Chapter 5-02 :   The ‘Augmented Binary Format’ -  { Bundle of  (1’s ) }
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                            &  { Bundle of  ( 0’s )

Bundle of  ( 1’s ) :

The  ‘Augmented Binary Format’ is based on the idea of handling/consolidating a  [ Bundle of  ( 1’s) ]  for a { number} expressed in the  ‘Usual Binary Format’  in a special way.

And we present, in this section, this basic idea for handling a  [ bundle of  ( 1’s ) ] .

IF :

we have a  { positive ‘odd’  integer } , when expressed in the  ‘Usual Binary Format’  , is a  [ bundle of  (‘1’s ) ] ,

THEN :


when we add  ‘1’  to this particular  { positive ‘odd’ integer } , the result is an  

{ ‘integer’  [ Power-Of-Two ] }. 

Let us first look at a few examples :


[ ‘base 10’ format ]

[ Usual Binary Format ]

Example I :

3  +  1  =   4


1 1  +  1   =   1 0 0
Example II :

7  +  1  =   8


1 1 1  +  1   =   1 0 0 0
`

Example III :

15  +  1  =  16


1 1 1 1  +  1   =   1 0 0 0 0
Example IV :

31  +  1  =   32


1 1 1 1 1  +  1   =   1 0 0 0 0 0

And so-on-and-so-forth.
Thus, a  [ bundle of  ( 1’s ) ]  can always be expressed in the format :


2[ N + 1 ]    1

where :
[ 2N ]  is the value represented by the ‘highest-order’ digit  in the  

[ bundle of ( 1’s ) ]  in the ‘Usual Binary Format’ .

In the case of that the [ bundle of  ( 1’s ) ]  being in the middle of a long  { binary number } , we then :

First :
Identify  [ 2N-HIGH ]  as the value of the ‘highest-order’ digit  in the  [ bundle of ( 1’s ) ]  in the ‘Usual Binary Format’ ;

Second :
Identify  [ 2N-LOW ]  as the value of the ‘lowest-order’ digit  in the  [ bundle of ( 1’s ) ]  in the ‘Usual Binary Format’ ;

so that that particular  [ bundle of  ( 1’s) ]  may be expressed as ;


2[ N-HIGH + 1 ]    2N-LOW
Let us now look at a simple example to illustrate this idea :
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We have here the number [ 27 4177  ]  in the ‘Usual Binary Format’ and :


[ 27 4177 ]   =   218  +  213  +  212  +  28  +  1

We then set up a exactly nineteen (19) ‘bins’ , marked  { the [ 0th ] bin }  to the

{ [ 18th ] bin } , from ‘left’  to  ‘right’ , respectively ,  to represent the value of each { Power-Of-Two } from  ‘20’  to  ‘218’ , being the value of each of the digit in the ‘Usual Binary Format’, as shown in the above diagram .

And we have placed  [ ‘red-colored’ balls ]  into the  [ 0th ] ,  [ 8th ]  , [ 12th ] , [ 13th ]  &  the    [18th ] bins to represent the number  [ 27 4177 ]  in the ‘Usual Binary Format’ . 


To convert to the  ‘Augmented Binary Format’ , we simply use this conversion :


213  +  212     
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     +  214    212
We then remove the  [ ‘red-colored’ balls ]  from the  { [ 13th ] bin }  and the  { [ 12th ] bin }  and :

i)
place a  [ ‘red-colored’ ball ]  in the  { [ 14th ] bin } , to represent the  [ + 214 ] value ;

ii)
and place  a  [ ‘blue-colored’ ball ]  in the  { [ 12th ] bin } , to represent the [  212 ] value ;

to complete the process.

And the number [ 27 4177 ] in the  ‘Augmented Binary Format’  is :


[ 27 4177 ]   =   218  +  214    212  +  28  +  1
Thus, the  ‘Augmented Binary Format’  allows for both :

a)
the ‘adding’ of  [ integer Power-of-Two ]’s ,     and

b)
the ‘subtracting’ of  [ integer Power-Of-Two ]’s   ;

whereas the  ‘Usual Binary Format’  only allows for the  { ‘adding’  of   [ integer Powers-Of-Two ] } .  

The ‘Augmented Binary Format’ :

Following along these lines, the main concept behind the  ‘Augmented Binary Format’  is then :

The  ‘Augmented Binary Format’  converts :



a  [ ‘bundle of  ( 1’s ) ]   in the ‘Usual Binary Format’

to :



a  { single  ‘Power-Of-Two’ }  minus

a  { single but lower-order ‘Power-of-Two’ }

And any further  ‘adjacent’  { [ Power-Of-Two ]’s } thus achieved , are subsequently / further  adjusted so that each pair of successive  { [ Power-Of-Two ]’s }  are separated by at least one (1)  empty  { [ Power-Of-Two ] bin } .

Let us now illustrate how this is done with an example :
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The number  [ 57 0468 9200 6851 2905 4721 ] in the ‘Usual Binary Format’ is :

[ 57 0468 9200 6851 2905 4721 ]

   =
272  +  269  + 268  + 266  + 264  + 262

+  254  + 252  + 251  + 249  + 248  + 247

+  245  +  241  +  240  +  238  + 235

+  231  +  230  +  227  +  226  +  221  +  220

+  217  +  215  +  213  +  212  + 211

+ 29  +  1

The adjustments in the  ‘1st leg’  are then :

i)
269  +  268     
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     +  270    268
ii)
253  +  252  +  251     
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     +  254    251
iii)
249  +  248  +  247    
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     +  250    247
iv)
241  +  240     
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     +  242    240
v)
231  +  230     
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     +  232    230
vi)
227  +  226     
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     +  228    226
vii)
221  +  220     
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     +  222    220
viii)
213  +  212  +  211    
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     +  214    211
And the adjustments in the  ‘2nd leg’  are then :

i)
  251  +  250     
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       250
ii)
+  215  +  214     
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     +  216    214
And the single adjustment in the  ‘3rd  & final leg’  is then :

i)
+  217  +  216     
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     +  218    216
And the number in [ 57 0468 9200 6851 2905 4721 ]  in the  ‘Augmented Binary Format’  is then :

[ 57 0468 9200 6851 2905 4721 ]

   =
272  +  270  + 268  + 266  + 264  + 262

+  253    251   247

+  245  +  242    240  +  238  + 235

+  232    230  +  228    226  +  222    220

+  218    216    214    211

+  29  +  1
We note here that the rules for conversion in the ‘1st leg’ , the ‘2nd leg’ , and the ‘3rd & Final leg’  are as follows :
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although we note here that  ‘Case 3’  here is seldom encountered .

Multiplication Rules :

The rules here are derived from the general rules of multiplication, namely :


( +1 ) * ( +1 )   =   ( + 1 )

( +1 ) * ( 1 )   =   (  1 )

( +1 ) * ( +1 )   =   ( + 1 )

( +1 ) * ( +1 )   =   ( + 1 )

And we come up with the following ‘Mapping’ diagram, as before :
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For the  [ ‘red-colored’ ball ]  vs.  [ ‘blue-colored’ ball ]  representation, we have :

i.
‘RED’    x   ‘RED’    =   ‘RED’

ii.
‘RED’    x   ‘BLUE’  =   ‘BLUE’

iii.
‘BLUE’  x   ‘RED’    =   ‘BLUE’

iv.
‘BLUE’  x  ‘BLUE’   =   ‘RED’

And we come up with the following ‘Mapping’ diagram :
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And what this means then is simply :


[ + 2M ]  *  [ + 2N ]   =   [ + 2M+N ]


[ + 2M ]  *  [  2N ]   =   [  2M+N ]


[  2M ]  *  [ + 2N ]   =   [  2M+N ]


[  2M ]  *  [  2N ]   =   [ + 2M+N ]

In the next three (3) Chapter, we shall be presenting the ‘Multiplication Box Diagrams’ for the ‘5th’ , ‘6th’  &  ‘7th’   ‘Fermat Numbers’  using the  ‘Augmented Binary Format’ , with interesting results.
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