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                            Equation - A First Analysis of the ‘Right-hand-side’

An Algebraic Identity :

Let us recall ‘Equation DUA-001’ , which we have set up previously for any ‘dual-solution’ to the Fermat ‘Sum-Of-Two-Squares’ equation, i.e. :


Q   =   D2    F2   =   G2    E2




( Equation DUA-001 )

Let us also recall the equation for the ‘right-hand-side’ of  ‘Equation DUA-001’ , i.e. :

2POT-Q * IQ-ODD
   =
{ IG-ODD }2    { IE-ODD }2




( Equation DUA-005 )

We then recognize the ‘algebraic identity’ for this ‘right-hand-side’, as follows :


{ IG-ODD }2    { IE-ODD }2   =   { IG-ODD  +  IE-ODD } * { IG-ODD    IE-ODD }

We shall now concentrate on the characteristics for :

a)
the ‘sum’ of the  { positive ‘odd’ integers }  [ IG-ODD ]  &  [ IE-ODD ] , i.e. :



‘sum’   =   { IG-ODD  +  IE-ODD }

b)
the ‘difference’ of the  { positive ‘odd’ integers }  [ IG-ODD ]  &  [ IE-ODD ] , i.e. :



‘difference’   =   { IG-ODD    IE-ODD }

The four (4) cases :

Let us now look at the four (4) cases/combinations of   [ IG-ODD ]  and  [ IE-ODD ]  being positive ‘P-ONE’ and ‘M-ONE’ ‘odd’ integers, i.e. :








format of
format of

Case

IG-ODD

IE-ODD


IG-ODD

IE-ODD
[image: image1.wmf]

‘P-ONE’
‘P-ONE’

4*KG + 1
4*KE + 1
case P-P
[image: image2.wmf]

‘P-ONE’
‘M-ONE’

4*KG + 1
4*KE  1
case P-M
[image: image3.wmf]

‘M-ONE’
‘M-ONE’

4*KG  1
4*KE  1
case M-M
[image: image4.wmf]

‘M-ONE’
‘P-ONE’

4*KG  1
4*KE + 1
case M-P
We then have the following table for the ‘sum’ and the ‘difference’ of  [ IG-ODD ]  &  [ IE-ODD ] :



format of
format of

‘sum’   =

‘difference’   =

Case

IG-ODD

IE-ODD


IG-ODD + IE-ODD

IG-ODD  IE-ODD
[image: image5.wmf]

4*KG + 1
4*KE + 1

4*{KG + KE} + 2
4*{KG  KE} + 0

[image: image6.wmf]

4*KG + 1
4*KE  1

4*{KG + KE} + 0
4*{KG  KE} + 2

[image: image7.wmf]

4*KG  1
4*KE  1

4*{KG + KE}  2
4*{KG  KE} + 0

[image: image8.wmf]

4*KG  1
4*KE + 1

4*{KG + KE} + 0
4*{KG  KE}  2

An alternate format for this table is then :



format of
format of

‘sum’   =

‘difference’   =

Case

IG-ODD

IE-ODD


IG-ODD + IE-ODD

IG-ODD  IE-ODD
[image: image9.wmf]

4*KG + 1
4*KE + 1

2*[{KG + KE} + 1]
4*[ KG  KE ]

[image: image10.wmf]

4*KG + 1
4*KE  1

4*[ {KG + KE} ]
2*[{KG  KE} + 1]

[image: image11.wmf]

4*KG  1
4*KE  1

2*[{KG + KE}  1]
4*[ KG  KE ]

[image: image12.wmf]

4*KG  1
4*KE + 1

4*[ KG + KE ]

2*[{KG  KE}  1]

Let us now introduce the variables/values  ‘LGPE’  &  ‘LGME’ , respectively,  such that :

LGPE   =   KG  +  KE


( ‘GPE’ then stands for ‘KG’ plus ‘KE’ )

and

LGME   =   KG    KE


( ‘GME’  then stands for ‘KG’ minus ‘KE’ )

The above table then becomes :



format of
format of

‘sum’   =

‘difference’   =

Case

IG-ODD

IE-ODD


IG-ODD + IE-ODD

IG-ODD  IE-ODD
[image: image13.wmf]

4*KG + 1
4*KE + 1

2 * [ 2* LGPE + 1 ]
4 * LGME
[image: image14.wmf]

4*KG + 1
4*KE  1

4 * LGPE

2 * [ 2*LGME + 1 ]

[image: image15.wmf]

4*KG  1
4*KE  1

2 * [ 2*LGPE 1 ]
4 * LGME
[image: image16.wmf]

4*KG  1
4*KE + 1

4 * LGPE

2 * [ 2*LGME  1 ] 

Minimum Values :   ( 1 of  3 )
Let us now look at the minimum values, for  [ IG-ODD ]  &  [ IE-ODD ]  ,  [ KG ]  &  [ KE ] ,   and  [ LGPE ]  &  [ LGME ] , respectively, based on the criteria :

a)
IE-ODD  
[image: image17.wmf]³

  1

b)
IG-ODD  >   IE-ODD
We then have the following table for the minimum values of  [ IG-ODD ]  &  [ IE-ODD ]  .

Minimum Values for  ‘IG-ODD’  &  ‘IE-ODD’ :



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘IG-ODD’

for  ‘IE-ODD’
[image: image18.wmf]

4*KG + 1
4*KE + 1


5


1

[image: image19.wmf]

4*KG + 1
4*KE  1


5


3

[image: image20.wmf]

4*KG  1
4*KE  1


7


3

[image: image21.wmf]

4*KG  1
4*KE + 1


3


1

And consequently the following table for the minimum values of  [ KG ]  &  [ KE ]  .

Minimum Values for  ‘KG’  &  ‘KE’ :



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘KG’

for  ‘KE’
[image: image22.wmf]

4*KG + 1
4*KE + 1


1


0

[image: image23.wmf]

4*KG + 1
4*KE  1


1


1

[image: image24.wmf]

4*KG  1
4*KE  1


2


1

[image: image25.wmf]

4*KG  1
4*KE + 1


1


0

We then arrive at the following table for the minimum values of  [ LGPE ]  &  [ LGME ] .

Minimum Values for  ‘LGPE’  &  ‘LGME’ :



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘LGPE’

for  ‘LGME’
[image: image26.wmf]

4*KG + 1
4*KE + 1


1


1

[image: image27.wmf]

4*KG + 1
4*KE  1


2


0

[image: image28.wmf]

4*KG  1
4*KE  1


3


1

[image: image29.wmf]

4*KG  1
4*KE + 1


1


1

( note : ‘Minimum Value’ for  [ LGME ]  is based on which of  the relation  [ KG  >  KE ]  or  the relation  [ KG  
[image: image30.wmf]³

  KE ]  is applicable.)

‘LGPE’  &  ‘LGME’  either both ‘even’ or both ‘odd’ :

Let us now look at this table below listing :

a)
whether  [ LGPE ]  is  ‘even’  or  ‘odd’ ,     and

b)
whether  [ LGME ]  is  ‘even’  or  ‘odd’ ,

for different combinations of  [ KG ]  &  [ KE ]  being  ‘even’  and/or  ‘odd’ :







LGPE  =

LGME  =


KG

KE


KG + KE
KG  KE

‘even’

‘even’


‘even’

‘even’

‘even’

‘odd’


‘odd’

‘odd’


‘odd’

‘odd’


‘even’

‘even’


‘odd’

‘even’


‘odd’

‘odd’

( We note here the special case of  [ KG ]  being equal to  [ KE ] , so that  [ LGME ]  is necessarily  [ 0 ]  and  [ LGME ]  is therefore  ‘even’ .

Under such circumstances,  [ KG ]  &  [ KE ] are necessarily either  [ both ‘even’ ]  or  [ both ‘odd’ ] ,  for otherwise  [ KG ]  &  [ KE ]  cannot be equal to one-another,  so that [ LGPE ] would then be also necessarily  ‘even’ . )

We then conclude that either :

a)
[ LGPE ]  &  [ LGME ]  are  [ both ‘even’ ] ,     or

b)
[ LGPE ]  &  [ LGME ]  are  [ both ‘odd’ ] .

Minimum Values :   ( 2 of  3 )
Let us now look at the minimum values again for the case of  [ LGPE ]  and  [ LGME ]  being  

[ both ‘even’ ] :

Minimum Values for  ‘LGPE’  &  ‘LGME’ : ( [ LGPE ]  &  [ LGME ]  being  [ both ‘even’ ] )



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘LGPE’

for  ‘LGME’
[image: image31.wmf]

4*KG + 1
4*KE + 1


2


2

[image: image32.wmf]

4*KG + 1
4*KE  1


2


0

[image: image33.wmf]

4*KG  1
4*KE  1


4


2

[image: image34.wmf]

4*KG  1
4*KE + 1


2


2

Consequently we have the following table for  the minimum values for  [ KG ]  &  [ KE ] :

Minimum Values for  ‘KG’  &  ‘KE’ : ( [ LGPE ]  &  [ LGME ]  being  [ both ‘even’ ] )



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘KG’

for  ‘KE’
[image: image35.wmf]

4*KG + 1
4*KE + 1


2


0

[image: image36.wmf]

4*KG + 1
4*KE  1


1


1

[image: image37.wmf]

4*KG  1
4*KE  1


3


1

[image: image38.wmf]

4*KG  1
4*KE + 1


2


0

We then have the following table for the minimum values for  [ IG-ODD ]  &  [ IE-ODD ] :

Minimum Values for  ‘IG-ODD’  &  ‘IE-ODD’ : ( [ LGPE ]  &  [ LGME ]  being  [ both ‘even’ ] )



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘IG-ODD’

for  ‘IE-ODD’
[image: image39.wmf]

4*KG + 1
4*KE + 1


9


1

[image: image40.wmf]

4*KG + 1
4*KE  1


5


3

[image: image41.wmf]

4*KG  1
4*KE  1


11


3

[image: image42.wmf]

4*KG  1
4*KE + 1


7


1

Minimum Values :   ( 3 of  3 )
Let us now look at the minimum values again for the case of  [ LGPE ]  and  [ LGME ]  being  

[ both ‘odd’ ] :

Minimum Values for  ‘LGPE’  &  ‘LGME’ : ( [ LGPE ]  &  [ LGME ]  being  [ both ‘odd’ ] )



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘LGPE’

for  ‘LGME’
[image: image43.wmf]

4*KG + 1
4*KE + 1


1


1

[image: image44.wmf]

4*KG + 1
4*KE  1


3


1

[image: image45.wmf]

4*KG  1
4*KE  1


3


1

[image: image46.wmf]

4*KG  1
4*KE + 1


1


1

Consequently we have the following table for  the minimum values for  [ KG ]  &  [ KE ] :

Minimum Values for  ‘KG’  &  ‘KE’ : ( [ LGPE ]  &  [ LGME ]  being  [ both ‘odd’ ] )



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘KG’

for  ‘KE’
[image: image47.wmf]

4*KG + 1
4*KE + 1


1


0

[image: image48.wmf]

4*KG + 1
4*KE  1


2


1

[image: image49.wmf]

4*KG  1
4*KE  1


2


1

[image: image50.wmf]

4*KG  1
4*KE + 1


1


0

We then have the following table for the minimum values for  [ IG-ODD ]  &  [ IE-ODD ] :

Minimum Values for  ‘IG-ODD’  &  ‘IE-ODD’ : ( [ LGPE ]  &  [ LGME ]  being  [ both ‘odd’ ] )



format of
format of

Minimum Value
Minimum Value

Case

IG-ODD

IE-ODD


for  ‘IG-ODD’

for  ‘IE-ODD’
[image: image51.wmf]

4*KG + 1
4*KE + 1


5


1

[image: image52.wmf]

4*KG + 1
4*KE  1


9


3

[image: image53.wmf]

4*KG  1
4*KE  1


7


3

[image: image54.wmf]

4*KG  1
4*KE + 1


3


1

Product of the ‘sum’ and the ‘difference’ of  ‘IG-ODD’  &  ‘IE-ODD’ :

Let us now look at the product of the ‘sum’ and the ‘difference’ of  [ IG-ODD ]  &  [ IE-ODD ] , as characterized by the ‘algebraic identity’ :


{ IG-ODD }2    { IE-ODD }2   =   { IG-ODD  +  IE-ODD } * { IG-ODD    IE-ODD }



‘product’


‘sum’


‘difference’

We then have the following table for the said ‘product’ for the four (4) cases :

Table for the ‘product’ of the ‘sum’ and the ‘difference’ of  ‘IG-ODD’  &  ‘IE-ODD’ :

Case

‘product’   
=
‘sum’

x
‘difference’
[image: image55.wmf]



2 * [ 2* LGPE + 1 ]
*
4 * LGME
[image: image56.wmf]



4 * LGPE

*
2 * [ 2*LGME + 1 ]

[image: image57.wmf]



2 * [ 2*LGPE 1 ]
*
4 * LGME
[image: image58.wmf]



4 * LGPE

*
2 * [ 2*LGME  1 ] 

We recognize here that :

a)
the terms :  [ 2*LGPE + 1 ] ,  [ 2*LGME + 1 ] ,  [ 2*LGPE  1 ] , &  [ 2*LGME  1 ]  are necessarily  { positive ‘odd’ integers } .

b)
the term :  [ LGPE ]  may be either a  { positive ‘even’ integer } or  a  { positive ‘odd’ integer } , 

c)
the term :  [ LGME ]  may be either a  { positive ‘even’ integer } or  a  { positive ‘odd’ integer } ,  or in ‘case [image: image59.wmf] ’, it may and may not attain the value  [ 0 ] . 

We can then re-group the terms in the above table to arrive at the table below :

Table for the ‘product’ of the ‘sum’ and the ‘difference’ of  ‘IG-ODD’  &  ‘IE-ODD’ :

Case

‘8’   

‘odd’ integer


‘even’ or ‘odd’ integer
[image: image60.wmf]

8
*
[ 2* LGPE + 1 ]

*
LGME
[image: image61.wmf]

8
*
[ 2*LGME + 1 ] 
*
LGPE
[image: image62.wmf]

8
*
[ 2*LGPE 1 ]

*
LGME
[image: image63.wmf]

8
*
[ 2*LGME  1 ]

*
LGPE
We then label :

a)
the  2nd column  in the above as the  [ Non-Controlling ‘odd’ integer ]  , or simply  [ NCOI ] ,

b)
the  3rd column  in the above table the [ Controlling ‘even’ or ‘odd’ integer ] , or  [ CEOI ] ,

so that our table immediately above then becomes :

Table for the ‘product’ of the ‘sum’ and the ‘difference’ of  ‘IG-ODD’  &  ‘IE-ODD’ :





Non-Controlling

Controlling

Case

‘8’   

‘odd’ integer


‘even’ or ‘odd’ integer




[ NCOI ]


[ CEOI ]

[image: image64.wmf]

8
*
[ 2* LGPE + 1 ]

*
LGME
[image: image65.wmf]

8
*
[ 2*LGME + 1 ] 
*
LGPE
[image: image66.wmf]

8
*
[ 2*LGPE 1 ]

*
LGME
[image: image67.wmf]

8
*
[ 2*LGME  1 ]

*
LGPE
We then simply note here that the ‘right-hand-side’ of  ‘Equation DUA-001’ , i.e. : 

2POT-Q * IQ-ODD
   =
{ IG-ODD }2    { IE-ODD }2




( Equation DUA-005 )

is always divisible by  [ 8 ] .

Let us now express  [ LGPE ]  &  [ LGME ]  in the usual format of :


LGPE   =   2POT-LGPE * ILGPE-ODD
and


LGME   =   2POT-LGME * ILGME-ODD
or  in the alternate format of :


LGPE   =   4POF-LGPE * 2PAROT-LGPE * ILGPE-ODD
and


LGME   =   4POF-LGME * 2PAROT-LGME * ILGME-ODD
Let us now use this alternate format for the  3rd Column  in the above table to arrive at the following table for the four (4) cases :

Table for the ‘product’ of the ‘sum’ and the ‘difference’ of  ‘IG-ODD’  &  ‘IE-ODD’ :




Non-Controlling

Controlling

Case

‘8’   
‘odd’ integer


‘even’ or ‘odd’ integer



[ NCOI ]


[ CEOI ]

[image: image68.wmf]

8   *
[ 2* LGPE + 1 ]

*
4POF-LGME * 2PAROT-LGME * ILGME-ODD
[image: image69.wmf]

8   *
[ 2*LGME + 1 ] 
*
4POF-LGPE * 2PAROT-LGPE * ILGPE-ODD
[image: image70.wmf]

8   *
[ 2*LGPE 1 ]

*
4POF-LGME * 2PAROT-LGME * ILGME-ODD
[image: image71.wmf]

8   *
[ 2*LGME  1 ]

*
4POF-LGPE * 2PAROT-LGPE * ILGPE-ODD
We shall be making good use of this table when we compare the ‘left-hand-side’ and the ‘right-hand-side’ of  ‘Equation DUA-01’ two chapters hence.

In the next chapter, we shall be doing a similar analysis for ‘Case Two’ for the ‘left-hand-side’ of  ‘Equation DUA-01’ , i.e. :

‘Case Two’ :

[ POT-D ]   =    [ POT-F ]

2POT-Q * IQ-ODD
   =
4POT-DEF * [ { ID-ODD }2    { IF-ODD }2 ] 

( Equation DUA-007 )

concentrating on the term :

[ { ID-ODD }2    { IF-ODD }2 ]

And we shall come back to the to the full set of equations for the ‘left-hand-side’ of  ‘Equation DUA-001’ , namely :

‘Case One’ :

[ POT-D ]   >    [ POT-F ]

2POT-Q * IQ-ODD
   =
4POT-F * [ 4POT-DMF * { ID-ODD }2    { IF-ODD }2 ] 
( Equation DUA-006 )

‘Case Two’ :

[ POT-D ]   =    [ POT-F ]

2POT-Q * IQ-ODD
   =
4POT-DEF * [ { ID-ODD }2    { IF-ODD }2 ] 

( Equation DUA-007 )

 ‘Case Three’ :

[ POT-D ]   <    [ POT-F ]

2POT-Q * IQ-ODD
   =
4POT-D * [ { ID-ODD }2    4POT-FMD * { IF-ODD }2 ] 
( Equation DUA-008 )

shortly thereafter in the chapter after the next.
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