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                            - Fermat Numbers

Approach & Summary on  { Fermat Numbers } :

‘Fermat Numbers’  are  { positive ‘odd’ integers }  of the format :

{ Fermat Number }   =   2N  +  1

where :
‘N’  is a member of the series  { 2 , 4 , 8 , 16 , 32 , 64 , 128 , 256 , 512 , 1024 , 2048 , 4096 ,  and  so-on-and-so-forth } .

The  ‘Fermat Numbers’  ‘5’ ,  ‘17’ ,  ‘257’ , and  ‘65537’  are  ‘prime’ numbers .

And the 5th , 6th , &  7th  ‘Fermat Numbers’ can be factorized. ( see diagrams below )

In our search for a better understanding of the  ‘Fermat Numbers’, we proposed the   ‘Augmented Binary Format’  for expressing  { positive integers }, and this concept is based on the fact that :


whenever we add  ‘1’  to the last digit to a series of  [ ‘1’s ]   ‘in-the-middle’  of  a  long binary number,


the result of this addition is always an { integer-power-of-two }, i.e. :



a  single  ‘1’  followed a bunch of  [ ‘0’s ]  ,



for this section  ‘in-the-middle’  of the long binary number .

Thus, we can always replace a bunch of  [ ‘1’s ]  by  :



an   [ integer-power-of -‘2’ ]

minus

another  [ integer-power-of-‘2’ ] , but of  a lower-order-of-power .

Our representation scheme is then via the use of  [ Power-Of-Two ]  bins, with :

The 1st bin representing  [ 20 ] ,  the 2nd bin representing [ 21 ] ,  the 3rd bin representing  [ 22 ]   , and so-on-and-so-forth.

And each  [ Power-Of-Two ]  bin  may be  ‘empty’, or  filled with a single [ red-color ball ] / [ blue-color ball ]  as the case may be, in accordance to the following rule :

a)
the  ‘adding’  of  a  { ‘integer-power-of-‘2’ }  is represented by  a  [ red-color ball ] ,

b)
the  ‘subtracting’  of  a  { ‘integer-power-of-‘2’ }  is represented by  a  [ blue-color ball ] .

Let us now look at the  [ Multiplication Box Diagram ]  for the 5th  ‘Fermat Number’ :
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Let us now look at the  [ Multiplication Box Diagram ]  for the 6th  ‘Fermat Number’ :
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And let us now look at the  [ Multiplication Box Diagram ]  for the 7th  ‘Fermat Number’ :
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The problem for the  factorization of the ‘Fermat Numbers’  is then :

a)
how do we set up  the shape of the  ‘BOX’ ,

b)
add the appropriate number of  { red-color balls }  &  { blue-color balls } and place them in the correct positions, so that everything in the ‘middle’ of the  ‘BOX’  cancels-out and we are left with  the single  [ red-color ball ]  in the { upper-right-hand corner }  representing the { 2N }  and  the single  [ red-color ball ]  in the { lower-left-hand corner }  representing the  [ 20 = 1 ]  to properly form the ‘Fermat Number’ of the format  ‘ 2N + 1 ’ ;

as per the example below for the  5th ‘Fermat Number’ :
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( everything in the  ‘green-color area’ cancels-out. )

From here on in, we investigated  ‘ricocheting-in-the-BOX’  and  the ‘Shape of the BOX’  for the adding of :

i)
‘red-color balls’  and  ‘red-color horizontal lines / vertical lines’ ,

ii)
‘blue-color balls’  and  ‘blue-color horizontal lines / vertical lines’ .

Although the author, at this junction at 2003-11-01, has not figured out the algorithm for solving Fermat Number, it is hoped that the foundation works has been laid for further advances in this subject.

The key observation here is that the  [ ‘carrying-over’  process ]  in  the  ‘addition process’ of  ‘binary digits’  is  ‘controlling’  in the factorization of  ‘Fermat Number’, but this is also applicable to  factorization in general .

Our other observation here is that when we start the  ‘ricocheting-in-the-BOX’ :

whether :
we start the process from  the  ‘lower-left-hand-corner’

or :

 we start the process from  the  ‘upper-right-hand-corner’ ,

we are always faced with  a choice of  :

i)
‘adding’  the next  ‘horizontal-line’ ,    or alternately

ii)
‘adding’  the next  ‘vertical-line’  ,

to take-out the  next  ‘outstanding/untaken-care-of ’  { red-color ball }  or  { blue-color ball }

This lead us directly onto the realms of the  ‘I-CHING’  dealing with the ‘Choice-Of-Two’ , a  difficult subject, although some interesting further developments were made here on ‘ricocheting-in-the-BOX’ .

We abandoned  ‘Fermat Numbers’ for the time-being here, but will further comments on this in { ‘Section 7’ - ‘Squares-Of-Squares’ }  &  in  { ‘Section 10’ - ‘The Logarithmic Process’ } . 
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