ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

UNIT- 1l

INTERPOLATION AND APPROXIMATION

PROBLEMS BASED ON CUBIC SPLINES FORMULA

4.4 Cubic Splines

Interpolating with a cubic spline

The cubic spline interpolation formula is

S)=yx)=y= %[{x,- -2 Mo+ (-1 M)
h

1 B 3
1 E(l}' =)= EM:'-I] t g(l" %)= EMa']

where
6
M]—]. + 4;]".{,' + JM]'+1 = F[‘.',‘_l - ‘E.TI' +.1‘I'—1:|
¥

n = number of data
i = number of intervals [1e,,i=1,2.3,,(n-1)]

h = length of interval = interval length.

Note : If J; and y, values are not given, then assume }, =

M, =10 lor Yy =0 =Ol, and find

My My, M, in 1% interval, 2 interval, -+ , (- 1)™ interval value.

Note : Order of convergence of the cubic spline is 4.
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. Find the cubic spline approximation for the function fx) given by the data:
v (02l

p=fo) (128 24

with Jf; = 0 = J;, Henee estimate the value f(0.), f(13), f(23) AU2010}

Solution: We know that cubie sptne Interpolation formula for . < <xi= 1,238

(=17 My = n M

l
Sin=y() =y=@

l i
W(-\T' il EMH‘
| I
¢ %(.’l“:ﬁ-l] Ji= EM;‘ ()
where .y + 4+, = h'Ga b= D )

n=number of data =4
i= number of intervals = 31e, =11

h=length of nteval = |
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Solving ()&(@),  (3)=4M + M =180
4% (4) = 4M, + 16M, =4320
e, (3) +4x (@)= -15M; = 4140
= M, =276
(3)=4M; = 180-276
=M =-X4

To find Cubic spline
Wheni=1,

Cubiesplinenx; €x <y,
Le., ) < x <1

1e,0<x <l
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1e., Cublesphnein (0 <x< 11

y(x)=31(x)= %‘(ﬂ -3 My+(x- Iﬂ]}Ml‘

l

1
+ oy -
1(11 1)

1
1o - =M
il 6 0

+TG‘M)

l
'I__J.M
N 6 1‘

<2030 e-07 )
+(1=0)[1=0]+(x-0)[2-(-24)]
=4y +(1-1) 46y

=4y +5r+]
Wheni=2,

Cubic spline in 3. <x <y,
i.E.'., NErsn

1e,1<x¢)
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e, Cublcsplme m | £x <218

W)= 500 - ()(rw '+ - x)
1 1 |1 l
trl=nn= <4 )=

- % ‘(2 - ()4 (-1 (2?6)‘

é(—lﬁl) +(x-1)|33-1(276)‘

+H2-1)2- :

=4(0-2 +46(r- 1 +60-1)- B(x- )
=500 - 162¢° +162r- 53
Wheni=3,

Cubic spline n 3. <x <y,
i.E., nirsy

1e,2¢r<3
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1¢., Cublcsplmen << 31s

=S40 137D -2

|

].
N __M.rj
1) .

+I&_H)

+=(13-1)

1
- 'M

:%\(}-rf(zm)w\

H3-) 33—%(276) -]

= {071 +9¢ - T 135 -1)+ o -4
= - 414 - 98504 719
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' Cubie splme 1

5 (1) =) =4r +r4, J<r¢l

it=

e e
[ uassnve OPTIMIZE uUTSP“EP‘D ’

W w
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When x = 0.5,31(x=0.5) = $1(x = 0.5) = -4(0.5° + 5057 +1=3
When x = 1.5,35(x = 1.5) = $a(x = 1.5) = 50 (1.5)° - 162(1.5)* + 167(1.5) - 53 = 1.75

When x = 2.5,y5(x = 2.5) = $3(x = 2.5) = ~46(2.5)° + 414 (2.5 - 9852.5) + 715 = 121.25

3 11238
From the following table i Find cubic spline and

y=f(x)|-8|-1]|18
compute y(1.5),’(1),5(2.5) and y’(3).
Solution:

5= SiW=n()=3x-17+4x-12, 1<x<?2
S0 =0()=303-x°+22x-48, 2<x<3

Wx=15)=8(x=15)= -48—5,y'(x =l)=§(x=1)=4
Hx=25)=82(x=25)=1315,y (x=3) = S,(x=3) = 22.
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Fit a natural cubic spline for the following data:

{AU 2008}

Solution: Assume M, = 0 = M,

10 =y ()= =2 +5x 1,

$5() =ya(x) = 3¢ = 152 + 20 -4, [1.2]

S(x)=

x |0(1]2]3
y=f)|1(4]0]-

"o

0.1]

S50 =p(0) == +90* - 28x+28, [2.3]

4.4.3 Anna University Questions

LIfA0)=1,/(1)=2f(2) = 33 and f(3) = 244, find a cubic spline approximation, assuming M(0) =

M) =0. Also, find £2.5).

Solution: Hint :
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(AM10)

S0 =) = -4 + 50+ 1, xe[0,1]
S,(x) = yy(x) = 307 - 162x* +1670x - 53,  x€[L.2]
S3(x) = y3(x) = —46x° +414x> - 985x + 715, x€[2.3]
f(x) = —46x" +414x* - 985x + 715 x€[2.3]
£'(x)=—138+" + 828x - 985
£(r=25)=-138(2.5 +828(2.5) - 985
=225
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4, The following values of x and y are given:

x: 1 2 3 4
y: 1 2 5 11
Find the cubic splines and evaluate y(1.5) and y/'(3) (MJ12)
Solution: Hint : |
$10=n0)=3 (x =322 + 5], re[l.2]
S =yx) =1 S:(x0)=nk)= % (xj —3d+ ix), x€[2.3]
Si(x) = y3(x) = 3 -2+ 24 - T6x + 81), x<[3.4]
1, .
yx) = 5(;3 -3¢ +51) = §(1.5) = 1375, xe[1.2]

Y ()= %(3:9 ~6x+5) = y'(3) = 4666666667,  xe[23]
(or)

|
V()= 3 (657 +48x-76) = /(3) = 4666666667, xe[3,4]

-1 01 2
5. Obtain the cubic spline for the following data to find y(0.5). ! (ND12)
y: -1 1 3 35

Solution: Hint : |
LS () =)= 20 -6t - 241, xe[-1,0]

S(x)=p(x) =1 §3(x) =3(x) = 10x* - 627 - 2 +1, re[0,1]
530 =pa(0) =8 +48r° = 36x+ 19, xe[l2]
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6. Using cubic spline, compute y(1.5) from the given data. (MJ13)
x> 1 2 3
y: -8 -1 18

Solution: Hint:
S =)(x)=3r -9 +13x-15

: 45
W(1.5) = 3(1L5) - 915 + 13(1.5) - 15 = -5 =385, xeL]

9. Obtain the cubic spline approximation for the function y = f(x) from the following data, given
that y] =3/ = 0. (ND14)

xr -1 01 2
y -1 1 3 35

10. Find the cubic Spline interpolation. (AU N/D, 2007, AM2014)

x |1]2|3]4]5
f@l1lof1fo]|1

11. Given the following table, find f(2.5) using cubic spline functions : (AU May/June 2007)

X 1 2 3 4
f(x) | 0503333 | 0.25 | 0.2

Solution : [Ans: §5(2.5) = 0.2829|
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