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Abstract

Firstly, this paper explains the Runge phenomenon generated by high-order polynomial inter-
polation, and proves that the interpolation polynomial divergence is obtained by calculating the
systematic error. Secondly, taking the Runge function, inverse trigonometric function and frac-
tional function as examples, the interpolation polynomial of the function is obtained by using the
equally spaced Newton interpolation, and then the interpolation residual function expression is
obtained, and then the midpoint of adjacent two nodes is calculated. The error at the location de-
termines that the above three functions have generated the Runge phenomenon. Thirdly, the three
algorithms of Chebyshev node, piecewise linear interpolation and cubic spline interpolation are
introduced and verified, which can avoid the Runge phenomenon. Finally, the approximation per-
formance index is proposed, and based on the optimal polynomial construction coefficient and
order double determination method, the algorithm has excellent function approximation effect
while avoiding the Runge phenomenon.
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Figure 1. Runge function equidistant node langrage interpolation
[& 1. Runge eR &< EE 5 = Langrage #R1E

f (x) =arctan(x)

DOI: 10.12677/aam.2019.88175 1502 IR Esid


https://doi.org/10.12677/aam.2019.88175

AR, R

15 [RERERIR IR REL ] [RERE6IRIEE R L 15 [RERE ORIRERER
0.5 0.5 0.5
> 0 > 0 > 0
05 0.5 / 0.5
-1 -1 1

= =4 —
15 -15 -1.5
-5 0 5 -5 0 5 -5 0 5
X X X
15 RERBORIBERE R R0 8 RIBIE R X 4 [R R ER22)R IR E BRI 2R

— RERH

— RERK

Figure 2. Anti-triangular function equidistant node Langrage interpolation
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Figure 3. Fractional function equidistant node Langrage interpolation
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Figure 5. Runge function Chebyshev node Langrage interpolation
[& 5. Runge eR#tJILL FE X F5 = Langrage (&

DOI: 10.12677/aam.2019.88175 1505 IR Esid


https://doi.org/10.12677/aam.2019.88175

A, R

15 [RERES 10/ IR ERE

, REEBS2RIEERE

5 [RERERS 6/RIRERET

0.5 0.5 05

> 0 0 0

-0.5 -0.5 -0.5

-1 -1 -1

-1.5 -1.5 -1.5
-5 0 -5 0 -5 0 5

Figure 6. Anti-triangular function Chebyshev node Langrage interpolation
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Figure 7. Fractional function Chebyshev node Langrage interpolation
7. FRRBYILLE X = Langrage 18

H1 T U S A A e SON

b+a b-a_((2k-1)x
X, = +——2¢0s
2 2 | 2(n+)

],kzl,Z,---,n—i—l

ﬂ&%&%tbgﬁ,ﬁ‘réﬁ¥%u(0,m7aj%'D, “Tayaﬂéaéa@a@ﬁéﬁﬁﬁ\%fﬁﬁﬁwﬁm@,

TS 2 2R AL AR A VT B R, LR DR AR X 8] A PR o AR o B o T T S50 0 o ) v R L A
FEAE DX P o B AS IR, M R 220K, Tl i A 1 i ) 58 22 () )RR EL A 7T LA/ INR 225 T D)

DOI: 10.12677/aam.2019.88175 1506 IR Esid


https://doi.org/10.12677/aam.2019.88175

AR, R

PR F fUf ok 7R E, FT URDI S R A T DR A3 S R IR B SR, DIEL T R 45 2
PUAEFRT R AT

4.12. RASERZMREE

I3 BB NE A A T EORGAE1  X 2 ) R SR S PR A 408 0 B o T R P EL I R AT o AR
M7 EEEET R, R, A BB E I RCR O R AN 1, 3 AR DX A] A B i £ — 2
2, MAEHAR AR W) & 10IREF, FF HAMFAE Runge LS, Wil 8~10 o

1 RRES 2 RIEERE 1 RS ORIEERE ] [RRES 6/RIEERE
AV
—— REK —— FEH
08 — 1 08 —

[RERERS 12K ERE
AY

Figure 8. Runge function isometric node piecewise linear interpolation
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Figure 9. Inverse trigonometric function equidistant node piecewise linear interpolation
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Figure 10. Fractional function equidistant node piecewise linear interpolation
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Figure 11. Runge function equidistant node cubic spline interpolation
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Figure 12. Anti-triangular function equidistant node cubic spline interpolation
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Figure 13. Fractional function equidistant node cubic spline interpolation
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