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Chapter One: Mathematical Preliminaries and Error Analysis  

 

Numerical Analysis is a field of mathematics that concerned with the study of 

approximate solutions of mathematical problems, where it is difficult or impossible to find 

the exact solutions for these problems. 

For instance, we can’t find the exact value of the following integral, by using known 

integration methods, 

∫ 𝑒𝑥2
1

0

𝑑𝑥 

While we can find an approximate value for this integral, using numerical methods.  

The other example, if we aim to find the solution of a linear system 𝐴𝑥 = 𝑏,   where 𝐴 ∈

𝑅𝑛×𝑛, when n is too large , it is so difficult to find the exact solutions for this system by 

hand using known methods, so in this case, it is easier to think about how to find the 

approximate solution using a suitable algorithm and computer programs.  

The importance of Numerical Analysis: 

To interpret any real phenomena, we need to formulate it in a mathematical form. To give 

a realistic meaning for these phenomena we have to choose complicated mathematical 

models, but the problem is; it is so difficult to find explicit formulas describe the exact 

solutions for these complicated models. Therefore, it might be better to find the numerical 

solutions for complicated form rather than finding the exact solutions for easier forms that 

can’t describe these phenomena in realistic way. 

The nature of Numerical analysis:  

Since for any numerical Algorithm (the steps of the numerical method), we have lots of 

mathematical calculations, we need to choose a suitable computer language 
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Round-off Errors and Computer Arithmetic: 

 

 

Binary Machine Numbers: 
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Decimal Machine Numbers: 

 

Note: The error that result from replacing a number with its floating-point form is called 

round-off error regardless of whether the rounding or chopping method is used. 
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Example: 

 

Definition: 

Example: 
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Finite-Digit Arithmetic: 

 

Example: 

 

x= 0.714285714285714285….  y=0.33333333333…. 
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Example: 

  
Below: 
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Example:  
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Exercises: 

Q1:  

 

Q2:  

 

Q3:  

Repeat (Q2) using three-digit chopping arithmetic 

 

Q4:  

  Let 𝐸𝑥, 𝑅𝑥 be the absolute and relative errors, respectively, in an  approximate value of 𝑥. 

Show that:   𝑅𝑥 ≤ 𝐸𝑥 , if |𝑥| ≥ 1 . 

 

Q5:  

 


