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Homework number: 5

Homework Title: Exercise 5.4

Problem description:

On a computer with no functional unit for floating-point division, one might instead use multiplication by the reciprocal of the divisor. Apply Newton’s method to produce an iterative scheme for approximating the reciprocal of a number y>0 (i.e. to solve the equation f(x) = \frac{1}{x}-y = 0, given y).

Considering the intended application, your formula should not contain any divisions.

Problem solution:

Newton’s method (iteration step):

\[x_{k+1}=x_{k}-\frac{f(x_{k})}{f'(x_{k})} \]

The function:

\[f(x)=\frac{1}{x}-y = 0\]

And its derivation :

\[f'(x)=-\frac{1}{x^{2}} \]

Following the iteration step:

\[x_{k+1} = x_{k}-\frac{\frac{1}{x_{k}}-y}{-\frac{1}{x^{2}_{k}}} =     

x_{k}+\frac{x^{2}_{k}(1-y x_{k})}{x_{k}} =          

x_{k}+x_{k}(1-yx_{k}) =   

x_{k}(2-yx_{k}) \] for a given y.

Results:

In my experiments (I implemented it in c) the algorithm wasn’t able to gain any result, when the starting value wasn’t small enough,  i.e. smaller than the expected reciprocal value, otherwise there happens an negative overflow, and no approximation at all could be made. When the starting value for x_{k} was chosen well, the algorithm converged very fast.

Discussion and Comments: 

