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Absiract-This paper introduces the concept of heart-oriented rhotrix multiplication. A generalized representation of 7-dimensional
heart-oriented rhotrices viewed from the direction of single array indices and double array row-wise indices is presented. We
provided a simplified compact mathematical expression for the two multiplication process presented in the paper. The given
methods were implemented based on the sequential algorithm developed.

Keywords . Heart-oriented rhotrix multiplication, Row-wise rhotrix multiplication, Algorithms
[. INTRODUCTION

he fundamental concept of this paper can be found in [1] which tailored down from the idea of matrix-tertion

and matrix-noitrites[2]. The extension of this idea was presented by Ajibade [1] and referred to as rhotrices.

In his paper Ajibade presented the initial concept of rhotrix algebra in which he established some interesting

relationships between a rhotrix and its hearts.A rhotrix is defined as a mathematical array which is in some
way between 2 x 2 matrix and 3 x 3 matrix is given as.

a
b c d
R=4( e f h(Rl h i ):ahb,c,.... ,meR
i k I
m

The above rhotrix is of the fifth dimension. h(R) is called the heart of the rhotrix. An extension is possible, thereby
increasing the dimension which is always odd. The number of entries in an n-dimensional rhotrix is given by

%(n2 +1) . Where n is the dimension of the rhotrix.

I1. HIGH DIMENSIONAL HEART-ORIENTED RHOTRICES

In this paper we present a general idea on heart-oriented rhotrix multiplication and its formal representation for 7+
dimensional rhotrix. This new concept of the multiplication of rhotrices gave room for the initial conception of heart-
oriented sequential computational implementation which is the basis for this paper.

Ajibade [1] , indicated that the dimension of rhotrices can be increased although a

rhotrix would always have an odd dimension. He also indicated that a rhotrix A, of dimension 77 will have |Rn| entries

_1(n2 ) . . . . . .
where|Rn| = E(n +1). Let's consider generalizing any given rhotrix R, with entries &, a,, ...... ) a%(nzﬂ), and we

assume that the following holds:

o If we denote the number of entries in a rhotrix by N, then the middle entry, known as the heart element, can
be expressed as H =%(N +1) from statistical distribution expression for median [3]. In our case, the
value of H indicates the index of the heart entry.

%(n2+1)+1E

e Similarly if N = |R1| then N :%(nz +1), hence,H = 5

%[n2+3].
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THE CONCEPT OF HEART-ORIENTED RHOTRIX MULTIPLICATION

[1I.  SINGLE INDICES HEART-ORIENTED RHOTRICES

Some resulfs: we can derive the general representation of high dimensional rhotrix by considering a sequence of 3,
5, 7 and 9 dimensional rhotrices as illustrated below:

For a rhotrix of dimension 3, we have2x1 + 1 =3

For a rhotrix of dimension 5, we have2x2 + 1 =5

2011

For a rhotrix of dimension 7, we have 2x3 + 1 =7

For a rhotrix of dimension 9, we have2x4 + 1 =9

March

5| For arhotrix of dimension 7, we have 2 x A+ 1 =n

Where k is the Kh term of the incremental value and n is the dimension of the rhotrix, and then we have:
k=1(n-1)
e Again, if we denote the direction of the leftmost entry of a rhotrix by L and the number of entries by
|Rn| = 1(n? +1) then the rhotrix entry at L is given by
1 n-1
L=t gt
4 2

e Similarly, the rightmost rhotrix entry denoted by £, is given by
1 n-1
R= —[n2 + 3]+ —
4 2

Volume XI Issue II Version I

e ltis important to note that L and A denote the leftmost and the rightmost indices of a and b respectively
in the rhotrix.

This is represented as:
&

a, 8, a,
a,

1 5 n-1 1, 5 1, 5 n-1
=(n“+3)—— =(n“+3 =(n“+3)+—
4( ) 5 4( ) 4( ) 5

a a a a
L n241)- Lin241)- Linzia)- Linziay- Linziay-
5(n +1)-8 2(n +1)-7 2(n +1)-6 2(n +1)-5 2(n +1)-4

Global Journal of Science Frontier Research

a a
1211 Lnziy- Lin2in-
E(n +1)-3 2(n +1)-2 2(n +1)-1

a
%(anrl)
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Lin2 gt

1 2 1 2
—(n°+1)-8 —(n
2( ) 2(

1 2
=(n
2(

We further simplify equation (2.2) as follow:

1(n? _
2 (n +1)+1+n 1 )

since R= 5 hen R=
that
2
R:1n2+1+2=n+—2n+1
4 4 2 4
R_n2+2n+1
And hence 4

We also do the same for L

3(0*+)+1 n-1

+1)-7

+1)-3

(" +)+1+n-1_3n

1 2
—(n“+3
4( )

1 2
—(n“+1)-6
2( )

1 2
=(n“+1)-2
2( )

1 2
—(n“+1
2( )

s S

1 2
—(n“+1)-5
2( )

1 2
=(n“+1)-1
2( )

2

1 2
—(n“+1)-4
S0+

2

(M +)+1-n+1 In+i+1-n+1

since L = then L =
2
2_
L1, 2 2n_n"-2n+5
4 4 4 4
I__n2—2n+5
Thus, ~ 4

2

2
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a
a, 8, &y
ES 85 & 2 8
. anzfjn+5 a%(n2+3) anzfnﬂ
<
a a a a

5 ETOCI Lz Lz 24 Lz

5 2(n +1)-8 2(n +1)-7 2(n +1)-6 2(n +1)-5 2(n +1)-4

= a a

%(n2+l)—3 %(n2+1)—2 %(n2+1)—l

B

38

. b, b, b,

;

% 2 _onis L, 2ol
% =(n“+3)

2 Qn = 4 4 4 (22)
>

g Leiys  Yeeen-7  Yetenos Lmeens  En?en-

_; 2(n +1)-8 2(n +1)-7 2(n +1)-6 2(n +1)-5 2(n +1)-4

>

1 2 1 2 1 2
—(n“+1)-3 —(n“+1)-2 —(n“+1)-1
2( ) 2( ) 2( )

1 2
=(n“+1
2( )

Substituting the values n = 3, n= 5 and n = 7 in equation (2.2) we have the following rhotrices:

a a
% a, a a % 2 2
R3:azaea4'&=a5a6a7asaga”d& B % A ah
= a a; d, a3 Q, s a5
* %o % % 8, B B By Ay
B3 8, B A
By
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Similarly, from (2.2), we can define the multiplication of any two heart-oriented rhotrices in the following
way.
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an2—2n+5 -
R,oQ, 4
b
n2-2n+5
4
c
n2-2n+5
Rso Q- 4

o
a2 a3 a
3 % 47 % %
a
1n243
a a a a a
Ln2i1-8 L(n249)-7 %(n2+1)—6 Ln210-5 Ln241)-4
a a
é(n2+1) 3 %(n2+1) 2 Yn2ip
a
1n24)
by
b, by b,
be b b, b b
b
1n243

b b b b
%(n2+l)—8 Ln249-7 %(n2+1)—6 %(n2+1)—5 %(n2+1)—4

2
b b b
1,2 1,2 1,2
=(n¢+)-3 =(nc+D)-2 =(n¢+D-1
2( ) %( ) 2( )
1.2
=(n%+])
2( +1)
9
c2 03 04
05 06 Cy c8 c9
C
12
—(n“+3
4( )

. a
n2+2n+1

b
n2+2n+1
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THE CONCEPT OF HEART-ORIENTED RHOTRIX MULTIPLICATION

Definition (heart-oriented muiltjplication)

a by
Q A A b, b, b,
LetRs=( a, a @a a a8 j)and@s=( b, by b, K by ) betwo rhotrices of dimension 5
alO all a12 blO bll blZ
a13 bl3

with entries from R, the set of real numbers. We follow the multiplication (called heart-oriented multiplication in this
paper) which was first defined in [1] on rhotrices of third dimension as follows:

al bl
a a, a b b, b
Rsels= [ o az aj a: a, )o{ by bz bj b: b, )=
alO a'_l.l a‘12 b10 bll b12
a‘13 b13
a b
a, a a, b, b, b,
be{ a a a a a )fae°( b b b b h
a:lO all a12 QO bll Q.Z
A b

ab, +a;b
ab, +ab, ab, +ab, ab, +ab,
={ ab, +a;b;  agb, +a;b; a,b, agb, +a;b;  agb, +aby (2.4)
aob; +asb, ayb, +ab, a,b +ab,
aib, +a;b;;

This can be expressed in the following way:

C, =ab, +a;b C, = a,b, +ab, C; = asb, +a;b, c, =a,b, +a;b,
Cs = a5b7 + a7b5 Ce = asb7 + a7b6 C, = a7b7 Cg = a8b7 + a7b8
Cy = a9b7 + a7b9 Cp = a10b7 + a7b10 Cu= a11b7 + a7b11 Cp = a12b7 + a7b12

Cs = a13b7 + a7b13 (2.9)

where a, and b7 denote the hearts indices defined by %[n2+3] of the two rhotrices, the resulting value of C7 is the

product of the two hearts from the two rhotrices. We can now extend this to accommodate rhotrices of arbitrary
dimensions. Going by (2.5), we can represent the rhotrix’s heart entry as a, and bl[ respectively.
4

Z[n2+3] n?+3]

©2011 Global Journals Inc. (US)



THE CONCEPT OF HEART-ORIENTED RHOTRIX MULTIPLICATION

Equation (2.5) can be represented in rhotrix for as:

Cl
C2 C3 CA
R,cQ,=C=( ¢, ¢, C, C3 Cq (2.6)
ClO Cll ClZ
Cl3

In general, given two rhotrices R, and Qp of dimension N, the entries of the heart-oriented product C, of R, and

Qn can be expressed as follows:
C =b a +a b +@1-A)(a by 2y) . fOri=12,.,3(0*+1) (27)

=My 2 102 112 1142
! 2In°+3] 2[n°+3] 4In“+3] "4n

where 4 = 0 when the index value corresponds to that of the heart and 4 = 1 when otherwise. This condition is
further illustrated in table | and Il.

Alternatively, suppose that we now represent the n-dimensional rhotrix in equation (2.1) by R, = <a1., ah>where

of course & and &, represents the & entries and its heart respectively, with i =1, 2, 3,. . . .. |Rn| andh=3, 7,

Consider an / dimensional rhotrix, having number of entries| R |=2(i*+1) . Let i be the mean of these entries

computed as shown in table I:
Table | Setting conditions for 4 over a three dimensional rhotrix entries

| i =i [i—1]

1 3 -2 2

2 3 -1 1 4=0
3 3 0 0 i=1
4 3 1 1

5 3 2 2 =0

Table Il Setting conditions for 4 over a five dimensional rhotrix entries

i [ =i [i—1i]

1 7 -6 6

2 7 -5 5

3 7 -4 4

4 7 -3 3 4=0
5 7 -2 2

6 7 -1 1

7 7 0 0 i=1
8 7 1 1

9 7 2 2

10 7 3 3 A=0
11 7 4 4

12 7 5 5

13 7 6 6
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THE CONCEPT OF HEART-ORIENTED RHOTRIX MULTIPLICATION

Let the heart entry of rhotrix Q, denoted by b, multiply all the entries of rhotrix R, denoted by & and vice versa for

the heart entry of the rhotrix R, denoted by &, . Subsequently, the two corresponding hearts of R and Q, multiply
each other as a single resulting product. Based on the derived value of A, ;lwe can then define a function on 1 as:

0, |i-i|>0
L li-i|=0

ﬂ(:

We define multiplication thus, of any two heart-oriented rhotrices of the same dimension as follow:
R °Q,=h,o(a)+a,(h)o1-1)
It follows that,

i) < b,(a) fori=h 1=1
O=1n(a)+a ) forizh 1=0

Hence, we can thus generalize this as.

C(i) = b,(a) +a,({h )1~ 2) (2.8)
Whered=1fori=handA=0fori#h
It can also be verified further, though not discussed in this work that multiplication of any two rhotrices is

commutative, associative, and distributive over addition. Hence we say that the set R of all rhotrices is a
commutative algebra [4].

Algorithm 1: Algorithm for single indexed Multiplication of Rhotrices

Input:
h :%[nz +3]

a[0.k]
b 0. k]
Output:
c[0.K]

fori=:1to k
if(i== %[n2+3])

di] < alil«b[i] .

else

©2011 Global Journals Inc. (US)
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cli] « blh] x ai]+ a[h] < bfi]

endif

endfor

IV. ROW-WISE DOUBLE INDICES HEART-ORIENTED RHOTRIX MULTIPLICATION

The row-wise rhotrix multiplication tends to put into consideration the position and direction of each entry in
the cause of the multiplicative operations. The operation is performed in a row-wise direction indicated by the entry
indices /and /. The index /indicate the row entry position while the index /indicates the row direction. The general
representation of the row-wise rhotrices is as depicted in (3.1). It is important to note that division in this case are all
integer division, since we are less concerned with the resulting decimal values.

Definition: The row of any given rhotrix is an array of entries running diagonally from the top-most left to the bottom
rightmost direction of the rhotrix.

a;
a5 ay a,,
as, a,, a; a,, a5
a a .ooa
nl njrjﬂj P (3.
Rn = 27 4 2
a a a a a
n L, ni M, no2 Ly L] noa ML
2 2 2 2 2
a a
n Ly n1 Ly n-p L
2 2 2
a n+1
L

We use commas in (3.1) to avoid any ambiguity with respect to the array indexes separation.
Further simplification of equation 3.1 gives:

ap
aSl a'21 a:I.2
a'51 a'41 a32 a22 a13
g e e anj{an e @ (3.2)
Rn = 2l a "2
a a a a
n,n;3 n—l,n—_3 n—2,n—_1 r1—3,n—1 n-4 n—ﬂ
2 2 2 2 2
N T
2 2
a n+1
N
2
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THE CONCEPT OF HEART-ORIENTED RHOTRIX MULTIPLICATION

by
by b
b, by by
bn+1 n+3
Eaxy
Ot Byt B
b
n—],nT_1 n—Z,n%1
b n+l
"2
n+1
1= (3.4)
it X bn;rl7 s D
2 2 {TJ

(3.5)

n+l

2

Xa

a
aSl a?l a12 b31
aSl aAl aSZ a22 a13 bSl b41
a‘nl a‘n+1 n+3 a n+l bn,l
R Q= b AR
ann;a an—ln;3 an—zn;1 an—3n;1 an—An—Jrl bnn;S bn’IE
"2 "2 ' "2 "2 "2 "2
a . n- n+ n-
n,Tl n—],Tl n—Z,T1 n‘Tl
a n+l
"7
Cu
Ca Cxu G
C51 C41 032 CZZ C13
" )
C, = 2| 4
nl, Thg M, ThpMly Thghtl, T
2 2 2 2 2
c n+1 n+1 n+1
n—-1 n-1,—-1 n-2,—
"2 "2 "2
C ha
"2
Definition: (Row-wise heart-oriented rhotrix multiplication)
Leta,bc,......ceR, R 0Q, =8y XDy 5 0y X801y 05) -+ - @
Ak S I
Where @4, ,51a@nd b1, .4 are the hearts of the two rhotrices. This is illustrated as in (3.5) and (3.6).
EAE e
all bll
aSl a21 a:LZ b31 bZl b12
RS ° Q5 = a‘51 a41 a32 a22 a13 °© b51 b41 b32 b22 b13
a52 a42 a33 b52 b42 b33
a53 b53
©2011 Global Journals Inc. (US)
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THE CONCEPT OF HEART-ORIENTED RHOTRIX MULTIPLICATION

Cy
Cai Cx Cp
RieQs=Cy=( C;y Cy Cyp Cp Cp (3.6)
C, Cpp Cy
Css

2011

Similarly, multiplication of the rhotrices in (3.5) is commutative. The product operation is similar to the method given
earlier for the single indices multiplication approach. The multiplication process for the two rhotrices in (3.5) can thus
be expressed as:

March

ap by,
8 A by by by |
bpo{ @y @y 8y @, &3 |tagel by b, by by, by )7
s, 85, g b, b, by
asy By

ayb;, +hay,
by, +hyas,  anb, +0h,3,  aby, +byay,
agby, +ba;,  ayby, +byas, by, by, + 0,8,  aghy, +hay, (3.8)
Ay, + 05,8, auby, +hyay, Ay, +053
a3y, + by,

Volume XI Issue II Version I

€11 =21Pgp +By1835 Cpp =81ohay +B9a5, €13 =a13has +1y385, €y =ay1ba5 +Dya5,
Cop =89ohgy +Dpp8gy Cgq =839035 +031835  C3p =839P3y  C33 =a33b35 +hgga5, Cyy =2y

b3y +bgpagy  Cgp =agybgy +P51835  Cop =85pbgy +Pgpa3;  Cog =a53bg) +bg3as,

bas +b

32 + 04193

Cap =8y

n+1 n+3
Where a,, and b,, denote the hearts of the two rhotrices whose indices are defined byT and {TJ

respectively. The resulting value of Cj, is the product of the two hearts from the two rhotrices. We can equally extend

this to accommodate for rhotrix of n-dimension. Then going by equation (3.8), we can represent the row-wise rhotrix
hearts as a

Global Journal of Science Frontier Research

n;w%gj and bn;l,pjle'J , such that;
Ci'j - aLﬂ n+3 a'l + an+1 n+3 * bl,j (1_ 2’) (3_9)
2 { 4 J 2 { 4 J 5

Where 4 denotes a constant value that lies between 1 and 0, such that if the indices of &; and bIj takes the

positions of the heart entries, then 2 = 0 and A = 1, otherwise.

©2011 Global Journals Inc. (US)
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Algorithm 2: Heart-oriented Row-wise rhotrix multiplication
mpur:

p < (n+t1)/2
g« (nt3)/4

2011

a[0...row_upperbound , O...column_upperboun |

March

B[O...row__upperbound , O...column_upperboun ]

Output:

cO...row__upperbound , O...column_upperboun ]

For i «0to row_upperbound

For j «0to column_upperbound

B {
- if (== p&& j == o)
E ofi j] «ali,j] * bli,l;
> }
else{
li ] «alil[il * blpl[q] + bli,] * alp.d;
}
endfor

V. CONCLUSION AND FUTURE WORK

In this paper, we have presented some fundamental concept relating to the general ideas and methods
from an already predefined multiplicative process for rhotrix multiplication. Our major contributions in this area could
be found in the two generalization cases presented and the mathematical expression given, that led to the
formulation of our sequential algorithm. The implementation of the algorithms showed that extension of rhotrices to
higher dimension is possible as indicated in [1]. What is probably left is to find a suitable application area for
rhotrices. We actually believe that in some ways, this paper might serve as a catalyst for future researchers who
might develop interest in finding such possible application areas.
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