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MOT CACH TIEP CAN GIAI BAI TOAN LAP LUAN V&1 MO HINH MO
TREN CO SO PAI SO GIA TU

TRAN THAI SON

Abstract. In this paper, a new method for approximate reasoning of fuzzy model is proposed. This method,
basing on theory of Hedge Algebras, is simple and have a small model error.

Tém tdt. Trong bai nay ching téi trinh bay mdt phwong phip méi tiép cin viéc gidi bai todn mé hinh mo.
Phuong phip niy st dung gid tri ngdn ngir trén co sé Dai s8 gia ti, né don gidn va c¢6 khd ning lam gidm
sai 8§ cda mé hinh.

1. PAT VAN DE

Viéc gidi quy&t céc bai todn lién quan dén mé hinh mo 1a vdn dé dwoc nhiéu nha nghién cidu
quan tim [1,2,8,12]. M8 hinh m& thuc chit 13 mét tip hop cdc ménh dé dang IF X THEN Y trong
d6 céc bién c6 thé 1a céc tip md. M6 hinh md ding dé€ mé phdng thé gidi thuc trong cic bai todn
digu khién tu déng hodc cic hé tri thirc. Trong thuc t&, cic s8 do trong cdc hé thdng tu ddng hodc
céc ddnh gid cda céc chuyén gia trong céc hé tri thic khéng phdi bao gid ciing c6 thé cho & dang
chinh xac. Vi vdy viéc nghién céru cdc mé hinh md 13 mdt doi hédi tw nhién. Cé nhiéu cich ti€p cin
gidi bai todn mo6 hinh m&. M6t phwong phip phd bién 13 cich ti€p cian dwa trén ly thuyét tip mo
clda L. Zadeh. V&i phuong phip ndy mét ménh dé dang IF X THEN Y nhu trén c6 thé dwgce hi€u
nhr mét quan hé nhin qui giira hai dai lrong X va Y vi do d6 ta c6 quan hé m& R(X,Y). Viéc t8
hop céc quan hé mo R(X,Y) ¢6 dwoc tir cdc ménh dé IF... THEN... theo mét cach nao dé sé cho
ta mot quan hé tdng hop, tir d6 c6 thé din bai todn mo hinh me vé bai todn 1ap ludn xap xi binh
thwdng. Phwong phdp niy nhin chung c¢6 thé giy sai s6 16n do khéng ¢6 phwong phap luin t8t cho
viéc t8 hop cic quan hé m&. Ngodi ra, & phuwong phép ndy, ciing nhw & cic phuwong phép dua trén
Iy thuyét tip mo néi chung, viée xi& 1y trén cidc ham thudc 13 viéc lam phitc tap va viéc khit mo rat
khé khin. D€ khic phuc nhirng khé khin d6, mdt s6 nghién ciru theo huéng ti€p can dva trén co
s& Dai s8 gia t& dwoc tién hanh [7] véi tw twdng 8 ging x& 1y truc tiép trén ngdn ngir nhuw con
ngudi thudmg lam. Trong bai bdo nay chiing t6i trinh bay mdét phwong phdp méi theo huéng nghién
ctru dua trén 1y thuyét cda Dai s6 gia ti, tip trung vao viéc chirng td tinh hop 1y cla phuong phép
thong qua nghién ciru sai s mé hinh.

2. CAC KHAI NIEM CO’ BAN

D¢ tién theo doi, trong phin niy chiing t8i trinh biy ¢6 dong nhirng khdi niém co ban cda Dai
s0 gia tir c6 lién quan dén bai bao.

Cho mét t4p U goi 13 vii tru (universal). Anh xa ps tir U vio doan [0,1] x4c dinh mét tap
mo A, & dé pa(z) xdc dinh mic dd thudc cda phin t z vao tdp m& A va dwoc goi 1a ham thudce
(membership function) cda tdp m& A. Zadeh da dinh nghia c4c phép todn trén tip md nhu giao,
hop, phan bii... thong qua cic phép todn trén cidc ham thudc twong dng. Déng thoi Zadeh cling dua
ra khai niém bi€n ngén ngit. D4 13 nhitng tir cda ngdn ngir tw nhién, ma gid tri cda ching 13 nhing
tdp mo. Vi du bién ngdn ngit “tudi” c¢b cac gid tri 13 cdc tip md nhw “gid”, “rat gid”, “trd”, “khd
tré”...

Trong Dai s8 gia t& (DSGT), tip cdc gid tri cda bién ngdn ngir dwgc xem nhu 13 mét Dai.sd
hinh thitc v6i cac phép todn mét ngdi (1a cic gia ti, hay con dwoce goi 1 tir nh&n) tdc ddng lén céc
khai niém nguyén thdy (13 cdc tir sinh). Trong vi du trén, “rdt”, “khd” 1a cdc tir nhan, con “gia”,
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“trd” Ja cac tir sinh. Ngoai ra c6 thé cdm nhin ring c¢6 mot quan hé thi tw b phén giira cdc tir
nhin nhuw “rit gia” > “gia”, > “khd tré” > “tré”. Nhw viy, DSGT X sé duwoc bidu dién béi bs ba
X = (X, H,<), trong d6 X 1A tip duoc sip xép thi tuw bd phin bédi quan hé <, H 1a tip cic phép
todn mot ngdi hay tip cic gia t&. K&t qud viéc 4p dung phép todn h(z), h € H ky hiéu 13 hz. Ta cé
dinh nghia sau (Definition 1 trong [5]).

Pinh nghia 1. 1. Néu h, k 13 hai tir nhdn thudc H thi k 13 dwong (dm) d8i véi h néu Vz € X ta cé
hz > z suy ra khz > hz (khz < hz). Hai tir nhin 13 d6i nhau néuVz € X tacd hza >z o kz <z
va goi 13 twong hop néu Vz € X ta ¢ hz > z < kz > z. Ngoai ra, ton tai cidc tir nhan manh nhit
vé hai phia dwoc goi 1a céc gia td don vi.

2. Néu o va o’ 13 hai chudi tir nhin thi ta néi o < ¢’ khi véi mdi z € X, tir z < oz holc z < o'z
suyraz <oz < o'z vathrz>orhoicz>o'zsuyraz>oz> oz

Néu ki hiéu H(z) 13 tap tat cd cac phan ti sinh ra do 4p dung céc phép todn trong H én z € X
va cdng thém c4c phin td “giéi han” inf va suf dng véi gid tri cin trén va cdn dwéi cda H(z) (sinh
ra do dp dung v6 han phép todn don vi lén z) ta s& c6 khai niém Dai s8 gia td mé réng 13 bd bdn
AX = (X,G,H., <) trong d6 H, = H U {inf,sup}, G 13 tdp tat cd cdc phin t& sinh. DSGT mé rong
13 mét dan cé cac phan t& don vi c6 ki hiéu 13 0 va 1, ngoai ra hai phan ti& bit ky cda dan déu cé
phin ti& héi va tuyén trong din. DSGT mé rdng ma tip cic phin ti sinh chi gdm hai phin ti sinh
dwong va Am d6i xirng nhau dwgc goi 14 DPSGT mé réng d6i xtrng. Tinh chat sau 1a Tién dé A4
trong [5].

Tinh chdt 1. Néu u ¢ H(v) vau <wv (u > v) thi u < hv (u > hv) véi mbi gia ti h.

Tinh chit 2. Néu h < k thi Vo,0’ ta c¢6 oh < o'k, trong d6 h, k 13 hai gia tir o, o' 13 hai chudi gia
td.

Trong phwong phéap gidi bai todn mé hinh m& & bai bio niy, ching ta con cin dén khéi niém
khodng céch giira cdc phin tir cda DSGT. Ta sé chi xét cic DSGT mé rong ddi xing cb tip H sip
thi tu tuyén tinh. Khodng cich c6 thé duwgc dinh nghia 14 mét hdm p : AX X AX — [0,00) théa
man ba tién dé vé khoing cach. Ngoai ra, tir ngir nghia cda cac gid tri bién ngén ngir, cé6 thém tién
dé tht tu nhw sau:

Tién de. Vdi mot h,k € H v z,y € X, p(hz,z)/p(kz, z) = p(hy,v)/p(ky,y).

Y nghia tién d& nay 13 ngit nghia twong d&i cda h trong quan hé véi k khdng phu thudc vio tir
ma ching tdc dong.

Mt dinh 1y cling cin cho 1y gidi vé sau da dwoc ching minh trong [10]:

Dinh Iy 1. [10] Tdp L* la tdp tdt cd cdc phan tid cda X cd k ti nhdn (L' = G, tdp cdc phin td
sinh) s€ phin b déu trong doan [zF . ,zk | khi vd chi khi cdc phdn té cda L? phdn bé déu trong
doan [z2

2 s B, O d6 wE = min{L*}, z¥ . = max{L*}.

Trén co s& DSGT, trong [9] da xiy dung cic qui tic co badn cho 14p ludn ngdn ngir, trong dé cé
cac qui tdc:

(RMP: Rule of Modus Ponens): (P—Q),P

Q )
(RPI: Rule of Propositional Inference):
(P(z,u) = Q(z,v))
(aP(z,u) = aQ(z,v))

3. TIEP CAN BAI TOAN MO HINH MO TREN CO SO DPAI SO GIA TU

M6 hinh m& (dang don diéu kién) 13 mét tip cdc ménh dé m& c¢é dang
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IF X=A, THEN Y =B
IF X=A;, THEN Y =B, M)

IF X=A, THEN Y =8B,

trong d6 Ay, Ao, ..., Ay, By, B, ..., B, 13 céc gid tri md. Viéc nghién cdu mé hinh md dwgc dit ra
dé gidi quyét cdc bai todn ditu khi€n md hay lap luin md trong hé tro gitp quyét dinh, hé chuyén
gia.... Cdc bai todn nay tuy c¢6 khdc nhau vé hinh thiéc nhung ching cling phdi gidi quyét moét van
dé: khi dd c6 md hinh trén va cé mét gid tri ddu vio X = A xic dinh (c6 thé 1a gia tri s§ hay 1a
tdp m&), doi hdi phdi xac dinh diu ra Y = B. Di c¢6 nhi¢u phuong phip duoc dwa ra dé gidi quyét
vin dé néu trén [1,2]. Di€m chung co ban cda Iy thuyét tip md 13 cdc phwong phip gidi quyét cda
né nhin chung chi t8t trong nhirng digu kién cu thé, linh virc cu thé ma khéng c6 phuong phap t3t
cho t4t cd c4c trudmg hop. D& dénh gid phwong phap, ¢6 thé dung khéi niém sai s8 cda mé hinh [8].
Cé hai dang sai s8 x4y ra khi st dung mé hinh m&. Thi nhat 13 sai s§ xdy ra khi xac dinh gid tri
(bing s8) cda céc gid tri bién ngdn ngir dwgc st dung trong md hinh (tirc 13 sai s8 xdy ra do viéc
khtt m&). Tht hai 13 sai s8 xdy ra khi ta st dung ban thin md hinh d€ mé phdng mdt qué trinh
thyc. N6i cach khiac, sai s8 dang nay xdy ra khi ta diing mdt phuong phap xap xi nao dé dé€ xdp xi
dudng cong thuc t€. Trong bai bdo nay ching t6i giéi han trong ddnh gid phwong phip qua dang
sal s8 thi hai, x4y ra khi 4p dung phuong phép x4p xi dwa trén co s& Dai s8 gia ti. Sai s8 dang
mét di duwoc nghién cdu trong nhigu bai béo (xem [1, 8]).

Truéc hét, ta chimg minh mét dinh 1y can ding cho phwong phap xip xi s& dwoc dwa ra.

Dinh 1y 2. Cho Dai 56 gia t# tuyén tinh md réng H = (X, H,G <), h vd p ld hat gia t¢ vd u ld
phin té cda X. Cdc phan td hpu, phu luén ndm gita hu vad pu.

Chitng mink. DE xéc dinh, gid s hu < pu. Theo Tinh chit 1 & trén, do hu ¢ H(pu) ta suy ra
hu < H(pu) téc hu < hpu. Twong tw ta cé phu < pu. Ddng thoi, ciing theo Tinh chit 1, ta ¢
phu < hpu. Nhw vy, ta cé hu < phu < hpu < pu. Trong trudng hop pu < hu ta sé c6 cdc bat ddng
thic theo chitu nguworc lai.

Trwée khi dwa ra phwong phip x4p xi mé hinh dwa trén co s& Dai s8 gia ti, ta sé xem xét
phwong phép xip xi mé hinh trong trudmg hop s8, téc 13 trudng hop cic gid tri A;, B; déu 1a s8
(khéng m&). Mdt trong nhitng phuong phap phd bién trong trudng hop nay 13 xem cip s8 (A;, B;)
nhw di€m toa d3 trén mit phing (hinh 1). Khi d6 qua n di€m (4, B;) cda mit phing toa dd c6 thé
vé dwgc mdt dudng cong (nhin chung bac n—1). Dudng cong nay 13 dudng cong xap xi dudng cong
thue té. Véi di€m A cho truée trén truc hodnh, d& ding x4c dinh dwoc di€m B twong dng trén truc
tung dva trén duong cong dé. ‘

(A1E1 N .
/r ’ ) ————— Dudng cong thic té

E L Dudng cong x3p xi°
B '—4-
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r Io(AiB) T —— ’——“XQ (#d,Ba)
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Hinh 1

Bay gi¥ ta xét md hinh m& (I). Ta ciing sé€ coi n cip tip m& (A;, B;) 1a n cdp toa d trén mit
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phing. Thay vi xiy dung mét duwdng cong bic n — 1 di qua n di€m toa d5, ta ndi n difm bing cac
doan thing, tao nén mét dwong gdp khic. Véi mét di€m A trén truc hodnh, ta ciing d& ding xéc
dinh duoc di€ém B tuong tng trén truc tung (hinh 2). Thuc chit cia phuwong phap ndy 1i x4c dinh
diém B theo khodng céch dya trén cdm nhén 13 néu gid tri bién ngén ngi A nim giira hai gid tri bién
ngdn ngir A; va A, theo ti1é (vé khodng céch) k = p(A;, A)/p(A, Az) thi p(By, B)/p(B, Bz) = k.
T d6 c6 thé xic dinh B néu biét A.

A ———— DuGng cong thye té

i A1,B1 5 57
[} i \( > ﬁljgng cang x3p X

(A2,B2)

Hinh 2

V& tinh hop 1y cda phuwong phap, ¢é thé néu ra cic nhin xét sau:
1. Cidm nhan vé khodng céch 13 kha hop ly v& mit ngt nghia (xem thém [10,11]).
2. V@ sai s8 phuong phédp, thoat diu ta thiy c6 vé& nhu dudomg gip khic 13 mét xap xi khd tho
cida dudng cong thuc té. Tuy nhién, c6 thé thiy néu ta cé cang nhiéu di€m toa dd va viéc phan bd
cac di€m toa d6 nay 13 twong d8i “déu” thi dwdng gip khic cang tién din dén dwdng cong thuc té.
Ta s& xem xét ky van dé nay. D€ tién cho viéc phan tich, ta vi€t lai mé hinh m& (I) & dang sau:
IF X=pju THEN Y =qu
IF X =py,u THEN Y =gy

IF X=p,u THEN Y =q,v

(1)

& d6, u va v 13 cidc phan ti sinh nguyén thiy, p; vd ¢ 13 cic x4u gia ti, 1 < ¢ < n. Ngoaira

p1 < pz2 < -+ < py,. Giita hai diém st nhau trén truc hoanh p;u vi p;; u theo Dinh ly 2 c6 céc diém

PiPi+1U VA p;+1p;u. Dong thoi, theo qui tdc 14p ludn (RPI) ta sé c6 IF X = p;np;yu THEN Y =

pigi+1v va IF X = p;yip;u THEN Y = p;y1q;v. Ta s& xem xét vi tri twong d&i cda cic di€m

Pigi+1V VA p;iy1¢;v trén truc tung. Do tip céc gia t& 14 mdt tip sip thi tw todn phin nén cé céic

khd n&ng sau xdy ra:

® pi < gi+1 < ¢i < pit+1. Khi décling theo Dinh ly 1, pi < pigit1 < git1 va ¢ < pi+1¢i < pis1,
nghia 13 cic di€m p;gi11v VA piy1qiv sé€ nim ngodi ¢;v v g4 v trén truc tung. Trudng hop
nay hai ménh d8 quan trong méi sinh ra sé djc biét quan trong vi né tao ra cic di€m cuc tri
méi trén d5 thi cda dudmg cong xdp xi. Né&u khéng cb cic cdp toa dd méi (p;pit1,PiGi+1) V2
(Pi+1pPi, Pi+1¢:) ndy, cdc dudmg cong xdp xi, di dwoc xidy dung trén co sé ly thuyét tip mo hay
Dai s gia tir s€ déu cho sai s8 16m (xem hinh 3).

® p; < ¢ < gi+1 < pi+1. Theo Dinh ly 1, ta ¢b6 pigi+1 < ¢i+1.- Ta s€ ching minh ¢; < pigi4+1.
Thét viy, theo dinh nghia, gid st c6 phin ti sinh ¢, sao cho t < g;t hodc t < p;g;1t, cin ching
minh ¢;t < p;gi41t. Néu cé t < g;t thi do ¢; < gi+1 nén ¢t < giy1t. Do gqit ¢ H(gi4+1t) nén
git < H(gi41t) tlrc git < pigi4+1t. Néu cé t < p;gi4+1t thi do p; < pigi+1 (theo Pinh Iy 1) nén ta
cling ¢6 t < p;t < g;t va ta quay lai trudng hop trén. Trudng hop véi t ¢ cac diu bat ding
thic ngugc lai chimg minh hoan toin twong tw. Tém lai, ta cé ¢; < pigi+1 < ¢i+1. Twong tu véi
pi+19i- Ta sé c6 dudng gdp phic xip xi méi gin dwdng cong thuc té hon (xem hinh 4).
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(Pis1Pi, P90
Duidng cong thur té”
(Pi,qi)\\ ————— — Pudng cong x3p xi’theo pp cv”
\\ ““““ Duang gap khic theo pp mdi
\
\
\\
“““““ (Pi+1,9i+)
{PiPis1,PiGisr)
Hinh 8
093 . .
(P Duang cong thyc té
™ —m—— Ddong gip khic x3p xi°
\"\. e Difang gap khde xX3pxi’
S SIU kbt 0 dVEm bo xung

(PinPi,Pirdh) ‘.\"\. (Pis1,Gin)

(PiPi+1,PiQis1)

Hinh 4

® ¢ <pi <git+1 < pi+1. Theo Dinh 1y 1, pi < pigi+1 < git1. Do dé ¢ < pigi+1 < giy1. V&ipiy1gi
thi cling chéng minh twong tw nhu trén, ta cé p;11¢; < git1. Tém lai cd p;y1q; va pigiy1 déu

ndm gifra ¢; 41 va g;.

® git1 < pi < ¢ < piy1. Trwdng hop nay dé thdy p;q;41 ndm gifta ¢;4; v ¢; cdn p;;1¢; ndm ngoai

gi+1 va g;. Ta c6 thém mdt di€m cuc tri ndm gitta p; va piy 1.
® pi < i < pit1 < gi+1. Khi d6 cd piy1gi va pigiy1 déu ndm gilta gi41 va g;.

. & Y g . . v &y
® pi < gi+1 <pit+1 < ¢i- Khidé p;119; nam giira ¢;41 va ¢;, cOn p;g; 41 nam ngoai.

. v oo -
cuc trl nam giura p; va pi41."

. ’ e a N v A
® pi < pit1 < gi+1 < ¢i- Khi d6 pi11¢; ndm giita gi1 1 vA gi, cOn pigi41 ndm ngoaii.

cuc tri ndm gifra p; va piy .

= ’ .~ N . v e
® p;i < pit1 < i < giy+1. Khi d6 p;git1 ndm gifta gi+1 va gi, cOn p;41¢; ndm ngoai.

cuc tri ndm gifra p; va piy .

. ’ £ .~ a a ¥ A
® ¢; < gi+1 < pi-< pi+1. Khi d6 p;1¢; nam giira ¢;;; va ¢;, cOn p;g; 41 nam ngoai.

cuc tri nam gifra p; va piy.

. ’ .~ N a 1% e
® git1 < ¢i < pi < pit1. Khid6 pigiy1 ndm gifta ¢; 41 va gi, cdn p;41¢; ndm ngoai.

cuc tri ndm giita p; va piy;.
® gi < pi < pit1 < gi+1- Khi d6 pigi+1 vA pir1¢; ndm gifra giy1 va gi.
* z \ v o~ \
® git1 < pi <pit+1 <¢;. Khidé p;qiy;1 va p;11¢; nam gitra g;4; va g;.

Ta c6 mét diém
Ta c6 mét diém
Ta c6 mdt diém
Ta c6 mdt diém

a A
Ta c6 mot diem
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Cé thé rit ra cic nhin xét sau:

1. V&i cich ti€p cin dwa trén DSGT, trong nhirng trudng hop nhit dinh nhw di phan tich (7
trén 12 trudng hop), cé thé sinh ra nhitng diém cuc tri méi cia dwdng gip khic xip xi, lam gidm
déng ké sai s8 cia phuwong phip. Trong nhirng trudng hop con lai céc diém sinh ra, c4n ct vio Dinh
Iy 1, sé phan b3 twong d8i déu, 1am ting d6 chinh xic cia dudmg gip khic xap xi.

2. Nhu vay diy 1a mét phwong phap don gidn nhung lai cho két qud t8t trong viéc gidi cdc bai
todn cé lién quan dén mé hinh mé, khi cic tham s8 dwoc bi€u dién dwéi dang cic tir cda ngén ngir
tu nhién.

4. KET LUAN

Bai ndy di dwa ra mét phuwong phép ti€p cin trén co s& DSGT d¢€ gidi quyét bai toan 14p ludn
m& va chirng minh tinh hop ly cda phwong phép. Trong cidc phuwong phép dua trén co sé DSGT néi
chung, sai s§ mé hinh x4y ra khi xdc dinh cdc gid tri bi€n ngdn ngir (trén truc s8) con phdi cin céc
nghién céu ti€p theo. Trong thuc té, con ngudi khé st dung cac tir ¢6 trén 3 tir nhan. Do dé, trong
thuc tién c6 thé chi x4p xi dén nhitng tir ¢4 3 tir nhin vi v&i mdt gid tri diu vio, ta sé 14y gid tri
bién ngdn ngit gin nhit trong tip cic tir dwge sinh ra véi nhidu nhit 3 tir nhin dé thay thé va dé
xac dinh diu ra twong Wng.
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