Available online at http://Amww.journalcra.com
INTERNATIONAL JOURNAL

OF CURRENT RESEARCH

International Journal of Current Research
Vol. 9, Issue, 10, pp.58565-58567, October, 2017

ISSN: 0975-833X
RESEARCH ARTICLE

POSITIONAL ARITHMETIC: SUBTRACTION, MULTIPLICATION AND DIVISION OVER EXTENDED
GALOIS FIELD GF(pq)
*Sankhanil Dey and Ranjan Ghosh

Institute of Radio Physics and Electronics, 92 APC Road, Kolkata-700009, University of Calcutta

ARTICLE INFO ABSTRACT

Article History: The method to Subtract, Multiply and Divide two Field Numbers over the Extended Galois Field

Received 09" July, 2017 GF(pY% is a well needed solution to the field of Discrete Mathematics as well as in Cryptology. In

Received in revised form . . L o q

10" August, 2017 this paper the addition of two Galois Field Numbers over Extended Galois Field GF(p™) has been

Accepted 25" September, 2017 reviewed and Subtraction, Multiplication and Division of two Galois Field Number over Extended
H H th

Published online 17" October, 2017 GaloisField GF(pq) has been defined.

Key words:

Multiply

and Divide.

Copyright©2017, Sankhanil Dey and Ranjan Ghosh. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Citation: Sankhanil Dey and Ranjan Ghosh, 2017. “Positional arithmetic: subtraction, multiplication and division over extended galois field GF(pq)",
International Journal of Current Research, 9, (10), 58565-58567.

INTRODUCTION

In Galois field addition (‘Galois' Theorem and Polynomial Arithmetic, Chap:4); Benvenuto and Christoforus Juan, 2012) two
digits of two different Galois field number of the same position have been added in decimal and modulated with Galois field

Prime Modulus P to obtain the respective digits of the Sum Galois field Number over Galois Field GF(pq) . In Galois field
subtraction digits of the less valued Galois field number from the greater valued Galois field number of the same position have
been subtracted in decimal and modulated with Galois field Prime Modulus P to obtain the respective digits of the Difference

Galois field Number over Galois Field GF(pq). In Multiplication of two Galois Field Numbers over extended Galois field
GF(pq) The product Number must have (q1+gq2)+1 digits in it if 1% number contains gl positions and 2nd number

contains g2 positions, The position of the terms of the Product Number over extended Galois field GF(pq) varies from 0
- (g1+g2). The product of the terms of each multiplicand and multiplier Galois field number over extended Galois field

GF(pq) having positions0 - (gq1+g2) have been added and modulated by prime of the respective Galois field to obtain the terms
in each position of the Product Number over extended Galois field GF(pq). In Division of two Galois Field Numbers over
Extended Gdlois field GF(pq) N1 and N2, the digit in q;|_+1th position of Dividend N1 since N1 = N2 has been divided by the
digit in q2+1th position of Divisor N2 to obtain the quotient in (q1--g2+1) position . The Divisor N2 is Multiplied over Galois
Field GF(pq) with Quotient and Subtracted over Galois Field GF(pq) from Dividend to obtain the Remainder. If Remainder = N2
then continue the process with the digit in (q1+1—i)th position of Dividend N1 where 0< i < (q1--g2) until 0=Remainder< N2.

Since this arithmetic Deals with Positions of the Galois field numbers over Galois Field GF(pq) so it istermed as Positional
Arithmetic.

*Corresponding author: Sankhanil Dey, Institute of Radio Physicsand Electronics, 92 APC Road, Kolkata-700009, University of Calcutta



58566 Sankhanil Dey and Ranjan Ghosh, Positional arithmetic: subtraction, multiplication and division over extended galoisfield GF(pq)

Addition and Subtraction operation on two Galois Field Numbers over Extended Galois Field GF(pq) has been reviewed and
described together in section. 2. The Multiplication and Division of two Galois Field Number over Extended Galois Field

GF(pq) have been define in section 3, and 4 respectively. The conclusion and References of the paper has been given in section 5
and 6 respectively.

Review and description of arithmetic operations Addition and Subtraction of two Galois field number over Extended
GaloisFidd GF(pY)

Let N1 and N2 or N1(p) and N2(p) are two Galois Field numbers or Galois Field Polynomialsover Extended Galois Field GF(pq)

respectively. The relation between two Galois field Numbers and Galois field Polynomials with highest degree d € g have been
described as follows. Let N1(p) and N2(p) are two Galois field polynomials over

Extended GaloisField GF(pq) and coefficients of them have been given asfollows,

Ni(p)—-CO 4CO w L & e BB v cvneakID
NA(p)=CO 1CO W we,CO *7,CO = CO0%......... 2F)
N2
Then the array ol all coelficients from MSB 1o T.8B, constitules the Galois field Nurnbers Ny and N, have been
givenas, N1
Nt 4 n -COy*' -COwmT -COm¥ ......._..,cOo % . . {(1IN)
q g-1 :31 g-3 a
N=COy -CO ol 510 JVPRIICY 1 G LN 1§ ©) 1N (2N).

Now if ADD(N1(p),N2(p)) is the Summation Polynomial over Extended Galois Field GF(pq) of N1(p) and N2(p) and
ADD(N1,N2) is the sum of N1 and N2, then The coefficients of the summation Polynomial and Each digit of the Summed
Number from MSB to LSB then,

ADD(N1(p),N2(P)) = 3 424100 (CO Ny + CO 2 ) MOA Peenevieie i e (3P)

ADD(N;N,) =(CO "+ CO ) mod pwWhereO< g < v e ieieiiiieeieens (3N)

Now if SUB(N1(p),N2(p)) is the Subtracted Polynomial over Extended Galois Field GF(pq) of N1(p) and N2(p)
where N1(p) = N2(p). and SUB (N1,N2) is the subtraction of N1 and N2 where N1 = N2, then The coefficients of the
subtracted Polynomial and Each digit of the Subtracted Number from MSB to L SB then,

SUB (N1(p).N2(P)) =¥ g=qto 0 (CON1 --CON2 ) modp..........cceeevrrnnnn.n. .(4P)
SUB (N1,N2) = (CON19-CO H) modpwhere0<q<q....c.cvvveeeeiieeeennn, (4N)

3. Multiplication of two Galoisfield numbersover Extended GaloisField GF(pq).

Let N1 and N2 or N1(p) and N2(p) are two Galois Field numbers or Galois Field Polynomials over Extended Galois Field

GF(pq). The relation between two Galois field Number and Galois field Polynomials with highest degree d € q have been

described as follows. Let N1(p) and N2(p) are two Galois field polynomials over Extended GaloisField GF(pq) and coefficients
of them have been given as follows,

Nl(p) =CO qu: CcO qu-l) CQ qu‘_z CO qu-3: _______________________

El

@) =D o C0 €0 00 o e v o e (6P).

Then the array of &l coefficients constitutesthe Galois field Numbers N1, N, have been given as,

N=00 s <CO 500 1T 00 i@ ssmeemersnnsns O fipssssumed (5N)
Ni= 0036 =005 “ 0w " 200 " s pamsme JEGes . (6N).
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Now if MUL(N1(p),N2(p))[d] is the Product Polynomial over Extended Galois Field GF(pq) of N1(p) and N2(p) and
MUL(N1,N2)[T] is the product of N1 and N2, then The coefficients of the Product Polynomial and Each digit of the Product
Number from M SB to L SB then,

MUL(N,(p).N-(p)) [2q] =(CO+; xCO+, )mod p; _

MUL(N,(p).N.,(p)) [2g-11 =(CO % CO y, +CO ; xCO j_mOd P )
MUL(Ni(p).Na(p)) [20-2] =(COxy *xCOpp Oy *COyx +COyx ¥xCOx )modp;
MULNy(p).N2(p)) 10] =(COx1 *COxp ) mad p:

Now for two Galois Field Numbers over Extended GaloisField GF(pq),

MUL(N, N.) [2d] ~(CO\ XCO v Ymod p:_ |

MUL(N..N,) [2g-1] —(CO X CO~ HCO y X CO gy j_mOd . )
I\M(I\_';:I\_Z) [Zq-z] == {CD N1 x CO N2 +HCO N1 x CO 2 + CO N1 % CcO N2 ) mod p:
MUL(N;.N,) [0] =(CO y; *x CO vy, )mod p;

Then the Product of two Galois field Polynomials over Extended Galois Field GF(pq) where x is denoted as variable and product
of two Galois Field Numbers over Extended Galois Field GF(pq) has been given as,

MUL(N1(p),N2(p)) = MUL(N1(p).N2(p) [2q] x°T 1+ MUL(N1(p)N2(p) [20-1] x?%+...+ MUL(N1(p)N2(@) xO [].
MUL(N1,N2) = MUL(N1,N2) [2q]- MUL(N1,N2) [20-1]- MUL(N1,N2) [20-2]-...............- MUL(N1,N2) [0].

4. Division of two Galoisfield numbersover Extended GaloisField GF(pq).

If Qnt(N1,N2) and Rem(N1,N2) of N1 and N2 where N1 = N2 are the Quotient and Remainder Galois Field Numbers
respectively over Galois field GF(pq) of N1 divided by N2 and Multiplicative Inverse of each digit of N2 has been denoted as a
Galois Field Number over Galoisfield GF(pq) M2 then,

Qnt(N1,N2)[posN1- posN2+1] = (CON1 /( CON2* COMm2 ))* COM2 .
rem(N1,N2)[posN1- pos N2+1] = N1- Qnt(N1(p),N2(p))[posN1- pos N2]* N2,
If rem(N1,N2)[posN1- pos N2+1] = N2 then,

N1=rem(N1,N2)[posN1- pos N2+1].

Qnt(N1,N2)[posN1- posN2] = (€O Fly o Olsnecopmog-1)) co e
rem(N1,N2)[posN1- posN2] = N1- Qnt(N1,N2)[posN1- pos N2]* N2,
Operationisgoing on Untill rem(N1,N2)=0; or

rem(N1,N2)[posN1- posN2] < N2

Conclusion

In this paper a new Arithmetic Procedure to subtract, Multiply and divide two Galois Field Numbers over Galois Field GF(pq)
have been defined. These procedures have been defined and successfully tested with examples. This work is very useful and
utmost related and opens a new way in Discrete Mathematics, Cryptography, Physics and Computer Science.
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