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ABSTRACT

This paper introduces a novel generalized concept of higher
order heart-oriented rhotrix multiplication expression. The
multiplication method we adapted is intended to maintain the
unique properties associated with the initial definition of
rhotrix. The special multiplication process can be used to
solve various problems involving n X n rhotrices
multiplication. Most importantly a generalized expression for
representing n-dimensional rhotrix in a computational
environment is presented. Sequential computational algorithm
for higher order rhotrices multiplication is designed to buttress
the mathematical expression, axioms and logic presented in
this paper.
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1. INTRODUCTION

Rhotrix is a new area of study relating to linear mathematical
algebra. Rhotrix is defined as mathematical arrays which are,
in some ways, between (2 x 2) and (3 x 3)-dimensional
matrices, and denoted matrix-tertions and noitrets [1].
Rhotrices multiplication was introduced and defined by [2],
and an alternative method for multiplication of rhotrices as
coupled matrices was given by [3]. This method was further
given a generalization for n-dimensional rhotrices in [4].
Their work was basically an idea that offers exercises for
mathematical enrichment.

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
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where h(R) is called the heart of R. The heart of a rhotrix is
always defined as the element at the perpendicular
intersection of the two diagonals of a rhotrix.

Rhotrix multiplication was previously defined in [2]. The

scalar multiplication is defined as follows: let 4 € Rbe a
scalar and R,, a rhotrix of dimension n, then
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We consider, extending this definition to n-dimensional
rhotrix. Of interest in this paper for sake of illustration and
clarity is five dimensional rhotrices given as follows:
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It should be noted that, the general concept of rhotrices is still
at its elementary stage of development, as there are yet no
established generalized form for its multiplication. Having
ascertained this belief, the multiplication denoted by ‘0’, can
be defined in many ways, we defined rhotrix multiplication
based on the initial method given in [2] but with an extension
to n dimension. The multiplication of the two rhotrices above
is therefore given by;



ah(Q) + nh(R)
bh(Q) + oh(R)
=( eh(Q)+rh(R) fh(Q)+sh(R)  h(R)h(Q)
jh(Q) +Vh(R)  kh(Q) + wh(R)
mh(Q) + yh(R)

Presented in this paper, is a generalized multiplication
algorithm of n-dimensional rhotrices; which is an extension of
work presented in [2]. The main objective of this work is to
establish an ideal multiplicative concept and sequential
computational algorithm suitable for higher dimensional
heart-oriented rhotrix multiplication.

2. RELATED WORK

This section is almost a digression. It is devoted to the study
of the simplest variant of the problem. In mathematics, the dot
product, also known as the scalar product, is an operation
which takes two vectors over the real numbers R and returns a
real-valued scalar quantity [5]. It is the standard inner product
of the Euclidean space. In Euclidean geometry, the dot
product, length, and angle are related: For a vector a, a * a is
the square of its length, and more generally, if b is another
vector

a*b=a|*|b|cso(O)
Where

e |a| and |b| denote the length (magnitude) of a
and b,

e 0 isthe angle between them.

Since| a | cSO(6) s the scalar projection of a onto b, the dot

product can be understood geometrically as the product of the
length of this projection and the length of b.
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ch(Q) + ph(R)  dh(Q) +gh(R)

hh(Q) + th(R)
Ih(Q) + xh(R)

ih(Q) + uh(R)

(13)

In linear algebra, the dot product of two vectors a = [ay,
Ay,...... an] and b =[by, by, .... by] is defined as follows:

n
a>z<b=Zai b, =a, *b, +a, *b, +...+a, *b,
i=1

where Z denotes summation notation.

The rhotrix main entries (vectors) or elements to heart
multiplication could in some ways be likened to the same
mathematical scalar dot product described above. In this
paper, we aim to find an efficient implementation of this
product computation on computers system.  This
implementation can also be considered an issue of prime
importance when providing such systems with scientific
software libraries or applications which use the dot product
computation as data processing, especially for such area as
rhotrices algebra which is a relatively new field of study.

3. RESEARCH METHODOLOGY

Ajibade indicated that the dimension of rhotrices can further
be increased in size, but that uniquely a rhotrix would always
have an odd dimension. He also indicated that a rhotrix R, of

dimension n will have | R, |entries where| R |=1(n*+1).
Let’s consider generalizing any given rhotrix |R, |with

entriesa,, a,.........
a,,a, » &102.1) | then we have:
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Similarly from (1.4), we can henceforth define the

The symbol \ in (1.4) denote integer division, in which case if
multiplication of any two heart-oriented rhotrices in the

n =5, the 5/2 gives 2.

following way.
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Definition: (heart-oriented multiplication)
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The multiplication of the rhotrices in (1.5) is commutative.
The product function and operation is similar to that of the
well known vector dot product, the only differences is that the
resultant product for two rhotrices of (1.7) is a rhotrix of the
same other as the two multiplicands shown in (1.8).

(1.8)

Rhotrix is usually characterized by its odd dimension, main
entries (referred to as rhotrix vectors) and the hearts, which is
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the element at the perpendicular intersection of the two
diagonals of a rhotrix. The heart is also very significant when
dealing with rhotrix multiplication.

The multiplication process of the two rhotrices in (1.7) above
can thus be expressed as:

a4
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b, b, b,
a; bs be b7 b8 b9 =
o by by
by
n
n r; I
r, I I r, I (1.9)

First, we need to know the values of the two rhotrices heart,
h(R) and h (Q). Using our single-index notation to identify
entries in rhotrix R and Q, it turns out that the heart element

1(n*+1)+1
h(R) and h (Q) can be identified by the index ———

, Where n is the rhotrix dimension. Hence, the multiplication
is performed as follow.

a,b, +ba,
a,b, +b,a, ab,+b,a, a,b,+b,a,
R, cQ; =R=( asb, +ba, ab, +b,a, a,b, agh, +bga, agh, +bya, (1.10)

apb, +bypa; a;b, +bya;  apb, +bya,
ay5h; +bj,a,

n= a1b7 + b1a7 ry = a2b7 +b2a7 ry = a3b7 +b3a7
ry, = a4b7 +b4a7 s = a5b7 +b5a7 e = aeb7 +b6a7
r, =a; *b, rg = a8b7 +b8a7 g = a9b7 +bga7
no =20b7 +bjpay 1y =ay3b7 +bpyay

np =a1pb7 +bypag  rg =a13by +byzaz (1.11)

where a; and b; denote the hearts of the two rhotrices whose

index is defined by 3 (n* +1) +1  the resulting value of r; is
2

the product of the two hearts from the two rhotrices. We can

now extend this to accommodate for rhotrix of n-dimension.

Then going by the structure of (1.11), we can represent the

and , then, we
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rhotrix heart elements as a

have:



_Aa * *
h=a, a%(n2+1)+1 +bn a%(n2+1)+1 (112)

2 2

By taking cumulative sum of the summation of r, from the
principle of dot-product, equation (1.12) can be presented as
follow:

1(n*+1)
_a * *
Z fh =8y, b%(n2+l)+l T bn a%(n2+1)+1 (1.13)
n=1 2 2

Let us consider the multiplication of the following pair of
rhotrices.
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2 2
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First we have to determine the hearts of the two rhotrices by
2
(N +1)+1
2

applying the formula h(R,) = and
1(n* +1+1

h(Q,) = 5

rhotrices is given to be 5, therefore the hearts of h (Rs) and h
(Qs) on substitution is the 3™ element eitsher from top to
bottom or left to right along the intersection of the rhotrix
diagonals. The value of a; and b; are 4 and 10 respectively.
On multiplication, we then have:

. The dimension n of the two

2*10+2*4
3*10+4*4 1*10+5*4 4*10+2*4

R 4*10+1*4 2*10+3*4

Rs © Qs

5*10+5*4 3*10+3*4

1*10+2*4 5*10+1*4 4*10+2*4
6*10+4*4

Substituting this computation into (1.12), we then have:
R, =2*10+2*4
R, =1*10+5*4

R, =3*10+4*4
R,=4*10+2*4

R, =4*10+1*4
R, =4*10

R, =3*10+3%4
R, =5*10+1*4
R, =6*10+4%4

Re = 2*10+3*4
R, =5*10+5*4
Ry =1%10+2*4
R, =4*10+2%4

28
46 30 48
R.oQ.,=R=( 44 32 40 70 42
18 54 48
76

The obtained result differs with that of B. Sani’s row-column
method of rhotrices multiplication [3][4]; this might be, of
course, due to the simple facts that the approach given in [2]
preferred to identify rhotrices as a unique mathematical
algebraic objects different from the traditional matrix algebra.

4. RESULT AND DISCUSSIONS
This section presents a computational sequential algorithm for
n x n rhotrix multiplication, the implementation of the
algorithm was first written in C programming language and
tested on Intel uni-processor system. The hearts-oriented
multiplication algorithm is as shown in figure 1:

Algorithm: Rhotrix multiplication (heart oriented):

Input:

a[O..% (n? +D7;
1 -
b[0..=(n° +D)];

2
Output:

r[O..% (n? +1];

fori=:1to l(nZ +1)
2
|f(|:: %(nz +1)+1)
2
%(n2+l)+l %(n +1)+1
rfi] <a *b ;
2 2
else



1 2+ + 1 2+ .
{0} a[i]*{z(”“}* bli] *[u}
2 2

endif
endfor

Figurel. Recursive, heart-oriented rhotrix multiplication
algorithm

The snapshot of computer generated result of our executed
program is shown below:

The First Rhotrix R (A) [0] Is:

RA)[= 2
RA[R]= 3
RA)BI= 1
R(A) 4= 4
R(A)[G]= 4
R(A)[B]= 2
RA M= 4
R(A)[B]= 5
RA) Q= 3
R(A)[10]= 1
R(A)[11]= 5
R(A)[12]= 4
R(A)[13]= 6

The Second Rhotrix R (B) [0] Is:

RB)[1]= 2
RB)[2]= 4
RB)[B]= 5
R®)[4]= 2
R@B)[6]= 1
R@B)[6]= 3
R®)[7]= 10
R®)[6]= 5
R®)[9]= 3
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R(B)[10]= 2
R(@B)[11]= 1
R(@B)[12]= 2
R(B)[13]= 4

Linear multiplication of the above two rhotrices are:

R[1]= 28
R[2]= 46
R[B]= 30
R[4]= 48
R[5]= 44
R[6]= 32
R[7]= 40
R[B]= 70
R[O]= 42
R[10]= 18
R[11]= 54
R[12]= 48
R[13]= 76

Formatted multiplication of the above two rhotrices are:
R[l= 28
R[2]= 46 RI[3]= 30 RI[4= 48
R[5]= 44 RI[6]= 32 R[7]= 40 RI[8]= 70 RI[9]= 42
R[10]= 18 R[11]= 54 R[12]= 48
R[13]= 76

It was observed that the theoretical result of the multiplication
correspond with the program generated result, hence this
prove the correctness of our algorithm. The experimental
result shows that we can represent rhotrix multiplication on a
computer system independent of the shape and dimension of
the given rhotrix. The algorithm used in the experimental
process is scalable and can be extended to cover any size of
rhotrix, which is always of odd dimension.

5. CONCLUSION

This paper has presented an extended multiplication method,
derivation and algorithm for higher order rhotrices
multiplication. The method presented is quite unique and
directed only to rhotrix multiplication of the form discussed in
[2]. In particular we have shown that a generalized equation

10



as in our case could be used to implement n-dimensional
rhotrices multiplication as against the row-column
multiplication method presented in [3] [4].
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