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Given (Xq,Yo), (X1,Y1)s sseses (x,,Y,), find the value of 'y’ at a value
of 'x’ that is not given.

Y

Ya .
A

f( ) (-Tm‘-*n)

\ 4

® (l'n-LJ*H-I}
Jx) ,
(x1y1) (1 J3)

(x2,12)

(x0,10)

X.
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Xi ‘ Xq X4 X, X,
fx)=f | T f, f, f

x;éxi : i:].,...,n-l 9X€(xo,Xn) &5‘“‘99 f(X) )|A.§.o u.a..o:u L gs'?Lﬂ'sﬂ)‘b

XE[Xqy , Xn] s8g T(X) jlado cpmosi S obig

oo ylo Joua lawgd 9 cuwl jaxio bl oax jo o] polio as f osilo U e =
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XEX; O 1H sly 45 sy9b 0 cCawl 0uis 0010 Jodz b T ol s (5,9

x#£x;, 1=1,...,n-1 ol w x€(x,Xp) &5 T(X) cymoss g

P(xl-)=fi, i=0,1,...,n

S o0 55 P(X) b [Xg, X, ] alols )5 f(x) sl 4



B0 w3 byl jo a5 5,10 3959 N Az 3l S Tas P(X) gl aos W S haidd auas

P(x;) = fi,
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,
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.ag.w



$1,5Y gl Ao o
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P(x) = Lo(x)fo + Ly(x)f1 + -+ L,(x)f,

(x) = (x—x0) (x—x1) ..(x—xj_1) (X=X} 41)...(x—%x7)

Li(x) = ,j=0,1,2, ...
x (x]-—xo)(xj—x1) ...(xj—xj_l)(xj—xj+1) ...(x]-—xn) J

J



(x) = (x—x0) (x—=x1) ..(x—xj_1) (Xx=Xj41) .. (x—xp)

Li(x) = ,j=0,1,2,...
jx (xj—x0)(xj—x1)..(xj=xj—1) (xj=%j41) . (Xj— %) J
0 1#jy
Li(x;) =
1 i=j
P(x;) =f; i=01,..,n ol

K Sy 45 gl (o0 oumel FSY (gl abex Wiz Li(X) sl ahox Wiz il 1
Wb oo N a0l gl alos
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X; -1 0 1

f 1 1 3

N=2 :q,lo JLo ol 0

(x—x)x—x) = (x-0)(x-1) x*-x
(o —x)(xg— %) (-1-0)(-1-1) 2

Lo(x) =

(x —x¢)(x — x3) _ x+1Dx-1) _
(x1 —x9)(xy —x2) (0+1)(0—1)

Li(x) = —(x*-1)

. (= xp)lx—x) (+Dx-0) x*+x
) = G, a0 —x) A+ DA-0) 2




P(x) =Lo(x)f9 +Li(x)f1 +L(x)f,

=Lo(x) X1+ Li(x) X1+ Ly(x) X3

2 _
_ 2 : - (x2—1)+;(x2+x)

P(x)=x*+x+1



P(xg) =P(-1) = (-D*+(-1+1=1=f,

P(x;) =P(1)=(1)*+(D+1=3=f,

P(0.5) = P(0.5) = (0.5)* +(0.5) +1 =1.75



x=[-101];
y=[113];
p=polyfit(x,y,2);

P=[111]

yp=polyval(p,-1:0.01:1);
plot(x,y,"*')

ylim([0 3])

hold on

grid on
plot(-1:0.01:1,yp);
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>> ezplot('1/(1+x"2)")

>> x=[-5-5/205/2 5]

x= -5.0000 -2.5000 0 2.5000 5.0000
>> y=1./(1+x.12)

y= 0.0385 0.1379 1.0000 0.1379 0.0385
>> hold on

>> plot(x,y,"*')

>> p=polyfit(x,y,4)

p= 0.0053 -0.0000 -0.1711 0.0000 1.0000
>> w=polyval(p,-5:0.01:5);

>> hold on

>> plot(-5:0.01:5,w,".r')
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= fs+2 = 2fs41+ f5
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P() = fo+ (1) Afo+(5) 2% 0+ (3) 430

s(s—1) 5
=2+ 3s+ > X2=8“+2s+2

PX)=(x—-1%?+2x-1)+2=x*+1



>> x=1:4;

>>y=[25 10 17];

>> p=polyfit(x,y,3)

p= 0.0000 1.0000 0.0000 1.0000
>> yp=polyval(p,1:0.1:4);

>> plot(x,y,'*') hold on grid on

>> plot(1:0.1:4,yp)

P(x) =x*+1
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P(x)=f3+sVf, +S >

Vif,

s(s+1) 5
=17+ 7s + > X2=s5“+8s+17

X=Xx,+sh » x=4+s» s=x—4

Px)=(x—-4)*+8x—4)+17=x*+1
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P(x)=1 P ) P
x)=1-x E) ===
2 2

I >>x=0:0.001:1;

1 >> y=cos(pi/2*x);

i >> plot(x,y)

i >> hold on

. >> plot(x,1-x,".r')
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Lagrangian Interpolation

Lagrangian interpolating polynomial is given by
fn (X) = Z L, (x) f (Xi)
i=0

where ‘n’in f,_(x) stands for the n™ order polynomial that approximates the function y = f (x)

given at (n+1) data points as (X, Y ), (X, Yy heeerees (X1, ¥ ) (X, Y, ), and

Li(X):f[X. .

JE2

L. (x) is a weighting function that includes a product of (n—1) terms with terms of j =1
omitted.
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Example

The upward velocity of a rocket is given as a function of time in Table 1. Find the
velocity at t=16 seconds using the Lagrangian method for linear interpolation.

Table Velocityasa ., L veecwvsTme
function of time 900} o

t (s)|v(t) (m/s) 800

JO0F

0 0] g 600 - e

10 | 227.04 2 so0) °

15 | 362.78 S 400 o

20 | 517.35 .| .

22.5 | 602.97 100}

30 90 1 = 6 7 05 é ’1IU ‘I|5 QIO 2|5 SIO 25

Time (s)

Figure. Velocity vs. time data
for the rocket example




Linear Interpolation

v(7) = T'L (v(t;)

?_

= Lo(0)v(t,)+ L (H)v(t))

t, =15.v(¢,)=362.78

L =20.v(,)=517.35

(s) (m/s)
0 0
10 | 227.04
15 | 362.78
20 | 517.35
22.5 | 602.97
30 | 901.67




Linear Interpolation (contd)

t—t -1,

LO=T].—

j=0
JEQY

J

Lot-t, -t
Ll(t):H L = -
Lot -ttt

j

j#1

t—t

t 0
3 tlv(t)+t1 v(t,) =

t—

v(t) = (362 78) + 155 (517.35)

v(16)_1§ 20 362.78) + 16 15

= (517.35)

=0.8(362.78) + 0.2(517.35)
=393.7 mss.



Quadratic Interpolation

For the second order polynomial interpolation (also called quadratic interpolation), we

choose the velocity given by
2
v(t) = Z L, (t)V(ti)
i=0

= Lo (v(t,) +L, OV(L) + L, ()v(t,)

53



Quadratic Interpolation (contd)

t, =10, v(t,) = 227.04
t, =15, v(t,) =362.78

t, =20, v(t,) = 517.35 ©  (mh)

2 t-t. t—t | t-t 0 0
LO=]]— =£t — j(t _fj 10 | 227.04
20 oA e 15 | 362.78
20 | 517.35
IO g :(t_to j(t_tz j 22.5 | 602.97

1

ot -t (-t \t -t 30 | 901.67

j1

I_(t)_ﬁt—tj _(t—toj(t—tlj
(t) = -
j=0t2_tj L-H AL

J#2




Quadratic Interpolation (contd)

Pl

_(16-15)16- 20 27.04)+ 16-10)16-20 (362.78)+ 16-10 } 16-15 (51735)
\10- 10-20 15-10 A 15-20 20-10 A\ 20-15
3

~0.08)(227.04)+(0.96)(362.78)+(0.12)(527.35)
92.19 m/s

The absolute relative approximate error <, obtained between the
results from the first and second order polynomial is

‘e ‘ 1392.19-393.70
: 392.19
=0.38410%

x100




Cubic Interpolation

For the third order polynomial (also called cubic interpolation), we choose the velocity given by
3
v(t) = > Li(ov(,)
i=0

=L, (t)V(to) +L (t)v(tl) +L, (t)V(tz) +L, (t)V(ts)

60297, 700 T T T T T T
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Ys 500
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| B
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w | Q
= @

300

2271.04 509 ] ] ] ] | |
10 12 14 16 18 20 22 24

10, X, aNge X gesired 22.5,




Cubic Interpolation (contd)

t, =15, v(t,)=362.78

t, =10, v(t, )=227.04

t, = 22.5, v(t,)=602.97

t, = 20, v(t,)=517.35
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Cubic Interpolation (contd)
AU Gy ey ot by v
t,—t, \t, )t ttg_—t1 t3_—t11 t3_—t22 s
(”IJ e ia i

16-15)16—-20)16-22.5 (227.04)+ 16-10)16-20)16-22.5 (362.78)
10-15 A10-20 \10-22.5

15-10 \15-20 \15-22.5
N 16-10 )\ 16-15 ) 16-22.5 (517.35)+ 16-10 16-15 16-20 (602.97)
20-10 \ 20-15 \ 20—-22.5 22.5-10 \ 22.5-15 \ 22.5-20

=(—0.0416)(227.04)+(0.832)(362.78)+ (0.312)(517.35)+ (- 0.1024602.97)
=392.06 m/s

The absolute relative approximate error [c,| obtained between
the results from the first and second order polynomial is

‘e ‘_ 392.06-392.19
i 392.06
=0.033269%

x100




Comparison Table

Order of Polynomial 1 2 3

v(t=16) m/s 393.69 392.19 392.06

Absolute Relative

R 0.38410% 0.033269%
Approximate Error




