Numerical Methods in
Engineering
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Interpolation

e Consider a table of values (xi, f1) ,1=1,2, 3, ... .
x0 |x1 |xz [x3 J.. .. |.. Jan__
fo f1 f2 13 fn

The process of estimating f for any intermediate value of x
is called interpolation.

e Pn(x)zf(x)
Polynomial Pn(x) is used as an estimation for the unknown function f(x)
n refers to the order of polynomial P




Interpolation
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Interpolation Methods

O O O O




Linear Interpolation
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Linear Interpolation (Example)

t= [O:' 1,2,3,4, 5] s L= [012& =220l 4]




Polynomial Interpolation

General Form




Polynomial Interpolation

General Form

=

. | n
Y, =a, +a,xr, +---+a,x,

_ 1 n
Yy, =a,+a,x, +---+a, T,
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Polynomial Interpolation (Example 1)

General Form

=  f(zx)=42" -10z+6




Polynomial Interpolation (Example 2)

General Form

xr=[0,1,2,3,4,5],
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f(x)=0.49172> —6.2083x" +27.4583x" —49.2917x° +29.55x




Polynomial Interpolation




Lagrange’s Interpolation Formula

f(x)= i L.(x)y,

__ [ |.
L (x)=x

- [‘_0 185298,

(-2) - (z—2 ) (T —7p,) (2 —2,)
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I, L(x;)=0,x#x, k=0,1-n




Lagrange’s Interpolation (Example)

(0-1(0-2) ">

()Y, =L,(x)y,+ L(x)y, + L,(x)y,

k=0

= Z L, (x)y, =6L,(x)+0L,(x)+2L,(x)=42" —10x+6

F=0




Lagrange’s Interpolation (Example)




Newton’s Interpolation Formula

n (z)=a,+a(x—x,)+a,(z—x,))(T—7, )+

+ a, (ﬂ: — &L, )( XL — I ) . ( L=,

- Y, — Y, .
= +a, (2, — T, )=y, > a, = ...-I.-l B I” =Df,

)=a,+a,(x,—x,)+a,(z,—x,)(r,—x,) >
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Newton’s Interpolation Formula
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Newton’s Interpolation Formula (Example)

n,(x)=-"5+2z—-4x(z-1)+8x(z—-1)(xz+1)+3z(xz-1)(z+1)(x—-2)




Newton’s Interpolation Formula (Example)

1, (33) =5+ x

z(z—1)+ z(z-1)(z+D)+ z(z-D(z+1)(x-2)




Newton or Lagrange




Newton’s Interpolation Formula
ond Method

n,(xr)=-5+2x

n,(xr)=n,(z)+a,(r—x,)(z—z, ) (___ T—T, )(xr—, ) “-'4 (£4)=Ys
n,(x)=-5+2x—4x(x—1)+8x(x—1)(x+1)+3x(x—-1)(z+1)(xz—-2)




Equally spaced Interpolation
Newton’s Forward Difference Method

X, =xo+jh; j=0,+1, +2,....

Af(x) = f(x + h) — f(x)
AT (X)) = ATAf()] = AY(x + h) —AY(x); n=12,....

x f(x) A A A3
Xo f(x0)

f(x1) — f(xo) = Af(x0)
x3 f(xy) Af(xy) — Af(xo) = A%f(xo)

S(xz) — f(x1) = Bf(x,) A%f(x;) — A%f(x0) = A%f(xo)
Xz f(X3) Af(xg) — Af(x1) = A%f(x;)

Sxz) = f(xz) = Bf(xg) A¥(xz) — A%f(x;) = A% (x,)
x3 f(x3) Af(x3) — Af(xz) = A% (x,)

f(xg) — f(x3) = Af(xa)
x‘i i (X4)




HomeWork




Spline Interpolation




Spline Interpolation
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f(x)=a,x’ +bx’ +cx+d,
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Why Spline?




Spline Interpolation




Spline Curve

— k!]‘, ( :1" + A f—l—llf‘|‘l ( )




Spline Curve

+A(z—2z
6(1 _IJH)
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)-B(z-z))




Spline Curve 1




Spline Curve 1




Spline Interpolation (Example)

£ (x)=0.811412° +1.217122% +0.94264x+1

f(x)=-2.773192> +1.217122* + 0.94164x + 1

£.(2)=0.383462° —1.150372" +1.534522 +0.95068




Spline Interpolation (Example)

e

1 P(x)

0.5
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Spline Interpolation 2
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Spline Interpolation 2 (Example)

3 32 34 36 38

{-I fi,(2)=-0.7522" +7.764x> —26.28x +30.366 3<x<3.5

| £,5(x) =—0.4162° +4.2482> ~14.0162+16.107 3.5<z <4
£(3.541) =7 '




Spline Interpolation (Example)

x=|0,1,2,3,4,5],

y=[0,2,-2,3,1,4




Homework
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2D Interpolation (Lagrange method)




2D Lagrangian Interpolation

M N

f(x,y)= Z Z L;_,-' (z,y j::*'-f'

i=1 j=1

, z=x; and y=y,

L,;_J,-(::;:,_y):{d

otherwaise.

'j. (2L () L.(x.)=1, L.(x;,)=0,x#x,

(r—x,)(r—x ) (x—2,.,) (xr—2,)

k=0.1.--.1n




Curve Fitting




Least Squares Method

.=y, — f(x;)=residual




Least Squares Method (Line Fitting)




Least Squares Method (Line Fitting)




Least Squares Method (Line Fitting)

{].{](—l T]+1.U(—_ / ]+"-’ 0(0.3)+2.5

y—xb=4.02—-1.7(0.6431)=2
. _ir;:):2.927+0.6431:1:




Least Squares Method (Polynomial Fitting)




Least Squares Method (Polynomial Fitting)

n—m—1




Homework
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