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Algorithm Design for Row-Column Multiplication
of N-Dimensional Rhotrices

Ezugwu E. Absalom', Abiodun O. Ajibade?, Junaidu B. Sahalu®

Abstract: In this paper, a generalized formula for an alternative
row-column multiplication method for rhotrices is presented.
The concept established in this paper follows the basic
rudiment of mathematical axioms that prove the existing
relationships between rhotrices and matrices. This is an
extension of the same work presented on rhotrices of order
three.

Keywords. Rhotrices, rhotrix, row-column multiplication,
I.  INTRODUCTION

n alternative row-column multiplication method for
rhotrices was suggested by B. Sani [3]. His work

considered a comparative relationship on some
common properties that relate and link rhotrices
multiplication to that of the well-known row-column
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matrices multiplication. The purpose of this extract is to
present a formalized equation representing the row
column multiplication of some objects, which are in
some ways between n x n dimensional matrices and
(@2n-1) x (2n-1) dimensional matrices for further
mathematical enrichment. The name rhotrix came up as
a result of the rhomboid nature of the arrangement of
some mathematical arrays, which can simply be seen as
the combination of matrices [1]. A rhotrix R is called a
real rhotrix or an integer rhotrix if all its entries belong to
the set of real numbers or set of integer numbers
respectively [2]. Rows and column definition of a rhotrix:
A set of rhotrices of dimension three was defined in [2]
and extension in the dimension was considered
possible. For instance, a set of rhotrices of dimension
five can be defined as

And similarly its rows and columns defined in the following order of arrangements
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II. Row-CorumnN MuttirticatioN N BY N DimensioNAL RHOTRICES

In an attempt to answer the question of “devising a
suitable method of solving rhotrices multiplication
without having to first perform any form of transformation
to coupled matrix and visa-versa” posed in [3][4], an

4
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The subscript n in equation (1.1) denotes the dimension
of the rhotrix, where t = (n+1)/2 and t is the column
order of rhotrix Rn and Qn respectively, so that if n=3,
then t=(3+1)/2 = 2. If n=5, t=3 and if n=9, t=5. If we
defining the rows and columns of rhotrix main entries as:

aln
Respectively and similarly for the hearts entries.
Suppose we now represent the n-dimensional rhotrices
in equation (1.1)

alternative method for multiplication of n-dimensional
rhotrices is therefore presented, and thus recorded as
follows:

bnle bnflle bn72lfl bnf}lf] bn74{
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view a rhotrix as having odd rows as the main entries
and even rows as the heart entries all positioned side by
side each other, then we can generalize, by

And ;

b, .. b

nt nt

by nik R =a and Qn = by where aik and bkj represent the
aik and bkj elements respectively. The multiplication will
then be as follow:

t t—1
R,°Q, =(a,ob,)= a;(aikak_l_j) +(1— ﬂ,);(aikbzkj)

ne2zZ" +1

t=(n+1)/2

i,j=123,........ ,nand
k=123t forimod 2 = 1: 4 =1

k:2,4,6 ....... ’t_lfOI’ImOd2:0 ﬂ:O
Hence, the row-column rhotrix multiplication method is
similar to matrix multiplication. However, in this case
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odd rows of a; multiply odd columns of b; while even
rows of a; will then multiply even columns of by,
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Algorithm 1. Rhotrix multiplication algorithm For

i:1ton
ifimod?2 = 0

{

col: upperbound = (n+1) /2
B=1

}

Else

{

col: upperbound = (n-1) /2
B=0

}

For j: 1 to upperbound

For k: 1 to upperbound
R[] = R[]l + B*AliK] * B[2k-1,]] + (1- B) *A[i.k]*B[2k,]]
Endfor
Endfor
Endfor

[11.

Row-CoLUMN MULTIPLICATION PROCESS

Consider any two rhotrices say Ry and Qq:

Ry Q, =

Ay

We then define multiplication of any two rhotrices using
the row-column multiplication method similar to that of
the matrices without any special consideration of the
rhotrix hearts as separate entities on their own. Similar to
the
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addresses used in identifying the row-column entries in
a matrix, we associate the entries in a rhotrix by specific
symbols (indexes) which run through all the entries as in
the rhotrices R9 and Qo above respectively. Thus, the
multiplication will then be as follows:
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R, =a, b, +a,by ta;bs +a, b, +a; b, ™
R, =a, b, ta,b;, tabs, +a, b, +a;b,
Ry =a, b;+a,by; +asbs+a, b +a; by

R, =a, b, ta,by, +asbs, +a,b,+a;b,

> i=1,j,k=1,2,3, 4, whereiis odd

R =a, bs+tanbstasbss+a,bs+asby,

51 = Ay, by T ag,byy +agsbs, +ayy by + ays by Y
Ry, = ay, by, + ay,bs, +agbs, +ay, by, +ays by,
13 = Ay by tagby taghs; +as, by +ass by,

Ry, =ay, b, +ay,by, +agbs, +ay, by, +ays by,

Rys = ay, by +asg,bys +agbss +as, by +as; b95/

R, = ag, by, +ag,by, +ag;bs, +as, by +ass by, TN
Ry, = ay, b, tas,by, +asbs; +ag, by, +ags by,
Ry; =as, by +ag,by, +agbss +as, by +ags by,

Ry, =as b, +as,by, +agbs, +as, by, +ags by,

v

i=38j, k=123 4 whereiis odd

v

i=5] k=123 4, whereiis odd

Rys = ag, b5 +as,bys + as,bss +ag, bys + ass b95/

R, =a, b, +a,b;y, +a;shs, +a,, by + a5 by ™
R,, =a, b, +ay,b;, ta;bs, +a,, by, + a5 by,
Ry =a, by tag,by +agbs, + a5, by +a;s by,

R, =a, b, +ayb,, ta;bs, +a;, b, +a;b,

> i =7 k=123 4 whereiis odd

R, =a; b5 +a,bys +agbss+a,, b5 +ag; bos/
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= ay, by, T ag,bs, T agsbs, + agy by + ags by, TN

=y, b, + ag,by, T ag;bs, + ay, by, +ayg by,
= dy, b3 T ag,by; + agsbhs; + agy byy + s by
= ag, by, +ag,by, T agbs, +ag, by + ags by,

= Aoy bys + agybss T agshss + ag, bys + ays b95/

=0a,, by, T ayb,, +aybg +ay, by T

=a,, by, T ayb,, T aybg, +a,, by,

=0y, byy T ayby; taybe +ay, by

=0y, by, T ayb,, T ayby, +a,, by, _/

=y by, T agpby +aybe +ay, by T

=ay, by, Tayb, Tasbg, +ay, by,

=y byy Fapby +agbe +ay, b

=ay,, by tapby, +aubg, +ay, by, %

= a4, by, T agb,, +agbg, +ag, by
= a4, by, Tagb,, Tagbg, +ag, by,

= a4, byy T agby; tagbe +ag, by

=gy byt gDy T Aoy + agy by
= ag, by, tag,b,, +agb,, +ag, bSI\
= ag, by, tagb,, tagbg, +ay, by,

= ag, byy T ag,b,; +agbg; + ag, by

> i=9 k=123 4 whereiis odd

> i=2j, k=123 4, whereiis even

> i=4,j, k=123, 4, whereiis even

> i=6j,k=123 4 whereiis even

>’ i=8j, k=123 4 whereiis even

=ag, by, tag,b,, +agbg, +ag, by,
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The resulting multiplicand of the two rhotrices, Re Q9 is also given in the form shown below:
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By comparing entries, we have the following resultant equations:Those entries for which i assumes odd values are
calculated as:

5 5 5 5 5
Rii- z axby o Rio- z axby 1o Ris- Z aycbyy s Ris- z ayby g o Ris- z ayibyy 4
K=l

K=1 K=1 K=1 K=1

5 5 5 5 5
R31=Za3Kb2k—11 » Raa- Za31<b2k—12 » Ras- zaBKbZk—H > R34=Za3Kb2k—l4 > R35=za31<b2k—15

K=1 K=1 K=1 K=1 K=1

5 5 5 5 5
RSI:ZaSKbZk—ll ’ R52=Za51{b2k—12 ’ R53=Za51<b2k—13 > R53=za51<b2k—13 > R53=za51<b2k—13

K=1 K=1 K=l K=1 X1
While those entries for which i takes an even values are similarly calculated as:

4 4 4 4
Rai- Z ayiby Raa- z by Ras- Z ay by sRaa- Z Ay by y
K=l K=l K=1 K=l

4 4 4 4
Ry z auxby Raz- Z 4Dy Raz- z Ay Dy sRaa- Z Ay by y
K=1 K=l K=l K=1

1v.  GENERALIZED Form oF Row-CoLUMN MULTIPLICATION

Splitting equation (1.2), the summations are as follows:
t

R = Z Aibog—1; Entries for the odd rhotrix of R. e e (14)
k=1
t—-1

Ry; = Z Aiebyyj Entries for the even rhotrix of R. ST ( ) |
k=1

The differences between these two summations are  2k-7 and 2k-0). We want to devise a generalized formula
reflected in the two upper bounds (i.e. £ and /-7), and to handle these two sets of entries. Consider the
forindex b (i.e. function:

if xisodd

i _ 1 —1)x+1 —
if x is even’ defined by f(x)—g[( ¥ +1], x=1,2,..

o=

Replacing 1 and 0 with 7)) in the index of bin equations (1.4) and (1.5) respectively, we have:

©2011 Global Journals Inc. (US)
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Nl

R = aikbzk_%[(_l)mﬂ]j Entries for the order 3 rhotrix of R; ;. ........(1.6)
k=1
t—-1

R ;= Z aikbzk_%[(_l)mﬂ]j Entries for the order 2 rhotrix of R; ;. ........ (1.7)
k=1

Similarly consider these two functions:

E February 2011

(3 if xis odd . _ Ire _ (_1)x _
W={ e definedby g@)=A5- (-1 x=12.n
_ (5, if xis odd . — 1rg (1% _
glx) = {4' if x is even defined by g(x) = 5[9 (-1*], x=1,2,..n -
Replacing only the differences in equations (1.6) and (1.7), for the upper bounds 3 and 2, and 5 and 4 respectively %
we obtain the equations: o
>
Forn=5 -
sl5-(11] 5
(Rij) = Z AitcDy_3j(_1yi14a) i=12..5 jk=12 ...,%[5 - (=D ... (1.8) ;
k=1 )
Forn=29 £
slo-(-17] =
(Ryj) = Z aikbzk—%[(—l)iﬂn]f i=12..9 jk=12 ""%[9 — DT e (19 g
k=1

This approach can further be extended to n-dimensional rhotrices, finally let us consider the function

(g if xis odd ;  Ifor 4 (_ayx _
h(x) = {t iy if x is even defined by h(x) = E[Zt 1-(-1*], x=1,23..n
Hence from equation (1.1), we know that t= (n+1)/2, therefore, n = 2t-1, by substituting t and t-1for the

function h (i), we obtain this equation.
3ln—-(=1)]

Rp) = D by gy 0212 k=120 DT (110)

k=1
Equation (1.10) can further be expressed as:

Let p = i[n — (=1)*] and by substituting the value of p into equation (1.10), we have

p

(Ry) = Zaikak_%[(_l)i+1+1]j i=12.,n jk=12.,p ...(L1l)

k=1

Algorithm 2. Extended row-column multiplication
For
i 1ton
P=:"((-1)i+1+1)
Forj:1tot
Fork:1tot
Rl = R[] + Ali.k]*B[2k-p,]]
Endfor
Endfor
Endfor

V. CONCLUSION

In this paper, we have shown a more simplified
method of rhotrix row-column multiplication by taking a
holistic approach in deriving a new form of a generalized
equation, the approach used in this paper does not

x

Global Journal of Computer Science and Technology

require any form of rhotrix transformation to either matri
or coupled matrix before any possible multiplication
could be achieved. The approach and results analyzed
shows that the equations (1.2) and (1.13) can be used
to solve rhotrices of any dimension and yet gives the
same result equivalent to the initial method proposed
[3].
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