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Abstract: In this paper, we consider features concerning approximation for data by using piecewise interpolation tech-
niques. Numerical examples are given which compare piecewise cubic interpolation methods. 
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1. Introduction 

Interpolation on a discrete set of data points is a problem, 
encountered in many fields of science and engineering 
[1-3]. For example, data analysis is commonly used for 
image processing, learning, decision making, application in 
numerical hydrodynamics, and astrophysical applications. 
We are interested in numerically fitting a curve through a 
given finite set of points. If smoothness of the interpolation 
curve is major importance, cubic splines are often method 
to choose [10]. Cubic splines interpolate (pass through) the 
data with piecewise cubic polynomials [5-6]. The use of 
low-order polynomials is especially attractive for curve 
fitting, because they reduce the computational requirements, 
and numerical instabilities that arise with higher degree 
curves [9]. In this paper, we propose different piecewise 
interpolation techniques for data [7]. 

Numerical examples are presented to show graphically 
the differences using the suggested piecewise cubic ap-
proximations.  

2. Piecewise Interpolation Techniques 

2.1. Construction of Polynomial 

Piecewise interpolation divides the function to pieces, 
and constructs polynomials for each piece. Hence, the 
piecewise interpolation requires points from nearest inter-
vals of the data we have. 

Suppose that we have given monotone data as follows, 
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Data are called monotonically increasing if 
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And, each interval f agrees with some polynomial P! 
order 4. 
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In order to compute the coefficients of the ith polynomi-
al piece, P! we use its Newton form. 
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2.1.1. Algorithm 

Step 1: Set the data points ��� , ���. 
Step 2: Construct the cubic polynomial �� , which use the 

nearest intervals. 
Step 3: Determine the coefficients according to chosen 

method to use. 
Step 4: Combine the ploynomials ��  for each piece. 

Step 5: Plot the function. 

2.1.2. Piecewise Cubic Interpolation 

Here, we focus only on this algorithm which use C� 
piecewise cubic S. It is well known that C� piecewise cubic 
can approximate a four times continuously differentiable 
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function f to an order O�h*� with maximum spacing of the 
knots. The C1 cubic interpolant, which preserves mono-
tonicity has the following form. It begins with some as-
signments of slopes S!, at the points x!, n � 0, … , n which 
is third-order accurate when underlying function f  is 
smooth [8]. After this assignments,polynomial can be writ-
ten as follows [4],  

����� � 0�,� � 0&,��� � ��� � 01,��� � ���& � 0*,��� � ���1 

coefficients can be gathered from divided difference table. 
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2.1.3. Piecewise Cubic Hermite Interpolation 

Define a cubic hermite spline is a third degree spline 
with each polynomial of the spline in hermite form, and its 
values and first derivatives at the end points of the corre-
sponding domain interval. Piecewise cubic hermite inter-
polation form is defined as [4], 
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coefficients can be found as follows, 
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2.1.4. Piecewise Cubic Bessel Interpolation 

The Same computation will apply with Piecewise Cubic 
Bessel Interpolation. But, the only difference is this method 
requires two additional points to construct polynomial, 
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which gives Bessel interpolation [4]. 

3. Numerical Examples 

In this section, we consider the figures generated by in-
terpolation techniques for two of typical data sets in the 
literature [7]. 

3.1. Example 1 

Here, 6 � 7 and a radiochemical dataset of 89’s and :9’s 
are given as below, 

 

Table 1. Radiochemical dataset 

xi fi 

7.99 0 

8.09 2.76E-05 

8.19 0.04375 

8.7 0.169183 

9.2 0.469428 

10 0.94374 

12 0.998636 

15 0.999916 

20 0.999994 

 

Figure 1.1. Piecewise Cubic Bessel Interpolation 

 
Figure 1.2. Piecewise Cubic Hermite Interpolation 



26 Emine Can et al.: Piecewise Cubic Approximation for Data 
 

 
Figure 1.3. Piecewise Cubic Interpolation 

3.2. Example 2 

Here, 6 � 7 and Akima’s dataset of 89’s and :9’s are 
given below, 

Table 2. Akima’s dataset 

xi fi 

0 10 

2 10 

3 10 

5 10 

6 10 

8 10 

9 10.5 

11 15 

12 50 

 

Figure 2.1. Piecewise Cubic Bessel Interpolation 

 

Figure 2.2. Piecewise Cubic Hermite Interpolation 

 

Figure 2.3. Piecewise Cubic Interpolation 

4. Conclusions 

In this paper we proposed different piecewise interpola-
tion techniques for data [7]. Numerical examples are pre-
sented to show graphically the differences using the sug-
gested piecewise cubic approximations. For these two ex-
amples, we prove that these interpolation techniques pro-
duce a pleasing interpolant, when the slopes for the data do 
not change from a large to a small value. Fig1.2 and Fig.2.2 
obtained by piecewise cubic interpolation technique, that 
changes quickly (due to high order convergence) and are 
not pleasing as well as others which produced by some of 
the other interpolation techniques. 
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