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Abstract. In [2,3,4,8]' hedge algebras has been applied to solve some different fuzzy multiple
conditional reasoning problems. This method is found to be more effective and simpler than that
based on fuzzy sets theory. However, translating the linguistic values in a fuzzy model to that of
hedge algebras elements is subjective reducing the result exactness of the mentioned method. In this
paper, we shall propose a method to build a fuzzy model SISO in the form of a set of rules that
will be used in the interpolation of hedge algebra-based method. In the present propose, it requires
to build the rule-base and to evaluate its effect for reasoning from a given curve obtaining either by
mathematical equation or by experiment data.

Tom tih. Trong [2, 3, 4, 8] cac tac gia da irng dung dai so gia tu de giai mot so bai toan lap luan
xap xi me da dieu kien. Phuong phap nay hieu qua, dori gian hon so vo i each gia; dua tren Iy thuyet
t~p mo. Tuy nhien, khi chuyen cac nhan ngon ngir trong CO" s6 luat ban dau ve nhan ngon ngir trong
dai so gia tu con mang tinh chu qua~ nen it nhieu anh huorig den ket qua tinh toano Vi vay, trong
bai bao nay chung toi se chi ra each xay dirng rno hinh me dang don gian SISO dung cho phtrong
phap noi suy gia tu. Dieu can thiet de xay dung diroc tap luat nay la qua trinh lap luan phai tiep
C~)1 theo mot dirong cong cho triro'c. Duong cong nay dircc xac dinh boi phiro ng trinh to an h9C
hoac duoc xay dung tir cac dir lieu thirc nghiem.

v ~ ••••••..

1. DAT VAN DE

CO' sa luat 1£1 thanh phan khong the thieu trong bat ky h~ lap luan mo nao. Bai toan l~p
luan xap xi mo da dieu kien luon la van de c6t 16i ma cac nha nghien ciru quan tam. Bai
to an duoc phat bieu diroi dang tong quat sau:

If Xl = All and ... and Xm = AIm then Y = B;
(1)

If Xl = AnI and and Xm = Anm then Y = Bn
trong 00 Aij, j = 1, , m, va Bi, i = 1, ... , n, la cac gia tri ngon ngir cua cac bien ngon ngfr
Xj va y, mot each tirorig irng. Cho tnroc cac gia tri Xj = Aoj, j = 1, ... , m, va mo hmh mo
(1), chung ta can tirn gia tri dau ra Y = Bo.

Thong tlnrong cac luat trong mo hinh (1) diroc cho boi cac chuyen gia. Tuy nhien yeu t6
tich cue nay de bi han che VI co sir sai lech nhat dinh khi bieu dien cac gia tri ngon ngir sang
cac tap mo hoac sang cac nhan ngon ngir trong 09-i s6 gia tu (viet tilt la BSGT). Du v~y,
viec tinh toan xap xi van cho ket qua t6t do co sir mern den cua cac CO' che lap luan tren cac
luat do. Su mern den cua co che lap luan the hien a cho co vo s6 kha nang hra chon cac ham
thuoc bieu thi ngir nghia gia tri ngon ngir cua bien ngon ngir, cac toan tu ket nhap, toan tu
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keo theo (bieu thi ngir nghia menh de If-then) ...

Be giai bai toan tren bang phuo ng phap noi suy gia tu, chiing ta xem moi mien tri cua
cac bien Xj va Y nhir mot BSGT. Cac gia tri ngon ,ngu Aij, j = 1, ... , m, va Bs, i = 1, ...,n,
diroc dinh hrong sang cac gia tri thirc trong doan [0,1] nho vao ham dinh hrong ngir nghia
cua cac dai s6 tirong irng. Tiep theo la chon toan tu ket nhap de tich hop cac gia tri ngii
nghia trong phan dieu kien IF (thirorig la phep b'ty trung binh c6 trong so). Bang each nhir
vay mo hinh (1) diroc chuyeri ve dirorig cong thuc trong khong gian 2 chien. Duong cong
nay di qua cac diem c6 hoanh d9 la gia tri tich hop con tung d9 la gia tri dinh hrong cua bien
Y tuong irng voi gia tri tich hop do. Chung ta de dang tinh diroc gia tri ngir nghia dau ra
dira tren phirong phap noi suy thong thirong. Tir gia tri ngir nghia dau rase tim diroc gia
tri ngon ngir B«. U'u diem cua phuong phap nay la chung ta khong din quan tam den hinh
dang cua cac tap mo ma chi xlr ly true tiep tren cac gia tri ngon ngir.

R6 rang, phuorig phap tinh toan dira tren BSGT c6 CO" sa bao dam tinh chinh xac hen so
voi phuong phap tinh dira tren ly thuyet t~p mo VI moi gia tri ngon ngir diroc dinh hrong
bKng ham dinh hrorig xac dinh bKng cong thirc giai tich voi tham s6 la d9 do tinh mo cua
gia tri ngon ngir va nho do n6 diroc chuyen sang mot gia tri thirc duy nhat trong [0,1]. Tuy
nhien, neu viec chuyen nhan ngon ngir trong mo hmh (1) sang cac gia tri ngon ngir trong
f)SGT khong t6t nhirng 19-itinh toan chinh xac tren mo hinh do thi se phat sinh nhirng sai 56
Ion, mac du trong [4,5,8] ket qua van t6t hen so v&i each tinh toan dira tren ly thuyet t~p
mo. Be hieu qua hon trong each tinh toan dira tren BSGT, bai bao nay se trinh bay each
xay dung tap luat dang SISO (Single Input Single Output) sao cho duong cong ngir nghia
tirong irng voi t~p luat nay la xap xi voi duong cong f cho truoc. Duong cong f duoc cho
boi phuong trinh toan h9C hoac diroc xay dung tir cac dir lieu thirc nghiem.

Trong Muc 2 cua bai bao chung toi nhac 19-imot s6 kien thirc co ban ve BSGT, duong
cong ngir nghia va dira ra menh de de xac dinh s6 gia tlr all Ion cua mot gia tri ngon ngii
sao cho gia tri dinh hrorig ngir nghia cua n6 la xap xi voi mot gia tri thuc trong doan [0,1]
vo i do chinh xac? cho trurrc. Muc 3 se trinh bay each xay dung mo hinh mo dang don gian
lay Dinh ly 3.1 lam CO" sa ly thuyet Cac vi du tinh toan diroc trmh bay trong M\lC 4. Cu6i
cling la phan nhan xet, ket luan.

2. DSGT vA DUONG CONG NGU NGHIA

2.1. HaID dinh hro'ng ng ir nghia trong DSGT [2,6,7]

M9t dai s6 gia tu tuyen tinh day du AXtuang irng cua bien ngon ngir X la mot bo 6 thanh
phan AX = (X, G, H, E, <P,::;) trong do X = Dam(X), 9 = {c-, c+} U {O, 1, W} la tap cac
phan tu sinh, H la tap cac gia tu H = H-UH+, H- = {h_q, ... , h-l}, H+ = {hi, h2, ... ,hp}
thoa h_q > ... > h-I va hI < h2 < ... < hp, va E, <Pla 2 toan tlr mo rong, con "<" la quan
he earn sinh ngir nghia tren X.

B9 do tinh mo cua x, ky hieu la fm(x), la dircng kinh cua tap H(x), vo iH(x) la t~p cac
phan tlr cua X duoc sinh ra tir x bo'i cac gia tu;

Dinh ngh'ia 2.1. Cho dai s6 gia tu AX = (X, G, H, E, <P,::;). Ham fm : X ~ [0,1] duoc
goi la ham d9 do tinh rno cua cac phan tlr trong X neu:
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rnl ) fm(c-) + fm(c+) = 1 va L fm(hu) = fm(u), \lu E X;
hEH

:m2) fm(x) = 0, voi moi x sao cho H(x) = {x}. Dac biet, fm(O) = fm(W) = fm(l) =

);

f ) X h H fm(hx)' fm(hy) , l' av khc h hue ,
m3 \Ix, y E , \I E , fm(x) = fm(y)' ty ~ nay ong P u t uoc vao x, y va

duoc goi la de?do tinh mer cua gia tt'r h, ky hieu la J-L(h).
Dieu kien frn l ) co nghia la cac phan tt'r sinh va cac gia tt'r la du de mo hinh hoa ngir nghia

cua mien gia tri thirc cua cac bien vat ly. Tap gia tt'r H va hai phan tt'r sinh nguyen thuy
dll de phu to an be? mien gia tri thirc cua bien ngon ngir. Ve tnrc giac, ta co dieu kien fm2).
fm3) the hien sir tac dong cua gia ttr h nao do VaG cac khai niern mer la gi6ng nhau (khong
phu thuoc VaG khai niern mer).

Menh de 2.1. Cho fm lii ham a9 110 tinh mo tren X. Ta c6:
i) fm(hx) = J-L(h)fm(x), \Ix EX;

ii) fm(c-) + fm(c+) = 1;

iii) L fm(hic) = fm(c), voi c E {c-, c+};
-qSiSp,i;iO

iv) L fm(hix) = fm(x),
-qSiSp,i;io

v) L J-L(hi) = a, va L J-L(hi) = (3, tronq 116a, (3 > 0 ua a + (3 = 1.
-qSiS-l lSiSp

Dirih nghia 2.2. Ham dau Sgn : X ---+ { -1,0, I} duoc dinh nghia de quy nhir sau:
i) Sgn(c-) = -1, Sgn(c+) = +1;
ii) Sgn(h'hx) = -Sgn(hx) neu h' am d6i vo'i h va h'hx ¥- hx;
iii) Sgn(h'h.r) = Sgn(hx) neu h' duo ng d6i vo i h va h'hx ¥- hx;
iv) Sgn(h'hx) = 0 neu h'ha: = hx.

Dinh nghia 2.3. Cho fm la ham de? do tinh mer tren X va f)SGT tuyen tinh day du
AX = (X, G, H,:E, <1>, ::;). Ham dinh hrong ngir nghia v trong AX ket hop voi fm duoc dinh
nghia d~ quy nhir sau:

i) v(W) = () = fm(c-), v(c-) = ()- afm(c-) = (3fm(c-), v(c+) = ()+ afm(c+),

0<()<1;

ii) v(hjx) = vex) + Sgn(hjx) { t J-L(hi)fm(x) - W(hjX)J-L(hj)fm(X)},
i=Sgn(j)

trong do
1

w(hjx) = "2 [1 + Sgn(hjx)Sgn(hphjx)((3 - a)] E {a, (3},
j E {j : -q ::; j ::; p va j ¥- O} = [-q 1\ p];

iii) v(<jJc-) = 0, v(:Ec-) = ()= v(<pc+), v(:Ec+) = 1, voi j E [-q 1\ p], ta co:

v(<1>hjx) = vex) + Sgn(hjx) { ~ J-L(h;)fm(X)};
i=Sgn(j)
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v('L,hjx) = v(x) + Sgn(hjx) { t P,(hi)fm(X)'}.
i=Sgn(j)

Menh de 2.2. V6i moi phO,n tU x E X ta co ° ::;v(x) ::; l.

Tiep theo, chung ta se xay' dung anh xa '} gan moi phan tu x E X voi mot doan con
cua dean [0,1]' doan con '}(x) cua doan [0,1] co dQ dai bang dQ do tinh mer cua phan tu
x. Cho truce BSGT tuyen tinh day du AX = (X, G, H, L.,~,::;) va ham dQ do tinh ma
fm : X ~ [0,1]. G9i Intv([O, 1]) la ho tat ca cac doan con cua doan [0,1]. Viec gan ngiI
nghia mer duoc xac dinh nhtr sau '} : X ~ Intv([O, 1]) thoa:

1) Voi x E {c-,c+} thl '}(c-),'}(c+) 1a cac 009-n con cua doan [0,1] co I'}(c-)I =
fm(c), 1'}(c+)1 = fm(c+) va '}(c-) ::; '}(c+). . .

2) Gii su x E X, x co oQ dai n, ky hieu l(x) = n, khi 00 1'}(x)1 = fm(x) va neu x < y thl
'}(x) ::; '}(y). Hem nira neu h_qx < ... < h-IX < h1x < h2x < ... < hpx thl '}(x) diroc chia
thanh (p+q) 009-n con cua doan [0,1]' 1,}(hix)1 = fm(hix), i E [-ql\p] va ,}(hix) ::; ,}(hjx),
neu lu x < hjx voi i,j E [-q I\p].

H9 {'}(x) : x E X} duoc goi la mot iu a pluin hooch. (semi-partition) cua doan [0,1] neli
voi x, y E X, x f=. y thi doan con '}(x) va '}(y) co chung voi nhau nhieu nhat mot diem va
UXEX '}(x) = [0,1]. Be thuan tien ve sau, chung ta ky hieu Xi, = {x EX: l(x) = k}, l(x)
la dQ dai cua x.

Be; de 2.1. ([7]) Cho fm la ham ns ao tinh mer iret: AX va'} aU([C gan ngu nghia mer theo
fm. Khi ao:

i) {'}(c-), '}(c+)} la mot iu a phiin. lioach. cua dotu: (O)l) va v6i moi x EX) ho {,}(hix):
i E '[-q 1\ p]} la m(5t iu a phiin hoach cUa '}(x).

ii) H9 {'}(x) : x E Xn} la miit tua pluin hoacli cua tioosi (O)l) va neu x < y va l(x) =
l(y) = n thi '}(x) < '}(y).

iii) V6i y = (J"X, 0" la chuoi gia tU bat kiJ thi '}(y) c '}(x).
iv) V6i x, y E X, x < y, H(x) nH(y) = ¢ thi '}(x) ::; '}(y).
Trong [10] cac tac gia chi ra ding voi moi gia tri thirc r E [0, 1] deu ton tai gia tri ng6n

ngir x E X co gia tri dinh lirong xap xi voi r . Trong bai bao nay chung toi se chi ra oQ dai
du Ion cua gia tri ngon ngir x khi xap xi vo i r then mot so E > ° cho truce bang menh de
sau day.

Menh de 2.3. Cho DSGT tuyen tinh aay au AX = (X, G, H, L.,~,::;) va mot so E > 0
be tiLy y. D(it k = 1 + 110g),(E/,y)1 tronq ao ), = max{p,(hj) : j E [-q 1\ p]}, "/ =

max{jm(c-), fm(c+)}. Khi ao v6i moi r E [0,1] aeu tfJn tai x E Xk ihoa Iv(x) - r] ::; E.

Chung minh. Theo Bo de 2.1, ho {'}(x) : x E Xd la mot tira phan hoach (semi-partition)
cua doan [0,1], tire la neu x, y E Xk, X f=. Y thl dean con '}(x) va '}(y) co chung voi nhau
nhieu nhat tai mot diem va UXEX

k
'}(x) = [0,1]. VI vay vo i moi so thirc r E [0, Ij luon ton

tai it nhat mot gia trj x E Xk sao cho r E '}(x).
VI v(x) E '}(x) (Ghi chii 4.1 [7]) nen de chirng minh Iv(x) - rl ::; E, ta chirng minh

I'}(x) 1::; E. That vay, do x EX k nen x duoc bieu dien x = hk-l ... hsc, C E {c+, c-} va ta cO:
1'}(x)1 = fm(x) = p,(hk-dp,(hk-2) ... p,(h1)fm(c) ::; ),k-l.,,/ = ),1+r1og.\(ch)1-1.,,/ ::; ),Iog.\(c!r).i

= E.
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V~y ISS(X) I ::; E suy ra IV(X) - rl ::; E. •

GQi Hk[G] la tap tat ca cac gia tri ngon ngir trong X co 09 dai toi da la k. R6 rang
[dG] = {x EX: l(x) ::; k} = U7=1 Xi. Khi 00 veri so k OUQ'cxac dinh nhir a menh oe tren
).du krn oe xap xi so thirc r veri mot nhan ngon ngir trong tap HdG] theo 09 chinh xac E.

Dua vao Menh oe 2.3, trong bai bao nay ta ky hieu x = v-1(r) va goi v-I la ham ngiroc
ua ham dinh hrong ngir nghia u.

fi du 2.1. Cho AX = (X,G,H,L,,~,::;); G = {Small,Large,O,l,W}; H = {Little,
"oseible, More, Very}; f-L(L) = f-L(P) = f-L(M) = f-L(V) = 0,25; fm(Small) = 0,5 va cho
: = 0,0l. Ta co A = max{f-L(hj)} = 0,25; 'Y = max{fm(Small), fm(Large)} = 0,5 va
, = 1 + r1ogo,25(0, 01/0, 5)l = 1 + POgO,25(0,02)l = 1 + r2,8219l = 4. Nhir vay veri moi
. E [0,1] se ton tai gia tri ngon ngir x E X4 C H4[G] xap xi veri r theo 09 chinh xac 0,0l.

Bang 2.1. Cac nhan ngon ngir va gia tri dinh hrong trong H4fG1
VVVSlllall 0.00391 vvr snau 0.25391 VVI, Large 0.50391 VI.M l .argc 0.75391

MVVSmall 0.01172 MVPSlllall 0.26172 MVLLar}!,e 0.51172 MLMLar?,e 0.76172
VV.\'n/ul/ 00156~ VP Smatt 0.16562 Vt.Larg« 0.51562 l.lvll.arge 0.76562

PVVSmall 0.01953 PVP Small 0.26953 pVL Large 0.51953 PLM l.arge 0.76953
IYVSmall 0.02734 rVPSmall 0.27734 LVL Large 0.52734 LLM Large 0.77734
VMVSmal/ 0.03516 VMPSmal/ 0.28516 VML Large 0.53516 tPM't.argc 0.78516

MMV."'·mall 0.04297 MMPSmall 0.29297 MMLLarge 0.54297 PPM Large 0.79297
MVSf//ull 0.04688 MI'.)'lIIall 0.~9688 MI.I.a/'!!" 0.54688 /-'A//-argl! 0.79688

I'MVSmall 0.05078 PMPSlllal1 0.30078 PMI.Large 0.55078 MPMLarge 0.80078
I.MVSmal/ 0.05859 I.MPSmall 0.30859 rML Large 0.55859 VPM Large 0.80859

VSmllll 0.0625 PSmall 0.3125 L Large 0.5625 M Large 0.8125
VI' V Small 0.06641 VI'P Small 0.31641 VPI. Large 0.5664 I I.MMl.arge 0.81641

MPVSmal/ 0.07422 MPPSmal/ 0.32422 MPI. Large 0.57422 PMMLarge 0.82422
') V Small 0.07811 l'I'Small 0.32812 Pl.Lorg« 0.57812 MA41.arge 0.81811

PPVSmull 0.08203 1'1'1' Small 0.33203 PpL Large 0.58203 MMMI.arge 0.83203
1.1'V Small 0.08984 1.1'1' Small 0.33984 LpL Large 0.58984 VMM l.arg« 0.83984
IL V Small 0.09766 ur s-on 0.34766 LLL Large 0.59766 I.VM Large 0.84766
PlY Small 0.10547 I'Ll' Small 0.35547 I'Ll. Large 0.60547 PVM Large 0.85547
IYSmal1 0.10938 !.I'Small 0.35938 tJ.Larg« 0.60938 VAl l.arg« 0.85938

MIYSmal/ 0.11328 MI.PSll1all 0.36328 MLLLarge 0.61328 MVMLarge 0.86328
VIYSmal/ 0.12109 VI.PSmall 0.37109 VLL Large 0.62109 VVMI.arge 0.87109
VVMSmall 0.12891 vu.s-ott 0.37891 VLp Large 0.62891 VLV Large 0.87891

MVMSmal1 0.13672 MLI.Small 0.38672 MLp Large 0.63672 MLV Large 0.88672
Vivl SIII,,11 0.1406~ 1.1.Sma}! 0.39062 I.P l.arg): 0.64062 LV lurg« 0.89062

PVMSmal1 0.14453 I'LL Small 0.39453 I'Ll' Large 0.64453 PlY Large 0.89453
I.VMSmal/ 0.15234 I.IJSmal/ OA0234 L/,/' Large 0.65234 I,LV l.arg« 0.90234
VMMSmal/ 0.16016 U'LSmal/ OA1016 Lpp Large 0.66016 IYV Large 0.91016

MMMSmall 0.16797 PPLSlllal/ OA 1797 PPP Larg« 0.66797 PPV IAJrKe 0.91797
MMSf//ul/ 0.17188 1'1.. \1111111 0.41188 1>/) Large 0.67188 j.lV l.arg« 0.92188

PMMSmall 0.17578 MPI.Slllall OA2578 MPp Large 0.67578 MpV Large 0.92578
I.MMSmal/ 0.18359 VPL Small OA3359 Vpp Large 0.68359 VPV Large 0.93359

M Small 0.1875 L Small 0.4375 P Large 0.6875 V Large 0.9375
VI'MSmul/ 0.19141 LMLSml111 OA4141 LMP Large 0.69141 LMV Large 0.94141

MI'MSmall 0.19922 I'MI,Small 0.44922 PMI' Large 0.69922 I'MV Large 0.94922
I'M Sill all 0.~0312 MI.SIII(l11 0.45312 Ml+Larg): 0.70311 MV I.arge 0.95311

I'PMSlllall 0.20703 MMLSlllall 0.45703 MMp Large 0.70703 MMVI.arge 0.95703
1.I'MSmall 0.21484 VMLSlllall 0.46484 VMp Large 0.71484 VMV Large 0.96484
I.LMSmal/ 0.22266 LVLSmall 0.47266 LVI' Large 0.72266 LVV Large 0.97266
PLMSlllal1 0.23047 I'VI. Small 0.48047 PVI'Lar}!,e 0.73047 PVV Large 0.98047
I.MS/1/ull 0.23438 VI. Small 0.48438 VI>l.arg« 0.73438 VII l.arge 0.98438

MLMSmall 0.23828 MVLSmall 0.48828 MVP Large 0.73828 MVVLarge 0.98828
VLM.''';lIal/ 0.24609 VVLSlllal/ 0.49609 IIVp Large 0.74609 VVV IAJr}!,e 0.99609

Small 0.25 W 0.5 Large 0.75

Dan ngon ngir H4[G] gom cac gia tri ngon ngir x co 09 dai toi da bang 4 (tire la x co toi
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da 3 gia tu) diroc tinh nhir trong Bang 2.l.

2.2. Quan h~ giira mo hmh SISO va dtro'ng cong ngir nghia

Trong phan nay, chung toi de cap den khai niern duong cong ngir nghia tucmg ling cua
mot mo hinh mo. Duong cong nay luon xay dung diroc nho VaGham dinh hro ng ngir nghia
cua B3GT cua cac bien ngon ngir trong mo hinh do. That vay, xet mo hinh mo 3I30 sau:

If X = Al then Y = B;
If X = A2 then Y = B2

(2)
If X = An then Y = e;

trong do X, Y la cac bien v%t ly con Ai, Bi(i = 1, ... , n) la cac nhan ngon ngir.
Chung ta xem moi mien tri ngon ngir cua cac bien vat ly la mot dai so gia tu; Khi d6 mo

hinh mo (2) se tucrng irng vrri duong cong C; trong mat phang thirc, tuyen tinh tung ,khuc,
di qua cac diem c6 toa d9 (vx(Ai), vy(Bi)), i = 1, ... , ti vo'i Vx, vv la ham dinh hrong ngir
nghia trong cac dai so gia tu tucrng irng cua cac bien X va y. Duong cong C; con goi lil.
dirorig cong ngir nghia. Nhir vay, tir mo hinh mo ta luon xay dung diroc mot dirong cong ngir
nghia. Lieu chung ta c6 the xay dung 10imo hinh mo tir dirong cong cho truoc hay khong?

Dtroi day chiing toi se dira ra mot each thidt lap mo hinh mo 3130 dira tren duong cong
cho triroc.

3. XA Y Dl!NG MO HI,NH MO' SISO
•

Gia su bien ngon ngir X xac dinh tren vii tru ui= [Ul' U2], bien ngon ngir Y xac dinh tren
vii tru V = [Vl' V2] va 9 : U ~ v la ham phi tuyen, lien tuc, the hien sir phu thuoc cua Y
VaGX. Tnroc tien, ta chuan hoa dua cac mien U, v ve doan [0,1]' khi dodirong cong 9 diroc
chuyen thanh diro ng cong 1vo i 1:[0, 1] ~ [0,1]. Tiep do, ta can xay dimg mo hmh mo M
the hien sir phu thuoc cua bien ngon ngir Y VaGbien ngon ngir X sao cho dircng cong ngii
nghia tucrng irng vo i mo hinh M la xap xi vo i duo ng cong f.

Ta co dinh ly sau.

Dinh ly 3.1. V6i bat ky auerng cong lien tuc 1:[0, 1] ~ [0,1] va m9t so E > ° be tiLy y, baa
gier cling xdc ajnh tiu o c mo hinh mer M sao cho neu C; la auerng cong ngu nghia tuotu; ung
v6i M du o c xac bo i ham fij,nh lUQ'ng u, thi sup ICr(z) - 1(z)1 < E.

zE[O,l]

Chung minh. Ta biet ding ham 1lien tuc tren doan [a, b] bat ky thl 1lien tuc deu tren doan
do. Tir gia thiet 1lien tuc tren [0,1] ta suy ra 1lien tuc deu tren [0,1]' tire la voi moi E > 0
deu ton tai 6> ° phu thuoc VaGE sao cho vo imoi cap diem Zl, Z2 thuoc [0,1]' neu IZ1-Z21 < 8
thi 11(zd - 1(Z2)1 < E.

Cho truce mot so E > 0, khi do ta xac dinh diroc 6 > ° phu thuoc E. B$.t N = 1/0 + 1.
Ta chia doan [0,1] thanh N phan bang nhau boi cac diem chia Zo, Zl, ... , ZN, Zo = 0, ZN = 1.
Khi do se c6 IZi+l - zil < 6, i = 0, ... , N - 1, suy ra 11(Zi+l) - f(Zi)1 < E.

Bay gio ta chirng minh ding ton tai ham tuyen tinh fi xac dinh tren [Zi' Zi+l] sao chovoi
moi Z E [Zi' Zi+d thi If(z) - fi(Z) 1 < E. That vay, xet ham tuyen tinh h sau:

1i(Z) = f(Zi+d - 1(Zi) (z - Zi) + f(Zi),
Zi+l - Zi
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ham Ji thoa:
• fi(Zi) = f(Zi), Ji(zi+d = f(zi+d va
• V&i Z E [Zi' Zi+ 1] thi f (Zi) ::; fi (z) ::; f (Zi+ d hoac f (Zi+ d ::;fi (z) ::; f (Zi) .

Gia su f > k Neu f(Zi) ::; fi(Z) ::; f(Zi+l), tht If(z) - fi(Z)1 ::; If(z) - f(Zi)1 < e VI
Iz - zil < 6. Ngoai ra, neu f(Zi+1) ::; fi(Z) ::; f(Zi), thi If(z) - fi(z)1 ::; If(z) - f(zi+dl <
c VI [z - zi+11 < 6. Chung minh tiro ng tv trong twang hop J < fi ta cung thu diroc
If(z) - fi(z)1 < c. V~y ham tuyen tinh fi xap xi e voi f trang dean [Zi' Zi+l].

Bircc ke tiep, ta se tao mo hmh mo tit cac diem chia Zi. Voi moi diem Zi, i = 0, ... , N
ta bo sung luat IF X = VX1(Zi) THEN Y = v:;/(f(zd) vao mo hinh mo M. G<;>iCr la
dirong cong ngir nghia diroc xay dung tit M. Khi 0.6 C; chinh la dirorig cong tuyen tinh
tung khuc ma moi doan th~ng cua no chinh la fj, j = 0, ... , N - 1. VI vay vrri moi Z E [0,1]
thl ICr(z) - f(z)1 < e, hay sup ICr(z) - f(z)1 < c. •

ZE[O,l]

Dinh ly tren lam ca sa ly thuyet giup chung ta xac dinh mo hinh mo. Trang nhirng bai
toan C1,l the de thiet lap mo hinh mo dira tren dirong cong f cho triroc, ta thirc hien theo cac
biroc sau:

B-zi6c 1. Xac dinh cac dai so gia tu AX = (X, c», Hx,~, cJ>, ::;), AY = (X, c», Hx,~, cJ>,::;)
cho bien X, y, tire la xac dinh cac tap Cx, Hx, Cy, Hy va 0.9 do tinh mo cua cac phan tu
trong cac t~p 0.6.

Bu o c 2. Chia doan [0,1] thanh m phan bang nhau (m phu thuoc vao bai toan cu the) bo'i
cac diem chi a Zo, Zl, ... , Zm, Zo = 0, Zm = 1. Tinh gia tri ham f tai cac diem chia zi,

Bu o:«3. G9i vx1, v/ la ham ngiro'c cua Vx va Vy tirong irng (dua vao Menh de 2.3). Voi
moi diem (Zi' f(Zi)), i = 0, ... , m, ta bo sung luat IF X = VX1(Zi) THEN Y = vy1(f(Zi)) vao
mo hinh mo M. Cuoi cling ta thu diroc mo hinh mo gorn (m + 1) luat.

M<)t so hru y
i) De dang nhan thay vo im cang lori thi dirong cong ngir nghia cang gan vrri ducng cong

f. VI the viec chon gia tri m cho tirng bai toan se tuy thuoc 0.9 chinh xac ma bai toan 0.6 yeu
cau.

ii) Trang twang hop f la dirong cong tuyen tinh tirng khuc, ta co the chon m tuang
doi lon, sau 0.6 gian hroc bat cac luat bang each loai thir i ra khoi co sa luat M neu

Zi-Zi-1 f(Zi)-J(Zi-d. , " " '" A .l.. A

J( ) f( )' i = 1, ... , m - 1. Hay cach tot nhat de xay dung co so luat
Zi+l - Zi-l Zi+l - Zi-l

doi voi dirong cong dang nay la cac luat tuang irng voi cac diem gap klnic cua duong cong
do.

4. cAe VI DlJ TINH ToAN

Phan nay se trinh bay hai vi du de xay dung t~p luat. Trang vi du thir nhat dirong cong
11' thuyet diroc cho la ham phi tuyen lien tuc. Tnroc tien, la trinh bay lai each xay dung cac
t~p me va cac luat dira tren cac tap mo 0.6 [9]. Tiep theo la xay dirng tap luat mo i theo cac
biroc da trinh bay trong phan triroc de ap dung phuang phap tinh tOM dira tren £)SGT. Sau
cling se chi ra tinh hieu qua bang each so sanh sai so cua hai plnrong phap tai mot so diem.
Trang vi du thir hai, tac gia dii su dung phuorig phap tinh dua tren ElSGT nhirng vo i hai tap
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luat khac nhau cua cung mot mo hinh EXl. MQt tap luat diroc xac dinh true giac con mot
t~p luat diroc xay dung dira tren dirong cong thirc nghiem. Hieu qua cua viec xay dung lu~t
diroc danh gia qua sai so & phan cuoi.

Vi du 1. Bai toan SAR (synthetic aperture radar image) trong [9].
DVa tren anh radar qua ong kinh tong hop cua mot may bay, ngiroi phi cong can tinh

khoang each tir may bay den mot diem tham chieu. Cia su ding tai V! tri d = 0, khoang each
tir may bay den diem tham chieu la Ro va may bay bay len thang (xem Hinh 1). Cau hoi d~t
ra la khoang each r(d) bang bao nhieu khi may bay & V! trf d1?

dD;'m,,'2dchieu red) d

\ I

R"

Rinh 1

De dang ta co khoang each chinh xac diroc tinh theo cong thirc r(d) = JR6 + di, va 0.6
la ham phi tuyen. Voi vi du nay chung ta mong muon su dung each tiep can boi cac luat mo
de tinh khoang each tren.

Be tiep can theo cac luat, truce tien, ta d~t dl/ Ro = k.x (k la hang so ty le), khi 0.6
r(x) = Ro(1 + k2x2)1/2.

Xet bai toan cu the vo i k = 0,2, Ixl SIva Ro = 10000 (m), suy ra r(x) = 10000(1 +
0,04x2)1/2.

B~t Y = r(x) = g(x). Cac tap mo cua x va y diroc xay dung nhir trong Hinh 2 va Hinh 3.

~ )

-1 -0.5 0 0.5 1 x

Hinh 2. Ham thuoc cua x

"1/>0<\ .
9950 10000 10050 10198 10346 Y

Cling vo i bai toan tren clning ta se ap dung phiro ng phap da de xuat & M\lC 3 de tim cac
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luat va str dung t~p luat vira t1;1.0de tinh 11;1.igia tri dau ra & cac diem tren, Cac biroc thuc
hien:

Bu oc 1. Chon AX = AY = (X, G, H, E,~, :S), trong do G = {Small, Large,O, 1,W}, H =
{Little, Possible, More, Very}, JL(L) = JL(P) = JL(M) = JL(V) = 0,25; fm(Small) = 0,5.

Bu o c 2. Trang [9] Slr dung 5 luat nen de co so hrong luat tirong tv ta chon m = 4. Chia deu
<.101;1.n[0,1] boi cac diem chia Zi va gia tri ham f tai cac diem diroc tinh trong bang sau:

Bu o:c 3. Gia Slr chung ta can tirn cac nhan ngon ngir xap xi & mire E = 0, Ol. Khi do ta chon
cac gia tri ngon ngir trang Bang 2.1 tiro ng irng veri Zi va f(Zi) ta co cac luat sau:

If X = VVV Small or VVV Large then Y = VVV Large
If X = Small or Large then Y = Small
If X = VV LLarge then Y = VVV Small
Dira tren dirong cong ngir nghia tuong irng veri tap

luat vira xac dinh & Biroc 3, ta khoi phuc lai duorig cong
trang khong gian U x V ban dau (xem Hmh 4).

Cac dirong cong diroc ky hieu trang hinh tren la:
(1) Duong cong dira tren cac diem trong [9].
(2) Dirong cong xay dung tu cac luat rnoi.
(3) Duong cong ly thuyet g(x).
Quan sat Hinh 4 ta thay, dirong cong (2) xap xi bang

9 (x) han so veri d irong cong (1). G9i Yi la cac gia tri tren
dirong cong (1) tuang irng veri hoanh dQ Xi va y~ la cac
gia tri tren duo ng cong (2) tirong irng veri hoanh dQ Xi.
Ta co bang gia tri sau:

Xi g(Xi) IYi Yi
-1,00 10198 10198 10199
-0,75 10112 10173 10125
-0,50 10050 10050 10050
-0,25 10012 10074 10025
0,00 10000 10000 10000
0,25 10012 10074 10025
0,50 10050 10050 10050
0,75 10112 10173 10125
1,00 10198 10198 10199

-1.0 -0.5 1.00.0 0.5

Hinh 4

Sai so cua phirong phap tinh toan dVa tren t~p ma tai cac moc Xi:

Sai so cua plnrong phap tinh toan dua tren f)SGT veri tap luat moi:

EHA = 2:)g(Xi) - y~)2 ~ 26.
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Vi du 2. Trong vi du nay ta xay dung tap luat cho mo hinh EX1 [1], biet rang duong cong
f diroc xac dinh nho cac dir lieu thirc nghiem, goi tat la dirong cong thirc nghiem. Cac luat
the hien sir phu thuoc cua toc dQ quay N vao cirong dQ dong dien I trong mo hmh EX1 nhir
sau:

If I = Null then N = Very_Large
If I = Zero then N = Large
If I = Small then N = Medium
If I = Medium then N = Small
If I = Large then N = Zero
If I = Very_Large then N = Zero
Bang trtrc giac, cac tac gia trong [4] da chuyen cac nhan ngon ngir trong mo hinh me tren

sang cac nhan ngon ngir trong BSGT:

D6i vai bien I D6i voi bi€n N
Null Very Very Small Zero Very Very Small
Zero VelY More Small Small Small
Small Smal! Medium W
Medium W Large Large
Large Large Very Large VelY Very Large
VelY Large Very VelY Large

Voi sir chuyen doi nay, cac tac gia thu diroc tap luat maio Ket quit tinh toan noi suy gia
tli dira tren cac luat do tot ho n so voi mot so ket quit cua Cao-Kandel trong [1]. Tuy nhien
sai so van con tuang doi Ian mac du khi tinh toan cac tac gia da dieu chinh cac tham so
trong BSGT cho phu hop,

Sau day la cac biroc xay dung 10i tap luat cho mo hinh EX1 nhir da de xuat trong Muc 3.

Bu o c 1. B0i so gia tli cho bien I va N duo c chon tuong tv nlnr trong Vi du 1, tire la AI =
AN = (X,G,H,E,q,,-::;), trong do G = {Small,Large,O,l,W}; H = {Little,Possible,
More, Very}; f.L(L) = f.L(P) = f.L(M) = f.L(V) = 0,25; fm(Small) = 0,5.

Bu oc 2. VI bai toan ban dau gom 6 luat nen ta chon m = 5. Cac diem chia va gia tri ham f
tai cac diem diroc tinh diro i day:

Bu oc 3. Tir bang gia tri tren, cling vo i E = 0,01, ta c6 cac luat sau:
If I = VVV Small then N = VVV Large
If I = MPMSmall then N = VVMLarge
If I = LLLSmall then N = MP LLarge
If I = LLLLarge then N = PSmall
If I = MPMLarge then N = VVMSmall
If I = VVV Large then N = P MV Small
Sli dung tap luat nay ta xay dung 10i diroc duorig cong nhir trong Htnh 5. R6 rang ta c6

duong cong mo i xay dung barn sat duo ng cong thirc nghiem hen so vo i duong cong trong
[4].
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Sai so Ian nhat khi su dung tap luat nay cho mo hinh EX1 xap xi bang 104, trong khi do
sai so cua cac phirong phap khac deu Ian han 200 (xem chi bet trong [4, 7]).

T6c do quay N

2000 A~~~ _ Die tnuc nghiem

1800 "'~ -----"-D/etrong [4]

~:~~ "~,'" D/em&ixd

1000 ~
800 ""

600 ~*'---_400 •......._.-_!=::
200 o 2 3 4 5 6 7 8 9 10

ClJ'6>ngdo dong dien I

Hinh 5

Nhan xet
1) Tap lu~t diroc xay dung nhir tren se cho sai so tinh toan be han so vo i phirong phap

tap mo.
'. 2) Chung ta de dang them luat de tang dQ chinh xac khi su dung phuong phap noi suy

gia tu. Tuy nhien doi voi phuong phap lap luan dira tren ly thuyet tap mo , viec tang them
cac luat la dieu khong de dang.

" A5. KETLUAN

Bat ky mot h~ suy dien mo nao cling din co tap co sa luat. Neu tap luat phan anh khong
tot se dan den kern hieu qua trong viec tinh toano Viec bieu dien luat thong qua cac tap mo
va quan he me khi din be>sung luat hoac tao t~p luat mo i la dieu k116khan, no doi hoi phai
xay dung lai cac t~p mo. Trong bai bao nay tir duo ng cong cho triroc chung ta hoan toan co
the tao ra tap ca sa luat mot each de dang nlnmg mang lai hieu qua su dung cao. Menh de
2.3 cho phep chung ta xac dinh dan ngon ngir HdG] de xap x], can Dinh ly 3.1 la ca sa dang
tin cay de tao ra mo hinh mo. Ket qua trong M\lC 4 giup chiing ta khang dinh them ve tinh
mern deo va hieu qua khi su dung ham dinh hrorig ngir nghia trong DSGT.
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