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MOT PHUONG PHAP NOI SUY GIAI BAI TOAN MO HINH MO
TREN CO SO DAI SO GIA TU

TRAN THAI SON!, NGUYEN THE DUNG2

LVién Cong nghé thong tin
2Khoa Tin hoc, Truong DHSP Hué

Abstract. In this paper, we deal with the constructing fuzzy measure function base on quantified
semantic mapping v in [1]. And then, we present a new interpolation method for solving fuzzy model
problem with multiple variable, multiple conditional.

Tém tAt. Trong bai bdo nay ching t6i dé cap dén viéc xay dung ham do md dia trén dnh xa lwrgng
héa ngir nghia v da dwrgce néu trong [1]. Tir d6 dwa ra mot phwong phép noi suy mo méi dé gidi bai
todn mo hinh md da bién, da diéu kién.

1. MO PAU

Trong [4,6,10,12,13] 1a cdc cong trinh vé cdc linh virc khéc nhau cia hé chuyén gia mo,
hé diéu khién mo, xi Iy dnh, mang noron... da cho thiy su can thiét cla viéc giai bai todn
lap ludn x4p xi c6 dang tong quat, ta thuomg goi 1a 1ap luan mo da diéu kién. Xét mo hinh
mo (M):

If X1 = AH and X2 = A12 and ... and Xn = Aln Then Y = B1

If X1 = Agl and Xg = A22 and ... and Xn = Agn Then Y = Bg

If X1 =A4,,1 and Xo = 4,2 and ... and X,, = A,,, Then Y = B,,

Cho X1 = A01 and X2 = A02 and ... and Xn = AOn C\é,n tinh Y = Bo?

O day, X;,Y la cdc bién ngén ngw, A;j, B; la cdc gid tri ngon nglr (1a cdc tap mo). Lic
dé cé thé xem viéc gidi mot moé hinh mo néi trén chinh 1a viéc gidi bai todn suy luan ngon
ngit.

Trong [2] da dwa ra khéi niém ham do va ham do mo, véi khai niém ham do, téc gid da
gidi bai toan suy luan ngon ngtr thong qua ham do.

Trong [1] céc téc gid cling da xay dung cdc khai niém nhuw ban kinh md, dnh xa lugng héa
ngir nghia... cho cic bién ngon ngir trén ciu tric dai so gia tir.

O day ching ta sé chi ra rang d4nh xa lrong héa ngir nghia v thda man cdc tinh chat cia
ham do dugc néu trong [3] va tir A6 xay dung nén khai niém ham do m¢ dya trén dnh xa
lrong héa ngir nghia. V&i khéi niém ham do mo va sy twong dwong gitra cau tric dai s
gia t m& rong doi xtmg véi mot 16p tap mo, van dung cic phwong phap noi suy mo do
D.Tikk va mot s6 téc gid phét trien trong thoi gian gan day ([7,8]), chiing t6i s& phét trien
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mdt phrong phép nodi suy méi dé gidi bai toan mé hinh mo da bién, da dieu kién.

Muc 2 bai béo tém tét cic két qua vé ham do mo duya trén anh xa lwong héa ngit nghia.
Muc 3 trinh bay mot phirong phap noi suy mo méi dé gidi bai todn mé hinh mo da bién, da
dieu kién. Trong muc nay sé duwra ra mot thuat toidn dé gidi bai toan néu trén cling két qua
thir nghiém trén mot vi du kinh dién vé bai toan mo hinh mo ciia Mizumoto [9]. Két qua cho
thdy chap nhan dwoc va ¢ nhieu wu diém so véi cdc phirong phap khic. Mot s6 nhan xét
duwoc dwa ra trong muc két luan.

2. HAM PO MO DUA TREN KHAI NIEM ANH XA
LUQNG HOA NGU NGHIA

Trong phan nay, ching t6i sé chi ra rang 4nh xa lwong héa ngir nghia v dwoc xay dung
trong [1] 14 mot ham do trén dai s6 gia tir. Tir d6 c6 thé xdc dinh mot metric trén dai s6 gia
tir. Mot sO tinh chat thé hién moi lién heé gitta v va do do tinh mo cia céc phan tit trén dai
s6 gia tir ciing duwoc 1lam 16. Chiing t6i sé tém lwoc lai cic két qud trén sau khi nhic lai mot
s0 kién thitc co s& vé dai s6 gia tir va dai s6 gia tir doi xttng, khai niém &nh xa luong héa
ngir nghia...Cac két qua ndy cé thé xem thém trong [1,2].

Trong tu nhién, chiing ta thudmg cé cdc bién ngdn ngir ma cdc gid tri cla né 1a céc gia
tri ngon ngit véi ngit nghia biéu thi bang cac tap mo. Vi du, bién ngon ngit “strc khde” ¢
céc gia tri c6 thé 1a khde, rdt khde, yéu, twong d6i yéu... Trong dai sd gia tir, tap cac gid
tri bién ngoén nglr dwge xem nhw mot dai s6 hinh thite véi cde phép todn mot ngoi (1a cdce
gia tr hay con goi tir nhén) tdc dong lén cdc khai niém nguyén thiy (hay con goi la cdc tir
sinh). Trong vi du trén, khde, yéu la cdc tir sinh con rdt, twong déi... 1a cdc tir nhan, ngoai
ra ngit nghia cla cdc gia t& con c6 thé biéu dién qua quan hé thit tu bo phan, ching han yéu
< twong d6i yéu < khde < rat khde. Nhuw vay dai s6 gia tit (DSGT) sé duwgc biéu dién bdi
bo ba X = (X, H, <), trong dé, X 1a tap duwgc sap thit tur bo phan bdi <, H 13 tap cic phép
toan mot ngdi hay tap cdc gia tir.

Néu ky hiéu H(z) 1a tap tat cd céc phan tir sinh ra do d4p dung cdc phép todn trong H
lén x € X va cong thém cdc phan tir “giéi han” infz va supx twong ting véi gid tri can
trén va can dudi cia H(z) ta sé ¢6 khdi niéem PSGT md rong. PSGT md rong 1a bo bon
AX = (X,G,H,., <), trong d6 H. = H U {sup,inf}, G 1a tap céc phan tir sinh. DSGT mé&
rong ma tap cdc phan tir sinh chita ding hai phan tir sinh dwong va am doéi ximg nhau (nhuw
tré va gia, khde va yéu, za va gan) duge goi 1a PSGT mé rong ddi xtimg.

Khai niém ham do
Pinh nghia 2.1. ([3]) Cho dai s6 gia tt m& rong doi xing (X, C, He, <). At X — [0,1] 1a
mot ham do trén X néu théa man:

(1) Vz : A(z) € [0,1], A(supc™) = 1, A(infc™) = 0, trong d6 c¢t,¢~ € C 1a cdc phan tir
sinh duong va am.

(2) Vo,y € X, néu z < y thi A(z) < A(y) (tinh dong bién).

Pinh nghia 2.2. ([3]) (ham ngugc cia ham do) Cho dai s6 gia tit md rong doi xing
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(X,C,H,,<). Ala mot ham do trén X, A=1 : [0,1] — X la ham nguoc cida ham do A néu
théa man: Va € [0,1],A"1(a) € X sao cho [A(A7Y(a)) — a|] < |A\(x) — al,Vx € X.
Pinh nghia 2.3. ([3] ham do m&) Cho dai s6 gia tr mé rong ddi xing (X, C, H, <), F[0,1] 1a
tap tat cd cdc tap mo trén [0,1], K : F[0,1] — [0, 1] 14 mot ham khit mo. Goi A : X — F[0,1]
13 mot ham do md trén X véi ham khir mo K, néu théa man KA 13 mot ham do trén X.
Khai niém ham do do tinh mo

Cho dai s6 gia tt AX = (X,G,H,<), v6i X 1a tap nén, G = {1,c",w,c”,0}. Trong
ddl>z>w>y>0véimoiz,y e X vahl =1h0=0hw=w, véimoi h € Hyw la
phan tir trung hoa, con ¢ va ¢~ 1a cdc phan tir sinh duwong va sinh &m. H = H™ U H~ véi
H = {hl,hg, ...,hp} va Ht = {hp-i-la ...,hp+q},h1 > ho > ... > hp va hp+1 <. < hp+q.

Pinh nghia 2.4. ([2]) Ham fm : X — [0,1] duogc goi 1a dd do tinh mo trén X néu thda man
cdc dieu kién sau:

(i) fm(c)=w>0va fm(ct)=1—w > 0.
p+q

(ii) Véice {c,ct} thi me(hic) = fm(c).
i=1

fm(ha) _ fmlhy) _ fmihe)
fm(@) _ fmly)  fm()

ty s6 nay khong phu thudce vao = va y, va ky hiéu 1a u(h) goi la dd do tinh mo cia gia ti h.

(ili) Véi moi z,y € X,Vh € H, , v6ic € {c”,c"}, nghia I

Mot s6 tinh chit cia dd do tinh m& fm

(1) fm(hx) = p(h) fm(z), Yz € X,

(ii) p+q

me(hic) = fm(c), c€ {c ,ct}.
i=1

(i) Pt

me(h@a:) = fm(z), Yz € X.
i=1

(iv) P p+q
Zu(hi):ozvé Zu(hi):ﬁ, véia, >0 va a+ (=1
i=1 i=p+1

Véi moi & € X, ta goi L mf) 14 bén kinh mé cia .

Anh xa lwgng héa ngir nghia cda bién ngén ngir
Cho dai s6 gia tt AX = (X,C, H, ),
Dinh nghia 2.5. ([2] ham sign) Ham sign : X — {—1,0,1} 14 mét anh xa dwgc dinh nghia
mot cadch dé quy nhu sau, véi moi h,h/ € H :
a) sign(c™) = —1 va sign(hc™) = +sign(c”) néu he™ < ¢
sign(hc™) = —sign(c™) néu he™ > c™.
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sign(ct) = +1 va sign(he™) = +sign(ct) néu het > ¢t

sign(hct) = —sign(c™) néu het < ¢t
b) sign(h'hz) = —sign(hz) néu h' 14 negative ddi véi h va h'hz # ha.
c) sign(h'hz) = +sign(hz) néu b’ 1a positive doi v6i h va h'hx # hz.
d) sign(h’hz) = 0 néu h'hx = hz.
Khéi niém A’ 1 negative hay positive d6i véi h xem thém trong [1,2].

Ta thdy v6imoi h € H,Vx € X, ta ¢6: néu sign(hz) = 1 thi hz > x va néu sign(hz) = —1
thl hx < .

Pinh nghia 2.6. ([2] Anh xa luong héa ngit nghia v) Cho fm 13 ham do tinh mé trén X,
v4i cdc tham s6 nhw da cho trong dinh nghia ham fm. Anh xa lwong héa ngtr nghia v trén
X dugc dinh nghia nhw sau:
1) v(W) =w;v(c) = Bwvav(ch) =Bw+a,
2) ]
o 1
v(hjx) = v(x)+sign(h;z) x Z fm(hx) — 5(1 — sign(hjx)sign(hptqhiz) (6 — a)) fm(h;x)

i=j

voil < j<pva

v(hjz) = v(x)+sign(h;jz)x Z fm(h;x) — %(1 — sign(h;x)sign(hpy gh;z)(8 — ) fm(h;z)
_i:p+1

véi § > p.
Trong truomg hop f = a = 1/2 ta ¢ ham luong héa ngr nghia v trén X la:
) vieT) = (1/2)w vav(ch) = (1/2)w + 1/2.

2) P
V(hj$) =v(z)+ Sign(hjl') X me(hzl') - %fm(hjm) voil<j<p,
=1

p
v(hjz) = v(x) + sign(hjz) x Z fm(hiz) — %fm(hjx) véi j > p.
i=p+1

Ménh deé 2.7. Anh za luong hdéa ngi nghia v dugc néu trong [1, 2] thda man cdc tinh chdt
co bdan cia ham do la:

1)0<v(x)<1,Vz e X.

2) Vo,y € X néux <y thi v(xz) < v(y) (tinh dong bién). Hon nia khi o = = 1/2 ta

3) v(ha) — v(z)
v(kz) — v(z)

v(hy) — V(y)'
v(ky) —v(y) |

Chatng minh. Céc tinh chat 1) va 2) dé dang suy dwgc tir dinh nghia. D& chitng minh tinh

p o L s |vlha) —v(z)| _ fm(z)
chét 3), ta ching minh khi « = 8 = 1/2 thi k) — @) |~ fm()

titc ty 1é nay khong
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phu thudc vao gid tri cu thé cia gia tit h. That vay, khi o = 8 = 1/2 thi theo Dinh nghia 2.6
ton tai j € {1,...,p+ ¢} sao cho h = h; va

p
v(hz) = v(hjz) = v(x) + sign(h;x) x Z fm(hiz) — %fm(hj;v) véil < j<p,
i=j

J
v(hz) = v(hjz) = v(x) + sign(hjz) x Z fm(hiz) — %fm(hja:) véi j > p.
i=p+1

Khi dé

p
1
v(hz) — v(z)| = me(hzl') - §fm(hj$) voil <5 <p,
i=j
va

J
lv(hz) —v(z)| = Z fm(hix) — %fm(hja:) véi j > p.
i=p+1

Dé v rang, theo tinh chat (i) cia do do mo fm(hiz) = u(hiz)fm(z),Yr € X, nén ta

fo’ J(c}n?i}(l;f) = f;;ii(l;)/) = p(hi), do A6 fm(h;z) = %fm;hzgz)) Thay fm(h;z) bang
m(z C g o . _fm@), yy
Fmy) fm(hiy) vao céc dang thic trén, ta cé |v(hx) — v(x)| = fm(y)| (hy) (y)], ttr dé
suy ra diéu phai chirmg minh. [ ]

Nhu vay, c6 thé néi rang anh xa lwong héa ngir nghia v 14 mot ham do trén dai s gia ti,
plha,x)  p(hy,y)
. p(kz,z)  p(ky,y)
vGoimoi h, k € H va Va,y € X. Piéu nay chi ra rang mitc do tac dong twong ddi gitra cic gia

va p(z,y) = |v(x) — v(y)| 14 mdt metric trén dai s6 gia t X. Hon nira,

tir h va k khong phu thuoc vao cac tir  hay y ma né tdc dong.

1 clda v théa méan céc tinh chat cia

V61 anh xa lwong héa nglr nghia, anh xa nguwoc v~
ham nguwoc cia ham do. Pé xay dung v—!, ta di xdy dung mot s6 khai niém va xem xét
Ménh dé 2.8 duéi day.

Véi mot doan thang I, ta goi mot ho cdc doan thing I, (k = 1,...,m) 1a mot tira phan
hoach cia I néu I, thoa cic dieu kién sau:

- V6i hai doan bat ky thuoc Iy, chi ¢ t6i da mot diem chung.

-GQ:L
k=1

Trén ho Iy néi trén, c6 thé xdc dinh mot quan hé thi tu trén né nhu sau: I; > I; néu
Viel;vaVseljtacot>s.

Ménh dé 2.8. Cho DSGT (X,G,H, <), Va € [0,1] va Ve > 0 cho trude, luon zdc dinh dugc
mot gid tri ngon ngtt x € X ¢ gid tri luong hdéa ngt nghia sai khdc a khong qud mot sai so

€
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Va € [0,1],Ve > 0,3z € X : |v(x) —a| <e.

Chitng minh. Ta chtimg minh ménh dé dwa trén cdch xdc dinh cdc gid tri cda dnh xa luwong
héa ngtr nghia v ([1]).

Véimoi x € X, ky hiéu dp(z) 1a do sau cia x, tirc s6 lin xuat hién cc ky hiéu ké ca gia
ti lan phan ti sinh trong x.

Véi dp(z) = 1, titc # € {c,c"}, theo dinh nghia cia v(z), ta chia doan [0,1] thanh
hai doan theo thit tu tir trdi sang phdi 1a I(c™) va I(c"), do dai cia I(c™) duge ky hiéu 1a
[I(c7)| = fm(c™), twong tu do dai cia I(ct) 1a |I(ct)| = fm(c"). Theo dinh nghia cia v
thi v(c™) 1a diém chia doan I(c~) thanh hai doan con theo ty 1& 3 : a va v(c") 1a diém chia
doan I(c*) thanh hai doan con theo ty 1& a : 3, ky hiéu ¢* dé chi I(c™) hay I(ct).

+ Néu |v(c*) — a| < €, ménh dé dugce ching minh véi z = ¢*.

Nguge lai, khi d6 a sé thudc vé mot trong hai doan I(c™) va I(ch).

+ Néua € I(c™), ta sé phan hoach doan I(c™) thanh p+q doan con I(h;c™),i = 1,...,p+q
v6i d6 dai |I(hic™)| = fm(hic™) va I(hijc™) > I(hje™) v6i1 < i < j < p+gq. v(c™) chinh
la diém chung gitta hai doan I(hyc™) va I(hptic™). Con v(hic™) la diém chia trong doan
I(hic™) theo ty 1& 8 : a néu sign (hpyqhic™) = —1 va nguoc lai theo ty 1& o : 8 néu
sign(hp4qhic™) = 1. Lic nay, a sé thuéc mot trong cac doan I(hyc™),i=1,...,p+q.

Néu |v(hic™) — a| < €, ménh dé dwgc ching minh véi z = hic™.

+ Néu a € I(ct) qua trinh lap ludn twong ti.

Bay gio néu |v(hic*) —a| > €, Vi = 1, ..., p+q, khi d6 ky hiéu 2 13 16p céc tir c6 do sau
dp(z) = k. Nhu vay, cic tir ¢6 dang hic* thubc ve 16p cac tir z(2).

C6 thé lap luan mot cach tong quat bang quy nap theo k nhu sau: Gid st a thudc ve
mot doan I(z(*~1) nao dé, ta tiép tuc phan hoach doan I(z*~1)) thanh p 4+ ¢ doan con
sao cho I(h;z®*~D) > I(hjz*~1) néu sign(hyy,z* V) = —1 va nguoe lai I(hja*—Y) >
I(hiz®*=1) néu sign(hpsgz® ) = 1 v6i 1 < i < j < p+ g Hon nita, 6 dai cta
I(hiz®*=D) = fm(h;z* D). Bén canh d6 v(z*~1) 1a diém chung ctia hai doan I (hyz*~1) va
I(hp12FD), con v(h;z*~1) 1a diém chia doan I(h;z*~1) theo ty 16 3 : a néu sign(hpghiz*~1 =
—1. va theo ty 1& a : 8 néu sign(hpsghiz* Y = 1. Liic nay a sé thugc vao mot doan I(zF)
(kfl), i1=1,...,p+q.

Néu |v(hiz* D) — a| < ¢, ménh dé dwgc ching minh véi z = =

nao dé, véi 2 cé dang hix

k (k—1)

= h;x véi moi

i € {1,...,p+ q}. Néu nguoc lai, ta tiép tuc qua trinh phan hoach doan I(z*) twong tu trén
cho dén khi |v(z¥) — a| < ¢, khi d6 ménh dé dwge chiing minh véi o = zF.

Luu ¥ rang viéc phan hoach trén bao gitr ciing thuc hién duwoc theo cac tinh chat cia do
do tinh m¢& fm va theo dinh nghia cia anh xa v. [ ]

3. MOT PHUONG PHAP NOI SUY GIAI BAI TOAN MO HINH MO
DUA TREN CO SO PAI SO GIA TU

Tiép theo, muc nay, chiing toi sé dé xudt mot phwong phdp ndi suy méi dua trén
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phuwong phép noi suy mo ddi véi tdp mo dang CNFS (convex normal fuzzy set) cia D.
Tikk, T.D.Gedeon, P.Branyi [7,8]. Phwong phép cia cic téc gid nay tiép tuc phat trién
phuong phép noi suy cua Koczy va Hirota (phwong phédp KH) [6] va phwong phdp MACI
(phuwong phép Modify Alpha - Cut Interpolation). Phwong phdp nay tam goi la phwong phép
IMULJ7,8] (Improved MULtidimentional ). Phwong phép nay khic phuc duwgc cdc truong
hop bét thuong cia tap mo két luan thu dwoc (khong con 1a CNFS) cia bai todn suy dién
sau khi noi suy theo phuwong phap KH.

Phuong phép noi suy cia ching ta dwra trén metric trén dai s6 gia tir da dwoc xay dung
trong muc trén. Phuong phap dé ra & day bd qua duoc bude tich hop céc dai s6 gia tir khac
nhau, dong thoi tinh toan dwoc ban kinh mo cia két ludn. Két hop véi d4nh xa nguoc v—!
cla anh xa lwong héa ngit nghia v, ta c6 thé rit ra dwoc gia tri ngdn ngir twong ing cla két
luan.

Tir céc tinh chit cia do do tinh mo, ta thay rang khi ¢ cdc tham s6 fm(ct), fm(c™) va
cac pu(h) dé xay dung v, véi dinh nghia dé quy cia fm(z) tir fm(ct), fm(c™) va céc u(h),
ta ¢6 thé tinh dwoc cdc fm(het) va cée fm(he™) va tir d6 tinh duge fm(x) véi moi x € X.

Véimoi x € X, néu sign(hpyqz) = —1, dit a = v(z) — Bfm(z) va b = v(z) + afm(z).
Nguoc lai, néu sign(hpyqz) =1, ddt a = v(z) — afm(z) va b = v(z) + Bfm(z). Khi dé, véi
moi x € X, tap mo tam gidc (a,v(z), b) 1a hoan toan xdc dinh. Xét K : F[0,1] — [0, 1] la ham
khit m¢o theo phwong phép cue dai, véi tap mo tam gidgc A = (a,v(z),b) thi K(A) = v(z).
Do d6 ham do mo A(x) = (a,v(x),b) trong Ménh dé 3.1 sau 1a xdc dinh.

Ménh dé 3.1. Cho dai s6 gia tit md réng @61 xing (X,C, H,<),v la dnh za lwgng héa ng
nghia trén X, F[0,1] la tdp tdt cd cdc tdp mo trén [0,1], K : F[0,1] — [0,1] la ham khi mo
theo phuong phdp cuc dai.

Ta c6 A: X — F[0,1] vdi A(x) = (a,v(x),b) la mot ham do mo trén X.

Tiép theo nhir da néi trong phan dau muc nay, dira vao phirong phép noi suy mo cia D.
Tikk, T.D.Gedeon, P.Branyi [7, 8], duéi day chiing ta sé dé xuat mot thuat todn ndi suy méi
dé giai bai todn 1ap ludn md dua trén co s& dai s6 gia tir. Biang thuat todn nay véi dau vao
X0 = (Ao1, Ao, ..., Aon), chiing ta sé tinh todn dwge mot tap mo tam gidce (ag, v(Bo), by) tng
v6i két luan Y = By, & day v(Bp) 1a gid tri lwrgng hda cia bién ngon nglr tmg véi két luan
By va |bg — ap| 1a do dai ban kinh m& cia né.

Tu twdng chinh cia thuat todn nhw sau:

Véi moi luat thit ¢ (t = 1,...,m) trong mé hinh m 1a:

If X1 = A4, and X9 = Ags... and X, = Ay, then Y = By

biat Xt = (A, Asa, ..., Asy), ta tinh khodng céch tir dau vao X0 = (A1, Aoz, ..., Aon) dén
cac Xt dé xdc dinh cidc X7, X* gan v&i X0 nhat. Khodng cich p(X©, X?) cé thé duoc tinh
theo cac phuong phap sau:

p(X0 Xt = \/Z lv(Ay) — v(Ap)|? (khodng cach Euclide), (1)
=1

p(X9 Xt = \/Z lv(Ay) — v(Ag)|? (khodng cidch Minkowski),
i=1
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p(X9 XY = 3" |v(Ay) — v(Ag;)| (khodng cdch Hamming).
i=1

biat F(XY) =13 v(Ay) v6it=0,1,2,...

i=1
Néu F(X°) € [F(X), F(X*)] hoic F(X°) € [F(X¥),F(X7)] ta s& ndi suy tuyén tinh
dua trén X7, X* va phuong trinh p(X%, X7) : p(X9, X*) = p(By, B;) : p(Bo, Bk).

Ta co:
v(Bo) = (1 — t).u(B;) + t.v(By). 2)
Véi -
2 (v(400) — v(4;))
t =
il ((Ak) — v(A))

Con ag va by duoc tinh nhu sau:
ap=(1— ta)aj + tpak. (3)
by = (1 — tb)bj + tpbg. (4)
Véi aj, bj, ag, by, twong ting 1a cdc dau ban kinh m& cia Bj, By.

\/Z aoi) — (a;i))? \/@ 1((bOz)—(bjz‘))2

, va tp = )
\/Z aki) — (aji))? \/ 1((bkz) (bji))?

v6i aoi, boj, ajiy bji, Gk, bri twong tmg 1 cde dau muit ban kinh mo cla Ag;, Aji, Ak

Nguoc lai, F(X0) ¢ [F(X7), F(X*)] hoic F(X°) ¢ [F(X*), F(X7)] cé thé ngoai suy dé
tinh gid tri v(By), tuy vy sé cho sai s6 16n. Ta c6 thé tinh v(By) theo cich sau:

+ Tim chi s6 I sao cho p(X9, X!) = min(p(X%, X?)); t =1,...m;1 & j;1 & k.

T u(Bo) = ((v(B) + v(By) + v(B)) /3.

Thuét toan 3.2.

INgE

INgE

Input: Cho mé hinh m¢ (M), dau vao X© = (Ao, Aoz, .., Aon)-

Output: Gia tri Y = By.

Phwong phap:

Buoc 1:
- Tinh céc gid tri v(Ay),v(By);i =1,...,n,t = 1,...,m d6i véi mo6i ménh dé IF - THEN.
- Tinh céc gid tri v(Ag;),i=1,...,n
- Tinh cac ban kinh mo ag;, bo;,i = 1,...,n

Bugc 2:
- Tinh cic khoang cach p(X?, X*?) theo cong thitc (1).

Bugc 3:
- Xé4c dinh j, k sao cho p(X?, X7), p(X% X*) = min p(X°, X*),t = 1,...,m, k # j.
- Tinh cdc ban kinh mo aj;, bji, ag;, by,
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Néu F(X0) € [F(X7), F(X*)] hoiic F(X) € [F(X*), F(X7)] ndi suy theo céc cong thirc
(2), (3), (4) dé tinh gid tri By.

Nguoc lai F(X0) ¢ [F(X7), F(X*)] hosic F(X°) ¢ [F(X*), F(X7)] thi

+ Tim chi s6 I sao cho p(X9, X!) = min(p(X%, X?)); t =1,...m;1 & j;1 & k.

+ v(Bo) = ((v(By) + v(By) + v(B1)) /3.
Budc 4:

- Tir gid tri v(By), 4p dung ham nguwoc v~! d€ tinh ra gid tri ngon ngir cda By.

Return.

Sau khi trang bi metric trén dai s6 gia tit ta c6 thé st dung cdc phép ndi suy bac n hay
noi suy trén luwdi nhu néi suy Newton hay Lagrange... Tuy vay, cac phép ndi suy nay c6 do
phttc tap tinh todn cao. O day ching ta 4p dung noi suy bac nhit véi sai s6 cé thd chap
nhan dwgc. Van dé dwoc kiém chimg qua vi du duéi day.

Xét vi du trong [9] vé dieu khién md cho mot plant model véi cdc luat diéu khién cia né
dwoc cdu tric thanh mét mo hinh mo bao gom cac luat dang e, Ae = Aq theo bang sau:

e\Ae |[NB NM NS ZO PS PM PB
NB PB
NM PM
NS PS
Z0 |PB PM PS ZO NS NM NB
PS NS
PM NM
PB NB

Céc luat trén c6 dang sau:
R1: If e is NB and Ae is ZO then Aq is PB
R2: If e is NM and Ae is ZO then Aq is PM

R13: If e is ZO and Ae is PB then Agq is PB

Trong d6 e: 16i (error), Ae: s thay doi cda 16i (change in error), va Ag: sy thay doi
cia hanh dong dieu khién (change in control action), con NB, NM, ..., PB la céc gi4 tri ngon
ngtr (negative big, negative medium, negative small, zero, positive small, positive medium,
positive big) dugc biéu dién bdi cic tdp mo ma ham thude cia né cho trong hinh sau:

NB NM NS

9 6 4 2 0 2 4 6 9
Trong [4] da tinh todn cho md hinh trén theo phwong phdp suy dién m¢ va noi suy mo
véi cac két qud cho trong cdc bang 1 va 2.
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Bdng 1. Két qud suy dién mo theo [4] va khit m& theo phwong phép trong tam
(vi céc luét ¢6 tinh ddi xtng, nén chi can tinh mdt phan tu clia bang)

e\Ae NB NM NS | ZO
NB | Unknown
NM 4.0 3.0
NS 4.358 2.701 | 2.0
yAQ) 4.467 2.045 [ 1.040 | O
PS 4.358 1.169 0
PM 4.0 0
PB | Unknown

Bang 2 1 két qud tinh toadn do6i véi mo hinh md ndéi trén theo phwrong phap noi suy mo
trong [4]:

Bdng 2. Két qud suy dién sit dung phuong phdp noi suy mo [4]

e\Ae | NB | NM | NS | ZO
NB | 5.964
NM | 5382 4.0
NS | 5.874 | 3.897 | 2.0
ZO | 5958 | 40 |20] 0
PS |5.785 | 3.692 | 0
PM | 3015 0
PB | 0

Bay gio, ta 4p dung phwong phép ndi suy dwa ra trong bai & phan trén dé tinh toan céc
két qua twong tuw cho mo hinh nay, sau dé so sanh véi cac két quad tinh todn bang phuwong
phdp suy dién md& va noi suy mo trong [4].

Dé thuat tién cho viéc tinh todn, cac gid tri NB, NS, PB, ZO.... trong m6 hinh nay dwoc
chuyén dich twrong ng véi céc gia tri ciia bién ngdén ngit dién ta mirc do 16n nhéd véi tap nén
14 doan [0,1] va st dung 4nh xa lwong héa ngir nghia v véi cdc tham s6 theo bdng sau, v6i
gid thiét do do tinh m& cia céc gia tir 1a nhw nhau va o = 3 = 1/2.

Bdng 3

Cac gia tri | Gia tri ngoén ngir twong ng Tham sé cia v
NB More More Small v(W)=60=05,aa=06=0.5
NM More Possibly Small
NS Possibly Little Small dd do tinh mo cua céc gia tu:
Z0O W u(less) = p(possible) =
PS Possibly Little Large p(more) = p(very) = 0.25
PM More Possibly Large
PB More More Large

Céc két qua lién quan dén anh xa lwgng hda nglr nghia v véi cdc tham s trén xem trong
1,2].

Sau khi 4p dung phwong phap ndi suy vira néu trén, ta cé bang két qua suy dién sau:
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Bdng 4
e\Ae | MMS MPS PLS W
MMS | 0.786458
MPS | 0.703125 | 0.744792
PLS | 0.703125 | 0.781250 | 0.552083
AW 0.828125 | 0.703125 | 0.578125 | 0.5
PLL | 0.75000 0.625000 | 0.532360
MPL | 0.703125 | 0.584137
MML | 0.635914

Céc gia tri trong Bang 4 13 céc gid tri lwrong héa ngit nghia cia céc bién ngon ngir dau ra
Aq' twong ing v6i gid tri dau vao e’ va Ae/ (I cic gid tri bién ngon ngir da dich chuyén).

St dung ham nguwoc v~! ta thu dwoc Bang 5 sau 1a céc gid tri ngon ngir dau ra Ag¢’ twong
ing vaéi gid tri dau vao €’ va Ae'.

Bdng 5
e\Ae | MMS MPS PLS
MMS | PossibleMoreLarge
MPS | MorePossibleLarge | Large
PLS | MorePossibleLarge | PossibleMoreLarge | LittleLarge
W MoreMoreLarge MorePossibleLarge | PossibleLittleLarge
PLL | Large VeryPossibleLarge | MoreLittleLarge
MPL | MorePossibleLarge | PossibleLittleLarge
MML | VeryPossibleLarge

Tir Bang 4, quay trd lai véi céc gid tri ban diu ciia mé hinh, chuyén tir t4p nén [0, 1] sang
[—9,9] ta thu dugc Bang 6 1a cic két qua tinh todn vé gid tri vat 1y cia dau ra Ag, twong
ung vaéi gia tri dau vao e va Ae.

Bdng 6
e\Ae | NB | NM | NS | ZO
NB 5,16
NM | 3,66 | 4.41
NS 3,66 |51 | 094
70 160 | 3,66 1,41 | 0.0
PS |45 | 225|006
PM | 3,66 | 1,52
PB | 2,45

Nhur vay, ta cé ba bang 1, 2, 6 14 két qud tinh todn mo hinh m& da cho theo ba cdch khic
nhau, trong d6 Bdng 1 va Bang 2 1a két qud tinh todn cia téc gia [4] con Béng 6 1a két qud
theo phuong phap noi suy dua ra trong bai bdo nay.

Nhéan xét

- Dung noi suy theo phwrong phap trén tinh dwoc két qud véi moi gid tri dau vao, trong
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khi ding suy dién mo [4] thi chwa hdn. Vi du truong hop e =NB va Ae =NB ching han, &
[4] d& chi ra trong truomg hop nay, suy dién mo cho két qud cé ham thudc bing 0 tai moi
diém (Unknown). Theo phwong phap ching toi dwa ra & trén, két qud tinh dugc 1a gid tri
ngon ngtr PossibleMoreLarge va gia tri vat ly tuwong tng la 5.16.

- Phuong phép suy dién dwa ra trong bai nay dua vao bdn chat cia phép ndi suy nén
théa man mot trong nhirng dieu kién suy dién “t6t” 1a: Néu dau vao bang véi gid thiét cia
mot luat ndo do, thi dau ra bang véi két ludn cia ludt d6. Trong khi suy dién mo thi chua
han, vi du truomg hop e =Z0 va Ae =NS chang han.

- Dé danh gid sai s6 cla két qud tinh toan, ching ta dwa ra day sai s6 mo6 hinh cia mo
hinh trén, sau dé so sénh cdc két qua tinh todn trong bai vdi két qua tinh toén trong [4] va
sai s6 mo6 hinh dé danh gia.

Sai s6 mo hinh ctia mo6 hinh trén véi gid thiét moi gié tri clia cac bién ma 13 ¢é sai s6 nhr
nhau néu tinh theo phwong phdp cia Cao-Kandel [11] sé la:

9—(=9)/(1+14+1+1+1+1+1)=18/7.

Con sai s6 m6 hinh ciia m6 hinh m& néi trén tinh theo phwong phap trong [11], dwgce tinh

theo cac cong thixc sau:

Error(B) = max{|r(B) —n|/Np(n) > 0.5}

Error(B/B') = min{max |r(B) — n|/Ng(n) = Ng/(n)}, Error(B)}.

M6 hinh m¢ = maxmin{Error(B/B’)}.
Trong dé max lay theo B va min 14y theo B’ véi B, B’ 14 céc bién mo trong mo6 hinh mo. Ng(n)
14 ham thuoc cia bién m& B con r(B) la gid tri trung binh cia cdc gié tri n sao cho Ng(n) = 1.

Dé thay sai s6 cia mo hinh tinh theo cdc cong thirc trén 1a: 1,5.

Chiing t6i khong cé s6 liu thue ciia mo hinh dé€ x4c dinh sai s6 tinh toan. Tuy nhién, so
sdnh véi cdc s6 lidu tinh todn bing suy dién m& va theo phwong phdp noi suy mo [4] trong
Bang 1 va Béng 2 va két qua tinh todn dwoc theo phirong phép cia chiing to6i & Bang 6 ¢
sai 80 vGi cdc két qua tinh theo cdc phuwong phap cia [4] v6i sai s6 mo hinh 14 khd hop 1y vi
hiéu s6 gitra céc s6 liéu twrong ing tinh dwoc trong Bang 2, Bdng 6 va gitta Bang 6 véi Bang
1 so véi sai s6 mo hinh 14 sai khac khong lém lam.

4. KET LUAN

Trong cdc phan trén ching ta da chi ra rang d4nh xa lrong héa ngir nghia 14 mot ham do
trén dai s6 gia tr. Ham do dugc xay dung trén khai niém dnh xa nay ¢ mot so tinh chat
mém déo hon ham do dwgc néu trong [2]. Ménh dé 2.8 chi ra ring, v&i sai s6 € > 0 dd bé
cho trudce, voi a € [0,1] luon xéc dinh dwge z € Dom(X) sao cho |v(z) — a| < e. Piéu nay
c6 mot gia tri nhat dinh trong van dé xap xi ngén ngit. Mot s6 tinh chat thé hién méi quan
hé gitra do do tinh mo fm va ham do xay dyng trén khai niém anh xa luwgng hda ngir nghia
cung duoc chi ra.

Ching ta cing dwa ra dugc mot phuwong phap ndi suy méi cho bai toan mo6 hinh mo da
diéu kién, da bién. Ngoai viéc tinh dwgc v(By) cho két luan, ching ta con tinh dwgc bén
kinh m& cia né thong qua cdc ban kinh mo cia céc bién dau vao. Bén canh do, khi c6 duoc
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v(By), ta cé thé rit ra dwoc gia tri ngon ngit twong ting cia két luan, dong thoi ta ciing tinh

duoc cac gia tri vat Iy cida dau ra. Hon nira theo chiing t6i, phwong phdp dwa ra & day tinh

toan don gian.

Céc két qud tinh todn trén vi du 1 phtt hop véi cdc két qud tinh todn theo suy dién md

kinh dién cia Mizumoto trong [4] v ¢c6 mot s6 wu diém khac nhw da nhan xét trén.
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