MW HZE A ] 58 35 45 5 8 Applied Mathematics and Mechanics
2014 4% 8 J1 15 H AR Vol.35,No.8,Aug.15,2014

T E %S :1000-0887(2014)08-0913-07 © J¥ FHECF R 12 4 25 2, TSSN 1000-0887
HEEAZUNEMSHEEFERE
B KRB, k5

(1. AT K2 BHEEE, A8 230009,
2. BLPHIMEZRE Bt 54l 0e, 280 5P 236037;
3. BPHIML A 20 58 HaEbe, 2280 B.PH 236037)

FE. D)l S 2 PREGE T Y — A F BN, T RIS ) fl A S84 (L %) Uk S5ORn gk ke 1) foh o 2
T (B PR B A7 2 B L %) — 1 o 5 ) L. ) fis A L 970 {1 PR 5 100 9 G 2 3 1 3 7 s A 7
B, HEE AT S0 0, HT SRR Newton (-1 ) 230 20476 (B 1) 7R 2 PR AN 2 Bt AL &
B WS T —Fh TR B 2 w55 B B8 1 45 1 0 U1 kA 347 1 PR 4, 4 38 [ (L 1)
il B (7 T 5 B A T U0 Ml A SIS {1 R 5017 A P )T, SCIEAIR T U0 kA L4 1 8 00T R 8 o
JE 4 AR AT, 530 B S B AR Sk A 7R R T A TR SRR

% g A, VAR, Newton FifH; NBYA; REME;, BHSH

FESES: 0241.3; 0174.42 XERFRARAD: A

doi: 10.3879/7.issn.1000-0887.2014.08.009

C1—

DYl A5 AR (2 ST 22U (E 0 19 Hermite (5K ) (B A — FPREL I 4572 n + 1
NESFRE A )

a=x, <x, < <x,=b. (1)
FoRAHRE r(x) =p(x)/q(x) 202 T HIEE S
(d(ij [Zzz;]xﬂ =fi<k) (kzO,la“'rgi - 1; i:()al’"'7n)° (2)

SCHR[ 1 TR (2) AL A L 1R AU A DA S5 A0 9 20 P Tl L, (LK figp 2 107 R AL 7 R T
SR TR 2 ] R P 2 XA D i K s U kA AR (L 1) RS, PT AR 22 by 8 L) B30 SR [ 3]
FIH] Hermite-Newton i {EL 22 2045 H 1 — 4> W U1 fis A7 PR FL bR &S7F AEPE A SE 225 F SR [ 4]
25 1 T U Ay PR (LA Neville ( NAEZR ) 3 HESE 1% SCHRL 5 ] AN L3 07 1 Mg iy 17 —Ffd)
Ay SRR (L RS, (E R A B R RS U U e SCRIR [ 6 ] T Hermite 47 {5 o5 RSCR 22 IS A (D
WRIERIPET, 25 1 T —Fh U0l A PR (B3 SR [ 7 ) 4 —Fh B T 5509 Pade (ATE) 18T
55U flAy PR (A A SR0E . SCHR [ 8-9] 45 Hh T —Fh & T Newton-Padé & 3T J5 2 Y I fith A7 L 47

« RSB 2013-12-06; {EITHHE: 2014-06-09
BEE&WMB.: EREGIEMFRARETRI(973 714)) (2013CB329603)
EER . HIRH(1983—) 5, L8 A A (E-mail ; jingxuefei296@ sina.com) ;
XN (1965—) , B A BN, 24% LA S GERAEE . E-mail; liuyezheng@ hfut.
edu.cn).

913



914 o R Xl B T

T SR BV R SRAR A (LI P O T A A 38— B 8 P AR 0B TS BB, LK
HREET 5, = 2 1.

PR 0 ] ) A A 0 2 5 1 e B B
N(x)  (ny(2),m(x) i (2))

R(x)= =
() Q(x) Q(x)
(EEERII P S LR
d k N(x)j ) _ e e
(dx] (Q(x) . Vi (k=0,1,-5 =13 0,1,---,n), (3)

Hr Q(x) Min(x)(j=1,2,-,1) RELREETK,
SCHRL 10 ] F A% 435X S Samelson 336 F1SCHK[ 11 ] 1 H Hermite-Newton i {E A X4 H T4
(7] P4 ) et {7 Ml A A7 (R AR A 18 T 0 (R TR BOR , H R Al AT R 2 A 2R 1.
AR Newton J {8 B AR Z80E AR A BEAL A RO I s T — R A 78 M HLil e
B 50870 1 25 2 U0 Ml A S Ak 0 A ) 381 o) i D7) Al A B4R (BT, B A e 1 ) fike
A PRI (1 PR A7 A M (), SRR T D) ko B (L PR S U B

1 DIfilA PG =X

S T T Y Al FRAR A A =X, FF SCHR[ 12-13 ] B9 Newton (B [ 7K 284 SEAE RN 4 BE2H &
75 BIAAE R m(0 < m < n) , K (1) %
L2 PRLEIY (i=0,1,--,m) (4)
HEAT AP IO R A (4) FeR B BB £ (k= 0,1, s = 15 j =i, i + 1, ,n) FRA801
WEHZTRITH p,(x) HRYESCHR] 14 PROEBE 1 AT, 230 p, () SEME—HE B9 BB
s(n—i) +s — LX) BUL 8 (4) JFRITF I8 2,0, 0,2, AT RS2

wi(x):ﬁ(x—xj)s, s, =s,s=2,sel,. (5)
4 -
qu»=iw¢w, (6)
ﬁi(x)=(:i((:)), i=0,1,,m, (7)
AR B.(x) JE[ (si)/(sm) ] BUEHRELAAB,(x) M p,(x) MELEHE .
; ZwL-(x)pi(x)
r(x) = LB(0)p(x) =, (8)
0 Z:)wi(x)

BB r(x) B[ (sn +s — 1)/(sm) ] BF B KA.
EE1 WHMEELHENENBE m(0<m<n),H(8) It E MG TLRE r(x) W L
(EESL
r(x,) =" (k=0,1,-,s=1;i=0,1,--,n). (9)
R AR PR KON f(x) K f(x) = p(x) =ai(x>,1/210w,-<x) = D(x) , AR
(5).(6) Al g B k=ii+ 1, ,nff,0(x,) >0, HMw,(x,)=0,i=0,1,-,n, JTLAH I



HAT ARG IE R o - S RO B (R0 12 915

(TR 5 00158 (6) ZERR (15 0 (1) - B (it T o,
f) S o (x) - _iowi(x)pi(x)

i=0

fx) —r(x) =

iwi(x)
i}wi(x) [f(x) = pi(x)] i}wi(x)ai(x) .
q(x) - q(x) = ;}‘W(x)ai(x)l)(x), (10)
FIFH Leibniz (3 8 2% ) 24 3015
[w,-(x)ai(x)D(x) ] (s=1) — gcﬁ—l[wi(x>ai<x) ] (/')D(sfl—j)(x> , (11)
o] = 3 ol (al (), (o)

ME=0,1,,0i- 10,0 (x,)=0, Y k=0i,i+ 1, nl},a""(x,)=0, FFLIET S AR
(10) ~ (12) F{E R O, BT A5 r(x) T AR A

[FRE S T a7 ) S (DD Al A7 B AR A S SIATE AR m(0 < m < n) B A5(1) #&9y
M(4) TS AL e AR A (4) FIARR A i (R LU VI (k= 0,1, s = 15 ) =1,
i+ 1, n) PO e AR 20N N, («) ARYESCHR[ 107 FRg @ B 1 ] 81w i 20
N (%) EME—TERN HREBC N s(n—m) +s = LX) BT 85.(4) FF BI85 v ,0,, 0+,
x, W= (5) AR L AR B, (v) M N.(x) MEM4E .

" Z w,(x)N,(x)
R(x)= X B(x)N(x)= " .
i=0 z:)wl<x>
EHE2 IMEBAEMNIAEREE m(0<m<n),hiz0(13) I il & A B R
R(x) Wi ESEEFRY (x,) =V (k=0,1,+,s - 1;i=0,1,-,n).
A, HFREE B 1 iy eR SR 1 ) o, >R FH 2SR 2 BV AT ik B 2 2.
F(8) FI(13) BIVAS L5 H A 50 i {0 A0 1) (U7 Ay L 4 1 2 X, 3 o 3 BBOAS [ /g e 17
Bom, AT DSBS [R) 2 8 1 D) fik A AR (8 PR 25 HLAH LA SR 0 B T S0 A
1) HAERABAREN, A SRR p(x) o, (x) BEEARZENE, #0115
w(x) AFEX ,(x) Fll(x - x,)".
2) HAWSEEXT TN 094G B R B R | 5 22 T 08 40 AN o B 2 100X AR SOy 5503
X F AN B IE A m, R p,(x) Flw,(x) BE0Es A AH R .
3) AR EERG s AR A HA B T B AR R A S AR 2 K AR S
R AR s b p,(x) o, (x) AR AT
4) AnSRAR ORI HAS S 0 A 3 ek BB A R ] A OB, A ST o (x) IFRATT
SRR R
AR SC U] falAT AR (S A 30 1) (D) floAy B (S TR A e T R AR R
LN oLy W=

(13)



916 o # x|k B 553

i

2 R %I

FEI3 Hf " (x) Ml a,b] FIESE, fO (x) £E(a,b) WAFAE , r(x) R LR A

(9) BT BHLeR KL, XS TAEAT x € [a,b], HRIEARTY

m (s(n=i) +s5)
+1( x;> :E: ( Li'n _ L) ié; ;‘
J(x) = r(x) = ,
Z:)wl( x)

ﬁqjgl € [xi’xn:l .
el x e (x, ,,b] B, A FHEIRZEA,

_ v SET(E) (neit 1) . .
) =r < | 3 o S e DL
Hrph = maxo,o, (%, — %) .
WA X
w,(x)
A(x) =
( )= +1(x)

WRIFRZEAX () X TAEMT « € [a,b], RN

n (s(n=i) +5) m (s(n=0)+s)
PR @) 2, <{n-1> igs;' X <s{:—i> (i;! .
Zw(x) 2 A (x)
FHSEY x o (x,,.b] BT,
\ZM )‘ q(x) — w;(x) _
DINCERIRIND | REEIY
A (o) |= 1

| (x —x) (v —x,,) ", (w _'xn>s‘.

Bikx, <x <x <x,, <«, WH

(k=) (x —x0) ey (x =) | < H oo —x) T (3 -x)" <

i=k+1

[(E-j+1)! P[(n=k) T'A" f*” <[(n—]+l)]h<_’”)

H I Al 45
N 1
‘ l;)/\l(X) ‘/ [(n —j+ N1 Jsh(”i’“)“.
DN 7S =7/NiW
m (s(n=i)+s)
e mrl= | 2, ({n i) i-i;l [T (n=j+ 1T

(14)

(15)

(16)

(17)

(18)

(19)

D7 ME B 3 BOUEWI 7k % T 45 (12) B SCRY 1) 0 (AT PHAA (R pR &R, 2Rt m] U7

TN TR i) (A P (ELR 22 5 B

EE4 B VO (x) fEla,b] EES, VY (x) £ (a,b) WIELE,R(x) &3 2 &1



HATRZENE R i 9 S50 B A0k 917

(12) B A B R, XS AR & e [a,b], fRIERIUY
m V<s("_i)+5)(§-)
wn+](x) Z l

= (s(n —1 s) !

V(x) - R(x) = = Ll =) 2Ot (20)
Zwi(x)
/ﬂ\:'—hfl € [xi’xn:l°
FFEY x e (x,_,,b] B, WA IR AR 2ZE A,
m V(S("_i>+s>(§~) i)

V(x) - R(x < ! RV (n =+ 1)1 7", 21
| V(x) (%) | ;(s<n_i>+3)! [ (n=j+1)!] (21)

3 B B F

IR A B, T LA IEAS SCAY A PR (SR A AT A T R T AR Y, B TR A
I A B R BB | LA SR 2 I A5
Bl CHHRERM 2 == La, =00, =1, /=0, fo=1, /i =1, =2, /,=2, f1=3,
oK m = 1 AU A B4R pR A
i h (511"
o) =1, w,(x) = (x + 1),
po(x) = 155" + 0.5x" = 2.5¢° = 055" +2x + 1, p,(x)=3x" —4a” + 20 + 1,
FEARCA(8) 15

Zwi(x)pi(x)
r(x)=—l_0 . =

2)“%(95)

(1.58° + 052" = 250" = 056> +2x + 1) + (32" —4a” + 20 + 1) (w + 1)*
4+ 2%+ 2 -
4.5%° + 2.5x" — 5.5%% + 0.5x% + 6x + 2
o+ 2x + 2 )
B2 By, =-1,x,=0,x=1KV,=(0,1),DV,=(1,1),V,=(-1,0),DV, =(1,
-1),V,=(2,1), DV, = (1,2) 3K m = 1 B9 () S AE V) il Ay 24 (E pR 2K
gl (5%
wy(x)=1, o, (x)=(x+1)7,
Ny(x)=(-2x"+4x" +x -1, - 0.25¢° - 0.75¢" + 1.25x" + 1.75¢" - x),
N(x)=(-4x" +6x" +x -1, -2 +3x° —x),
FEAERAK (12) 15

1

2 @, (x)N,(%)
R(x)="" =
2 0(x)
i=0
5 1 21 11
4 At A I -2, -t T - 2
4 4 4 4

b
w2+ 2x + 2



918 o R Xl B i T

Ty K L A4 B pR BCRR S AR (EL AR 1R B S0E B T AT PR JE AR R (o B 2 T UfE R
T 0) A7 B R A YRR (o B 2 B R BN 2).

4 % ik

ARSCHIH] Newton fifE AR ZEPE B AN Ir Be 2l 6 07 1% A0 38 A8 FUR— M RE B A7 e (61
AR B RSORH 1) ) U1 fAT BRARR (LR | B ARt o 1O Ay B0 L PR BRI P PR R, SRR T
D) it BRI (L oK KR 10 73R 2 T OB EL Ak BA RS- (EU X T S I A R 1 0 1 17 f
AT B SRR T BAT e, ELAR SCAYSE A BE AR 23T~ 2 I R UK, X 88 [l R A — 21
e,

X FASCE E ISE AT B IE AR SR m, T ZEOUI D T 5 R 01 e 2 470 B A )
B B R 5 BN s A BT A AR SR ) TR B 1 S RE A A 21 A B

Bigt R R P IMYE A BRI H (2013FSKI11) XA SCAHY %% B,
2% 30 Hk ( References) .

[1] Salzer H E. Note on osculatory rational interpolation[ J |. Mathematics of Computation, 1962,
16(80) . 486-491.

[2] Wuytack L. On the osculatory rational interpolation problem[J]. Mathematics of Computa-
tion, 1975, 29(131) . 837-843.

(3] RWEIG. (i) A B R EARE TR N T [ D], Mg se. G hEBEEOR R,
2002; 32-43.(ZHU Xiao-lin. Research on (vector) rational function interpolation and its appli-
cation[ D]. PhD Thesis. Hefei: University of Science and Technology of China, 2002 32-43.
(in Chinese) )

(4] A, RI. A HREGE T I M. dest . BR# L, 2004 117-183.(WANG Ren-
hong, ZHU Gong-qin. Rational Function Approximation and Its Application| M]. Beijing:
Science Press, 2004: 117-183.(in Chinese) )

(5]  ‘RIh%h, D, M)A B ERN —FOE[J]. ST R4 ( HARBF ) |, 2006,
29(10) : 1320-1326.(ZHU Gong-qin, MA Jin-jin. A way of constructing osculatory rational in-
terpolation[ J ]. Journal of Hefei University of Technology ( Natural Sciences) , 2006, 29(10) :
1320-1326. (in Chinese) )

[6] RIn®h, KRB HAET S M5B Padé & — 50k [ I]. HAE#, 1981, 3(2) . 179-
182.(ZHU Gong-qin, HE Tian-xiao. A method of calculation about the N-point sectional Padé
approximant[ J |. Mathematica Numerica Sinica, 1981, 3(2) : 179-182.(in Chinese) )

(7] R, BCARE HRE (DR ARG [ T]. 5%, 1983, 5(3) : 310-317. (ZHU Gong-
qin, HUANG You-qun. The construction of the table of interpolating ( osculatory) rationals
[J]. Mathematica Numerica Sinica, 1983, 5(3) . 310-317.(in Chinese) )

(8]  ThAEE, WAL, VIl BAG(0 — B R [T, S S e B R4, 1987, 9(2) ¢ 170-
176.(SU Jia-duo, HUANG You-du. A new algorithm of osculatory rational interpolation| J].
Numerical Mathematics: A Journal of Chinese Universities, 1987, 9(2): 170-176. (in Chi-
nese) )

(91 MR, BT, Bkt — R Uiy B AR Tk [ T ). P ERRAROR R =51, 2013, 43(6) :
477-479. (JING Ke, KANG Ning, YAO Yun-fei. A new method of constructing osculatory ra-
tional interpolation function [ J]. Journal of University of Science and Technology of China.,
2013, 43(6) ; 477-479.(in Chinese) )



HATRZENE R i 9 S50 B A0k 919

[12]

[13]

[14]

KUy, LT, maEY Salzer FEBL[J]. BUARFTL 51, 1990, 10(4) : 516.(ZHU Gong-qin,
GU Chuan-ging. Vector Salzer theorem [ J]. Journal of Mathematical Research and Exposi-
tion, 1990, 10(4) . 516.(in Chinese) )

VA L, AelEin, JR4A A, #RaE. s E Y Al B AR M — AR Bk [ 3], AR Tl R
22 (HARBMENR) , 2007, 30(1) ; 117-120.( TAO You-tian, ZHU Xiao-lin, ZHOU Jin-ming,
XU Xin. A decision method for existence of vector-valued osculatory rational interpolants[ J].
Journal of Hefei University of Technology ( Natural Sciences), 2007, 30(1). 117-120. (in
Chinese) )

Sidi A. A new approach to vector-valued rational interpolation[ J . Journal of Approximation
Theory, 2004, 130(2) . 179-189.

Sidi A. Algebraic properties of some new vector-valued rational interpolants[J]. Journal of
Approximation Theory, 2006, 141(2) . 142-161.

BEHE MRIE4E. )T X Vandermonde 1733 R [ J]. & S22 BOHR B 224, 1996, 18
(3): 217-225. (SHENG Zhong-ping, LIN Zheng-hua. The generalized Vandermonde determi-

nant and its applications[ J]. Numerical Mathematics: A Journal of Chinese Universities,

1996, 18(3) : 217-225.(in Chinese) )

High Order Derivative Rational Interpolation
Algorithm With Heredity

JING Ke'?, LIU Ye-zheng', KANG Ning’
(1. School of Management, Hefei University of Technology,
Hefei 230009, P.R.China;
2. School of Mathematics and Finance, Fuyang Teachers College,
Fuyang , Anhui 236037, P.R.China;
3. School of Economics and Management, Fuyang Teachers College
Fuyang, Anhui 236037, P.R.China)

Abstract: Osculatory rational interpolation was an important theme of function approximation,
meanwhile, reducing the degree and solving the existence of the osculatory rational interpola-
tion function made a crucial problem for rational interpolation. The previous algorithms of oscu-
latory rational interpolation functions mostly depended on the continued fraction with condi-
tional feasibility and high computation complexity. Based on heredity of the Newton interpola-
tion and the method of piecewise combination, an osculatory rational interpolation function
without real poles was constructed to meet the condition of high order derivative interpolation,
and was in turn extended to the vector-valued cases. It not only solved the existence problem
for the osculatory rational interpolation function, but reduced the degree of the rational func-
tion. Furthermore, the error estimates of the new algorithm was given. Results of the numerical
examples illustrate the new algorithm’ s heredity, low computation complexity and easy pro-
grammability.

Key words: osculatory rational interpolation; Newton interpolation; piecewise combination;
heredity; high order derivative
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