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MOT PHUONG PHAP GIAI BAl TOAN SUY DIEN MO TONG QUAT
THONG QUA NOI SUY MO VA TiCH HOP MO

TRAN DINH KHANG

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 ia this paper.

Tém tdt. Cic phwong phép 14p ludn md da dwoc nghién ctu va 4p dung nhidu trong nhitng nim gin day.
Tuy nhién, viéc st dung cdc phwong phip dé trong cic bai todn paic tap, c6 nhidu bién con nhiéu han ché.
M4t phuwong phip két hop phwong phip ndi suy md va phuong phap tich hop m& c¢é tng dung t8t hon cac
phwong phap da cé duoc dé xudt va 13 ndi dung cda bai bao nay.

1. PAT VAN DE

Trong cic tng dung mé, ta thudng gip bii toin suy dién m¥ t8ng quit & dang ¢4 k ménh dé
if-then tdc ddng 1én n bién gid thift ‘
if Xl = A11 and X2 = Alg and ... and Xn = Aln then Y = B1
if Xl = A21 and X2 = A22 and ... and Xn — Azn then Y = Bz
if X; = Ak and Xy = Axo and ... and X,, = Ak, then Y = By
Cho X; = Ap; and X3 = Ags and ... and X,, = ‘Ag,
Tinh Y =By ?
Trong d6 X1, Xo,...,Xn, Y la cdc bién m& trén cdc vi tru Uy, Uy, ..., U,, V va A;;, B;,1=0,...,k,
J=1,...,n1a cic tip mo. '
e Néu n=1va k =1, bai toan trén tr& thanh
if X1 = A11 then Y = B1
Cho Xl = A01
Tinh Y =By 7

Céch gidi ¢6 thé tham khdo trong [4], tém tit nhu sau:

- T ménh d& if-then, xiy dung quan hé R(A;;, B;) trén vi tru U; x V. Cé rat nhieu cach dinh
nghia quan hé nay nhw R,,,, R,, R., R,, Ry, R,g,...

- K&t qué By dwoc tinh bang phép hop thanh Ay, o R(A;1, By).

Do c¢é rat nhiéu c4ch dinh nghia quan hé R, ciing nhur cic cich lwa chon phép t-norm, t-conorm
khac nhau, cho nén cé ridt nhiéu cach xiy dung phwong phéip suy dién, nhiéu khi mang lai cic két
quad trai nguwoc nhau. Vi viy trong &ng dung, ngudi ta thwdmg phai thi nghiém dé dwa ra dwoc céc
lra chon thich hop nhit. C6 thé dit ra nhitng tiéu chuin suy dién tSt nhu:

Cho X; = very A;, more or less A;q,... thi két qua tinh ra ciing 13 very B;, more or less By, ...
twong ung.

e Néun > 1va k=1, cich gidi duwoc tham khdo trong [2]. C6 hai céch ti€p cin duwoc dua la:
- Truéc hét xay dung quan hé chung R(A;1, A1z, ..., A1n; B1) trén v tru Uy x Up X ... x Up, XV,

sau d6 tinh By = (Ao1 N Aoz N...N Aon)oR(A11, A12, ...y A1p; B1). Nhin xét chung 13 s6 phin ti cda
quan hé R theo cich niy cé thé 13 rit 1én lam ting d6 phirc tap khi tinh todn.
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- M6t cach lam khéc 13 phin tich vé cdc bai todn con

if X; =A;; thenY = B;

Cho X,‘ = Ao,‘

Tinh Y = B(),' = Ao,‘ o R(A“, Bl)
Sau dé: By = (B()l NBypaN...N BOn) hOé.C = (B()l UBgU...U B()n).
Trong nhiéu trudng hop, hai cach trén cho két qud nhu nhau.

e Néu n = 1 va k > 1, tham khdo trong [10], gdp k quan hé if-then thanh mdt quan hé duy nhit
R(Ai11, B1; A2y, Ba;...; Ag1, Bi) trén vii tri Uy x V béng cach

R(All, Bl; A21, Bz; sy Akl,Bk) = R(All, Bl) N R(Azl,Bz) (5 PO R(Akl, Bk) hOéC

R(Au, Bl; A21, Bz; ek Akl,Bk) = R(All, Bl) U R(AZI,BZ) b i s R(Akl, Bk)

Sau dé tinh ra két qud By = Aoy o R(A11, By A21, Bz; ...; Ak1, B)

e Néun>1vak>1, cich gidi dwoc tdng hop tir hai trudng hop trén.

Nhin xét chung 13 trong trudng hop t8ng quat, vidc ¢é nhitu ludt 1am cho sai s8 cda két qui suy
dién cé thé 1én, nhat 1 khi gid d& cda céc tip m& Ay, Aay, ..., Ax; khéng giao nhau, thi ¢6 nhing
ving ma ma tran quan hé chira toan s8 0, sinh ra két qud khong dang tin cay. D& khic phuc nhuoc
di€m nay cia suy dién m&, ngudi ta thudng st dung phwong phip ndi suy mo (xem [1],[8],[9]).

Mit khac, néu cé nhidu bién, quan hé chung cho cic ménh dé if-then c6 thé c6 luc lwong rit
16n. Viéc phan tdch vé céc bii todn con sé dem lai sy m&t mat théng tin, 1am cho ¥ nghia cda ménh
dé if-then khdc hin di. M6t cich tiép cin cé trién vong & diy 1a tich hop m&. Bai nay sé két hop
cd hai phuong phap néi suy va tich hop mdo d€ gidi quyét bai toan trén.

2. MOT PHUONG PHAP NOI SUY MO
Xét bai todn sau
if X]_ = All then Y = Bl
if X; = Ay; then Y = By
if X; = Ak, then Y = By
Cho X = Ao
Tinh Y = By ?
trong dé céc A;l, B; = 0,...,k 13 cc tip m& I8i va chuin trén céc vi tru Uy, V.
Trong céc tai kidu tham khdo [8], (9], c4c tdc gid xét trudng hop céc A;; déu thda man Vi #
7 ¢ inf(A;14) < inf(Aj14) va sup(Aire) < sup(A;14), Yo € [0,1] hodc inf(Ai1e) > inf(Aj14) va
sup(Aii1a) > sup(4,1q4), Yo € [0,1].
T8ng quat hon, ta c6 thé st dung tiéu chuin chung cda néi suy mo 13 né€u Ag; gan véi mot Ay
nio dé thi két qui B, ciing phdi gin véi B; twong ng. Nhu vy can phdi x4c dinh d6 “gin nhau”
gitra hai tip mo 161 va chuin trén cing mot vii tru.

Dinh nghia 1. Cho P(U;) 1 tip tit cd cic tip md 18i va chudn trén vii tru U;. Véi A1, A, € P(Uy)
thi khodng cach theo cin duéi va khodng céch theo cin trén mic a € [0,1] cda A; va A, dwoc dinh
nghia
dL(Al,Az;a) = |inf(A1¢,) —inf(Aza)l (1)
dy (A1, Az; @) = |sup(A1a) — sup(Az24)| (2)

trong dé A1,, Azq 12 14t cit o cla A; va A, inf, sup twong dng véi Infremum, Supremum.

Nhu viy tir Ag; ¢ thé dinh nghia khodng cach theo can duéi va khodng cich theo cin trén t&i
céc Ay, A2y, ..., Ak trén cling vl tru Uy, theo (1) va (2).
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Dinh nghia 2. Cho P(Uy) la tap tit cd cdc tdp md 161 va chudn trén vii tru U;. V&i Aoy, A;q, Aoy, ...,
Akl € P(U,), thi tdng khodng cach theo cin duéi va t8ng khodng cach theo cdn trén mic o € [0, 1]
cda Aoy t61 Ay, Azg, ..., Ag; duwoc dinh nghia

k
6L (Ao, A11, A2, ..., A ) = ZdL(A()l, Ai; Q) (3)
i=1
3
by (Ao1, A11, Az, ..., Apr; @) = Z dy (Ao, Aiz; @) (4)
trong d6 Ajia, © = 0,1,...,k 13 14t cdt o cda Ao1, A11, .., Ak1, inf, sup wong dng véi Infremum,

Supremum.

Dinh nghia 8. Cho P(U,) 13 tip tdt cd cdc tip md 18i va chudn trén vii tru Uy. V&i Aoy, Ayy, Aoy, ...,
Ay1 € P(U;) thi d8 gin nhau theo cin dwéi v db gin nhau theo cin trén mic « € [0,1] cia Ao,
té1 A;1, 1 = 1,..., k dwoc dinh nghia

60 (Ao, A1y, Aoy, ..., Ak1; @) — dr (Ao, Air; @)

L(Ao1, Air; ) = 5
(Ao1, Ai; o) 60 (Ao1, A11, A2y, ..., Akl @) : ()
(Ao, A1, Az, ... ja) — 1]
SU(AouAu;a): U( 01,411, A21, ,Akl,a) dU(AOhAu,a) (6)
bu(Ao1, A11, A1, ..., Ak1; @)
trong db Ajia, 1 = 0,1,...,k 14 14t cdt o cda Aoy, A;q, ..., Ak1, inf, sup twong ing véi Infremum,

Supremum.
Trd lai v6i bai todn trén, c6 thé xac dinh db gin nhau theo cin duwéi va trén gita Ag; véi cac
All; oein y Akl theo thuat todn duéi diiy

Thuit todn 1. Cho Agi, A11,A21,..., A1 € P(Uy), chon buéc tinh € (0 < € < 1) cho a =

0, €, 2¢,...,1. Tinh theo d6 gin nhau theo cin duéi ca trén gita Ap; va A;1, 2= 1,..., k.

Buéc 1: Tinh cac khodng cich theo cin duéi va trén cda Ao véi cdc Ay, © =1, ..., k theo (1), (2).
Buéc 2: Tinh tong khodng cich theo can duéi va trén cda Ag; t&i Ayy, Az, ..., Ax1 theo (3), (4).
Buwéc 3: Tinh cic dd gin nhau theo cin duéi va trén gitta Aoy va A;1, @ =1, ..., k theo (5), (6).
Nhan xét:

- D€ dang nhén thay 13 cdc s (Ao1, Aix ), su(Ao1, Air) déu thudce [0, 1].
- Tap hop cda cic khodng cdch va d8 gin nhau véi moi a € [0, 1] tao thanh céc tdp md chuin
ma khi cin déu cé thé khit m& theo cdng thic cda R.R. Yager trong [6]. Vi du

sp(Ao1, Air) = Z o’ sp(Ao1, Aiy; @ / Z , B>0 (7)

a€l0,1] a€l0,1]

trong dé sr, (Ao, Ai1;) 12 dd gin nhau theo cdn duéi gitra Ag; va A;; theo mic o.

Tiép theo, ta thiét 1ip mét vii tri méi V' = {By, Ba,..., Bx} ¢ k phin t& déu la cdc tip m&
cho bién ngén ngit Y. Khi dé theo tiéu chuan ndi suy, khd ning By gin véi By sé 1a s(Aoy, Al 1), Bo
gan véi By sé 13 s(Agy, Az1), ..., cho dén s(Agy, Ak ), trong do s(Ao1,Ai1) 13 tip cdc dd gan nhau
theo can duéi hodc d6 gin nhau theo cin trén gitta Ap; va A;; cho moi . Nhu viy két qud By c6
thé duoc bi€u dién bing tip md trén vi tru V' nhu sau:
s(Ao1, A11) " s(Ao1, Az1) PR s(Ao1, Ar1) (8)

B, B, By

Vin dé tiép theo 1a tinh todn dugc két qud By. Vi cé hai d6 gin nhau theo cin trén va cin
duéi nén By cling dwoc phan thanh hai tip m& Bor va Boy. Véimbi a € [0, 1] thi cong thic (8) ¢
thé phan tach thanh hai cdng thic dwéi day:

By =



26 TRAN DINH KHANG

sp(Ao1, A11;0)  sp(Aoy, Az1; @) sp (Ao, Ak1; @)
Bora = - - 4 ! az s *__’—’
= inf(Bra) W (Bra) T T inf(Bra) (%)
Boys = su(Aos, A1;0)  su(dor, A2i50) | su(Aoy, Aki; @) (10)
sup(Biq) sup(Bz4) sup(Bkq)

Tap Bor & mic o € [0, 1] nhin gid tri inf(Bi,) véi dd thude 13 s (Ao1, A11; @),..., nhin gi4 tri
1nf(Bka) v6i d6 thude 14 sp,(Ao1, Ak1; ). Twong tu nhu viy véi Boy.
Khit m& cic Bora va Boua theo cdng thirc khit m& trong [6], véi tham s6 khir mo 6:

e k
BgLo, = Z(SL(AOh A;ir;a))? inf(Bia)/Z(sL(th Ai;a))? (11)

1=1 T

va ; . .
BgUa = Z(SU(AO],,A;'].; ) sup Z SU AOI, tl;a))ﬂ (12)

=1 i=1

Luwu y rdng tir cic gid tri BOLQ va Bgua chuwa chic di tao ra tip md 18 va chuan. D& khic
phuc digu nay c6 thé 1am min héa két qua bing cach x4p xi vé mdt dwdng thing.

B M |
11— 1___,\?
= o

— i X

0 llx k Bfix 0 W W% Bfy

Vé&imdia € [0,1], thily, = (1-a)lp+al; vau, = (1—a)up+au;. Choly = BgLa =uy; =
khi a = 1, cin phai tinh Iy va uo. Ta c6 thé dit ra didu kién

S Bla= D b= Y (1-a)o+ah)=lk Y. (1-a)+h Y a

B
BOUu

a€l0,1] a€l0,1] a€l0,1] a€l0,1] a€[0,1]
va
Z BOUa Z Uy = Z((l—a)uo-Jraul):uo Z(l——a)-{—ul Z o
a€l0,1] a€l0,1] a€l0,1] a€lo,1] a€l0,1]
Tu dé tinh duwoc
zoz[z Bopa—li D a]/ > (1-a) (13)
a€l0,1] «€[0,1] a€[0,1]
va
uoz[ZﬂgUa—ul S a]/ S (1-a) (14)
a€l0,1] a€l0,1] a€l0,1]

Nhu viy c6 thé xdc dinh dwoc két qud theo thuit todn dwéi day:
Thuit todn 2. Cho By, Bs,...,Bx € P(V), chon buéc tinh e (0 < € < 1) cho a = 0,¢,2¢, ..., 1.
Can tinh két qud vé By.
Buéc 1: Tinh cac BS, va BY, theo (11) (12).
Buéc 2: Cho l; = u; = BS, _ khi a = 1, tinh [y theo (13) va ug theo (14).’
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Buwdc 3: Tap két qud B c6 dinh & I = uy va ddy 14 doan (lo, uo) hodc (uo, lo) tly theo Iy < ug hay
nguoc lai.

3. UNG DUNG TICH HOP MO CHO TRUONG HQP NHIEU BIEN
Xét bai todn suy dién mo tOng quat
if X1 = A11 and Xg = A12 and ... and Xn = Aln then Y = Bl
if X, = Az and X3 = Agz and ... and X,, = Ay, then Y = B,

if X; = Ag1 and X5 = Ak and... and X, = Ax, then Y = By
Cho X; = Ap; and X5 = Agz and ... X,, = Agn
TinhY = By ?
GQi Al = “XI = All and X2 = Alg and ..
Uy x Uy x - x U,, twong tu
A2 = “Xl = A21 and Xz = A22 and ... and Xn = A2n”

. and X, = A;,,” 13 tdp m& cda bi€n X trén vi tru

Ay = “X, = Ak and X3 = Ak and ... and X,, = Ag,”
AO = “Xl — A()1 and X2 = A02 and... and Xn = A()n”
Khi d6 bai todn trén sé trd thanh

if X=A, then Y = B,

if X=A, thenY = B,

if X =A, then Y = By

Cho X = A,

Tinh Y = By ?

Nhu viy, bai toan trén twong tu nhu truomg hop duwoc xét trong phan 2, ¢6 thé sir dung phwong
phdp ndi suy m&. Mudn vay cin phdi tinh duwoc d6 gin nhau gitta A, véi cdc A;. DS gan nhau nay
c6 thé tinh thong qua phép tich hop m& cic d6 gan nhau s(Ao;, Ai5), 7 = 1,...,n. Cic phwong phip
tich hop mo ¢6 thé tham khdo trong [5], nhu tich hgp trung binh theo trong s&, tich hop gi4 tuyén
tinh, tich hop Choquet, tich hop Sugeno, tich hop theo trong s6 cuc dai, theo trong sé cuc ti€u....

Thuit toan 3. Gili bai todn suy dién mo téng quat theo cic budc sau:

Buéc 1: Dung thuit todn 1, tinh cdc do gan nhau dwéi va d6 gin nhau trén si(Aoy, Aij; @),
su(Aoj, Aijia),1=1,...,k, 7 =1,...,n.

Buéc 2: Dung phuong phap tich hop m& dé tinh dd gin nhau sz, (A4g, 4;; @), sv(4y, 4;; @),
=1,k

Buwdéc 8: Dung phuong phip néi suy mo theo Thuit todn 2 dé tinh ra két qud By.

4. ViDU
Vi du 1. Cho cdc ludt sau
if X=A; thenY = B; M4
if X=A;thenY = B, 1 A Ao Az
Cho X = Ao, tinh ¥ = By ? /
51 Ay, Ay, Ao, B1, B; duoc cho nhu & bén. >
YO Sy 0y Sl B BEGEEAS S S 0 3 56789111314 U
Véie = 0,05 =1, theo Thuidt toan 1: Ty
sp(Ao, A1y @) = (4 + )/8, sp(Ao, Az;a) = (4 — a)/8, 1 By 8o B,
sy (Ao, Ar;a) = 5/8, sy (Ao, Az; ) = 3/8.
Theo Thuidt todn 2: =

—

Bora = (a2 + 2a + 40)/8, Byya = 59/8 — 2a. 024 101113 Vv
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Cuédi ciing: By = (4,96,5,38,7,38).

Vi du 2. Xét vi du trong [3], cho c4c luit dang e, Ae => Agq theo bing sau

Ae |NB NM N
e\ Ae B S ZO PS PM PB NB NM NS |20PS PM P
NB PB :
NM PM
NS Py
VAo PB PM PS ZO NS NM NB i i
PS NS ' DU e
PM NM -9 € 4 -2 0 2 4 6 9
e NB Fuzzy sets of width W= 6

Sau ddy 14 so sénh két qud suy dién bing phwong phép suy dién m& vi phuong phip duoc trinh
bay trong bai nay:

- Suy dién m& theo [3], sau d6 khi md theo phwong phép trong tim (center of gravity method).

- Ding Thuit todn 3, chon dang him tich hop tinh trung binh, chon tham s3 khir m& 8 = 300,
chon buéc tinh e = 1/3, sau dé khir m¢& ciing theo phwong phép trong tim.

Cho e va Ae, tinh két qud Agq theo hai phuong phép. Vi céc luit c¢6 tinh d&i xtrng, nén chi cin
tinh cho mét phin tw bdng. Ta cé két qud sau:

Bing két qud suy dién mo theo [3] Bidng két qud suy dién theo bai ndy
e\ Ae NB NM NS ZO e\Ae | NBL NM NS ZO
NB unknown NB 5,964
NM 4,0 3,0 NM |5382 40
NS 4,358 2,701 2,0 NS |5874 3,897 2,0
Zo 4,467 2,045 1,040 0 ZO |5958 40 2,0 0
PS 4,358 1,169 0 PS 5,785 3,692 0
PM 4,0 0 PM |3015 0
PB unknown PB 0

Cé mét nhin xét so sinh hai phwong phip dé thiy phuong phip méi cho két qua t3t hon:

- Duing ndi suy va tich hop mé& tinh dwoc két qud véi moi gid tri dwa vio, ding suy dién mo&
thi chua chic di dwoc. Vi du, khi e = NB vd Ae = NB, suy dién m& cho két qua c¢é ham thudc
bing O tai moi di€ém (unknown), trong khi d6 phwong phép trong bai nay cho két qud ~ PB.

- Két qué clda suy dién m& c6 dang ham thudc khé xap xi vé gid tri ro so véi phuong phip trong
bai ndy. Vidu, khie = NM vd Ae = NM. Phuong phap trong bai ndy cho két qud 13 tip m& dang
tam gidc thuin tién cho khi mo.

1 R ham thuéc theo suy dién mé&
AN ham thudc theo bai nay

SN
!
i

-3-2 01 4 789

- Néu s6 liéu dwa vio trung khit véi gid thi€t cda mot lust thi suy dién m& khong cho két qud
bing két luin cda ludt d6 (vi du, e = ZO va Ae = SN), trong khi suy di€n theo ndi suy va tich hop
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md, néu chon tham s8 khé m& S 1én, sé ¢ két quéd chinh bing két ludn cda luit.

- K&t qud theo phwong phédp ndi suy v tich hop ¢6 v& “hop ly” hon, vi du nhw e = NS vi
Ae = NB, két qud 13 ~ PB theo phwong phdp méi déng tin ciy hon.

S& di phuong phdp méi cho két qud phi hop hon, vi suy dién m& trong trudng hop t8ng quat
phdi tich thanh hai buéc phan biét 1a xay dung quan hé md va sau dé 4p dung phép hop thanh,
trong khi viéc xay dung mét quan hé m& chung cho toan bd cdc luit if-then di lam mit méat kha
nhi€u thong tin. Trong ndi suy m&, truéc hét tim céc ludt if-then thich hop nhit (cé dir liéu dwa
vio gan véi gid thi€t cda ludt nhit) rdi méi tinh todn véi cdc ludt dwoc coi 1a thich hop dé.

5. KET LUAN

Phuong phép dwoc trinh bay trong bai nay st dung cic phwong phdp ndi suy mo va tich hop
m& s&n c6, bing cich chuyén mic d§ “ghn nhau” cda dir liéu dwa vio thanh mic dé “ghn nhau”
cda két ludn. Trong trudng hop dic biét, néu k = 2 vd n = 1 thi s& cho két qua twong tu nhu thuit
todn cda Koczy. Phuong phép nay cé thé tng dung t8t trong cic tng dung cin suy didn md ciing
nhu trong di¢u khi€n mo.
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