), ¥ = (Y1, Y2, Yn)
exvéiz<y Tacoz<y,néui:z; #0vay; #0vaz; <uy,.

Dinh nghia 3 (Cac phép tinh trén bd cla céc dai sd gia tir).

Cho x 1a bd cia n dai s6 gia t&, z = (z1, Z2,-+, Tn); ¥ = (Y1, Y2, -+, Yn) € X
v6i dieu kién Vi : (z; = y; = 0) hodc (z; # 0 va y; # 0)

(1) zAy = (z1 A Y1, T2 A Y250, Tn A Yp), trong dé

N 0, nfuz;=0vay; =0
o Ay =
i N Y min(z;, y;), néuz; # 0 vay; #0

(2) zVy=(z1Vy1, 2V Y2,y Tn V Yn), trong dé

y 0, nfuz;=0vay; =0
iV oy =
§ max(z;, y;), néuz; #0vay, #0

(3) —z = (—z1, —z2,..., —Zp), trong dé

0, néuz; =0

a—g, néuz; = ag, véi ali chudi céc gia tir, g, —g € G;

Theo dinh nghia trén, cic ham A,V chi duoc x4c dinh véi cdc phan ti ma
moi thanh phin cia né hodc cing dwgc xac dinh (# @) hodc cung khéng xédc dinh

(= 0).

Dinh nghia 4 (Trong s8 cia bd cia cic dai sd gia ti¥).
Cho x C X; x X2 X -+- X X, 12 b6 cila n dai sé gia ti, p1, p2,---, Pn 12 trong
n
6 cda bd, néu Vi : 0 < p; <1va Y p; = 1.
1=1
Trong s6 thé hién mirc d6 tham gia ngir nghia cda céc dai s6 gia t& thanh
phan X;, X, ..., X, vao ngir nghia ctia x. Trong s8 cia X; 16n c¢é nghia 13 mic
d6 tham gia ngir nghia vao x nhiéu va mdi khi z; trong z = (z;, o, ..., ) thay
d6i sé dnh hwdng nhidu t&i z. p; = 0 drge hi€u 13 moi thay ddi cda giad tri z;
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khéng lam dnh hudng téi ngir nghia cda z. Néu moi thanh phan tham gia ngang
nhau vao x thi céc trong sé p; déu la 1/n.

Vi du. Cho céc dai s6 gia td X;, X3, X3, X4 bi€u dién cic bién ngén ngir

mirc_dd_s6t, nhip_do_sét, thoi_gian sot, ki€usét. Tap {0.1, 0.4, 0.2, 0.3} 1a trong
3 ~

cla sé .

Tié€p theo, goi z = (z;, z2,..., T,) € X 1& x4c dinh diy dd néu Vp; # 0 :
z; # 0. Nghia la thanh phin X; cé gia tri ngdén ngir, néu thanh phin dé tham gia
vao ngilr nghia chung. Nguoc lai ta néi z khéng xac dinh day dd.

Dinh nghia 5 (Ham do trén dai s8 gia ti)

Cho dai s6 gia tt (X, G, H, <), A : X — [0, 1] 13 mdt hdm do trén X néu
thda man:

(1) Yz : X(z) € [0, 1], A(supg+) =1, A(infg™) =0 trong d6 g7, ¢~ € G 1a
c4dc phan tir sinh dwong va am.

(2) Vz,y € X, néu z < y thi A(z) < A(y).

Dinh nghia 6 (Ham ngugc cda ham do).
Cho dai s6 gia tt (X, G, H, <), A 1a mét ham do trén X, A7 : [0,1] - X
12 ham ngugc cia ham do A néu thda man

Va € [0, 1], A7(a) € X sao cho |[A(A71(a)) — a| < |A(z) — a] VT € X.

Bé dé 1. Cho dai s6 gia té (X, G, H, <), X la mét ham do trén X, A\~ la ham
nguoc cua ham do A, ta cé

(1) Vz € X, A7 (A(z))) = =

(2) Va, b€ [0, 1], néua < b thi A71(a) < A71(b).

Chitng minh.
(1) Gid st ton tai ' € X : A™1(A(z)) = 2’ # z. C6 hai khd ndng xdy ra:
z’ < z, theo Binh nghia 5 c6 A(z') < (A(z);
z < z’, theo Pinh nghia 5 c¢6 A(z) < (A(z').
Vay trong bat ctr trudng hop nao cing cé: A(z) # A(z').
bit a = A(z) € [0, 1], theo Dinh nghia 6 |A(A™1(a)) — a| < [A{y) —a| Vy € X.
Thay thé A(z) vao vi trf cda a: [A(A™1(A(2))) — A(z)] < |A(y) — A(z)| Vy € X.
Vi AT (@) = o' 1 ]A(#) - A(#)] < M) - Aa)| Yy € X.
Liy y = z sé ¢6 |A(z') — A(z)| <0, suy ra |A(z') — A(z)| = 0.

Nhu vay A(z') = A(z) mau thuin véi phan trén. Tir d6 suy ra ' = z hay
A"YA(z)) =2z. O
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(2) Néu a = b thi hién nhién c6 A~!(a) = A~1(b).
Gid st ton tai @ < b ma c¢6 A~ (b) < A™1(a). Theo Dinh nghia 5 thi

AATHB) < A(A7(a) (+)

Cé céc khad ning x3y ra:
a) A(A71(d)) > a, trir c3 hai v& cda () cho a:

AA7IB) —a<A(A7Ha)) —a
Vi cd hai vé déu khong 4m nén ta cé

AATHB) —al < [A(A7 () —a

{1

= (51.‘3 ! :
mau thudn véi Dinh nghia 6 13 [A(A7!(a)) — a| < [A(z) — a| Vz € X
b) A(A"1(0) <a<bvaA(A~l(a)) >b>a.
Tir gid thiét a < b ta c6 —a > —b. Cong cd hai vé véi A(A71(a)):

A(A7Ha) —a> XA (a)) — b
Vi ¢ hai v& déu khéng 4m’
AT (@) = a > [A(ATH(a)) — b]
Theo dinh nghia 6: |A(A\~1(a)) — b| > [A(A\~1(b)) — b], suy ra
A(ATH(a) —a| > AATH(B) b (x#)
M3t khéc, céng ca hai vé cia —a > —b véi A(A~1(b)):
AMTHD) —a > A(AT1(B) - b
Vi ¢4 hai v& déu 4m, ta c6:
IAATH() —a] < [A(AT(b)) — b]
Theo dinh nghia 6: |A(A~1(a)) — a|] < [A(A71(b)) — a|, suy ra

IA(AH(a)) —a] < [A(ATH (b)) — bl
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P4

mau thuin véi (¥*).
c) A(AT1(b)) <a<bvaA(A~!(a)) <b.
Trir cd hai vé cda (*) cho b:

AATIHB) —b<A(A"Ha)) = b
Vi cd hai vé déu am, ta cé:
IAATH(B)) — b > [A(A7(a)) — b]

mau thudn véi Dinh nghia 6 1a [A(A™1(b)) — 8] < |A(z) — b Vz € X.

Nhu vay trong bdt cit truomg hop nao ciing xdy ra mau thuin, suy ra diéu phdi
ching minh: A~1(a) < A71(b). O

Véi méi dai s6 gia tir déu dinh nghia duoc ham do va ham nguoc cda né vi trong
(2] da chi ra ring, dai s8 gia ti dong cidu véi mdt mién con [0,1]. Viéc gid thiét cac
gia t& trong tdp H déu sanh duoc véi nhau gitp cho dinh nghia hAim do dé dang hon.
Théng qua ham do ta cé thé phin nio so sinh duoc mirc d6 ngir nghia gifra cdc phin
tir cda cdc dai s8 gia t khac nhau. Vi du tir hai dai s6 gia t& chidu_-cao va cin_ning
thi mirc dé chénh léch gitta “rat cao” va “khéng cao 1dm” phan nao tuong tng véi “rat
nidng” va “khéng ning 1dm”.

Vi du ham do (theo dinh nghia trong [8]):

Cho dai s8 gia t& (X, G, H, <) véi H = {very, more, possible, less}, G =
{97,907}

Gan 6(g%) = 1, 8(¢97) = —1, 6(very) = 2, 6(more) = 1, &(possible) =
—1, 6(less) = —2.

A : X — [0, 1] dugc dinh nghia cho £ = T Tk—1 - -1 Zo € X, véi zo 1a phin
t& sinh, 1, Z3,..., Tk 12 céc gia t&

k Al_q 3
Az) = 33%(1—0) +3 [% II sign(&(zi))]

=1 1=0

véi sign(a) =

1, néua >0
la mot ham do trén X.

—1, néua<O
Ham nguoc cda A theo thuit todn dugc trinh bay trong [8] ciing théa man la mot
ham nguoc cda ham do trén dai s3 gia ti.
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DPinh nghia 7 (Khoédng céch gilta cac phin ti cda cac dai s§ gia tit).

Cho x C X7 X X3 X++-x X, 12 b cia n dai s8 gia ti, p;, pa, ..., Pr 12 trong s8 cda
cac thanh phdn, £ = (z1, Z2,..., Tn), ¥ = (Y1, Y2, -» Un), 2 = (21, 22, ..., 2n) € x 12
céc phan t& x4c dinh day dd. Ham @ : x X x — [0, 1] 1a khodng cach giira hai phin ti
trong bé x néu thda man

(1) 6(z, y) = O khi va chi khi V2 = 1,..., n: p; # 0 thi z; = y;.
(2) O(z, y) = 6(y, z).

(3) O(z, y) < b(z, z) + 0(y, 2).

D& dang chtrng minh duoc tiép

(4) |0(z, y) — 0(y, 2)| < (<, 2).

(5) 0(z, y) — (=", ¥')| < O(z, z') + 0(y, ¥').

Vi du: Sau day 14 mot s ham khodng cach
(1) O(z, y) = 20y pil A=) — Awi)l-
(2) O(z, y) = |M(z;) — Ay, véi p; = . max p;.

=1,...

®) 0z, 4) = | X pilAm:) ~ M)

(4) Cho z = (01 g1, 0292, -, On gn), ¥ = (6191, 6292, ..., 6n gn) v6i g1, g2, ..., gn
13 cdc phan ti sinh cing ddu cda cac dai s8 gia t& X, X2,..., Xpn. O1,..., On, 61,..., O
14 chudi cac gia td, {r1, r2,..., 7n} 13 mét hodn vi cda {1, 2, ..., n} sao cho p,, < p,, <
v+ < py,.. Gid st tir r; c6 p,, > 0, con p,,_, =0. Tacé

Bz, ¥) = |X(0n; Org, Op, r,) = by By ) i, Gr, )
1a khodng cach, trong d6 oy, 0y, ...0r,, 6y, 6r,,, ...6-, 14 chudi cac gia tir ding ke
nhau.
Khodng céch bi€u thi mirc dé gin nhau vé ngit nghia giitra cac phan ti&. Hai phan
t& gan nhau 1a hai phan tir c6 thanh phan déu gan nhau, trong dé dic biét 1a cdc thanh
phén cé trong s6 16n.

Dinh nghia 8 (Ham tich hop dai sd gia t).
Cho x € X1 X XXX X, 14 bd cla n dai s8 gia ti véi cac trong s6 p1, P2, ..., Pn
ham do A, ham khodng cach . X* 1a mét dai s8 gia ti.
fw : x = X* 1a ham tich hop dai sé gia tir tai w € x xdc dinh diy dud cho truéc, néu
Vz, y € x x4c dinh day dd sao cho 0(z, w) < 0(y, w) thi
IA(fuw(2)) = Afw(w))] < A(fu(¥)) — A(fw(w))]

Y nghia cda ham tich hop dai s8 gia tit 1A x4y dung mét 4nh xa tir bd cac dai gia tir
vé mot dai s§ gia tir, trong d6 ngit nghia cda f(z) twong duong véi ngir nghia tich hop
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cac giad tri thanh phin. M6t phan t& khodng ¢dch gin gid tri w thi cling cé ngir nghia
ham tich hop gan véi gid tri ham tai w.

Pinh 1y 1. Cho x C X; x X3 X -+ X X, la bd cda n dai s6 gia td vdt cdc trqng
86 P1, P2,y Pny A ld ham do va 0 la ham khodng cdch, A\~ la ham nguoc cda
ham do trén dai sé gia ti X* 9 € x la phan td ma mot thanh phdn déu cé ham
do bdng 0.

Ta ¢6 A~ 1(0(z, 9)) la ham tich hop dai 56 gia ti tei 9.

Chitng minh. Cho céc z,y € x xac dinh day dd, sao cho 8(z, ¥) < (y,d). Vi
6(¥, ¥) = 0, nén theo Dinh nghia 6: A(A71(0(¢, ¥))) < A(z) Vz € X*.

Tir gid thiét 0(z, ¥) < 6(y, ¥), theo B8 dé 1trén X*,c6 A1 (0(z, 9,)) < A71(0(y, 94)).
Theo Dinh nghia 5, A(A71(0(z, 9))) < A(A~1(4(y, 4))).

Trir cd hai vé cho A(A™1(8(9, 9))):

AATHO(z, 9)) = AATHO(9, 9))) < AATHO(y, 9))) — A(ATH(O(, 9)))
Vi cd hai vé khéng 4m suy ra
IAATH(O(z, 9))) = AATHO(F, 9)))| < [AATH(8(y, 9))) = AATH(O(9, 9)))]
la diéu can chimg minh. [J
Sau day la cac vi du vé ham tich hop:
(1) folz) = )\"1( 2;1 Ds )\(.’Izi)) (phuong phdp 14y trong sé).

(2) fo(z) = z;, véip; = ,max p; (phuwong phép chiéu).

yosey

(3) fo(z) = A1 ( P> pi)\(xi)2>.

(4) Cho z = (01 91, 0292, On gn) V6i g1, g2, .-, gn 12 cic phin ti cing ddu cda
céc dai s6 gia t&r Xy, Xo,..., X, . 01,..., 0, 12 chudi cac gia t&, {ry, r2,..., 'n} 1& mot
hoédn vi cda {1, 2, ..., n} sao cho p,, < Pr, <+ < py.. Gid sk tir r; c6 p,, > 0. Ta
¢ fo(x) = oy, Orip1 ' Or, g 12 ham tich hop véi g 13 phin t& sinh cda X* cung diu
véi g, .

Chitng minh: (1) Cho z, y € x xéc dinh diy dd théa man 0(z, ¥) < 0(y, ¥), ta cb

pr\(zi) < Zpi)\(yi)
Nhu vay A(fs(z)) < A(fs(y)). Ngoai ra, (¢, ¥) = 0. Suy ra
IA(fo(x)) = A(£s(9))] < [M(fs(¥)) — A(fs(9))] 0
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(2), (3), (4) - Chirng minh tuong tu.

3. Tich hgp va suy ludn xap xi

71

Véi hai tdp m& A va B ¢6 ham thudc p4 trén vii tru U va pp trén v tru V, ta cé
thé dinh nghia khodng cach giita ching béng khodng céch cda A va B la cac gia tri ro

héa ctia A va B. Cdch khir m& théng dung nhét 1a phuong phép 18y trong sé

A= balun) | palua) | palva) s che gid tri 56
Uy U9 Un
p=#8()  p(2) L ksm) ke gid e 56
Vi1 V2 Um
m n
> pa(ui)®u > uB(vi)* v
th 4="=" , B== , véi o> 0.

i}; pa(ui) ;::1 v (vi)™

Tiur d6 tng dung trong bai todn suy ludn x&p xi véi cac dai s gia td X1, Xo, ...

va dai s8 gia tir tich hop X, cé k luat If... then...

If X; =1 and X3 = 712 and ... and X,, = =1, then X* =
If Xl = z9; and X2 = Tgg and ... and Xn = Iy, then X" =

If X; = k1 and X3 = Tk2 and ... and X,, = Tk, then X* =

Véi gia tri vao £o = (Zo1, Zo2, ., Ton) s€ tinh duoc z§ € X*.

z3

Zy

%
T

(3.1)

Day 1a bai toan suy dién md quen thudc, cach gidi c6 thé tham khdo trong [5] duoc

tém tit nhu sau:

GOl Ul = {ulla U2y eeey ultl} la va tl‘l}. cia bién md X1
Us = {u21, 22, ..., Uat, } 1 vil tru cda bién mo X,
Up = {Un1, Un2, ..., Unt, } 1a vil tru cda bién m& X,
V = {v1, va,..., Vyn} la vii tru cda bién m& X*

Néu ham thuéc cla m8i z;5, =7 1 pz; (ujn) = aijn (1 < h < tj) va pge (v5) = byj thi

ta c6 cac tap mo

aij1 | Q52 aij5t;
i Aty il e
J1 72 Jt;
b b, b
11 22 m
T;=—+—+-+
U1 V2 Um

Nhu vay tdp mo “X; = z;; and X2 = z;2 and ... and X,, = z;,” thudc vi tru

Uy XUz X + -+ X Uy, ¢é luc luong la t;.ts...t, véi
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z; = (X1 = z;1 and X3 = ;2 and ... and X, = Zip
_ Z @i, A Bizjy A+ A Ginj,,
(U175 Y2555 o0 Unj,)

jl = ]-""1t1
J2 =1,..,t2
s ) (.

Bay giv ta xdy dung quan hé R; cda z; — z; cho luat thir ¢ theo phuong phép cia
Mamdani (xem [3]) véia > b=aAb

BR: (V15,5 Uajys s Ungys Vj) = (@ing, A Giggy Ao A ing, ) A bi

R; 13 ma tran cé t;.t;...t, hang va m cot.
Sau d6 téng hop k luat lai, ta xdy dung duoc quan hé chung R = RjUR2U- - -U Ry.
Tiép theo, véi mbi

€15, NC25, N+ AcCnj,

zo = (To1, Toz2,-- Ton) = Z
jl = 17"°atl
J2=1,...,t

(81, 5 Bag,s oy o)

I = Lol
sé tinh duoc két qud z§ = %IL + %ZL—F---—}- %m nhu sau: z7 = zpo R, cé
dJ' =, max ((cljl AXZTPARERRA cnjn) A “R(uljn U255 w05 Ungys UJ'))
n=1.,4

J2 =1,..,t

jn = 1, R

Ngoai phuong phdp cda Mamdani, ngudi ta cé thé sir dung cdc phuong phap suy
dién mé khac cda Zadeh, Mizumoto,... (xem [3]).

Trd lai véi bai toan tich hop céc dai sd gia ti, cling véi k luat nhu bai toén (3.1), ta
b T1j, ..., Tkj 1a cac gid tri ngdn ngir cda dai s8 gia t& X;, j = 1,..., n, ], T3,..., T
clda dai sd gia td& X*.
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Ly — (-’511, L1290y -'Cln)
Iy, = (z2la L2229 ey zZn)

I = (xkla T2y ooy zkn)
14 cidc phan tir cda bd x C X; X X2 X -+ X X,,. Trén céc dai s6 gia tir ¢6 ham do A,
véi méi bién X ta sit dung k gia tri da biét 1a {A(z1;), A(z2;), ..., A(zk;)} 1am tép
vii tru méi U, bién X~ c6 tép vil tru la {A(z3), A(z3,..., A(zf)} gdm k gia tri.

Nhu vy & ludt thr ¢, X; nhén gié tri 12 tdp m&

0 1 0 0
6 2ij, Tij = ——— + -+ + + Het .
7T XMzy) AMzici)  AMzis)  AM@itay) A(zks)
X* c6 tdp mo
50 — et i e e PRI,
vz, T, = —— wie s = = = Siete ———
v A(z}) ’\(Ii—l) )‘(xi) A($i+1) A(zz)

Vi céc gia tri A(zi;) va A(z}) déu thudc mién [0, 1], nén cach xay dung cic T;; va
Z; nhu trén gitp cho viéc dé dang so sdnh cac gia tri cda cic tdp m& trén céc vil tru
khac nhau. Ngoai ra, khi khir mo, Z;; sé nhén gia tri la /\(:v,-j), tuwong duong véi z;;.
Nhu vay céch chuyén d8i nay khéng lam mat méat théng tin cda Zij.

Do dé, x nhén tip mo

2; = (Biiy Tigyoies Tin)
-y b (Az4i1)) A bz, (A(252)) A -2~ A ez, (A(Z5,0))
(A(z5,1)s A25,2)s -5 AlZ5,n))

].1 = 1,...,k
]'2 = 1,...,k
A= L.

Ham thudc cda z,; c6 phin 16m cac gia tri bdng 0, chi c6 mdt di€ém duy nhit bing
Rtai §, =ja =+ =jn =1

1
(A(mil), /\(I{2), seey A(:l:‘”l))

I; =

Tinh quan hé R; cda z; — z cho luat thir ¢ theo phuong phdp cia Mamdani, R;
1 ma tran k™ X k chi c6 duy nhiat mot phan ti bang 1 1a

BR; (A(Zi1), A(Ziz)s oo A(Zin); A(z7)) =1

cdn lai déu bang 0.
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~ Quan hé chung R = Ry U Ry U --- U Ry chi cé tdt cd 1a k gia tri bing 1 tai
(A(z11), A(212), -5 Az1n); A(21))
(A(z21), A(z22); -0y Az2n); A(23))

(A(xkl)’ A(.’Ekz), cery A("I:kn); A(a:;';))
trong dé méi cdt c6 mot gid tri bang 1, con lai déu béng 0.

Bay git véi £y = (Zo1, To2, -+ Top) trong dé méi To; 1a tdp mo (ky hiéu To;) thudce
tap vil tru U; = {A(z1;, AMz25), ..., A(zk;)}, gid tri ham thuée cda To; tai A(zq;) b
thé 14y b&ng mirc d gin nhau gitra A(zo;) va A(zs;) la

1= A eo)) = Amy)l 1— Maog) = Mazg)] . 1 |A(zo) — Aley)
0 A(z1;) - A(z27) L A(zk)

(3.2)
Zo = To1 ATo2 A+ -+ A Top 1a tdp mé thude vii tru U] X Uj X - -+ X U}, ¢6 lyc luong k™

izl?,i.?,n (]_ - lA(fUOi) - A(15,7&)')
2= 2 Ol Nanah o M)

n=1..,k
jn ::1,.n,k
1- ,Inax (IM(zoi) — Alz5:4)])
N 3" 3.3)
jl =1.....k (A(xfl 1)’ }‘(xj22)a ceey )\(xjnn)) (
jn = 1,...,]6

dl d2 . dk
- rrie iR e
Az3)

Vi méi cdt cda R chi c6 mdt gi4 tri bdng 1, con lai bdng 0, nén d; nhéan gié tri tai diém
(Azj1), Alzj2), 0 A(zjn)), thc 1a tai 1 = 7.0y Jn = J

dj = min (1 = I/\(IBO,) = /\(zﬁ)|)

t=1,...,n

Nhu vay
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] r{nn (1 - |X(zos) — Az1i)]) i___I.’{l,i‘?,n (1 — |A(z0i) — A(z2:)])

A=) ’ A(z3)

min (1 — | A(zoi) — A(zki”)

t=1;550
Alzk)

To = +

cee

(3.4)

Y nghia cda T} 1a néu z, gin véi z; thi gid tri ham thudc tai A(z}) s& 16n, néu
I, = z; thi gid tri ham thuéc tai dé chinh bing 1.
Tinh A(z§) béng cach khir mo& théng qua phuong phdp trong s&

é[gmn(rwuma—uwmfxun]

== [N

xzo) = , véia >0 (3.5)

E min (1 — |A(zoi) — /\(zj,-)|)a

J 11 1

" Tir d6 ta tinh dwoc z.

Céng thirc (3.5) ciing dong thoi la phuong phép gidi bai todn suy ludn xdp xi (3.1)
théng qua ham do. Uu di€m ctia cich tinh nay 13 nhanh, khéng tén kém qué nhiéu bo
nhé (vi du d€ luu ma tran quan hé ¢;.t3...t, X m) nhu céch tinh truyén théng.

Ngoai phuong phép cia Mamdani duoc 4p dung nhu trén, ta cé thé sir dung cac
phuong phép suy dién m& khac cia Zadeh, Mizumoto,..., cling cho két qud tuwong tu.

Tiép theo, ta khdo sat bai toin (3.1) nhung don gidn khi chi c¢6 mét ludt
If X; =z,; and X3 = z12 and ... and X,, = =, then X == .'III

Cho X1 = 791 and X2 = zg2 and ... and X,, = Ton (3.6)
Tinh X* = 25
T (3.5)
,':I{lin " (1 i |A(.’Bo,) = A(Ili)l) 1-— izIrllaXn (IA(zo,) = )\(131,;)‘)
B A=) a A(z1)

gié tri ngén nglr z§ c6 thé tinh tir

A(z5) = A(w}) + max_|Mzod) - Mzw)| B (3.7)

1=1,...,n
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bit A = max |A(zo:) — A(Z1:)], tinh j sao cho A = |X(zo;) — A(z1;)|, x4c dinh B

t=1,...,
nhu sau:
1, néu A(zo;) > A(z1,) va AM(z]) + A <1
. 122 ngu A(zoj) > Azy,) va A(e}) + A > 1
A=) ngu A(zof) < Alzyy) va A(z}) —A <0
-1, néu A(zo;) < A(zy;) va A(z]) —A >0
dé A(z3) ludén théa man 0 < A(zf) < 1.
Luu y rdng 0(zo, z1) = max [A(z0:), A(z14)| chinh 1& mét ham khodng cach vi
théa man Pinh nghia 7, cho _nén:, ’
A(zg) = A(z1) + 8(z0, 1) B (3.8)

Nhu vay, theo cac phuong phap suy dién mo truyén théng, 4p dung véi cac gié tri
cda dai s8 gia tif, stt dung ham do va ham khodng cach, ta c6 két qud nhu & cong thirc
(3.8). Ngoai ra cé thé chirng minh dé chinh 1a ham tich hop dai s8 gia t&r X;, X2,..., X,
vé dai s8 gia td X* tai di€ém z, theo dinh Iy sau:

Pinh 1y 2. Cho x C X; x X3 X --+ X X, ld bd cda n dai s6 gia té vd dai s6
gia t X*, X la ham do va 0 la ham khodng cdch. A~! la ham nguoc cia ham
do X trén X*. Cho z; € x va z; € X*, chon —A(z}) < B < 1 — A(z]}) dé
0< A(z}) +0(z, z1)B < 1.

Ham sé6 f(z) = A7 (A(z3) + 0(z, £1)B) ld ham tich hap dai sé gia té tai ;.
Chitng minh. Cho cic =,y € x xac dinh day dd véi 0(z, z1) < O(y, z1). Vi
0(z1, 1) = 0, nén theo Pinh nghia 6: A(A™'(8(z1, z1))) < A(z) Vz € X*. Cé
hai truomg hop x3y ra:

a) —A(z}) < B <0
Nhén cd hai vé€ cda 0(z, z;) < 0(y, z;) véi B s& duoc

0(zy, z1) B =0>0(z, z,) B > 0(y, z,) B
Céng thém cac vé véi A(z?)
A(z]) + 0(z1, 1) B > A(z]) + 0(z, z1) B > A(z7) +0(y, z1) B
Theo B& dé 1

ATHA(23) + 0(z1, 1) B) > ATH(A(2}) + 6(z, z1) B) > A"H(A (=) + O(y, =1) B)
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Theo Dinh nghia 5

Do dé
AATH(A(2]) + 0(z, 21) B)) — AATH(A(21) + O(=1, 21) B))

> AATHA(z1) + 0(y, 1) B) — AAT (A=) + 0(z1, 21) B))

Vi cd hai vé déu &m

XA (A(2]) + 0(z, 21) B)) — XA (A(=3) + 6(z1, 21) B))]
<PAATHA(=1) +8(y, 21) B) — XA (A1) + 6(z, z1) B))]

Hodc 1a [Af(z) — Af(z1)| < |Af(y) — Af(z1)]-
b)0 < B <1-—A(z3})
Nhan cd hai vé cda 0(z, =) < 0(y, 1) véi B s& duoc

0(z1, 21) B=0<0(z, 1) B < O(y, 1) B
Cong thém céc vé véi A(z])
A(z7) + 0(z1, 1) B < A(z}) +0(z, z1) B < A(z]) + 0(y, z1) B
Twong tu nhur trén, 4p dung BS dé 1 va Dinh nghia 5

AATH(A(21) + b(z1, 71) B))

Do dé

Vi cd hai vé déu khéng &m

AT H(A(21) + 0(z, 1) B)) — AATH(A(2) + 0(21, 21) B))]
< PATHA(=) + (v, 71) B) = AATH(A(=]) + 0(z1, 21) B))]

Hotc 1a |\f(z) — Af(z1)| < M (¥) — Mf(z1)]
Nhu vay f 13 ham tich hop dai s8 gia tir tai ;. [
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Tir d6 bai todn suy ludn (3.6) néu tng dung cho dai sé gia tir cling chinh 13 bai toidn
tich hop dai sd gia tir tai diém duoc xac dinh trong luat If... then.

Ngoai ra c6 thé thay 6(z, z,) & (3.8) bing cdc dang khac cia ham khodng cach, ta
sé cé cac két qud suy dién khac nhau.

Vi du. Cho cac luit sau
If X is small and X is large then Y is very small
If X is possible small and X is large then Y small _
If X, is small and X, is possible large then Y is possible small
If X, is large and X is possible small then Y is possible large
If X is possible large and X is small then Y is very large
If X, is large and X3 is small then Y is very large
Biét Xy, X, tinh Y.
Véi ham do nhu trong [8], a = 80, theo céng thirc (3.5) ta thu duwoc bing két qua

X: \ X2 |VS|MS | S |PS |LS |LL |PL | L |ML |VL

very small (VS) | *1 |PS |PS |PS [PS |[MS |[MS |MS |MS [VS

more small (MS) [ L | *1 [PS [PS |PS |PS |[MS |[MS |VS | *4

small (S) | L | L |*1 |[PS |PS |PS |[PS |VS | *4 |*4

possiblesmall (PS) | L | L | L |*1 |PS |PS |*6 | S |*4 |*4

lesssmall (LS) | L | L | L L |*1 |*6 | S S S | *4

less large (LL) |*3 | L | L | L |* |*2 | S S S |'S

possible large (PL) |*3 | *3 | L | *5 |PL |PL | *2 | S S |'S

large (L) | *3 | *3 |VL |PL |PL |PL |PL | *2 | S | S

more large (ML) | *3 |VL |ML |[ML (PL |PL |[PL |PL | *2 | S

very large (VL) (VL |ML |[ML ML |ML |PL |PL |PL |PL | *2

*1 xdp xi gia tri very less large,

*2 xdp x1 gid tri very less small,

*3 x&p x1 gid tri more more large,
*4 xdp xi gid tri more more small,
*5 x&p x{ gia tri possible more large,

*6 xdp x1 gid tri possible more small.
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Nhin vao bang gié tri trén, ta thdy, néu cho X;, X, gin ding véi vé trai cda mét
ludt thi két qud tinh duwoc la gi4 tri gan dung véi vé phai cda luat dé. Pic biét, néu
X1, X2 dang véi vé trai cda mdt ludt thi két qud chinh bang vé phai cda ludt d6. Nhu
vay, do tin cidy cda két qud suy dién phu thudc vao khodng cach cia X, X, véi cac
gid tri ndm & vé trai cda luét.

4. Ij'ng dung

Viéc xdy dung ham tich hop dai s8 gia ti& rit cé y nghia trong qué trinh tao mién
gid tri cho mdt bi€n ngén ngir. Co6 radt nhiu cach tinh todn khdc nhau, tir cAc phuong
phép 14y theo trong s, phuong phap chiéu, ghép ndi cic gia tir, dén s dung luat suy
dién. Cic phuwong phép nay sé dugc thd nghiém va so sanh trong cic ng dung cu thé.

Ngoa‘ﬁ ra, qua dé dua ra cich gidi quyét bai todn suy ludn ngén ngir tdng quat.
Cho k luat
If X1 =11 and X2 = 712 and ... and X, = T1p, then X* = z] véi gid tri chan ly 7y
If X1 = z3; and X3 = =22 and ... and X, = T3, then X* = zJ véi gid tri chdn ly 7
If X; =z and X3 = zky and ... and X, = Ty, then X* = z} véi gid tri chan ly 7
T X1 = zo1 and X2 = zgg and ... and X,, = zo,,

Tinh X* = .

Két qud duogc thé hién trong tdp mo (3.4), sau dé tinh ra gid tri ngoén ngir gidng
céng thirc (3.5) c6 luu y thém céc gié tri chan 1y 7y, 72, ..., Tk v6i A(71), A(72), ..., A(7k)
nhur 14 trong sé cda céc luat.

Cudi cung 1a tng dung trong viéc xdy dung mét co sé tri thirc vé mdt van dé cu
thé, tir cac ¥ kién chuyén gia va cac két qud théng ké cé thé tinh nguoc lai trong s6 cia
cic thanh phan cda méot bién ngén nglr. RS rang 1a moét thanh phin ma moi thay dsi
cda né dem lai thay ddi gi4 tri cda ham tich hop nhigu hon thi s& cé trong sé 16n hon.
Céc nghién ciru va thi nghiém sdu hon sé duogc dé cap dén trong thoi gian téi.
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