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ABSTRACT: Most of the numerical methods developed for a 
large number of calculations are so complex and complicated 
that their successful implementation depends largely on the 
use of calculator or a computer which is capable of obtaining 
results to the desired degree of accuracy. Consequently, for any 
numerical computation, there occur some errors. This paper 
focuses on error as a tool to measuring accuracy in finding 
solution to numerical problems. We considered different types 
and forms of errors, their sources and existence in our daily 

routine data and mathematical computation. While some 
manual computational errors were considered, this paper 
focuses more on computed errors of solution to some selected 
differential equations where results were compared using the 
errors. The findings clearly established that the smaller the 
error, the better and optimal is the results. 
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INTRODUCTION 
 
Error is the level of deviation from the true value. It could 
also be viewed as a little variation from the exact solution. 
Most of the numerical methods developed for a large 
number of calculations are so complex and complicated 
that their successful implementation depends largely on 
the use of calculator or a computer which is capable of 
obtaining results to the desired degree of accuracy. 
Consequently, for any numerical computation, there occur 
some errors. These errors may not have adverse effects 
on the final results. Many authors such as Akinfenwa and 
Jator (2012), Jator and Jiang (2012), Sahi et al. (2013), 
Ahmed et al. (2013), Areo and Abejide (2018), Areo and 
Omojola (2015), Bhrawy and Abd-Elhameed (2011), 
Mohammed and Adeniyi (2014) and a host of others have 
at various times used error to predict the efficiency and 
accuracy of their results. Lambert (1973) and Sahib and 
Abejide (2018) in their books titled: Computational 
Methods in Ordinary Differential Equations and 
Understanding Numerical Analysis: Concept, Methods and 
Applications have simplified the concept of error with 
various examples in computational mathematics.  
 
Types of errors 
 
Below are some of the errors committed in computational 
mathematics: 

 
 
 
Round off error  
Propagated error 
Truncation error 
Relative error 
 
 
Round-off error 
 
Abbreviating a number to conform to certain features or 
specification is what we called round-off error or rounding 
error. It is round off if some numbers or digits are chopped 
off while it is called rounding error if the number is rounded 
up or down. Whatever the case, the error committed is 
regarded as round-off error. 

Suppose the number say 93438 is to be approximated 
to the nearest hundred. By simple arithmetic, the number 
becomes 93400. Thus the error from above approximation 
is given by 93438 – 93400 = 38. So, 38 is called the 
‘Round-off Error’ for the approximation. 
 
Generated and propagated error 
 
Arithmetic operations are normally implemented by the 
use of computing aided tools such as calculator and 
computer system. The error introduced by these arithmetic 
operations is called Generated error. 
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Further use of this generated error in the computation to 
produce another result introduces another error called 
‘propagated error’. Errors are propagated when the final 
error committed is not just the initial error (Generated 
Error) committed on the problem but an extended one. For 
example, consider a problem that has solutions at two 
stages before the final one, if the result at the two stages 
are approximated, this approximation will definitely affect 
the final result. 
 
 
Truncation error 
 
In order to simplify the amount of function evaluated in a 
series, we often commit error due to truncation of the 
series. For example, in a simple binomial expansion of 

 
1 2

1 x  and use the expansion to evaluate certain 

number, we shall proceed as follows: 
 

Expand  
1 2

1 x  for a few terms to have  

 

 
1 2 2 3 41 1 1 5

1 1 ...
2 8 16 128

x x x x x                 (i) 

 
This expansion is to infinity; we have to truncate after 

certain number of terms. For instance, if we truncate at 
3x

, we get 
 

 
1 2 2 31 1 1

1 1
2 8 16

x x x x                  (ii) 

 
Where   is the truncated term known as “Truncation 
Error”. 
 
However, the error committed can be obtained by 
considering the remaining terms of the series (i), that is  
  

 
45

....
128

x     and a simple substitution of  0.02x    

 
yield the same result. 
 
 
Relative Error 
 
Relative error gives an indication of how good a 
measurement is relative to the size of the thing being 
measured. Let’s say that two students measure two 
objects with a meter stick. One student measures the 

height of a room and gets a value of 3.215 metres   mm 
(0.001m). Another student measures the height of a small  

cylinder and measures 0.075 meters   1mm (0.001m). 
Clearly, the overall accuracy of the ceiling height is much  

 
 
 
 
better than that of the 7.5cm cylinder. The comparative 
accuracy of these measurements can be determined by 
looking at their relative errors. 
 

ceiling height

0.001
relative error 100 = 0.0003%

3.125

m

m
    

 
 

cylinder height

0.001
relative error 100 = 0.01%

0.075

m

m
     

 
Clearly, this relative error in the ceiling height is 
considerably smaller than the relative error in the cylinder 
height even though the absolute error is the same in each 
case. 
 
 
Sources of errors 
 
Inherent Errors: these are the errors which are already 
present in the given data. These errors will always be in 
the answer irrespective of its accuracy. 
Computational Errors: These are due to the calculating 
device (machine errors). These are sometimes called 
round off errors. 
Human Errors: Errors committed in the process of 
measurement, collection and computation of data. 
 
 
Other sources of errors 
 
When the results of numerical computations are extremely 
critical and may involve loss of human life or have severe 
economic ramification, it is appropriate to take special 
precautions. This may involve the use of two or more 
independent groups to solve the same problem so that 
their results can be compared. The roles of error are very 
significant at every stages of numerical analysis. There are 
other errors such as blunders, model error and data 
uncertainty. Error has great impact on the success of a 
modeling effort. This must always be kept in mind when 
applying numerical techniques in the context of real world. 
 
 
Blunders  
 
Blunder is a gross error in the numerical or analytical 
approach. Blunders are attributed to human imperfection. 
Blunder can occur at the stage of the mathematical 
modeling process and can attribute to all other 
components of errors. Blunder are usually disregarded in 
the discussion of numerical methods. This is because no 
doubt mistakes are to a certain extent unavoidable. 
Blunder can be minimized as follows: 
1. Good programming habit 
2.Using the right variable 
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Model error 
 
Model errors relate to bias that can be ascribed to in 
complete mathematical models. A negligible model error is 
common in Newton’s Second Law which accounts for 
relativistic effects. This does not distract because the 
errors are minimal time and space scales. 
 
Error benefits 
 
Errors are usually regarded as negative, but math errors 
come in useful in statistics, computer programming, 
advanced mathematics and much more. Evaluating errors 
provides significantly useful information, especially when 
chance and probability is required. Error has many use in 
different field of study; the performance of Artificial Neural 
Network (ANN), is measured by the magnitude of the error, 
which is computed by taking the difference between the 
real value and the predicted value. Also in numerical 
computation, apart from demonstrating that a scheme can 
successfully solve a given problem, the error differential 
from the computed values are used to test the viability of 
the schemes. Thus the lower the error, the better the 
results. We consider the following examples on computed 
error values for third order problems in Ordinary 
Differential Equation (ODE) using the multi-derivative 
linear multistep methods (MDLMMs); Areo and Abejide 
(2018). 
 

Example 1.  𝑦′′′ − 𝑥𝑦 = (𝑥3 − 2𝑥2 − 5𝑥 − 3)𝑒𝑥  ;       𝑦(0) =
𝑦(1), 𝑦′ = 1, 0 ≤ 𝑥 ≤ 1 
 
Table 1: Error for Example 1 as compare with other authors. 

  

Steps (N) MDLMMs Err. Sahi et al.(2013) Err. 

7 4.7335 × 10−20 4.12 × 10−12 
14 3.5718 × 10−24 1.56 × 10−14 

28 1.9430 × 10−27 6.08 × 10−17 
56 0.10 × 10−31 2.37 × 10−19 
112 0.10 × 10−31 9.27 × 10−22 

 
 
Example 2: 𝑦′′′(𝑞) − 2𝑦′′(𝑞) − 3𝑦′(𝑞) + 10𝑦(𝑞) =
34𝑞𝑒−2𝑞 − 10𝑞2 + 6𝑞 + 34  ;  𝑞 ∈ [0, 𝑏] 
 

𝑦(0) = 3,    𝑦′(0) = 0,    𝑦′′(0) = 0  
 
 
Table 2.  Error for Example 2 as compare with other 

authors. 
 

Steps (N) MDLMMs Err. Bhrawy et al. (2011) Err. 

10 1.3163 × 10−16 1.18 × 10−6 
20 2.3652 × 10−20 3.92 × 10−16 
30 1.4397 × 10−22 3.73 × 10−16 

 

Example 3.   𝑦′′′ = −2𝑒−3𝑦 + 4(1 + 𝑥)−3 ;       𝑦(0) =
0, 𝑦′ = 1, 𝑦(1) = 𝑙𝑛2 
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Table 3: Error for Example 3 as compare with other 

authors. 
 

Steps (N) MDLMMs Err. Sahi et al. Err. 

7 6.1175 × 10−13 5.24 × 10−9 
14 1.68332 × 10−16 2.39 × 10−11 
28 3.1584 × 10−20 9.50 × 10−14 

56 6.0750 × 10−24 3.62 × 10−16 
112 1.2827 × 10−26 2.27 × 10−17 

 
 
Remarks: from the (Tables 1-3), errors obtained with 
MDLMMs is smaller than that of other authors in each case 
considered hence the acceptance of MDLMMs over 
others. 
 
 
Conclusion 
 
While many viewed error as a bad omen in most situation, 
we have clearly demonstrated through numerical 
experiments that efficiency and accuracy advantages of 
the methods of solution to mathematical computations 
were achieved using error analysis. 
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