TAP CHf KHOA HOC BAI HOC TONG HO'P HA NOI $6 2, 1989

TOC O HOI TU COA PHUONG PHAP XAP Xi
GIAI BAI TOAN BIEU KHIEN TOI UU !y
NGAU NHIEN cO RANG BUQC

TRUQNG CHI TiN

Bai nay s& dwa ra mot phwong phap xéip xi d2 gidi bai toan didu khidn t6;
wu che hé nglun nhién c6 rang bude hén hop gifta bicn trang thal v bién didu
khin voi thoi gian rdi rac’ O ddy, bing cdng cu ciia gidi tich da trl, ching 16i
sé chi ra (3¢ d6 hdi ty ciia phwong phap nay

MO BAU

Xét bai toan didu khidn t8i wu bé ngiu nhién phu thude vao sal s6
3 € [0, g] sau day:

Xoiato A0 (RTP U wagy), 0, N1,

©.1°
Xg = Ky
voi ehe rang bude:
Us € Ui(cUpn=0N—1, 0.2)°
ptx: eYﬁ;ai. VY, n=TN 03°

va hdm mue tidn cin Jam cye tidu 6 dang:
o (x.. “e) =E

+hY ( Xy ); ©.4)°
trong 46, nhidu fs,, n = 1, N] la qua trinh Markoy véi gi4 trj trong E, CIRY, bién
trang thai gxﬁ. o= 0,1 Ns v chién luoe didu khin 3..“ = Up o n 0N T ‘

(3.t ) 4 "g' (X o )+

1an lot 13 qué trinh nghu nhién trong IR, IR®; z\'.'. s Y_§, ;L‘E : U,,%vi {Eo] ian
ugtla cic tap dong trong IRX, IR™ va IRY; v6i &, > 0 di bé ndo d6, cic bam
£, i1 Borel—do &uge tir 10, 5] X IR* x U, X IR? vao IR* va IR twong trng.
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Piéu khien; W =iud,” n= B NI N—1] got la ch&p nhan duge néu
us =qo (Xo ). el n (Xn 2 (.) ( =1, N—l)(rongdéq;E iy PR DN
US 12 ham Borel va nghi¢m twong 1rng cia h¢ (0.1} thoa mz‘mr:)ngbm)c(0.3)(i

Ki higu U° 1a tap che ditu.khidn c6 dang nhu the,
Ta dj biét didu khitn u*® ¢ U° 12 15i wu, nghfa 1a:
3 ( L5 n's)zinf Js(xo, ue).
“Ee“l
néu n6 théa min phuwong trinh quy hoach dong sau:
1V 2): = bx2n V(@ 2) € YN X En ',
V5 (x. 2): = inf-Ja xv.2) =13, (x, u:e,z).
v Ui, 05"
V(x,2) € Y,x E,(n =T,N=1),
VS k) s Teminf 3 (xgv) = I8 ( - :‘)
o “.,.,m.
trong d6: o
3@ V, 2t == ho (x, v, 2» + E Vﬁ_'_l 43 (X, vy Enqa)s 3-+1)/5n i 1;'

15 (ko vy THE Gy ¥) E%Vf ( v, sx)}v (0.6)°
e gv € g :P{ 4 (X, ¥, Eqqp) G'Ygﬂ’ = l;.
Khi d6 % (xa. u:E) = V5 G .'J“( X6 n'B)A

K&t qua ehd yéu clia bai ndy Ia wéelugng tc dghoi tu clia che ham muyc tiéw
xép xi t6i wu: ¥

20<J§ (xu.u:) =gy (x',, “:e) - Jz(x., u') - Je(xo. u“) < d, (&) 0
iU<J:(x. u:,z) & o (x.u:e,z)<dn(a) —.»0,8—»0 :

Vix, 2)€Y, XxE,(n=1N-D (0.7)
trong 46 d, (¢) 14 chc vo elng bé ndo 46 elia e s& dirge xae dinhsau, u®: =u*"1a
ditu khién t8i wu cho bai toén (0.1)°— (0 —4)° v;\ théa mén (0.5)°.

1. Vai khai niém va ket qué bd tre.

Cho (X, p) (E, p’) 1& ch¢ khong gian métric, U va Y '1a cae khong gian dmh
chuiin. Vol x, € X, W € U, r> 0 ta ki higu A(x,), V(W) 1a che 1an eln cla x,,
'WH\B(W.r) [ugeU:gve W lu—v]<r)
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Binh nghta 1.1,

Cho U la anh xa da tri tir X vae U 2 14 phién haém ting theo
tirng bi€n, li¢n tye tai (0. 0) va a (0, 0) = 0. Khi -lo ham f: XX UXE =Y geila
U —Lipsthitz tai x, € X v&i him Lipschilza ndu:

HA(X): VX €A XYV u, €U(x)Vug U(x)VecE =) |f(x, u, ) =
(x40, €) Il << A0(X4 Xg), Ju=u,§). .

Binh I 1.2 Gia s& anh xa da trj U tir X vdo U 12 b — Lipschitz tai x, i
va phiém ham g: XX U —IR la a Lipschitz tai (x5,.u) € XX U, % u etl((.).
Khi @6 phi€m ham G(x): == inf g(x, u) 12 ¢ — Lipschitz

ue l(x)

tai x,, trong d6:
¢(e) = a(g, b(e)), Ve > 0. 1.1y
Pinh li nay Ja su m& rong clia dinh 1i 7 — 1 trong [1]

" Cho U, T lan lirgt 1a eéde dnh xu da tri br X vao U va vao Y, [ 12 ham tir,
X x U x E vio Y; 1(w) la phiin t& ngiu nhién trén khong gian xac suit co bin
(@, % P) nhin gia tri trong E, D 12 dnh sing xa da tri tir X vdo U duge xic
dinh boi:

D(x): = [ € U(x): P|{(x, u, 1 € T(X)} = 1]. Vx €X" 1.2)

D3 tranh trudng hop tim thuong, ta ludn gia thiét
Dx)+¢;: VxeX

Pinhli1. 3

i) Gid st ham F; E X X — Y 1A b- Lipschitz tai (e,, x,) € E X X, phiém
ham H: E x Y— IR la a- Lipschitz tai (e, y,) € E X Y, rong d6y;: = F(e,, x,)
Khi 6 phiém ham hgp H (e, F(e. x)) li ¢ — Lipschitz tai (e,, x,), v6i: :

C (81, €2) = (&1 : ey, €2)) ¥ ¢y, €3 > 0 ! (1. 3)

i) Gid st U, T cé gia frila 14p 18idai x, € X va lin lugt a a — Lipaoh‘llz‘
b — Lipschitz tai x,; U bi ehiin trong mét 1an cdn nao dé A (x,) clia x,; f la
U — Lipsehi'z tai x, voi ham Lipschitz ¢ va f afin theo u, ngoiira tagiad thiét:

El>0: ¥x € Xdu € U (0): P [f(x, u,1(0) + y) € T(®)] =1, (1.4

v6imoi phin t& ngdu nhién y nhin gid tri trong Y v bi chiin b&i I v6i xéc suft
1. Khi 46 4nh xa D 1a d — Lipsehitz tai x, trong d6

“die = ale) + L1 [b(e) + e, a@)], Ve >0 (1. 5y
va I} = 2sup |diam U(x). x € A(x,) | € (0, ).
+ Chitng minh ;
1) Do gid thift nén dn tai cle 14n cin A; (y,), Agle,), Ag(x,) sa0 cho
¥: =P 0 € Ay (¥,) V(e X) € Ag(e,) X Aq (o)
4 | Hee,y) — H(e,, 30 | Salp' e, @), 1y — ¥y, )

1y = Yo < b(p' (e,85), p (%, X,)).
Mit khiic, do a (s;, &) tiing theo &, nén ta c6:
| He.F(e. x)) — H (e, F(e, x,)) | <alp (e, €): b(p'Ce, &) p (X, .)))-
< olp'le, ey, plx, X,)).



ii) Sau day-ta s¢ chimg minh tinh nita d — Lipschitz trén ciia D. Tinh nira
d— Lipschitz dudi ¢a D duge chirng minh twong tr. Dotinh Lipzllitz clia U,
T va { nén ton tai lan edn A’ (x,) € A(X,) sao cho :
U(x) < BU(xX,) alpx, X,))), i
T(x) € B(T(x,) blp(x o)) = (1. 6)
0w (@) = £(xg gy M@) b ' ClpX, Xe) Hu—u, 1), (3 x €A" (X,)
Yu, € Ux,) Vu € Ux) Vo € Q).

- Liy tuy i x € A’ (xg) vau g D(x). Ehi dé ue U (x) va tdn tai Q; € J sao
cho P(Q)) = 1va f(x,u, M () € T(x) V.w € Q. Do(l.8)nén t6n tai u, € U(xy)
z,(w) € T(x,) sao cho:
hu— u, | < agp(x, X0, 1l £1x, 0, 9 (@) = Z,() | < bE(X, X,))-

Suy ra: || (X5 Ug N(w)) — Z,(w) | < ¢ trong db:

£: = blp(X, Xp)) + clp(X, X,), ap(X, X,)). Pit p: =
= [[(X, Uy M (0) = 2, (0] =%

Khi do: 1 q() I < 1 P p.;q(m) = 1q(). Vo €2y

Vil 4): gW, € Ux,) 7, () € T(x): f (5, W,, 1)) +

Pt qw) =7 () (XS.1)
1-p
Ti tinh afin theo u clia f va tinh 15i cda U(x,), T(x,)
ta eb: b, : = pu, + (I — PIW, € U(x,) g
£(Xg0 1y, 1 (©)) =pzo(w) + A = P) 7, (©) € T(x,)(X. S. 1). nghia la u, € D (x,).
Hon nira:

o —u, 1< pilu—ud + A= p) flu—w,d <lhu—ud +

ey

1
-l“'z— € (0,1, qlw): =

o

<alp (xx,) + T [ble (x, X)) + e(ptx: 1), alp(x, x,))] < dlp (x, X,)
2. Toe 40 kol olis phuwong phip x8p xi il
Dinh Ig 2. 1. (Binh 1 co bin v& t6c d6 boi Lu).
Gid sk voi mbin — 0, N—1
i) Cac énh xa da tri, Uy, X, lin lugt ti [0, €] vio U, Y,4,; dwoc xéc dinh

b&i Uy(e): = US, Xppu (9): = Y5, 12 m, = Lipschitz va 1, — Lipschitz tai s = O,

tap ¥y

i

o
41

— 101, Uy — 18i va bichfin;

ii) phi&m ham h;(x,z) 1a ;N' — Lipschitz tgi (e = 0,x), x € Y: con
hE (x,u,2), f£ (x. u, z) lan lugt 12 a, — Lipschilz va U, — Lipschitz v6i ham Lip”
‘tchilz b, tai (e =0, x,u), V(x,u) € Y, X Uy; f, afin theo u;

ili) g, > 0:V &€ [0,8] Vx € Yigu € UE: {

44



P g':(l. u &) HY € Y:H =1, vol moi vecto ngiiu nhién k— chidu y bf
<chiin b&i r, véi xée sudl 1.
Khi d6 ta c6 cle ube luqng (0.7), trong d6:
() = 8, (£,0,0) -+ Ap41 (8. by (5, 0,0)) + 8, (& t, (8, 0)), V 2.1)
(61 e)i =85 (81, 8, tn (51 &) + 8py (1 by (on, a o (81-22)).
1o (65, &) =My (81 + Ty - T~ [La(e)) + by (., &, m, (6)]
8a (61, 8): =2y (81, 0, €3) + 8ngy (& by (61, 0, &), (Ve &), &, 83 > 0)
Tai=2 supgdinm Ui.ee [0.5.]} € (0, o).

Chitng minh
Tru6c tién, xét truong hop n = N — 1. Theo (0.5)° — (0.6)%ta c6:

ot __l(x. _l.z)—l _,( ui_l,z)=A‘+s“+c“
trong do >

A% h:_l(x, n:,_l. z) - h"’q,l(x, u;‘_l.z) <ag.g z) <ay (@ o0,0)
B = B{ B (R, (x Up g o o= by (T (o vy ) / 8 —z}

Cf ;= inf J;H (x, u, z) — inf Ji_l (x,u, )

nEul % u g
Theo (1.3) va (1.5), tacé: B‘gi; (8 by ; (8.0, 0).
Hon nira:

Iy o 2): = h:«-l (x,u, z)+E‘ hf‘ fi_l (x,uey) Be)leg =2 }
1 S, — Lipschitz tai (e = o, u) khi e dinh (x, z), voi
Syt (1 8g) = ay_ (81 0, 8) +ay (61 by y (61, 0,89)); A
v Uh, ci=fucun P f foeusoevil-tf wyg, -
Lipschitzti (s = 0, ) V8l ety (6y 8) : = My, (6 + Tyop: Frog [ Loy () +
+ by (B 82 My g (':))]
Theo (1.1) khie6 dinb (x,2) € Y, x Fg. o tace
€ < Sy (8 by (e 0D
Viy 0 <y (5 R 2) =Ty (5 00 2) Sy @ =
Mat khac, do (1.3) nén J -1 (u,2)la SN = Lipschitz tai E=o0,x, u) véi:
“Spep (B8 ) 2 = (Er Epeg) -+ A (8, by (61082, 89)). Do 6, theo (1.1) ham gik
Vf{_’ (x,2) : = inf j:-l (x,u,2)
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-lA_E.H — Lipschitz tai (¢ =0,%x) y.x € Y“:] Jtrong d&ay ; (e ey) =
:?N_‘ (RO CHCY 2

Bing phwong phép chirng minh qui nap luitheon =0,N =1 la c6 két hudn
(0.7) va (2. 1) cha dinh li.

+ Nhin zé12.2.

1. Vai gia thiét clie dinh 1 2.1, ta edn b chc khing dinhsau:
Yo=L, N-1,y(x2) € YN x‘E,
i 0 d (@0 g
n (‘( ua ) (x un,z)< 5 (&) ©7y
0<1° (x 'S) s (xn,.u‘) =J° (x % u’a) —~J° (xp u®) < d, (&) = 0
2 2 2 ) (e —0)

(x.u ) —J"(x. -;,z) g?n(.)—;o.e-.o

Ji (x,, “o) - Jo (x,.‘u: ) I -:‘ Je(x.. u‘g) =7 (%, u‘)‘ < dg(e) = 0(0,7)»
trong 46 d, (e) =S, . 1, (¢, 0)).

2. GikstUS : = [ P ), Pf")(s)] 14 hinh hop trong IR trong a6 . 1a m{"

— Lipschitz tai e = 0, i=1,2. Khi d6 anh xada tri U, ); = U: 1a m, — Lipsehitz
tal e =0, v&i m, = max ;m::). 1e |,2¥ BEi voi t4p \'2 = [ qf]‘)(a). qu)(e)] la
ciing ¢6 nhdn xét twong ty. Khi 46 gid thiét f: afin theo uc6the thay boi gia thiét.
f: 1di (hode 13m) theo u va: yel>0 y (x, u.’z)e Ye X Ufl X E taed
I‘! x, u, z)}q (z)(hmng xrngi (xu z) < q(’z)l @), y
3, I\én plucm hamf. ExX —-IRlaa— anschnz tai (e, x) 8 EX X, yx€X

thia; IR+—oIH+ thudng co dang ; a(e,, &q) = Asl + Be,, véi A, B, a’ Jach hlings6

dwong. Khido, ta goia la ¢6 bic(a’,1). Néu g: E~Xlab —Llplchlll vabcé bie
b’ thi phiém bam hop f(e, g (e)) ¢6 bie la min [a’, b’}

T6m lgi, néua,, b, a,, l,, m,, 1n lwgt c6 bic 1a (a,, 1,1), (b, 1, 1), @ 1),
1’5 m, thid, g6 bicla:

;" r":L @ A by Al A my) trong déta ky hj¢u ./-n\o al:=a, A A.e- Adn’
1=

Cubi cnng tic gih xin chan thanh cim on nhitng ¥ kién qui bu clia gido su
Nguyén Vin Hiru cho bai bio nay.

(Xem tiép trang 10y



" Thuat tofin nay da duge tie gid ap dung A8 gidi cic bai todn Dia vt ly

va cic bai toin ndi suy, xdp xi SPLINE trén cic may tinh 16n tai B) quéc phong

. Trung tam tinh ton trudng dai hoe Bach khoa va trén céc may vi tinh bing
ngén ngi may tinh FORTRAN va BASIU d8a cho két qud t6t va dn dinh.

\
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N'uy!:; Viin Cudng
AN ALGORITHM FOR SOLVING THE SYSTEMS OF HETEROGENEOUS
‘ LINEAR EQUATIONS OF 5 — DIAGONAL TYPE

The algorithm, the programme and the concrete examples for solving the
systems of helerogenous linear equations of 5 — diagenal type are presented in
the paper. Its applications -to the geophysical problems, the inferpolation pro-
blems and the spline — approximations give good stable solutions.
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