International Journal of Computer Applications (0975 — 8887)

Volume 72— No.3, May 2013

Addition of Integers in Mixed Radix System

H. B. Kekre

Senior Professor, Department
of Computer Science
Mukesh Patel School of
Technology Management &
Engineering
Mumbai, India

ABSTRACT

In this paper, two integers with two radices and the sum of the
integers in the mixed radix form is represented. In the second
part of the paper, more than two radices are taken and
obtained the sum of the integers. Also a MATLAB code is
generated to obtain the mixed radix form of the number. The
extension of the same procedure is done for n-integers and n-
radices. The application of the mixed radix system is used in
signal, image processing for data compression and many other
computer applications.
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1. INTRODUCTION

Let N be any integer consisting of radix r,

then N=m_r"* +...+mr* +myor’ +mr?+mr+m,.

In case of mixed radix form general representation is:

N =M,y B0 + .+ GEGEM, + BLEM, + LEM, + G + M,
where r,n,5,..,I,_, are different radices and when
L=nrL=r=..=r_=r, then mixed radix reduces to fixed
radix system. Thus mixed radix is general and fixed radix is a
special case of mixed radix system. N in case of a fixed radix
can be decomposed by dividing N by r successively to get
coefficients my,m,m,,...m_, as remainders. In case of
mixed radix N can be decomposed by dividing N by r, to
obtain m, as a remainder and quotient can then be divided by
r,to obtain m, as remainder. The process can be continued
till m,_, is obtained. Thus n -tuple(m,_,...,m,,m,my) is

obtained representing number N .

From [1] results of mixed radix system are
compared given by Kekre et al. In [2] work represented an
algorithm which partitions a large mixed radix conversion
problem into mixed radix problems of smaller size. The
author explains the mixed radix representation of a number
with respect to the radix vector in [3]. The theory presented by
[4] was based on Reed-Muller expansions over Galois field
arithmetic. The work explained real-life examples focusing on
cryptographic circuits.

In [5], authors’ comments on an arithmetic free
parallel Mixed-Radix conversion algorithm. In [6], the work
describes the magnitude comparison, sign detection and

V. R. Lakshmi Gorty
Associate Professor
Department of Computer
Science
Mukesh Patel School of
Technology Management &
Engineering
Mumbai, India

overflow detection for the residue number system was
facilitated by converting the residue representations into the
associated Mixed-Radix number system. The Chinese
remainder theorem (CRT) and Mixed-Radix conversion
(MRC) theorems were used to convert a residue number to its
binary correspondence for a given moduli set. A new Mixed-
Radix CRT possessed both the advantages of the CRT and the
MRC, the efficiency of making modulo comparison in [7].

A new method was proposed for converting residue
integers into a mixed radix notation. The method based upon a
modified formulation of the Chinese Remainder Theorem and
look-up table implementations was explained in [8]. In [9]
applications have been shown for security using Mixed Radix
design flow. In [10] the author explains modulo m; addition
time is independent of the word length of operands.

2. MIXED RADIX SYSTEM

Considering N;and N, as any integers consisting of radices
r,r,, then general representation of any integer is given
below as:

N, = LM, +Em +m, (65)
N, = L,EN, + 60 + 1y )
N+ N, = 6. (m, +n,)+n(m +n)+(m+n,) (3)

N g+ N, =(my+ng)=r.n(m,+n, )+ (m +n)

(N; + N )= (mg+ng) =r[r.(m, +n,)+(m +n;)]

(N;+Np)=(mg+ny)
n

(N +Np)—(my +n,
n

=n.(m+n)+(m +n)

)_(ml+n1)=r2'(m2+n2)

(N+ N =(mo+ ) ()
nr, 2

(Nl+ Nz)—(m0+n0)_(m1+n1)_(m2+n2)=0,
nr, I

In Mixed Radix the combination can be

rL=2;r,=3thenm =01 m, =012
rL=2;r,=5thenm =012, m,=0,123
n=2r,=7 thenm =0,1,2,3;m, =0,1,2,3,4
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and so on.

rn=23571113,..
r,=35,7,1113,...
N, = even or odd.

N, = even or odd.

If N, = even; then value of m, =0 and if N, = odd; then value of m, =1.
If N, = even; then value of n, =0 and if N, = odd; then value of n, =1.

Thus m, + n, will take either 0, 1 or 2 depending on even or
odd number.

3. TYPES OF MIXED RADIX FORM:
3.1 Case 1:1f N, =even;N, =even.
If N, = even; then value of m, =0, N, = even;

then value of n, =0.

@ If m+n=0.I1f m+n=0 m+n, will be
(N;+N,)

, Which is quite  obvious
nr,

equal to

case.
@iy If m+n,=0m=0n,=0.m +n, take values

123..{(n-D)+(n-1)=2(r-1)}

m+n=Lm=%Ln=0o0r m=0n=1 m,+n,takes

N, + N 1
(N+N,) 1 . M, + n, can take values
rer rZ
0123..{(n,-1)+(rr, -1)}=2(rr, —1). For
N, =even;N, = even, the output of results with all possible

values of m;, m,,n;,n, are considered under the criteria of
Mixed Radix applicability with the help of a code generated in
MATLAB and obtained the possible values of N, and N,,

along with N; + N..
% N1 is even and N2 is even
syms rl r2 m1 m2 nl n2 m0 n0 N1 N2;
x=1;
for m1=0:1:(r1-1)
for n1=0:1:(r1-1)
for m2=0:1:(r2-1)
for n2=0:1:(r2-1)
n0=0;
mO0=0;
N1=r1.*r2.*m2+rl.*m1+m0;
N2=r1.*r2.*n2+rl1.*n1+n0;

fprintf(\n  m2 n2 N1 N2
N1+N2\n')

forintf(\n %3.4f  %3.4f %3.4f %3.4f  %3.4fn'm2,n2,
N1, N2, N1+N2)

X=x+1,;
end
end

end
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end

3.2 Case 2:If N, =even;N, = odd.
If N, = even; then value of m, =0, N, = odd,;
then value of n, =1.

@iy If my+n,=1. Substituting in
(N, + Nz)_(m0+no)_(m1+n1

) -
o, r, (m,+n,)=0,

with m, +n, =0, m, +n, will be equal to (Nt N2) =1

nr
which is quite obvious case.

(i) fmy+n=Lmy=0andn,=1.

m, +n, can take values 0,1,2,3,....(—-1)+(r,—-1)=2(r,-1).
m, +n, can take values

0123..{(nn -1)+(rr, -1)}=2(rr, 1) .For

N, =even;N, =odd, the output of results with all possible

values of m;, m,,n,,n, are considered under the criteria of
Mixed Radix applicability with the help of a code generated in
MATLAB and obtained the possible values of N, and N,,

along with N; + N,.
% N1 is even and N2 is odd
syms rl r2 m1 m2 n1 n2 m0 n0 N1 N2;
x=1;
for m1=0:1:(r1-1)
for n1=0:1:(r1-1)
n0=1;
for m2=0:1:(r2-1)
for n2=0:1:(r2-1)
n0=1;
mO0=0;
N1=r1.*r2.*m2+rl.*m1+mo0;
N2=r1.*r2.*n2+rl.*n1+n0;

fprintf(\n  m2 ml mO n2
nl [0} N1 N2 N1+N2\n")

forintf(\n %3.4f  %3.4f  %3.4f  %3.4f  %3.4f
%3.4f  %3.4f %3.4f  %3.4fn,m2,m1,m0,n2,n1, no,
N1, N2, N1+N2)

X=X+1;
end
end
end
end
3.3 Case 3: If N, =odd; N, =even.

If N, = odd; then value of my =1, N, = even;
then value of n, = 0.
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(i) If my+n,=1. Substituting in

(N1+Nz)—(m0+no)_(ml+nl)_(m2+n2)=0’
nr h

(N;+N,;)-1

nr,

with m +n, =0. m, +n, will be equal to
which is quite obvious case.

@iy Mfm+n=Lmy=21landn,=0.

m, +n, can take values 0,1,2,3,...,(r,—1)+(r,-1)=2(r,-1).
m, +n, can take values 01,23,...{(nr, -1)+(rr,-1)} =2(nr, -1).

For N,=o0dd;N, =even, the output of results with all

possible values of m;,m,,n,n,are considered under the

criteria of Mixed Radix applicability with the help of a code
generated in MATLAB and obtained the possible values of

N, and N,, along with N, + N,.
% N1 is odd and N2 is even
syms rl r2 m1 m2 n1 n2 m0 nO N1 N2;
x=1;
for m1=0:1:(r1-1)
for n1=0:1:(r1-1)

for m2=0:1:(r2-1)
for n2=0:1:(r2-1)
n0=0;
mO0=1;
N1=r1.*r2.*m2+rl.*m1+m0;
N2=r1.*r2.*n2+rl.*n1+n0;

fprintf(\n  m2 ml mO0 n2
nl n0 N1 N2 N1+N2\n")

fprintf(\n %3.4f %3.4f %3.4f %3.4f %3.4f
%3.4f %3.4f  %3.4f %3.4f\n",m2,m1,m0,n2,n1, nO,
N1, N2, N1+N2)

X=X+1;
end
end
end
end
3.4 Case 4:If N, =odd;N, = odd.
If N, = odd; then value of m, =1,N, = odd;
then value of n, =1.
(i) If my+n,=2.Substituting in

(N + Ny ))=(me+ng) (m+n

)
—(m,+n,)=0
nr h (m, +n;) '

with m +n, =0. m,+n, will be equal to ~~*—27——,

which is quite obvious case.
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@iy fm+n=2 m=%Ln=1.
m, +n, can take values 0,1,2,3,...(r-1)+(r-1)=2(r,-1) .
m, +n, can take values
0123..{(rn-1)+(rr-1)} =2(rr,-1).

For N, =o0dd;N, =odd, the output of results with all

possible values of m,m,,n,n,are considered under the

criteria of Mixed Radix applicability with the help of a code
generated in MATLAB and obtained the possible values of

N, and N,, along with N; + N,.
% N1 is odd and N2 is odd
syms rl r2 m1 m2 n1 n2 m0 n0O N1 N2;
x=1;
for m1=0:1:(r1-1)
for n1=0:1:(r1-1)
for m2=0:1:(r2-1)
for n2=0:1:(r2-1)
n0=1;
mo0=1;
N1=r1.*r2.*m2+rl.*m1+mo0;
N2=r1.*r2.*n2+rl1.*n1+n0;

mO0 n2
N1+N2\n’)

fprintf(\n  m2 ml
nl [0] N1 N2

fprintf(\n %3.4f %3.4f %3.4f %3.4f %3.4f
%3.4f %3.4f  %3.4f %3.4f\n',m2,m1,m0,n2,n1, nO,
N1, N2, N1+N2)

X=x+1;
end
end
end

end

3.5 Example 1:

Consider ,=2;r,=3

14 =r,Em, + Em +m, = 3.2m, + 2m, + m, 4
9=r6n, + 5N 4Ny =320, + 2.0 + 1, (5)
23=32.(m, +n)+2(m+n)+(m+n) (6)

23—(my+ny)=3.2.(M, +n,)+2.(m +n,)
23— (Mg +ng) =2[3.(my +ny) +(m +n)].
w=[3-(mz+nz)+(ml+ni)]
If (my+ne)=1

(m, +n,)=3;

(m+n)=2.
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Let m,=0and n,=1in equation (4) and equation (5), an
even number and odd number is obtained respectively.

Since r, =2 sovalueof m=1and n, =1.
14=32m,+21+0.

m,=2.Thus n,=1.

Thus valuesof my=0;m =1;m,=2.
Thus values of ny,=1;n,=1;n,=1.

4. ADDITION OF THREE NATURAL
NUMBERS WITH MIXED RADIX:

N, = LLM, + LM + My, (1)
N, = 6L, + 10+ 2
Ny =Lhp, + 1P+ Po ©))
Ny + N, + Ny =6.6(m, +n, + p,) 4)

+n(M 40+ )+ (Mg +1g + )
Ny + N, + Ny = (Mg + 0+ po) = 6. (M, + 0, + p, )+ 6(m +0+ py)
(Ny+ Ny + Ny )=(mo+ 15+ po) = [ n.(my + 0, + p )+ (M + 0+ py ) ]
(Ny+ Ny + Ny )= (mg + 1 + py )
n
(Ny+ Ny + Ny ) = (mg + 1 + g
n
(N + N+ N )= (my+ g+ p) (M +n+p

=r2-(m2+nz+ p2)+(ml+n1+ pl)

)—(ml+nl+ p)=6h(m+n,+p,)

)=(m2+n2+ pz)

nr, f
(N + N+ Ny )= (mo+1 +py) (M +1y + pl)_(m +M,+p,)=0
o, T , + M+ P,

In the similar manner, if N, =even;N, =even; N, = even.
If N, = even; then value of m, =0,N, =even;

then value of n, = 0; N, = even,

then value of p, = 0.

If Mm+n+p,=0.1f (m+n+p)=0 (Mm+n,+p,)
(N;+ N, +N;)

will be equal to
nr,

, which is quite obvious

case.
If my+n,+py=0m=0n,=0;p,=0.
m, + N, + p, take values 1,2,3,...{(r-1)+(r-1)=2(r-1)};
m+n+p =1
m=1n=0;p,=0
orm=0;n=1p =0
orm=0;n,=0,p =1
(m, +n, + p,) takes M—l.
1'2 rZ
m, +n, can take values
0123,...{(p-1)+(rr-1)} =2(rr -1).
For N, =even;N, =even, N, = even; the output of results
with all possible values of m,,m,,n;,n,, p;, P, are considered

under the criteria of Mixed Radix applicability with the help
of a code generated in MATLAB and obtained the possible

values of N;,N, and N, along with N, + N, + N,.

% N1 iseven, N2 iseven and N3 is even
syms rl r2 m1 m2 nl n2 mO nO pl p2 pO N1 N2 N3;
x=1;
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for m1=0:1:(r1-1)
for n1=0:1:(r1-1)
for p1=0:1:(r1-1)
for m2=0:1:(r2-1)
for n2=0:1:(r2-1)
for p2=0:1:(r2-1)
n0=0;
mO0=0;
p0=0;

N1=r1.*r2.*m2+rl.*m1+mo0;
N2=rl.*r2.*n2+rl1.*n1+n0;
N3=rl.*r2.*p2+rl.*pl+p0;
fprintf(\n m2 ml mO n2

nl no po pl p2
N1 N2 N3 N1+N2+N3\n')
fprintf(\n %3.4f  %3.4f  %3.4f %3.4f %3.4f
%3.4f  %3.4f  %3.4f  %3.4f %3.4f %3.4f
%3.4f %3.4f\n',m2,m1,m0,n2,n1, n0, p0,p1,p2,N1, N2,
N3,N1+N2+N3)
X=X+1;

end

end
end

end

end

end

All other possible ways in which the mixed radix addition can
be in the following manners:

N, = even;N, =even, N, = odd

N, =even;N, = odd, N, = odd

N, =odd;N, =even, N, = odd

N, = odd;N, = even, N, = even

N, =odd; N, = odd, N; = odd

N, =even;N, = odd, N; = even

N, = odd;N, = odd, N, = even
A code is generated in the similar manner and obtained all
values for the initial radices and values of the sum of the

possible integers in the similar manner.
These representations can be extended to n-numbers and find

the possible sum of these numbers by considering the possible
values of a,,a,8,,00,,b,10,... in the same way.

N, =nha, +ha +a,
N, = rzrlbz +r1b1+b0
N; = RIC, + 1C + G
N, =rnd, + rd; +d,

N, =16nn, + 60 +n

Considering the numbers in more than three radices:

N, = I,GLEM, + GLLM, + LEM, + M, 4+ m,
N, = [GLEN, + GLAN, + LEN, + 6N 4 N,
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N, + N, = r4r3r2r1(m4 + n4)
+onL(M;+n,)
+ 6. (m, +n,)
+r(m +n)+(my+ny)

Ny + N, = (Mg + o) = rhnn(my +0,) + BEE(M 1)+ 5.6 (M, +0, ) +1(m, +1n,)
(N3 + Ny ) = (Mg + 1) = R ekn (my +1, )+ 55 (Mg + 0y ) + 1, (m, 40, )+ (my+ ;)]

(N + N, )= (mg+1ny)
I
(N;+ N, )= (my+1ny)
I

(Ni+Np)—(mo+1n5) (m+n,)
nr, h
=rn(m, +n,)+r(m;+ng)+(m,+n,)

=1L (my+n,)+66(Ms +0,)+ 5(m, +0,) +(m +1n,)

=(m+n) = rnn(my 40, )+ 56y + 0y )+ 1,(M, +1,)

(N1+Nz)_(mo+no)_(m1+n1)_(m2+n2)
rlrz r2

= (Mg +n,) + (M +1ny)
(N, + Nz)_(mo"'no)_(ml"'rH) (mz+n2)_(ma+n3)

LP1EI AAELPS e I
=(m,+n,)
(N, + NZ)_(m0+n0)_(ml+nl) (mz+n2)_(ma+n3)_(m +n,)=0
ELP1EI AAELPS Il I e

All other possible ways in which the mixed radix addition can
be in the following manners:

% N1 iseven, N2 iseven;
syms rl r2 m1 m2 nl n2 m0nO N1 N2;
x=1;
for m1=0:1:(r1-1)
for n1=0:1:(r1-1)
for m2=0:1:(r2-1)
for n2=0:1:(r2-1)
for m3=0:1:(r3-1)
for n3=0:1:(r3-1)
for m4=0:1:(r4-1)
for n4=0:1:(r4-1)
n0=0;
mO0=0;

N1=rl.*r2.*r3.*r4.*m4+rl.*r2.*r3.*m3+rl.*r2.*m2+rl.*ml+
mo;

N2=r1.*r2.*r3.*r4.*m4+r1.*r2.*r3.*m3+rl.*r2.*m2+rl.*ml+
mo;

fprintf(\n m4 m3 m2 ml mO0
n4 n3 n2 nl n0
N1 N2 N1+N2\n")
fprintf(\n %3.4f  %3.4f  %3.4f %3.4f  %3.4f
%3.4f  %3.4f  %3.4f  %3.4f %3.4f %3.4f
%3.4f %3.4\n',m4,m3,m2,m1,m0,n4,n3,n2,n1, n0, N1,
N2, N1+N2)
X=X+1;
end

end
end

end
end

end
end

end
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Thus in general the numbers can be calculated by mixed radix
method for a given set of radices.
General representation is:

N =m 6. oL+ .. + LELLIM, + LLAM + LEM, + 6 + My,
where r,n,,1,...,I,_, are different radices.

5. APPLICATION

This method is very much useful in computer applications, in
reading or sorting a particular number N from the
multidimensional array or sequence of numbers from its
specified location. And if the distance is specified from an
existing number, then by adding N to the distance the next
number can be obtained.

6. CONCLUSION

In this paper, a simple to understand and easily applied mixed
radix system for addition of integers with known radices is
developed. Initially a code is developed for two numbers and
later developed not only for more than two numbers but also
more than two radices. Here any number of integers with
more than two radices can be added and obtained all the
possible results of the addition of integers represented as a
result of mixed radix system. Due to developed MATLAB
code also the process becomes simpler and readily available
to use.
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