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Abstract. The fuzzy reasoning methods are abundant researched and applied in recent years and already
reached some important results. However, the use of these methods in complicated problems with many
variables and if-then statements shows still some restrictions. A promising approach is the combination of
fuzzy interpolation and fuzzy aggregation methods as introducing in this paper.

Tom tg:t. Cac phtro'ng phap l~p luan mo- dii diro'c nghien ciru va ap dung nhieu trong nhirng nam gan day.
Tuy nhien, viec su- dung cac phtro'ng ph ap d6 trong cac Hi toan P:1U'Ctap, c6 nhi'eu bie'n con nhieu han che'.
Mqt phtro'ng phap ke't ho'p phtro'ng ph ap nqi suy mo' va phtro'ng phap tich ho'p mo' c6 rrng dung tot ho'n cac
phtrong ph ap dii c6 dU'<?,Cde xuat va la nqi dung ctia bai bao nay.

1. D~T VAN DE
Trong cac ii'ng dung me)', ta thirong g~p bai toan suy di~n mo- t5ng quat 6- dang c6 k rnenh de

if-then tac d9ng len n bien gill. thiet

if Xl = Al1 and X2 = Al2 and and Xn = Aln then Y = BI
if Xl = A21 and X2 = A22 and and Xn = A2n then Y = B2

if Xl = Akl and X2 = Ak2 and ... and Xn = Akn then Y = Bk
Cho Xl = AOI and X2 = A02 and ... and Xn = Aon
TInh Y = Bo?

Trong do Xl, X2, ... , Xn, Y la cac bien mo tren cac vii tru U£, U2, ... , Un, V va Aij, Bi, l' = 0, ... , k,
j = 1, ... , n la c ac t~p mo', '

• Neu n = 1 va k = 1, bai toan tren trd thanh

if Xl = Al1 then Y = BI
Cho Xl = AOI
Tinh Y = Bo?

Cach giai c6 th€ tham kh ao trong [4], t6m d,t nlnr sau:
- Tir menh de if-then, xay dung quan h~ R(Al1, BI} tren vii tru UI x V. C6 rat nhieu each dinh

nghia quan h~ nay nhir Rm, Ra, Re, R., Rg, Rsg,'"

- Ket qui Bo duoc tfnh Mng phep hop thanh AOI 0 R(Al1, Br),
Do c6 rat nhieu each dinh nghia quan h~ R, ciing nhir cac each lira chon phep t-norm, t-conorm

khac nhau, cho nen c6 rat nhieu each xay dung phircng phap suy dien, nhieu khi mang lai cac ket
qui tr ai ngiro'c nhau, VI v~y trong irng dung, ngtro i ta thirong phai thli nghiern d€ dira ra diroc cac
lira chon thfch hop nhat, C6 th€ d~t ra nhirng tieu chuan suy dien t5t nhu:

Cho Xl = very Al1, more or less Al1, ... thl ket qui tfnh ra ciing la very BI, more or less BI, ...

tU'CJ'ng im g .

• Neu n > 1 va k = 1, each giii diro'c tham khao trong [2]. C6 hai each tiep c~n diroc dira la:
- Tnroc het xfiy dung quan h~ chung R(All, A12, , Aln; Br) tren vii tru UI X U2 X ... X Un X V,

sau d6 tinh Bi, = (AOl n A02 n ...nAon}oR(Al1, A12, , Aln; Br). Nhan xet chung la s5 phan tti- cua
quan h~ R theo each nay c6 th€ la rat Ian lam tang d9 phirc t ap khi tinh toano
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- M9t each lam khac la pharr tach ve cac bai toan con
if Xi = Ali then Y = BI
Cho Xi = AOi
Tinh Y = BOi = AOi 0 R(Ali, Bd

Sau d6: Bo = (BOI n B02 n ...n Bon) ho~c = (BOI U B02 U ... U Bon).
Trong nhieu tru'o'ng ho-p, hai each tren cho Ht qua nhir nhau .

• Neu n = 1 va k > 1, tham kh ao trong [10]' g9P k quan h~ if-then th anh m9t quan h~ duy nhat
R(All, BI; A21, B2; ... ; Akl, Bk) tren vii tri UI x V b~ng each

R(All, BI; A21, B2; ; Akl, Bk) = R(All, Bd n R(A21, B2) n n R(Akl, Bk) hoac
R(All, BI; A21, B2; ; Akl, Bk) = R(All, Bd U R(A21, B2) U U R(Akl, Bk)

Sau d6 tinh ra ket qua Bo = AOI 0 R(Au, BI; A21, B2; ... ; Akl, Bk)

• Neu n > 1 va k > 1, each gi<ii diro'c t5ng hop tir hai trufrng ho p tren.

Nh~n xet chung la trong tru'o ng hop t5ng quat, viec c6 nhieu lu~t lam cho sai s() cua ket qua suy
di~n c6 th& 16-n, nhat la khi gia dO-cu a cac t~p mo All, A21, ... , Akl khong giao nhau, thl c6 nhirng
vung ma ma tr~n quan h~ chira toan so 0, sinh ra Ht qua khong dang tin c~y. De' kHc phuc nhircc
di&m nay cua suy di~n rno', ngiro'i ta thtro ng s11-dung phiro'ng phap n9i suy mo' (xem [1], [8]' [9]).

M~t khac, neu c6 nhieu bien, quan h~ chung cho cac menh de if-then c6 th& c6 lire hrong rat
16-n. Vi~c ph an tach ve cac bai toan con se dem lai su' mat mat thong tin, lam cho y nghia cua menh
de if-then kh ac h5.n di. M9t each tiep c~n c6 tri&n v9ng 0- day la tich ho'p mo. Bai nay se ket ho p
d. hai plurong ph ap n9i suy va tich hop me de' giai quyet bai toan tren.

2. M9T PHUO'NG PHA.P N91 SUY MO'

Xet bai toan sau

if Xl = All then Y = BI
if Xl = A21 then Y = B2

if Xl = Akl then Y = Bk
Cho Xl = AOI
Tinh Y = Bo?

trong d6 cac A:I, B; = 0, ... , k la cac t~p me IOiva chuiin tren cac vii tru UI, V.
Trong cac t ai kieu tham kh ao [8]' [9]' cac tac giA xet trufrng hop cac Ail deu tho a man Vi i-

f : inf(Aila) < inf(Ajla) va sup(Aila) < sup(Ajla), Vo. E [0, 1] hoac inf(Ai~a) > inf(Ajla) va
SUp(Aila) > sup(Aj1a), Vo. E [0,1].

T5ng quat hon , t a c6 th& sti· dung tieu chuiin chung cua n9i suy mo' la neu AOI gan v6i m9t Ail
n ao d6 thl Ht qua Bo ciing phai gan vo i B, tuo ng ling. Nhir v~y can phai xac dinh d9 "gan nhau"
giira hai t~p rno: loi v a chuiin tren cling m9t vii tru.

Dinh nghia 1. Cho P(Ud la t~p tat d cac t~p mo loi va chuiin tren vii tru UI. V6i AI, A2 EP(Ud
thi khoang each theo c~n dtrci va khoang each theo c~n tren rmrc 0. E [0,1] cu a Al va A2 diro'c dinh
nghia

dL(AI, A2; 0.) = [inf(Ala) - inf(A2a) I
du(AI, A2; 0.) = Isup(Ala) - sup(A2a)1

(1)
(2)

trong d6 Ala, A2a la lat cltt 0. cua Al va A2, inf, sup ttrcmg irng vci Infremum, Supremum.

Nlnr v~y t ir AOI c6 th& dinh ngh\a khoang each theo c~n dutri va khoang each theo c~n tren t6-i
cac All, A21, ... , Akl tren cling vii tru UI, theo (1) va (2).
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Dinh nghia 2. Cho P(Ur) Ia.t~p tat d. cac t~p mer lOiva chuan tren vii tru Ui . Vo iAOl, All, A21, ... ,
Akl E P(ud, thl t5ng khoang each theo c~n diroi va t5ng khoang each theo c~n tren rmrc a E [0,1]
cua AOI t&i All, A21, ... , Akl dtro'c dinh nghia

k

OL(AOl' All, A21, ... , Akl; a) = L dL(AOl' Ail; a)
i=l

(3)

k

OU(AOl' All, A2l, ... , Akl; a) = L du(Aol' Ail; a)
i=l

(4)

trong d6 Aila, i = O,l, ... ,k Iii. Iat d.t a cua AOl,All, .. ,Akl, inf, sup u'ong irng v6i. Infrernum,
Supremum.

Dmh nghia 3. Cho P(Ur) Iii.t~p tat d. cac t~p mer Ioiva chu~n tren vii tru Ul. V&i A~l' All, A21, ... ,
Akl E P(Ur) thl de?gan nhau theo c~n dtro'i va de?gan nhau theo c~n tren mire a E [0, I] cu a AOI
t6i Ail, i = 1, ... , k diro'c dinh nghia

(A A .. ) - OL(AOl' All, A2l, ... , Akl; a) - dL(AOl' Ail; a)
st. 01, tl,a - (

OL AOl,All,A21, ... ,Akl;a)

(A A.)- OU(AOl,All,A21, ... ,Akl;a)-du(Aol,Ail;a)
su 01, il,a - (

Ou AOl,All,A21, ... ,Akl;a)

(5)

(6)

trong d6 Aila, i = O,l, ... ,k Iil.lcit d.t a cu a AOl,All, ... ,Akl, inf, sup turrng rmg v6i. Infremum,
Supremum.

Tro' lai vo i bai roan tren, c6 the' xac dinh de?gan nhau theo c~n diro'i va tren giiia AOI voi cac
All, ... , Akl theo thu~t toan diro i day

Thu~t toan 1. Cho AOl, All, A2l, ... , Akl E P(Ur) , chon biroc tinh E: (0 < E: < 1) cho a =
0, E:, 2E:, ... ,1. Tinh theo do gan nhau theo can diro'i ca tren giira AOI va Ail, i = 1, ... , k.
BUD-c 1: Tinh cac khcang each theo c~n diro i va tren cu a AOI vo i cac Ail, i = 1, ... , k theo (1), (2).
BU'D-c 2: Tinh t5ng khoang each theo c~n diro'i va tren cu a AOI t&i All, A21, , Akl theo (3), (4).
BUD-c S: Tinh cac de?gan nhau theo c~n durri va tren giira AOI va Ail, i = 1, , k theo (5), (6).

Nhan xet:
- D~ dang nhan thay Iii.cac sL(AOl, Ail), su(AOI,Ail) deu thucc [0,1].
- T~p ho p cua cac khoang each va de?gan nhau v6i. moi a E [0, I] t ao thanh cac t~p mer chuifn

ma khi can deu c6 the' khli- mer theo cong th irc cu a R. R. Yager trong [6]. Vi d1,I

s~(Aol,Aid= L a.BsL(Aol,Ail;a)j L .», /3>0
aE[O,l[ aE[O,ll

(7)

trong d6 SL(AOI' Ail;a) Iii.de?gan nhau theo c~n dtro i gifra AOI va Ail theo rmrc a.
Tiep theo, ta thiet I~p me?t vii trfi rno'i VI = {BI' B2, ... , Bd c6 k phan ttl' deu Ia cac t~p mer

cho bien ngon ngir Y. Khi d6 theo tieu chuan ne?isuy, kha nar.g Eo gan v6i. Bl se Iii.S(AOl' All), Bo
gan v6i. B2 se la S(AOl,A21),"" cho den S(AOI,Akl), trong d6 S(AOl' Ail) la t~p cac de? gan nhau
theo c~n du·6i. hoac de?gan nhau theo c~n tren giii'a AOI va Ail cho moi a. Nhir vay ket qui Bo c6
the' diro'c bie'u di~n bhg t~p mer tren vii tru VI nhir sau:

S(AOl,All) s(AOl,A21) s(AOl,Akr)Bo = + + ... + --'----:c:----'-e, B2 Bk
(8)

Van de tiep theo Iii.tinh toan du'o'c ket qua Bo. V1 c6 hai de? gan nhau theo c~n tren va c~n
duci nen Bo ciing diro'c ph an th anh hai t~p mer BOL va Bou. V6'i m6i a E [0, I] thl cong thirc (8) c6
the' phan tach thanh hai cong' thirc dirci day:
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B SL(AOl' All; 0:) SL(A01' A2l; 0:) SL(AOl' Akl; 0:)OL = + + ... + -=-'-:---':-7'::~7'--'-
a inf(Bla) inf( B2a) inf(Bka)

B SU(A01' All; 0:) SU(A01' A2l; 0:) SU(A01' Akl; 0:) ( )au = + + ... + 10a sup(Bla) sup(B2a) sup(Bka)

T~P.BOL & rmrc 0: E [0, 1] nhan gia tr i inf(Bla) voi di? thuoc la sL(A01' All; 0:), ... , nhan gia tr]
inf(B~af v6i. d9 thuoc la SL(A01' Akl; 0:). Tircng t~· nhir v~y vo'i Bou.

Kh& mo' cac BOLa v a BOUa theo cong thirc khir me trong [6]' v&i tham so khu' mo' (3:
k k

BgLa = I)sL(Aol, Ail; 0:)).8 inf(Bia) / 2..)sL(A01, Ail; 0:)).8 (11)

(9)

i=l i=l

va k k

Bgua = I)su (A01' Ail; 0:)).8 sup(Bia) / I)s U(A01' Ail; 0:)).8 (12)
i=l i=l

Luu y ding t.ir cac gia tri BgLa va Bgua chu a ch~c dii t ao ra t~p mer lei va chu<in. D~ khiic
phuc dieu nay co th~ lam min hoa ket qui bhg each xap xi ve mi?t diro'ng tHng.

IA
1 I ~

o(.~

~
1

0(

i\

\
1\ 0

u, u, u, Btw,o Lo to{ 11 ~
BOLo( o

V&i m~i 0: E [0,1], th1la = (l-o:)lo+o: II va tta = (l-o:)tto+o: ttl' Cho II = BgLa = ttl = BgUa
khi 0: = 1, c-an phai tinh lo va tto. Ta co th~ d~t ra dieu kien

L: BgLa = L: t; = L: ((1 - o:)lo + 0: It) = lo L: (1 - 0:) + II L: 0:
. aEIO,I] aEIO,I] aEIO,I] aEIO,I] aEIO,I]

va

L: Bgua = L tta = L: ((1- o:)tto + o:ttt) = tto L: (1- 0:) + til L: 0:

aEIO,I] aEIO,l] aEIO,l] aEIO,l] aEIO,l]

Tir do tinh dtro'c

lo = [ L: (3gLa - II L 0:] / L: (1 - 0:)
aEIO,l] aEIO,l] aEIO,l]

(13)

va
tto = [ L: (3gUa - ttl L: 0:] / L: (1- 0:)

aEIO,l] aEIO,l] aEIO,l]

Nhu: v~y co th~ xac dinh diro'c ket qui theo thu~t toan duci day:

Thu~t loan 2. Cho Bl,B2, ... ,Bk E P(V), chon biro'c tinh e (0 < e < 1) cho 0: = 0,e,2e, ... , 1.
C-an tinh ket qui ve Bo.
Bu:6'c 1: Tinh cac BgLa va Bgua theo (11) (12).
Bu:6'c 2: Cho Ii = tti = BgLa khi 0: = 1, tinh lo theo (13) va tto theo (14).'

(14)
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Bu:6'c 9: T~p ket qua Bo c6 dinh & II = Ul va day 1a dean (lo, uo) ho~c (uo, lo) tuy theo lo < Uo hay
ngtroc lai,

3. UNG DUNG TicH HO"FMO' CHO TRUO'NG HOP NHIEU BIEN
" .

Xet bai toan suy di~n mer tc>ng quat

if Xl = All and X2 = A12 and and Xn = Aln then Y = BI
if Xl = A21 and X2 = A22 and and Xn = A2n then Y = B2

if Xl = Akl and X2 = Ak2 and ... and Xn = Akn then Y = Bk
Cho Xl = AOI and X2 = A02 and ... Xn = Aon
Tlnh Y = Bo?

G9i Al = "Xl = All and X2 = Al2 and ... and Xn = Aln" 1a t~p mer ciia bien X tren vii tru
UI x U2 X ... X Un, tiro'ng t1,l'

A2 = "Xl = A21 and X2 = A22 and '" and Xn = A2n"

Ak = "Xl = Akl and X2 = Ak2 and and Xn = Akn"
Ao = "Xl = AOI and X2 = A02 and and Xn = Aon"

Khi d6 bai toan tren se tro' th anh
if X = Al then Y = B I

if X = A2 then Y = B2

if X = Ak then Y = Bk
Cho X = Ao
Tlnh Y = Bo?

Nlur v~y, bai toan tren tuo'ng t1,l'nhu tru-ong hop duxrc xet trong phan 2, c6 th€ SIT dung phirong
phap n9i suy mer. Muon v~y can phai tfnh diro'c de?gan nhau giii'a Au voi cac A;. D9 gan nhau nay
c6 th€ t inh thong qua phep tfch ho p mer cac de?gan nhau s{Ao], Ai]}, j = 1, ... ,n. Cac phirorig phap
tich hop mer c6 th€ tharnkhao trong [5], nhir tfch hop trung blnh theo trong so, tich ho'p gia tuyen
tinh, t.ich ho'p Choquet, tfch hop Sugeno, tich hop theo trong so circ dai, theo trong so circ ti€u ....

Thu~t toan 3. Gic'tibai toan suy di~n mer t5ng quat theo cac buxrc sau:
Bu o:c 1: Dung thu~t toan 1, tinh cac d9 gan nhau durri va de?gan nhau tren sL{AO], Ai]; 0),

su{Ao],AiJ·;o}, i = 1, ... ,k, j = 1, ... ,n.
Buc c 2: Dung phuong phap tfch hop mer d€ t inh de?gan nhau sL{Au,Ai;o), su{Au,Ai;o),

i = 1, ... , k.
Buurc 9: Dung phircng phap ne?isuy mer theo Thu~t toan 2 M tinh ra ket qua Bo.

4. vi DV
Vi du 1. Cho cac 1u~t sau

if X= Al then Y = BI
if X = A2 then Y = B2
Cho X = Ao, tfnh Y = Bo ?

v6i AI, A2, Ao, BI, B2 du'cc cho nhir & ben.

V&i e = 0, as, (3= 1, theo Thuat to an 1:
sL{Ao, AI; 0) = (4 + 0)/8, sL{Ao, A2; 0) = (4 - 0)/8,
su(Ao, AI; 0) = 5/8, su(Ao, A2; 0) = 3/8.
Theo Thuat toan 2:
BOLo, = (02 + 20 + 40)/8, Bouo. = 59/8 - 20.

~1
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Cudi cimg: Bo = (4,96, 5,38, 7,38).

Vi du 2. Xet vi du trong [3], cho cac lu~t dang e, t:.e ~ t:.q theo bdng sau

e \ t:.e NB NM NS ZO PS PM PB

NB PB
NM PM
NS PS
ZO PB PM PS ZO NS NM NB
PS NS
PM NM
PB NB

NB NM NS IZO PS PM PB

·9 ·6 ·4 -2 0 2 4 6 9

Furzy setscf wtdth W=6

Sau day la so sanh ket qua suy d'i~n bhg phtrong phap suy di~n ma va phuong phap dtroc trinh
bay trong bai nay:

- Suy di~n me theo [3], sau d6 khJt mo theo phtro'ng phap trong tam (center of gravity method).
- Dung Thu~t toan 3, chon dang ham tich ho'p tfnh trung bmh, chon tham so khJt mo f3 = 300,

chon biroc tfnh e = 1/3, sau d6 khu mo' cfing theo phircng phap trong tam.

Cho e va t:.e, tfnh ket qua t:.q theo hai phirong phap. Vi cac lu~t c6 tinh doi xirng , nen chi din
tfnh cho m9t phan t.tr bang. Ta c6 ket qua sau:

Bang ket qua suy di~n mer theo [3]

e \ t:.e NB NM NS ZO

NB unknown
NM 4,0 3,0
NS 4,358 2,701 2,0
ZO 4,467 2,045 1,040 °PS 4,358 1,169 °PM 4,0 °PB unknown

Bang ket qua suy di~n theo bai nay

e \ t:.e NB NM NS ZO

NB 5,964
NM 5,382 4,0
NS 5,874 3,897 2,0
ZO 5,958 4,0 2,0 °PS 5,785 ..3,692 °PM 3,015 °PB °

C6 m9t nh~n xet so sanh hai phrrong phap M thily phuong phap m6i cho ket qua tot hon:
- Dung n9i suy va tich h91> mo' tinh dU'<?,Cket qua vci moi gia tri dtra vao, dung suy di~n mer

thi chu'a ch1c di diro'c. Vi du, khi e = N B va t:.e = N B, suy di~n mo' cho ket qua c6 ham thu9C
bhg ° tai moi digm {unknown}, trong khi d6 phirong phap trong bai nay cho ket qua ~ PB.

- Ket qua ciia suy di~n mer c6 dang ham thuoc kh6 xilp xi ve gia tri ro so v6'i phiro'ng phap trong
bai nay. Vi du, khi e = N M va t:.e = N M. Phuong phap trong bai nay cho ket qua la t~p rno' dang
tam giac thu~n ti~n cho khu' mo.

/'!--\
,./ : .•.

-3 -2 0 1 4 789

___ ham thudc theo suy di~n ma
---. .. ham thucc theo bai nay

- Neu so li~u dira vao trung khit v6i gi~ thiet cila m9t lu~t thl suy di~n me khOng cho ket qua
bhg ket lu~n cila lu~t d6 {vi du, e = ZO va t:.e = SN},trong khi suy di~n theo n9i suy va tich hop
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ma, ntu chon tham sCSkhb ma (3 len, Be c6 ktt quA chlnh bhg Ut lu~n cda lu~t.
- Ktt quA theo phirong phap n9i suy va. tich hC!Pc6 ve "hC!P lY" hon, vi du nhir e = N S va.

D.e= N B, ktt quA la FI:j P B theo phirong phap mm dang tin 4y hon.

Sb di phirong phap men cho ket qui phu hC!Phen, VI suy di~n me trong trtro'ng' ho'p t5ng quat
phai tach thanh hai buoc phan bi~t la xay dung quan h~ rno' va sau d6 ap dung phep hC!P thanh,
trong khi vi?c xay dung m9t quan h~ mo chung cho toan b9 cac lu~t if-then di lam mat mat kha
nhieu thong tin. Thong n9i suy mo', trurrc het tlm cac lu~t if-then thich hop nhat (c6 du' li~u dira
vao gan v&i gi! thiet ciia lu~t nhat) roi moi tfnh toan v&i cac lu~t dtnrc coi Ia. thich ho'p d6.

Phuong phap dircc trinh bay trong bai nay srr dung cac phucrig ph ap n9i suy mer va tich hop
me s~n c6, blng each chuyen rmrc d9 "gan nhau" ctia dir li~u du'a vao thanh rmrc d9 "gan nhau"
cua ket luan. Thong truong hC!Pd~c bi~t, nt~u k = 2 va n = 1 thl se cho ket qui ttro'ng t1J,'nhir thu~t
toan cua Koczy. Phtrong phap nay c6 thg irng' dung tot trong cac rrng dung can suy di~n mer ciing
nhir trong dieu khign mer.
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