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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. .

Tém tat. Trong (2, 3,4, 8] cic tdc gid da ng dung dai s6 gia tir dé gidi mot s6 bai toan lap luan
xap xI mo da diéu kién. Phuong phép nay hiéu qua, don gidn hon so véi cach gidi dua trén 1y thuyét
tap mo. Tuy nhién, khi chuyén cdc nhan ngdn ngir trong co s& luat ban dau vé nhan ngén ngir trong
dai 86 gia tir con mang tinh chid quan nén it nhiéu dnh hudng dén két qua tinh todn. Vi vay, trong
bai bdo nay ching toi sé chi ra ciachr xdy dung mo6 hinh m& dang don gidn SISO dung cho phuwong
phdp noi suy gia tir. Diéu can thiét dé xay dung duoc tap ludt nay 1a qud trinh lap luan phdi tiép
can theo mot duong cong cho truge. Pudng cong nay duge xdc dinh bdi phuong trinh todn hoc
hoac dwoc xay dung tir cac dir liéu thuce nghiém.

1. PAT VAN DBE

Co sd luat 1a thanh phan khong thé thiéu trong bat ky hé lap luan mo nao. Bai toan lap
luan xap xi mo da diéu kién ludn 1a vdn dé cdt 16i ma cdc nha nghién citu quan tam. Bai
toan dwoc phat bieu dudi dang tong quét sau:

If X1 = A and ... and &,,, = Ay,, then Y = B;

(1)

If X1 =A,; and ... and X,,, = A, then Y = B,,
trong dé A;;, 7 =1,...,m,va B;, i =1,...,n, la cc gid tri ngdén nglr cua cac bién ngon ngir
X va Y, mot cdach twong ting. Cho trudce céc gid tri X; = Agj, j = 1,...,m, va md hinh mo
(1), ching ta can tim gid tri dau ra ) = By.

Thong thuong cac luat trong mo hinh (1) dwogc cho bdi cdc chuyén gia. Tuy nhién yéu to
tich cure nay dé bi han ché vi ¢6 su sai léch nhat dinh khi bi€u dién cdc gid tri ngén ngir sang
cac tap mo hodc sang cdc nhan ngoén ngw trong dai s6 gia tir (viét tat 1la DSGT). Du vay,
viéc tinh todn xap xi van cho két qua tét do ¢6 sy mém déo ctia cdc co ché 1ap luan trén cdc
luat dé. S mém déo ctia co ché l1ap luan thé hién & chd ¢ vo s6 kha nang lwa chon cdc ham
thuoc biéu thi ngir nghia gia tri ngdn ngir clia bién ngdn ngir, cac toan tir két nhap, todn tir
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kéo theo (bi€u thi ngir nghia ménh dé If-then)...

DE gidi bai toan trén bang phwong phap noi suy gia tir, chiing ta xem moi mién tri clia
céc bién X; va ) nhu mét DSGT. Céc gia tri ngdn ngt A;j, j=1,...,m, vad B, i = 1,...,M
duwoc dinh lwong sang céc gid tri thue trong doan [0,1] nho vao ham dinh lrong ngir nghia
cua cdc dai s6 twong tmg. Tiép theo 1a chon todn tir két nhap dé tich hop cdc gid tri ngi
nghia trong phan dieu kién IF (thuong la phép lay trung binh c6 trong s6). Bang cch nh!r
vay mo hinh (1) dwoc chuyén vé dudng cong thuwe trong khéng gian 2 chiéu. Puong cong
nay di qua céc diém c6 hoanh do la gia tri tich hop con tung d6 1a gia tri dinh hrong cia bién
Y tuong tung véi gid tri tich hop d6. Chiing ta dé dang tinh dwoc gid tri nglr nghia dau ra
dua trén phwong phap noi suy thong thwong. Tir gid tri ngir nghia dau ra sé tim dwge gid
tri ngon ngir By. U diém cia phirong phép nay la ching ta khong can quan tam dén hinh
dang cia cdc tap mo ma chi xir Iy trure tiép trén cdc gid tri ngdn ngur.

nhlen néu viéc chuyén nhan ngon ngir trong mo hmh (1) sang cac gid tri ngon nglr trongi‘
DSGT khong t6t nhung lai tinh todn chinh xdc trén mo hinh do thi sé phat sinh nhirng sai sé
16m, méac du trong [4, 5, 8] két qua van tot hon so véi cdch tinh toan dya trén ly thuyét tap
mo. DE hiéu qua hon trong céch tinh todn dua trén DSGT, bai bdo nay sé trinh bay céd !
xay dung tap luat dang SISO (Single Input Single Output) sao cho dwong cong ngir nghia

bdi phuong trinh toan hoc hodac dwgce xay dung tir cac dir lieu thuwe nghiém.

Trong Muc 2 ciia bai bdo chiing t6i nhéc lai mot s kién thirc co ban vé PSGT, dudmg
cong ngir nghia va dwa ra ménh dé dé xic dinh s6 gia tit dd 16n cia mot gia tri ngon ngir:
sao cho gid tri dinh hrong ngit nghia ctia né la xdp xi véi mot gia tri thuce trong doan [0,1]
vGi do chinh x4c? cho trurde. Muc 3 sé trinh bay cach xay dung mo hinh mo dang don gian
lay Pinh 1y 3.1 lam co s& 1y thuyét. Cac vi du tinh todn dwoc trinh bay trong Muc 4. Cudi
cung 14 phan nhan xét, két luan. .

2. PSGT VA PUONG CONG NGU NGHIA -

2.1. Ham dinh luong ngir nghia trong BSGT [2,6, 7]

Mot dai s6 gia tir tuyén tinh day diu AX twong img cia bién ngon ngr X 14 mot bo 6 thanh
phan AX = (X,G, H,X,®, <) trong d6 X = Dom(X), G = {c™, *} U {0,1, W} la tap cac
phén tir sinh, H latap cidc giate H = H-UH™, H™ ={h_q,..., h_1}, H* = {hy, hy, .., ]y ‘.
théa h_y > ... > h_y va hy < hy < ... < hy, va X, ® 1a 2 toan tt’r m& rong, con “<” la quan
hé cam sinh ngwr nghia trén X. ]

Do do tinh mo cua x, ky hiéu la fm(x), la duong kinh cua tap H(x), véi H(z) la tap cie
phéan tir cia X dugc sinh ra tir z bdi cace gia tir. 3

Dinh nghia 2.1. Cho dai s6 gia tt AX = (X,G, H,%,®,<). Ham fm : X — [0,1]
goi la ham do do tinh m& cua cdc phan tir trong X néu:
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ml) fm(c™) + fm(ct) =1va Z fm(hu) = fm(u), Yu € X;
heH
m2) fm(x) =0, v4i moi x sao cio H(x) = {z}. Pac biét, fm(0) = fm(W) = fm(l) =
)
fm3) Ve,y € X, Vh € H, o) = fmihy)

fm(z) fm(y)’
dwoe goi 1a do do tinh mo cia gia ti h, ky hiéu la p(h).

Diéu kién fm1) c6 nghia la cac phan tir sinh va céc gia tir 1a di d€ mo hinh héa ngir nghia
clia mién gid tri thire ciia cdc bién vat ly. Tap gia tir H va hai phan tir sinh nguyén thiy
du dé phu toan bo mieén gia tri thuc clda bién ngon ngir. Ve truc gidc, ta ¢ diéu kién fm2).
fm3) thé hién su tdc dong cia gia tir h nao dé vao cdc khdi niém mo 14 giong nhau (khong
phu thuoc vao khai niém mo).

ty lé nay khong phu thudc vao z,y va

Ménh dé 2.1. Cho fm la ham dé do tinh mo trén X. Ta cd:
i) fm(hx) = p(h) fm(z), Vo € X;
it) fm(c™)+ fm(ct) =1;

Qi) Z fm(hic) = fm(c), véic e {c ,ct}
—q<i<p,i0
i) > fmlhia) = fm(x),
—q<i<p,i#0
v) Z w(hi) = a, va Z w(hi) = B, trong do o, 3 >0 vaa+ 3 = 1.
—g<i<—1 1<i<p

Dinh nghia 2.2. Ham dau Sgn : X — {-1,0, 1} duwoc dinh nghia dé quy nhu sau:
) Sgn(c™) = —1,Sgn(ct) = +1;

i) Sgn(h'hx) = —Sgn(hz) néu k' am ddi véi h va K ha # ha;

iil) Sgn(h'haz) = Sgn(hx) néu h' dwong doi véi h va h'hx # ha;

iv) Sgn(h'hz) = 0 néu h'hax = hz.
DPinh nghia 2.3. Cho fm la ham d6 do tinh mo trén X va DSGT tuyén tinh day da
AX = (X,G, H,%,®, <). Ham dinh lvgng nglr nghia v trong AX két hop véi fm duoce dinh
nghia dé quy nhw sau:

) W(W) =8 = fm(c), uc™) = 8- afmlec) = Bfmlem), Hct) = 8+ afm(c),

0=< 6 <«<1;
J
ii) v(hjz) =v(x)+ Sgn(h;x) Z p(hi) fm(x) — w(hjx)pu(hy) fm(z) o,
i=Sgn(j)

trong dé
w(h;z) = % [1 + Sgn(h;x)Sgn(hyh;z)(B — a)] € {a, B},
je{it—q<j<pvaj#0}=[-qnp;
iii) v(pc™) =0, v(Zc™)=0=wv(dch), v(EcT) =1, véij e [—qAp], tacod:
j—1
v(®hjx) = v(z) + Sgn(hjz) ¢ > plhi)fm(z) p;
i=Sgn(j)
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j
v(Zhjz) = v(z) + Sgn(h;x) Z w(hi) fm(x)
i=5Sgn(j)
Meénh dé 2.2. Vi moi phin ti v € X ta c6 0 < v(x) < 1.

Tiép theo, ching ta sé xay dung 4nh xa & gdn moéi phan tir ¢ € X véi mot doan con:
cua doan [0,1], doan con §(z) cda doan [0,1] c6 do dai bang dd do tinh m¢ cda phén tit
z. Cho truéc BDSGT tuyén tinh day du AX = (X,G,H,%,®,<) va ham d6 do tinh mo
fm: X — [0,1]. Goi Intv([0,1]) 1& ho tdt c& cdc doan con cua doan [0,1]. Viéc gén ngi
nghia mo dwoc xac dinh nhue sau S : X — Intv([0, 1]) thda: ‘

1) Véi z € {c7,ct} thi 3(c7),S(ct) 1a cac doan con cta doan [0,1] c6 |S(c7)| =
fmle), 18(c)] = fm(c*) va 3(e) < S(eb). B

2) Gid stt z € X, x ¢6 dd dai n, ky hiéu [(z) = n, khi d6 |S(z)| = fm(z) vinéuz < yth
S(z) < S(y). Hon nira néu h_qz < ... < h_jz < hiz < hox < ... < hpx thi ¥(x) duoc chia
thanh (p+¢) doan con cia doan [0, 1], [S(hz)| = fm(hix), i € [—gAp] va Y(hiz) < I(hjz),
néu hixz < hjz véii,j € [—q A p.

Ho {S(x) : € X} dwoc goi 1a mot twa phdn hoach (semi-partition) cia doan [0,1] néu
voiz,y € X, x # y thi doan con (x) va 3(y) cé chung véi nhau nhieu nhit mot diem va
Uszex S(z) = [0,1]. D€ thuan tién vé sau, ching ta ky hieu X = {z € X : l(x) = k}, ()
la do dai cua z.

B& de 2.1. ([7]) Cho fm la ham @6 do tinh mo trén AX va S dwoc gin ngit nghia mo the
fm. Khi d6:

i) {S(c7), S(eh)} la mét twa phan hoach cia doan [0,1] va véi moi x € X, ho {S(hia):
i €[—q A p|} la mét twa phdan hoach cia ().

ii) Ho {S(z) : x € Xp} la mdt twa phan hoach cia doan [0,1] va néu x < y va l(z) =
y) =n thi (z) < 3(y).

i) Véiy =ox, o la chuoi gia t bdt ky thi I(y) C S(x).

w) Voix,ye X, x <y, Hz)N H(y) = ¢ thi I(z) < I(y).

Trong [10] céc tdc gid chi ra ring véi moi gid tri thue r € [0, 1] déu ton tai gid tri ngo
ngr * € X ¢6 gia tri dinh lwong xap xi véi r. Trong bai bdo nay chiing toi sé chi ra do di
dud 16m cia gid tri ngoén ngtr = khi xap xi véi r theo mot s6 € > 0 cho triede bang ménh d&

sau day.
Meénh dé 2.3. Cho DSGT tuyén tinh day du AX = (X,G,H,Z,®, <) va mét s6 & > |
bé tiy y. Dat k = 1 + [logy(e/v)] trong d6 X = max{u(h;) : j € [-q Apl}, 7 =
max{fm(c™), fm(ct)}. Khi @6 véi moir € [0,1] déu ton tai x € Xy thda |v(z) — 7| < e.
Chitng minh. Theo B6 dé 2.1, ho {3(z) : z € X} 13 m6t twa phan hoach (semi-partition)
cua doan [0,1], tirc 14 néu z,y € Xy, = # y thi doan con I(x) va (y) ¢6 chung véi nha
nhiéu nhat tai mot diém va Usex, S(z) = [0,1]. Vi vay véi moi s6 thue r € [0, 1] ludn ton
tai it nhat mot gia tri x € X sao cho r € (x).

Vi v(z) € $(x) (Ghi chd 4.1 [7]) nén dé chirng minh |v(z) — 7| < €, ta ching minh
|S(2)| < e. That vay, do z € X, nén x duge biéu dién x = hg_1...hic, c € {cT,c™} vata ci

9(e)| = Fma(e) = (o) ia(hn—z)-..u(ha) fmle) XLy = NHIBEMITLy < Nlowa(e/),

= €.




XAY DUNG MO HINH MO SISO DUA TREN PAI SO GIA TU 301

Vay |S(z)| < esuyra |v(z) —r| <e. &

Goi Hi|G] la tap tit ca céc gia tri ngon ngr trong X c¢6 do dai toi da 1a k. RO rang
I[G) = {z € X :I(z) < k} = U, Xi. Khi d6 véi s6 k duge xéc dinh nhuw & ménh dé trén
1 di 16m dé xap xi s6 thure 7 véi mot nhan ngdn ngir trong tap Hi[G) theo dé chinh xéc e.

Dura vao Ménh dé 2.3, trong bai bdo nay ta ky hiéu = v=1(r) va goi v~ ! 1a ham nguoc
ta ham dinh hrong ngtr nghia v.

/i du 2.1. Cho AX = (X,G,H,%,®,<); G = {Small, Large,0,1,W}; H = {Little,
Possible, More, Very}; u(L) = p(P) = u(M) = w(V) = 0,25; fm(Small) = 0,5 va cho
©=0,01. Ta c6 A = max{u(h;)} = 0,25; v = max{fm(Small), fm(Large)} = 0,5 va
s = 1+ [logy 25(0,01/0,5)] = 1+ [logg 25(0,02)] = 1+ [2,8219] = 4. Nhur viy véi moi
"€ [0, 1] sé ton tai gia tri ngdn ngir x € X4 C Hy|G] x&p xi véi r theo do chinh xéc 0,01.

Bang 2.1. Cac nhan ngdn ngr va gid tri dinh lwong trong H4[G]
VvV Small 0.00391 VVP Small 0.25391 VVL Large 0.50391 VI.M Large 0.75391
MVV Small | 001172 | MVP Small | 026172 | MVL Large | 0.51172 | MLM Large | 0.76172
1’V Small 0.01562 VP Small 0.26562 VL Large 0.51562 LM Large 0.76562
PVV Small 0.01953 PVP Small 0.26953 PVL Large 0.51953 PLM Large 0.76953
LVV Small 0.02734 LVP Small 0.27734 LVL Large 0.52734 LLM Large 0.77734
VMV Small | 0.03516 VMP Small | 0.28516 VML Large | 0.53516 LPM Large 0.78516
MMV Small | 0.04297 | MMP Small | 0.29297 | MML Large | 0.54297 PPM Large 0.79297
MV Small 0.04688 MP Small 0.29688 ML Large 0.54688 PM Large 0.79688
PMV Small 0.05078 | PMP Small | 0.30078 PML Large 0.55078 MPM Large | 0.80078
LMV Small | 0.05859 | LMP Small | 030859 | LML Large | 0.55859 VPM Large | 0.80859
V Small 0.0625 P Small 0.3125 L Large 0.5625 M Large 0.8125
VPV Small 0.06641 VPP Small 0.31641 VPL Large 0.56641 LMM Large | 0.81641
MPV Small | 0.07422 | MPP Small | 0.32422 | MPL Large | 0.57422 | PMM Large | 0.82422
PV Small 0.07812 PP Small 0.32812 PL Large 0.57812 MM Large 0.82812
PPV Small 0.08203 PPP Small 0.33203 PPL Large 0.58203 | MMM Large | 0.83203
LPV Small 0.08984 LPP Small 0.33984 LPL Large 0.58984 VMM Large | 0.83984
LLV Small 0.09766 LLP Small 0.34766 LLL Large 0.59766 LVM Large 0.84766
PLV Small 0.10547 PLP Small 0.35547 PLL Large 0.60547 PVM Large 0.85547
LV Swall 0.10938 LI Small 0.35938 L1 Large 0.60938 VM Large 0.85938
MLV Small 0.11328 | MLP Small | 0.36328 | MLL Large 0.61328 | MVM Large | 0.86328
VLV Small 0.12109 VLP Small 0.37109 VLL Large 0.62109 VVM Large 0.87109
VVM Small | 0.12891 VLL Small 0.37891 VLP Large 0.62891 VLV Large 0.87891
MVM Small | 0.13672 | MLL Small | 0.38672 | MLP Large | 0.63672 MLV Large 0.88672
VM Small 0.14062 L1 Small 0.39062 LP Large 0.64062 LV Large 0.89062
PVM Small | 0.14453 PLL Small 0.39453 PLP Large 0.64453 PLV Large 0.89453
LVM Small 0.15234 LLL Small 0.40234 LLP Large 0.65234 LLV Large 0.90234
VMM Small | 0.16016 LPL Small 0.41016 LPP Large 0.66016 LPV Large 0.91016
MMM Small | 0.16797 PPL Small 0.41797 PPP Large 0.66797 PPV Large 0.91797
MM Small 0.17188 L Small 0.42188 PP Large 0.67188 PV Large 0.92188
PMM Small | 0.17578 | MPL Small | 0.42578 | MPP Large | 0.67578 MPV Large 0.92578
LMM Small | 0.18359 VPL Small 0.43359 VPP Large 0.68359 VPV Large 0.93359
M Small 0.1875 L Small 0.4375 P Large 0.6875 V Large 0.9375
VPM Small | 0.19141 LML Small | 0.44141 LMP Large | 0.69141 LMV Large 0.94141
MPM Small | 0.19922 | PML Small | 0.44922 | PMP Large | 0.69922 PMV Large 0.94922
PAM Small 0.20312 ML Small 0.45312 MP Large 0.70312 MV Large 0.95312
PPM Small | 0.20703 | MML Small | 0.45703 | MMP Large | 0.70703 MMV Large | 0.95703
LPM Small 0.21484 VML Small | 0.46484 VMP Large | 0.71484 VMV Large 0.96484
LLM Small 0.22266 LVL Small 0.47266 LVP Large 0.72266 LVV Large 0.97266
PLM Small 0.23047 PVI Small 0.48047 PVP Large 0.73047 PVV Large 0.98047
LM Small 0.23438 V'L Simall 0.48438 VP Large 0.73438 VV Large 0.98438
MLM Small | 0.23828 | MVL Small | 0.48828 | MVP Large | 0.73828 MVV Large 0.98828
VLM Small 0.24609 VVL Small 0.49609 VVP Large 0.74609 VVV Large 0.99609
Small 0.25 w 0.5 Large 0.75

Dan ngon ngtr Hy[G] gdm céc gid tri ngdn nglr z ¢6 do dai t6i da bang 4 (tire 1a x 6 t6i
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da 3 gia tir) duoc tinh nhu trong Bang 2.1.
2.2. Quan hé gitra m6 hinh SISO va duwomg cong ngr nghia

Trong phan nay, chung toi dé cap dén khai niém duwdng cong nglr nghia twrong ing clia
mot mo hinh mo. Puong cong nay luén xay dung duwoc nho vao ham dinh hrong nglr nghia
cua DSGT cua cédc bién ngon nglr trong moé hinh d6. Thét vay, xét mod hinh mo SISO sau:

If X =A then Y = B

If ¥ = Ay then Y = By

fXxX=A, then Y = B,
trong dé X, Y la cdc bién vat ly con A;, B;(i =1,...,n) 14 cdc nhan ngdn ng.

Chiing ta xem moi mién tri ngén ngir cia cc bién vat 1y 1a mot dai s6 gia tir. Khi d6 mo
hinh m& (2) sé twong ing véi duomg cong C, trong mit phang thue, tuyén tinh ting khic,
di qua cdc di€m c6 toa dd (vx(A;),vy(B;)), i = 1,...,n véi vy, vy 1a ham dinh lwong ngir
nghia trong cdc dai s6 gia tr twong tng cia cic bién X va ). Puong cong C, con goi la
duong cong ngtr nghia. Nhur vay, tir mé hinh mo ta luon xay dung dwoc mot duwong cong ngir
nghia. Liéu ching ta c6 thé xay dung lai mé hinh m& tir duwong cong cho truéce hay khong?

Dudéi day ching t6i sé dwa ra mot cdch thiét 1ap mo hinh mo SISO dua trén dudng cong
cho trudec.

3. XAY DUNG MO HINH MO SISO
: 3

Gid st bién ngdn ngit X xdc dinh trén vit tru U= [uy, ug], bién ngdn ngit Y xéc dinh trén
vl tru V = [vg,v9] vA g : U — V 1a ham phi tuyén, lién tuc, thé hién su phu thudc cla Y
vao X. Trudce tién, ta chuan héa dwa cidc mien U,V vé doan [0,1], khi d6 dworng cong g duge
chuyén thanh dwomng cong f véi f : [0,1] — [0, 1]. Tiép d6, ta cin xay dung mé hinh my M
thé hién sy phu thuoc cia bién ngon ngir Y vao bién ngdén nglr X sao cho dudmng cong ngi
nghia tuong ng véi mo hinh M 1a x&p xi vi duong cong f.

Ta c¢6 dinh ly sau.

Dinh 1y 3.1. V¢i bdt ky dudong cong lién tuc f:[0,1] — [0, 1] va mdt sé e > 0 bé tuy ¢, bao
gior ctng zdc dinh dwoc moé hinh mo M sao cho néu C, la dwong cong ngtt nghia twong ing
v6i M duge zdc boi ham dinh leong v, thi sup |Cr(z) — f(2)| < e.
2€[0,1]

Chitng minh. Ta biét rang ham f lién tuc trén doan [a, b] bat ky thi f lién tuc déu trén doan
do6. Tir gid thiét f lién tuc trén [0,1] ta suy ra f lién tuc déu trén [0,1], tirc 1& v&i moi e > 0
déu ton tai § > 0 phu thudc vao € sao cho véi moi cip diém zy, zo thuoc [0,1], néu |2 — 29| < 8
thi |f (1) — f(22)] < .

Cho trude mot s6 € > 0, khi d6 ta xéc dinh duge § > 0 phu thudc e. Pat N = 1/§ + 1.
Ta chia doan [0,1] thanh N phan bang nhau bdi céc diém chia zg, 21, ..., 2n, 20 =0, zy = 1.
Khi d6 s€ ¢6 |ziy1 — zi| < 6, i =0,..., N—1,suyra |f(zi11) — f(2:)] <e.

Béy giv ta chirng minh rang ton tai ham tuyén tinh f; xdc dinh trén [z;, 2;11] sao cho véi
moi z € [z;, zi41] thi | f(2) — fi(2)| < . Théat vay, xét ham tuyén tinh f; sau: ’

fle) = Lo TG oy 4 s,

Zit1 — %
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ham f; théa:
o fi(zi) = f(2i), fi(ziv1) = f(zi41) va
o Vi 2 € [25, ziy1] thi f(2i) < fi(2) < f(2i41) hodc f(zi41) < fi(2) < f(=).

Gid sit f > fi. Néu f(z) < fi(2) < flain), thi [£(2) — fi(2)] < 1F(2) — flz)] < e wi
e 7] <0 . Nigobiomn, 60 Ploner) < File) < (), 100 () — )] £ [Pl flmsalf <
e Vi |z — zi41] < 6. Chung minh tuong tu trong trwong hop f < f; ta cung thu dwoc
|f(2) — fi(2)| < e. Vay ham tuyén tinh f; xap xi € véi f trong doan [z, zi+1].

<
<

Bude ké tiép, ta sé tao mo hinh mo tir cac di€ém chia z;. V&i méi diém z;, i = 0,..., N
ta bo sung luat IF X = u)_(l(zi) THEN Y = V§1(f(zz)) vao m6 hinh mo M. Goi C, la
dwdmg cong ngtr nghia duge xay dung tir M. Khi dé C, chinh la duomg cong tuyén tinh
timg khic ma moi doan thdng cia né chinh 1a f;, j =0,..., N — 1. Vi viy v&i moi z € [0, 1]
thi |Cr(2) — f(2)| < €, hay sup |Cir(2) — f(2)| <e. =

z€[0,1]

Pinh ly trén lam co s& ly thuyét giip ching ta xdc dinh mo6 hinh m¢. Trong nhirng bai
todn cu thé dé thiét lap mo6 hinh mo dura trén dudmg cong f cho trudce, ta thue hién theo céc
budc sau:

Buéc 1. Xac dinh céc dai s6 gia tt AX = (X,Cx, Hx, %, ®, <), AY = (X,Cx, Hy, %, ®, <)
cho bién X, Y, tirc la xac dinh cac tap Cx, Hx,Cy, Hy va d6 do tinh mo cia cdc phan ti
trong cac tap do.

Buéc 2. Chia doan [0,1] thanh m phan bang nhau (m phu thuoc vao bai toan cu thé) bdi
cac di€m chia 2q, 21, ..., Zm, 20 = 0, 2z, = 1. Tinh gid tri hAm f tai cdc di€m chia z;.

Bude 3. Goi 1//;1, 1/)_,1 la ham nguoc cia vy va vy twong tng (dwa vao Ménh dé 2.3). Véi

moi diém (z;, f(2i)), i = 0, ..., m, ta b sung luat IF X = v3'(2;) THEN Y = V)_,l(f(zi)) vao
m6 hinh mo M. Cudi cing ta thu dwge moé hinh mo gom (m + 1) luat.
Mot s6 luu y

i) Dé dang nhan thiy v&i m cang lén thi dwomg cong ngir nghia cang gan véi dudng cong
f. Vi thé viéc chon gid tri m cho tirng bai toan sé tuy thudc do chinh xdc ma bai toan dé yéu
cau.

ii) Trong trwomg hop f la duomg cong tuyén tinh tirng khic, ta cé thé chon m twong
d6i 16m, sau dé gidn lwoc bét cac luat bang cach loai thit 4 ra khdi co s& ludt M néu
Zi = Zi-1 f(z) = f(2i-1)
Zi4l — Zi-1 f(zit1) = f(zim1)’ )
doi voi duong cong dang nay 1a cdc luat twong tmg véi cdc diem gdp khic cia dudong cong

do.

=1,...,m— 1. Hay cich t6t nhat dé xay dung co s& luat

4. CAC VI DU TiNH TOAN

Phan nay sé trinh bay hai vi du dé xay dung tap luat. Trong vi du thir nhat dwong cong
Iy thuyét dwoe cho la ham phi tuyén lién tuc. Truéce tién, 1a trinh bay lai cdch xay dung céc
tap mo va cac luat dua trén cdc tap mo dé [9]. Tiép theo la xay dung tap luat méi theo cée
buée da trinh bay trong phan trirde dé 4p dung phuong phép tinh todn dwa trén DSGT. Sau
cing sé chi ra tinh hiéu qua bang cdch so sanh sai s6 ciia hai phwong phap tai mot s6 diém.
Trong vi du thit hai, tdc gia da sir dung phwong phap tinh dwa trén BSGT nhung véi hai tap
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luat khac nhau cia cing mot moé hinh EX1. M6t tap luat dugce xac dinh truc gidc con mot
tap luat dwoc xay dung dwa trén duomg cong thuc nghiém. Hiéu qua cua viéc xay dung ludt
duwoc danh gid qua sai s6 & phan cudi.

Vi du 1. Bai todn SAR (synthetic aperture radar image) trong [9].

Dua trén anh radar qua éng kinh tong hop cia mét may bay, ngudi phi cong can tinh
khodng céch tir may bay dén mot diém tham chiéu. Gid sir rang tai vi trf d = 0, khodng céch
tir may bay dén diém tham chiéu 13 Ry va may bay bay 1én thang (xem Hinh 1). Cau héi dét

ra 1a khodng céch 7(d) bing bao nhiéu khi mdy bay & vi tri d;?
d
Diém tham

chiéu nd)

R(l
Hinh 1
Dé dang ta c6 khodng cdch chinh xdc dwoc tinh theo cong thire r(d) = \/R3 + d7, va dé
14 ham phi tuyén. Vi vi du nay ching ta mong muén sir dung cdch ti€p can bdi cac luat mé
dé tinh khodng cach trén.
Dé tiép can theo cac luat, trudc tién, ta dit di/Ro = k.x (k 12 hang s6 ty 18), khi dé
r(zx) = Ro(1 + k222)1/2,
Xét bai toan cu thé véi k = 0,2, |z| < 1 vh Ry = 10000 (m), suy ra r(z) = 10000(1 +
0, 04z2)'/2, '
bat y = r(z) = g(z). Cac tap mo cia z va y duoc xay dung nhu trong Hinh 2 va Hinh 3.

NS Zl1 PS PB

m|Z

-4 05 0 05 1 x

Hinh 2. Ham thudc cia x

" 9950 10000 10050 10198 10346 y

Hinh 8. Ham thudc cia y

Céc luat trong [9] thé hién sy phu thudc cia y vao x dwge cho nhu sau:

Ifx=Ztheny=3S.

If x=PS or NS then y = M.

Ifx=PBor NB then y = L.

U’ng v&i moi gia tri dau vao z; : —1,00; —0, 75; —0, 50; —0, 25; 0, 0; 0, 25; 0, 50; 0, 75; 1, 00,
dua trén tap luat trong [9] sé tinh duwoc gid tri dau ra y; nhu trong bang sau:
T4 -1,00 -0,75 -0,50 -0,25 0,07 0,25 0,50 0,75 1,00
y: | 10198 | 10173 | 10050 | 10074 | 10000 | 10074 | 10050 | 10173 | 10198

Ciing v&i bai todn trén ching ta sé 4p dung phwong phip da dé xuat & Muc 3 dé tim céc
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luat va st dung tap luat vira tao dé tinh lai gia tri dau ra & céc di€ém trén. Céc budc thuc
hién:

Buéc 1. Chon AX = AY = (X,G, H,%,®, <), trong d6 G = {Small, Large,0,1,W}, H =
{Little, Possible, More, Very}, p(L) = u(P) = p(M) = u(V) = 0,25; fm(Small) = 0, 5.
Buéc 2. Trong [9] str dung 5 luit nén dé c6 s6 lugng luat twong tur ta chon m = 4. Chia déu
doan [0,1] béi céc di€ém chia z; va gia tri hAm f tai céc diém dugc tinh trong bang sau:

2z 0,01 0,25 | 0,5 | 0,75 1,0
f(z) 10,99 | 0,25 | 0,0 | 0,25 | 0,99

Buée 3. Gid sir ching ta can tim cdc nhan ngdén ngir xap xi & mirc € = 0,01. Khi d6 ta chon
| cdc giad tri ngdén nglr trong Bang 2.1 twong ung véi z; va f(z;) ta c6 céc luat sau:

If X =VVVSmall or VVV Large then Y = VVV Large

If X = Small or Large then Y = Small

If ¥ =VVLLarge then Y = VVV Small

Dwa trén dwong cong ngir nghia twong ng véi tap
luat vira xac dinh & Buéce 3, ta khoi phuc lai dwong cong
trong khong gian U x V' ban dau (xem Hinh 4).

Céac duong cong duogc ky hiéu trong hinh trén la:

(1) Buomg cong dura trén cdc di€ém trong [9)].

(2) buong cong xay dung tir cdc luat méi.

(3) Buong cong ly thuyét g(x).

Quan sit Hinh 4 ta thdy, duomg cong (2) x4p xi bang
g(x) hon so v4i duong cong (1). Goi y; la céc gid tri trén
duong cong (1) twong tng véi hoanh do z; va y; 1a céc
gid tri trén duong cong (2) twong ing véi hoanh do x;.
Ta ¢6 bang gia tri sau:

T; g(wi) Yi Vs
-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

Sai s6 cia phuong phép tinh todn dua trén tip mo tai cdc méc z;:

Bl \/Z(g(xi) — ;)2 ~ 123.

i

Sai s6 cia phuong phédp tinh todn dua trén DSGT véi tap luat mai:

B = ¢Z<g<xi> )2~ 2.

et UM W e s
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Vi du 2. Trong vi du nay ta xay dung tap luat cho mé hinh EX1 [1], biét rang duong cong
f dugce xac dinh nher cde dir lieu thue nghiém, goi tat 14 dwong cong thuce nghiém. Céc luat
thé hién su phu thuoc cia tée do quay N vao cuomng do dong dién I trong moé hinh EX1 nhw
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

Béng trie gidc, cac tac gid trong [4] da chuyén cdc nhan ngon ngir trong mo hinh me trén
sang cac nhan ngon ngir trong DSGT:

Doi vai bién / Déi voi bién N
Null Very Very Small Zero Very Very Small
Zero Very More Small Small Small
Small Smal! Medium w
Medium 4 Large Large
Large Large Very Large Very Very Large
Very Large Very Very Large

Véi s chuyén doi nay, cic tac gia thu dwoc tap luat méi. K&t qua tinh todn ndi suy gia
tir dya trén cdc luat d6 t6t hon so véi mot sé két qua cia Cao-Kandel trong [1]. Tuy nhién
sai s0 van con twong déi 16n mac du khi tinh todn cdc téc gid da diéu chinh cdc tham s6
trong BDSGT cho phu hop.

Sau day la cac bude xay dung lai tap ludt cho mo6 hinh EX1 nhw da dé xuat trong Muc 3.
Budc 1. Pai s6 gia tir cho bién I va N duogc chon twong tir nhw trong Vi du 1, tire 1a AZ =
AN = (X,G,H,E,®,<), trong d6 G = {Small, Large,0,1,W}; H = {Little, Possible,
More,Very}; (L) = p(P) = p(M) = w(V) = 0,25; fm(Small) =0, 5.

Bude 2. Vibai todn ban dau gom 6 luat nén ta chon m = 5. Cdc diém chia va gid tri ham f
tai cdc diem dwoc tinh duwdi day:

Zi 0,0 0,2 0,4 0,6 0,8 1,0
f(z) | 1,0 | 0,875 | 0,575 | 0,3125 | 0,125 | 0,05

Bude 3. Tir bang gia tri trén, cung vdi e = 0,01, ta ¢ cac luat sau:

If I =VVVSmall then N =VVV Large

If I = MPMSmall then N = VV M Large

If I = LLLSmall then N = MPLLarge

If I = LLLLarge then N = PSmall

If I = MPM Large then N = V'V M Small

If I =VVVLarge then N = PMV Small

Str dung tap luat nay ta xay dung lai duge duomg cong nhu trong Hinh 5. R6 rang ta cé
duong cong méi xay dung bam sat duong cong thuwe nghiém hon so véi duong cong trong

[4].
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Sai s6 16m nhéat khi sir dung tap luat nay cho mo hinh EX1 xdp xi bang 104, trong khi dé
sai s0 cia cdc phuong phdp khac déu lém hon 200 (xem chi tiét trong [4, 7]).

Tbc d6 quay N
2000 4
1800
1600
1400 ]
1200
1000

—#— P/c thyec nghiém
—®— b/c trong [4]
—&— p/c méi xd

800

600 \

a5 e,
200 T T T T T T T T T t\

0o 1 2 3 4 5 6 7 8 9 10
Cuwong d6 dong dién |

Hinh 5
Nhan xét
1) Tap luat duoc xay dung nhur trén sé cho sai s6 tinh todn bé hon so véi phwong phép
tap mo.
* 2) Chiing ta dé dang thém luat dé ting do chinh x4c khi str dung phuong phéap ndi suy

gia tir. Tuy nhién déi véi phuwong phép lap luan dia trén ly thuyét tap mo, viéc tdng thém
céc luat la dieu khong dé dang.

5. KET LUAN

Bat ky mot hé suy dién mo ndo cling can ¢ tap co s& luat. Néu tap luat phan anh khong
tot sé dan dén kém hiéu qua trong viéc tinh todn. Viéc biéu dién luat thong qua céc tap mo
va quan hé mo khi cin bo sung luat hodc tao tap luat méi 1a dieu khé khan, né doi héi phai
xay dung lai cdc tap mo. Trong bai bao nay tir duwong cong cho trude ching ta hoan toan cé
thé tao ra tap co s& luat mot cach dé dang nhung mang lai hiéu qua sit dung cao. Ménh dé
2.3 cho phép chiing ta xac dinh dan ngoén ngir Hy[G] dé xdp xi, con Pinh Iy 3.1 1a co s& déng
tin cay dé tao ra mé hinh md&. Két qud trong Muc 4 gitip chiing ta khang dinh thém vé tinh
mém déo va hiéu qua khi sir dung ham dinh lwong ngtr nghia trong DSGT.
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