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GIAI HE PHUONG TRINH PHI TUYEN BANG PHUONG PHAP
NEWTON - KRYLOV BAC BA

Lai Vin Trung", Hoang Phuong Khénh?, Quach Mai Lién, Nguyén Viét Hoing?
Truong DH Cong nghé thong tin va Truyén théng — DH Thai Nguyén,
2Truong Cao dang Su pham Thai Nguyén

TOM TAT

Khi giai quyét cac bai toan trong thuc té, cac rang budc thuong duoc xiy dung dudi dang mot hé
phuong trinh phi tuyén. Viéc giai nghiém chinh xéac cta cac hé phuong trinh nay 1a kho khan, tham
chi co nhiéu hé phuong trinh ma chiing ta khong tim dugc nghiém chinh xac ctia no. Do do van dé
giai gan diing nghiém cuia cac bai toan nay 1a rat can thiét. Trong bai bao nay, chung t6i trinh bay viéc
giai hé phuong trinh phi tuyén bang phuong phap Newton — Krylov bac ba, dong thoi dua ra chimg
minh sy hdi tu cia cong thirc lip. Bai bao con trinh bay mot sé két qua thuc nghiém cho bai toan.

Tir khéa: Phirong phdp Newton-Krylov bdc ba; hé phwong trinh phi tuyén; toc do héi tu,; sw hdi
tu, cong thirc lap.
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SOLVING SYSTEM OF NONLINEAR EQUATIONS BY THE THIRD — ODER
NEWTON - KRYLOV METHOD
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ABSTRACT

When solving problems in practice, constraints are often formulated as a system of nonlinear
equations. The exact solution of these systems of equations is difficult, and there are even systems
of equations for which we cannot find an exact solution. Therefore, the problem of approximate
solution of this problem is very necessary. In this paper, we present solving the system of
nonlinear equations by third-order Newton - Krylov method, and prove the convergence of
iterative formula. This paper also presents some empirical results for the problem.

Keywords: Third-order Newton-Krylov method; nonlinear equations system; convergence speed;
convergence; iterative formula.

Received: 21/02/2020; Revised: 04/3/2020; Published: 29/5/2020

* Corresponding author. Email: Ivtrungsp@gmail.com

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn 405


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Lai Van Trung va Dig Tap chi KHOA HQC & CONG NGHE DHTN 225(06): 405 - 410

1. Gi6i thiéu
Xét hé phuong trinh phi tuyén:
Fz =0, @)

t ’
trongdo, F= f x ,f z ;..;f x v6i f :IE" — 3 lacdc ham phi tuyeén (i =1,2,...,n).

Di c6 nhiéu phuong phép lap dugc dua ra dé giai quyét bai toan (1). Chang han, phuong phap

Newton [1] tim nghiém gan ding z* clia bai toan (1) bang cong thirc lap:

—1
/
r =z —F' x Fzx ,nelN.
n n n

n+1
Phuong phap cua Chebyshev [2] vai cong thure 1ap:

/ - -
T =z F'z Fzx ,ncN,
n+1 n n n

1
I ELF .’I}"

Phuong phap cua Halley [2] véi cOng thic 1ap:

I

m?},+1 - ‘T'n

1
I ELF ZL'"

trong d6, I 1a ma tran don vi cap n VA

L. =z F'a:ilF”xF’azilFm z = R"
fa - pb e S

Tuy nhién, trong truong hop sé phuong trinh
trong hé 16n thi viéc giai quyét bing céc
phuong phép trén 1a khong hiéu qua hoic tén
qua nhiéu thodi gian hodc tinh toan qua phuc
tap. Dé khic phuc han ché nay, bang cach tiép
can khéc, Krylov dua ra mot phuong phap dé
giai gan ding hé phuong trinh phi tuyén (1)
ma chiing t6i s€ trinh bay trong bai bao nay.
CAu triic cua bai bao gom 4 phan: Sau phin
gidi thiu 12 phan 2, trinh bay vé phuong phéap
Newton - Krylov; phan 3 trinh bay mét sb két
qua thyc nghiém; cudi cung la phén két luan.
2. Phwong phap Newton-Krylov

2.1. Phwong phap Newton-Krylov thwong
Xét hé phuong trinh:

F'mns=Fa: s == z ,n N

n n 7 “n n+l n’
)
Phuong phap Newton-Krylov 1a phuong phép
tim nghiém gan dung cia hé phuong trinh (2)
vai dicu kién
R E |

véi n, €[0.1 goi la diéu kién rang buge.

Fa
n

Thuit toan Newton-Krylov:

1. Lay 2, van, €[0.1 .

2. Cho n=0,1,..., va lam theo céac
budc sau:
*Chon 7 € [0;77

mazx ] ’

« Ap dung mét phuong phap lip dé
tim nghiém s cua h¢ F' ! r, s =—Fuz .
Qua trinh trén s& dimg lai khi diéu kién sau
duogc thoa man

HF/ .’L'" Sn + F $” “ S nn HF x'n H '

*Hi¢uchinh z =2z +s .
2.2. Phwong phap Newton-Krylov bédc ba
Frontini va Sormani [3] d& nghi mot phuong
phap Newton cai tién c6 téc d6 hoi tu cép ba
nhu sau:

- @)

xn+1 - J;n -

Pé thu duoc thuat toan Newton-Krylov ta viét
lai cong thire (3) nhu sau:
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1 1 7 . * . , A . A
o _EF/ v, Fu |o —a =—Fz Frelip Sa,r Khi do ton tai so
4) e >0 théa man véi méi ° €S z*,¢ day
1 _ x,x,,... xdc dinh boi cong thirc (3) hoi tu
bat &z =—-F r Fz 1’ 2 & ©
2 den 1.
Khi do ta co thé viet Dinh Iy 2.3 (Téc dp hdi tu ciia phwong phdp
, 1 Newton-Krylov bdc ba) Cho dnh xa
Fle ke =—=-Fzx (5) Cimn wn g s O
n n 9 n F:E" — " thoa man cac diéeu kién ciua

Viy ta ¢6 thé ap dung phuong phap Krylov dé tim
nghiém gin dung k x, cuaphuong trinh (5).

Ta viét cong thirc (4) viét lai nhu sau:

F’ r+kax s =-Fu , (6)

voi $n+1 = 871 + xn' (7)

Ta lai 4p dung thuat toan Newton-Krylov dé

tim nghiém z , cua h¢ (6), (7).

Su hoi tu va tbe do hoi tu cua phuong phéap
Newton-Krylov bac ba dugc trinh bay thong
qua cac Pinh nghia 2.1, Pinh 1y 2.2 va Dinh
1y 2.3 dudi day.

Dinh nghia 2.1 (Téc dp hoi tu) Xét day

e =z —a  néuton tai mot ham k - tuyén

n n

k
tinh K cCL{E"x...xE", k"] sao cho

k+1 L. &
H , YO1 e =]¢e,...,e

k
6n+1 - Ken + OHen

va Hen H la chudn Euclid thi z duoc goi la
héi tu dén a véi toc dd héi tu ccfp k.

Dinh ly 2.2 (Sw hoi tu cua phwong phap
Newton-Krylov bdc ba) Cho dnh xa

F " — B" kha vi lién tuc trén mét tap 10i

mé D CR". Gia sir ton tai =° € R" va

*

o, 1>0 théaman S z',r CD, F' z

-1

ton tai, ‘ F' z <p va

Pinh Iy 2.2 va ¢6 dao ham dén cdp ba trén
D C R". Khi do day x, xdac dinh boi cong
thike (3) héi tu dén x* véi toc dp héi tu cdp ba.

Pé chirmg minh Dinh 1y 2.2, trudc hét ching
toi trinh bay cac bo de sau.

Bo dé 2.4 (Xem [4]) Cho E,I € R" , trong
dé I la ma tran don vi. Néu ”EH <1 thi

1

I-E téntaivd I-E §;.
1=

Hon nita, néu A khd nghich  va

HA’l B—A H <1thi B khd nghich va

Afl

|2 <
1—-|A " B-A

Bo dé 25 (Xem[4]) Cho dnh xa
F:R" — X" khd vi lién tuc trén mot tdp
I6i, mé D V& F' € Lip, D, khi d6 véi moi
x+peD ta co

T R

Sau day chung t6i dua ra viéc chung minh

Pinh 1y 2.2. Trudc hét ta viet lai cong thic
-1

(3) nhu sauw: z =z — F'y Fx

n

. -, -1
VO’lyn:QZn—§F r Fx

Ta s& chung minh cho

YT, €5 1,6 k=123
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< e va F' Lipschitz tai z* ta co:

. 1 .
bat € = min {r,—}. Tu on -z

.j’nl
! -1 I 0 ! ! -1 r0 t 0 1
F oz [F z —F z } < || EF' x HF r =F g ||< gz 27 {;ﬂ';-r"ff.z.
Ap dung Bodé2.4taco F' " khanghich va
—1
F' oz
HFJ !I?O -1 < ‘ 4HF; o -1 < %3 24

1—|F" z~ 71[F' 2’ — F' CE*}

.
1

—1
0 / ) 0
= ||z _$*_5F 2 F x

Ap dung B6 dé 2.5 ta c6 Hy” -z

_%‘F’ xoil[F  —F 2 —F 2 xv_xo}_xo_xf

,_:1[‘}7! z° - Fz Fi2' F 2 o 2 leo :EH
2|

«:__-_12.#1Hm“—x0 i on—x {ﬁuxo—x” »ﬂ‘iguxo—x”‘ {2:.-'.
2| 2 8 3 3

Dodo y' €8 z7,¢ .

2 . o s A .
T Hyo -2 < g& va F’ 1a Lipschitz tai 2" néntacé

‘FI T 71[FJ yo -F' }H *13." F? yo —F'z H{ .TJ":.”yO —xu o ;-j--:.%__— < %

F'z 1”‘

Ap dung B6dé2.4taco F' y° kha nghich va

F/ * -1
! 6
:_ .__:- g HFr l'*

1 -1

[

Tac6z, z — F' yoi Fz' Fao F'x 2° a2 -[Ff r  F yo}xo x
Ap dung B6 dé 2.5 ta co:

r -1 3 ’
F' o HF 2 —F gz —F'z° 2" -2 H—NF r —F' yo]wo—w' H

o, o7 < \

< 2 < on T H | %.'1”;1'”3:0 x”

i AP . .
Emoz sy 2|2 o
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- l“xo _rl+ 1“$u _ ol 2“$0 o2, A=a*a;B=a"b;
4 3 3 "3 Tol = 1eM-13 ; 20 = zeros(2 ;1);

Suyraz €8 1°,¢ .

Biang cich chimg minh twong tuy ta co

y,z, €S ', va bang chimg minh quy
naptacd y,,z,, €5 z°,e ,k=123..

k1

<

Do dé “x - -

k+1

”x‘) —$H , suy ra

z, hoity vé 1"

3. Két qua thuc nghiém

Trong phan nay, ching t6i dwa ra mot s vi
du va bang cach st dung Matlab d€ tim
nghiém gan dung cta hé thong qua cong thue
lap (3). Trong cac vi du nay, cac budc lap sé&
dimg lai khi HF T H <10 ®va ching toi
cling dua ra thoi gian chay cua thut toan.

Vi du 1: Giai gan dang hé phuong trinh:

2x1 —1:1:12 —x, = 0
9
(8)

1
—x, + 2z, —53322 =0

Ta chon nghiém gan ding ban dau la
" = 11.4,114 ! ,sau khi thyc hién 3 budc
lap voi thoi gian chay 0.109 (s) ta duogc
nghiém gan ding ctiahé¢ (8)1a z = 9,9 "

Ma code :

Clear all

Syms x1 x2

Format long ;

f = [2*x1-1/9*x1*x1-x2 ; - x1+2*x2-
1/9*x2*x2];

y = [x1; x2]; xn =[11.4; 11.4];

R = Jacobian(fy) ;

m=0; tic;

While (m<100)

a = subs(R, {x1, x2}, {xn(1), xn(2)} ;

kn = fom(A, B, z0, tol) ;
% (Tinh nghiém gan diing k(xn) ciia hé

1
F' an k an :—EF n )

yn = xn + kn;

a = subs(R, {x1, x2}, {yn(1), yn(2)});

b = -subs(f, {x1, x2}, {xn(1), xn(2)});

A=a’*a; B=a’*b;

Tol = 1eM-13 ; z0 = zeros(2 ;1);

kn = fom(A, B, z0, tol) ;

% (Tinh nghiém gan ding sn cia hé
F' an+k an sn=—F zn )

XN = Xn + sn;

If norm(B)< 1e”-13 breack;

else

m=m+1;

end;

end; toc;

Sfprintf(‘Thoi
disp(toc);

If (m=100)

Sprintf( ' Khéng héi tu sau 100 lan ldp’);

else

forintf(‘S6 lan lap la’); m

fprintf(‘Nghiém la’); xn

end.

gian  thuc  hién:’);

Vi du 2: Giai gan diing hé phuong trinh:

T 2_ 2

e T, x4—0

2 2 2

e —x, —x;, =0

611,‘3 _1‘2 —l'2 _ O (9)
1 2

Ty 2 2

e T, 51:3—0

Bing cach chon nghiém gin ding ban dau

" = 1,1,1,1 , sau khi thyc hién ba buéc lip

voi thoi gian chay 0.141 (s) ta dugc nghiém
gan ding cua hé phuong trinh (9) 1a:
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1.48796206549818,1.48796206549818,1.48796206549818,1.48796206549818 .

4. Két lugn

Bai bao da trinh bay phuong phap Newton —
Krylov bac ba d¢ giai hé phuong trinh phi
tuyén. Day 1a két qua quan trong sé duoc nhom
tac gia s dung dé giai quyét cac mo hinh bai
toan thuc té c6 cac rang budc phi tuyén.

TAI LIEU THAM KHAO/ REFERENCES
[1]. 1. K. Argyros, Convergence and Applications
of Newton type iterations. Springer Science +
Business Media LLC, 233 Spring Street New
York, NY 10013, U.S.A, 2008.

[2].

[3].

[4].

J. M. Gutierrez, and M. A. Hernandez, “A
family of Chebyshev-Halley type methods in
Banach spaces,” Bull. Austral. Math. Soc.,
vol. 55, pp. 113-130, 1997.

M. Frontini, and E. Sormani, “Third-order
methods from quadrature formulae for solving
systems of nonlinear equations,” Appl. Math.
Comput, vol. 149, pp. 771-782, 2004.

J. E. Dennis, and R. B. Schnabel, Numerical
Methods for Unconstrained Optimization and
Nonlinear. Prentice Hall, Inc., Englewood
Cliffs, NJ, 1983.

410

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

