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PHUONG PHAP DU BAO-HIEU CHINH DANG RKN
LAP SONG SONG LIEN TUC CAI TIEN CHO BAI TOAN KHONG CUONG

Nguyén Viin Minh
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TOM TAT

Trong bai bao nay chung t6i dé xuat lwoc do lap song song, du bao hiéu chinh véi 2 cong thirc dau
ra lién tuc. Bai b4o nay la su ké tiép phuong phap du béo hiéu chinh dang RKN lap song song lién
tuc dd dugc cong bd trong [1]. Su khac nhau gitra bai bao nay vai [1] & chd 14 trong bai bao nay
nhan dugc 2 cong thire dau ra lién tuc do 1a gia tri gan ding cua 4n ham va gié tri gan ding cua
dao ham cua an ham, trong khi  [1] chi nhan dugc 1 ¢ong thire dau ra lién tuc. Cling nhu tat ca cac
phwong phap s6 khac, cac tinh chat can thiét cua phuong phap nhu toc do hoi tu, cap chinh xac,

tinh 6n dinh ciing dugc khao sat.

Tir khoa: Phwong phdp Runge-Kutta-Nystrom, Phuong phdp Dw béo-Hiéu chinh, On dinh, Héi

tu, Lap song song, vector ndc...

*PHUONG PHAP ICRKN

Trong bai bao [1] ching toi da dé xuat thuat
toan dang Runge-Kutta Iap song song lién tuc,
trong d6 cong thirc dau ra la gia tri cua ham
phai tim phu thuoc lién tuc vao tham sé &.
Trong bai bio nay, chung t6i d& xuat thuat
toan dua trén thuat todn trong [1], vdi hai
cong thirc dau ra, d6 1a ngoai gia tri gan dang
ctia ham phai tim con c6 ca gia tri gan dung
cta dao ham ctaa ham phai tim:

Y, =u, +heu +h?Y a; f(t, +c;hY,), j=l.s ()

j=1

Uy, = U, +hu' +h? Y b, f(t, +¢;h,Y,), %)

j=1

U, =, +hYd FE, +0hY,), &)

j=1

V6i hai cong thire dau ra lién tuc:
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U, =U, +hau’, +h?> b (&)F(t, +¢;h,Y,), (4)
=1

W= 0 +hY (O (L, 6,0, Y,), ©)
0<E<2U,. > Yt + .ty =ty +20, Uy = y(t,),
un ~ y(tn)l uln+1z y'(tn+1)! l'I‘n ~ yl(tn)v
V6i h 1la budc ludi, con
Y, =Yy, Yoy, Y, )" 1& vector nic, no
biéu thi nghiém
(y(t, +c,h),..., y(t, +c.h))" tai buéc tha n.
Ma tran A, vector b, vector d la cac tham sb
cia phuong phap, ching dugc xac dinh tu
phuong phap Runge-Kutta-Nystrom. bac
trung ciia phuong phap nay la hai cong thuc
dau ra, no6 hoan toan dugc xac dinh khi cac
vector b(&),d(£) duge xac dinh. Bang
phuong phap tring khép va thoa man diéu
kién lién tyc :

vector

Xap  xi chinh  xéc

b(0) =0; b(1) =b; d(0) =0; d(1) =d ta s& xac dinh
duoc hai vector b(&), d(&). Toan bo phuong
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phap ICRKN duoc xac dinh boi bang
Butcher:

C A
yn+l bT
yln+l dT
yn+§ b(i)
Vs d($)

XAC PINH CAC THAM SO CUA
PHUONG PHAP ICRKN

Gia sir da c6 vector trung khop c, theo
phuong phap RKN ta c6 ngay:

A=PR* b"=g'R*,d=gS™*
Trong do:
j+l . R
P=(p;)= °+1, R=(r))=(ic/), S=(s,) ="

9=y a-@)=(}) Li-Ls

i+1

Vector b(&) da duge xac dinh trong [1]:
b(&)=g"diag{¢?,£°,..., £ IR Bay gio
ta chi con x4c dinh vector d(&) bang phuong

phép tring khép. Cong thirc dau ra lién tuc
(5) duoc viét lai:

Yt =y () +hYd (Y o) ©

Khai trién Taylor theo bién h tai lan can diém
t, cac ham

y(t, +éh) = y(t,) + hy'(t, )@Q Yy t,)

' gkl kl (k)
Y (t, + &) = (t)+z(k TR 7)
s+l k=2 k-2 (k)
y"(t, +c;h) = ;(k oY)

Thay (7) vao (6) ta nhan dugc:

s+1é:k1hk1 o L

(k) (k)
R TR hzd (5)2 TR
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s

s+1§k lhkl (k s ‘o hkl (k)
S )= z[zdj(: e

k=2\_j=L

hkl (k)(t ) 0

kzzl{(k -) = G }(k 2!
Dong nhat theo h, ta dugc:

k-1 s+1
- R XICC
hay viét dudi dang vector

gk K
S -d@et =0 k=0..s-1 (@

Diéu kién (8) c6 thé viét lai dudi dang:

d,(§)+d, (&) +...+d (&) :%
d,(§)e, +d,(S)e, +... +d (e, zg
d,(£)c? +,()c3 +...+,(&)c! :%3 ©)

d,(£)e™ +d,(8)e;” +...+ds(§)c;4:%s

Diéu kién (8) hodc (9) cho phép xac dinh
vector d(&£) mot cach duy nhat va tuong
minh vi véi gia thiét ¢, #c; Vi j chota

ma tran chinh caa hé (9) la ma tran
Vandermonde khéng suy bién. Khi diéu kién
(9) thoa man, ta ¢ quan hé cip chinh xac dia
phuong:

” y'(tn+§) - u'n+§ ”: O(hs+l)

Ngoai ra theo [1], ta cling da co:

I'y(ty.e) = U [=O(h*?)

Chung ta c6 dinh Iy sau day:
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Pinh ly: Néu ham f 1a ham lién tuc Lipschitz
V& néu phurong phdp dir bdo RKN (1)-(3) c6
cap chinh xac ndc p, khi dé cdc cong thirc
dau ra lién tuc (4)-(5) c6 cdp chinh xac
p*=min(p,s+2).

Viéc chirng minh dinh 1y nay hoan toan nhu
ching minh dinh ly 2.1 trong [1].

PHUONG PHAP ICPIRKN

Trong muyc nay chiing toi d& xuit mot lugc do
song song lién tuc véi 2 cong thirc dau ra, nho
d6 ta c6 thé tinh dwoc khdng nhiing gié tri cua
4n ham ma con tinh dwoc ca gia tri cia dao
ham cua 4n ham ma khdng can tinh toan lai
ham vé phai.

Yo = Yot h(1+c‘)y'n.ﬁhzibj(lmi it +ehYD), i=l.s  (104)
=
VY =y +hy, Y o YY), i-Lask=Lm (105)
j=1
Yo = Yo thy, + hzibj ft, +cn, Y7 (10¢)
=
Y'M=y'n+hid;f(tn+cih,YﬂfT)) (104)
j=1
Yy =Y, +h, YO+, Y) (0¢)
=
V= y'"+hidj(f) f(t,+c,0Y,7) (10.f)
=l

Coi (10.a) la cdng thirc du bdo va (10.b) la
cong thic hiéu chinh, ta nhan thdy phuong
phap ICPIRKN la phuong phap du bédo hiéu
chinh dang PE(CE)"E. tir cac gia tri cua
f(t,, +c;hY\)), j=I..s tinh duoc tu

n-1,j
bude trudc. Néu trong (10.a,b,c,d,e,f) ta bo di
(10.f), ta tré vé phuong phap CPIRKN da
cong bé trong [1].

thanh  phan
j=1.s

Cht 'y ring s

f(t, +c;h Y. 9)

song song trén s bo xir ly cuna mot siéu may
tinh do do s lan tinh todn ham vé phai cua
mdi bo xir Iy bang m+1.

dugc tinh

TOC PO HOITU
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Tbc @6 hoi tu coa phuong phap ICPIRKN
dugc xac dinh nho phuong trinh thu:
y'(t) = Ay(t), & day A chay khap trén pho
cia ma tran Jacoby O f /0y. Tuong ty nhu

trong [1], ta cling nhan dugc phuong trinh sai
s6 lap:

L _I"n =AYUV-T) z= At =l

Diéu kién ma budc ludi h phai thoa man:

2 1

<— @y
p(cf 1y)p(A)

Mién hoi tu duoc xéac dinh boi diéu kién:

lZk—Y . z=an? @12

P(A)
MIEN ON DINH

Mién 6n dinh cia phwong phap ICPIRKN
duoc xac dinh tuong tu nhu trong [1], ta thu
dugc cong thuc truy hdi sau day:

y (m Y (_"i)
yn+1 yn
hy'... |=Mn(2) hy',
yn yn—l
h' h' -1

n n

§ day M _(z)la ma tran c6 sé chiéu
(st4)x(s+4) dugc xac dinh boi:
AT S e e AMeto

SWAB 1R (e TP e M ATe SN AN e te)
M= 4" "B, (e 1+2d"P (e 4" M AMete)

I 1 0 0 0
I 0 1 0 0
trong do P ,(2)=1+zA+..+(ZA)",

khoang 6n dinh duogc xac dinh bai:
(—Bgar (M), 0) ={z: p(M,(2)) <1, z < O}
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SUMMARY

IMPROVED CONTINUOUS PARALLEL-ITERATED RKN TYPE PC METHODS FOR
NONSTIFF IVPS

Nguyen Van Minh*

Economics and Business Administration, Thai Nguyen University

This paper investigates parallel predictor-corrector (PC) iteration schemes based on direct collocation
Runge-Kutta-Nystrom (RKN) corrector methods with two continuous output formulasfor solving nonstiff
initial-value problems (IVVPs) for systems of special second-order differential equations y"(t)=f(t, y(t)).
Consequently, the resulting parallel-iterated RKN-type PC methods are provided with continuous output
formulas. The continuous numerical approximations are also used for predicting the stage values in the PC
iteration processes. In this way, we obtain parallel PC methods with continuous output formulas and high-
order predictors.
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