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Interpolation

Topic: Newton’s Divided 
Difference Polynomial Method

Major: Computer Science
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What is Interpolation ?
Given (x0,y0), (x1,y1), …… (xn,yn), find the 
value of ‘y’ at a value of ‘x’ that is not given.
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Interpolants

Polynomials are the most common 
choice of interpolants because they 
are easy to:

Evaluate
Differentiate, and 
Integrate.
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Newton’s Divided Difference 
Method

Linear interpolation: Given                   pass a 
linear interpolant through the data
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Example
The path of a rapid laser is given by these specifications.
If the laser is traversing from x = 2 to x = 4.25 in a 
linear path, find the value of y at x = 4 using the 
Newton’s Divided difference polynomial method.

Path of a robot

0
1
2
3
4
5
6
7
8

0 5 10 15

X

Y

x (m) y (m)
2 7.2
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10.6 5



http://numericalmethods.eng.usf.edu6

Linear Interpolation
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Linear Interpolation (contd)

5 0 5 10
7.08

7.1

7.12

7.14

7.16

7.18

7.27.2

7.1

y s

f range( )

f x desired( )

x s1
10+x s0

10− x s range, x desired,

)()( 010 xxbbxy −+=  

         ),00.2(04444.02.7 −−= x  25.400.2 ≤≤ x  

At 4=x  
)00.200.4(04444.02.7)00.4( −−=x  

     .1111.7 in=  



http://numericalmethods.eng.usf.edu8

Quadratic Interpolation
Given ),,( 00 yx ),,( 11 yx  and ),,( 22 yx  fit a quadratic interpolant through the data. 
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Example
The path of a rapid laser is given by these specifications.
If the laser is traversing from x = 2 to x = 4.25 to 
x=5.25 using a quadratic path, find the value of y at x = 
4 using the Newton’s Divided difference polynomial 
method.

Path of a robot
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Quadratic Interpolation (contd)
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Quadratic Interpolation (contd)
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Quadratic Interpolation (contd)
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General Form
))(()()( 1020102 xxxxbxxbbxf −−+−+=
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Rewriting
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General Form
Given )1( +n  data points, ( ) ( ) ( ) ( )nnnn yxyxyxyx ,,,,......,,,, 111100 −−  as 

 ))...()((....)()( 110010 −−−−++−+= nnn xxxxxxbxxbbxf  
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General form
The third order polynomial, given ),,( 00 yx ),,( 11 yx ),,( 22 yx and ),,( 33 yx  is 
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Example
The path of a rapid laser is given by these 
specifications. Find the path traversed by the 
laser using the Newton’s Divided Difference 

Polynomial method.
Path of a robot
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Example

The value of y profile is chosen as 
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Using the six points, 
 ,00.20 =x    2.7)( 0 =xy   ,25.41 =x     1.7)( 1 =xy  

 ,25.52 =x     0.6)( 2 =xy   ,81.73 =x     0.5)( 3 =xy  

 ,20.94 =x     5.3)( 4 =xy   ,60.105 =x   0.5)( 5 =xy  

The values of the constants are found to be 

0b 2.7=   1b 04444.0−=   2b 32479.0−=  

3b 090198.0=      4b 023009.0−=  5b 0072922.0=  
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Example
Hence 

 
))()()()(())()()((

))()(())(()()(

43210532104

2103102010

xxxxxxxxxxbxxxxxxxxb
xxxxxxbxxxxbxxbbxy

−−−−−+−−−−+
−−−+−−+−+=

 

     

)2.9)(81.7)(25.5)(25.4)(2(0072922.0
)81.7)(25.5)(25.4)(2(023009.0

)25.5)(25.4)(2(090198.0
)25.4)(2(32479.0)2(04444.02.7

−−−−−+
−−−−−

−−−+
−−−−−=

xxxxx
xxxx

xxx         
xxx

 

 

6.102,0072922.023091.07862.2855.15344.41898.30)( 5432 ≤≤+−+−+−= xxxxxxxy  
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Example
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