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Abstract— In this paper, we investigate some data models of 

Fibonacci codes. Three-dimensional vector model, multinomial 
vector model, quaternion and octet data models were presented. It is 
shown that real numbers can be represented as integers. Similarly, 
complex numbers are also denoted by a collection of corresponding 
integers. These Fibonacci models increase the accuracy of computer 
data representation.  

 
Keywords: Fibonacci numbers, data models,  three-dimensional 

vector model, multinomial vector model, quaternion, octet data 
model.   

 

INTRODUCTION 
The rapid increase in Information Technology leads to the 
development of new types of arithmetic applications to be 
used in well-developed digital devices [1]. Enhancement of 
the performance of these digital devices and information 
processing has resulted in the development of arithmetic 
codes. For example, in efficient data transmission, different 
codes such as Hamming codes, cyclic codes and different 
weight codes were used [2-5]. To build up sub-systems, there 
are different varieties of codes that can be used. 
Consequently, the efficiency of systems will decrease as a 
result of the requirement of converters to link these 
subsystems. These codes use the binary numbering system, 
which leads to several disadvantages with respect to 
performance of these devices. This will, in turn affect the 
accuracy and precision. Currently, no general purpose code is 
available that can be used to perform arithmetic operations, 
transmission, and information processing [8-10]. In this 
paper different data models for Fibonacci codes will be 
represented in order to make Fibonacci codes the base for 
general purpose codes. 
 

THREE-DIMENSIONAL VECTOR MODEL 
The presentation of the three-dimensional vector 

a =xi+yj+zk, where x, y and z -  are integer  numbers, are 
provided by base, whose elements are calculated using the 
following from: 

 

lll www   23   for  l = 0, 1, 2,...; 

23   lll www   for  l = - 1, -2,..., 
 
 
where  w0 = i, w1 = j, w2 = k. 
 

 
 

Directly i element can be described by using the formula 
below: 

 

wl= 2 (l-2)i+ 2 (l-3)j+ 2 (l-1)k.                                 (1) 
 
The initial values of il have the  following sequence: 
 
 
l             7               6              5            4         3         2     1   

0 
wl     3i+2j+4k    2i+j+3k    i+j+2k    i+j+k    i+k        k     j    

i 
 
l         -1              -2            -3            -4           -5        -6         -7 
wl     -j+k           -i+j       i+j-k       i-2j+k    -2j+k    3j-2k     3i-2j 
 

The Mathematical objects  l3  described by formula 
(1), can be called the Fibonacci three-dimensional vector. 

By using the sequence 3Ψ ={  l3 } , the 
three-dimensional vectors can also be described in the 
following form: 

 

xi+yj+zk=  


n

ml
l la 3                                                  (2) 

where  1;0;1la  

 

This Sequence, 3Ψ  ,may be formed by adding three 
sequences: 

 

3  *
2

2  i+  *
2

3  j+  *
2 k. 

 
From the above and, in order to obtain a 2-code Fibonacci 

three-dimensional vector xi+yj+zk it is necessary to present x 

in the base of   *
2

2   , y - in the base of   *
2

3  , but z 

– in the  base of   *
2    and  adding  their codes. 

 
As previously shown;  the  Fibonacci three-dimensional 

vector model can be expressed as follows: 
 

aΦ  aP,;,2 aAK 
, 

 

where 
 )(01)1(2 ...... mjjjnjjn aaaaa K

 - is a set 
representing an extended Fibonacci 2-codes; 
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 1;0;1A - automate alphabet; 

a - the unique attitude "to correspond to the expression 

(2) for Ala  "; 
 aP - the unique attitude " corresponding to the set  la  

in accordance to the previously mentioned characteristics ". 
 

MULTINOMIAL FIBONACCI MODEL 
An approximate solution for the integral function F(x) 

usually change, on one multinomial length  of [a,b], or 

breaking down length [a,b] into several parts, and for each 

part an algebraic multinomial first, second, or third- degree 

will be selected and carried out. 

In this work, these two approaches representing the 

function in the form of multinomial will be chosen. 

 

For realization of the first approach one polynomial G(x) 

of r degree is used: 

 

    i
r

i
i xkxGxF 




0

 . 

where 
rxxx  ,,, 10  can form the base of  the linear 

space that have the  dimension r+1. Hence it  follows the 

equivalence of the multinomial G(x) to point 

(r+1)-dimensional space. So multinomial G(x) with circular 

factor can be presented in base, whose elements are (p+1)- 

dimension of Fibonacci mathematical objects for r=p. 

 

The Second approach uses the multinomial group of  third 

degree, each of which can replace the function F(x) with the  

corresponding part of  [a,b].  

It can be said that      xgxF i ,  

 

Where   iiiii kxkxkxkxg 01
2

2
3

3              (3) 

 

However,  G(x) can be presented as multinomial 

combination of third degree of the type shown in (3) 

 

   xgxxG i

k

i

i



0

4  , 

where  



 


4

3rk . 

 

It is apparent from the above, that two approaches leads to 

the same problematic situation that is the presentation of 

multinomial third degree. Hence forth, the presentation of 

such multinomial will be expressed here in the form: 

 

  



n

ml
ll wakxkxkxkxg 01

2
2

3
3

        (4) 

In this case elements of the base will be calculated using 

the following from: 

 

wl+4 = wl+3 + wl  for  l = 0, 1, 2,...; 

wl = wl+4 - wl+3   for  l = - 1, -2,..., 

where  w0=1, w1= x, w2= x2,  w3= x3 . 

The direct form is determining lw  will be: 

 

     
  )5......(..............................3

452

3

3
2

3
3

3





l
xlxlxlwl




            
 

The Mathematical objects  lп
4  described by formula 

(5), called the Fibonacci multinomial of third degree. And 

the sequence 
п
4 ={

 lп
4

}  Fibonacci multinomial third 

degree can be obtained by adding the four sequences: 

 

п
4 =         3*

3
22*

3
5*

3
4*

3
3 xxx   . 

 

Presentation of  0k  in the base of   *
3

3  , - 1k in the 

base of  *
3

4  , 2k , - in the base of   *
3

5   and 3k - in 

the base of   *
3

2   the addition of their codes, of 3-code 

Fibonacci multinomial of third degree will be obtained. 
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From the mathematical analysis previously discussed: the 

following model of  the multinomial of third degree were 

concluded or reached:. 

 

Taking into consideration the ideas that have been 

discussed earlier, we come to the following model of the 

multinomial of  third degree: 

 

 aPGG ,;,3 AKФ  , 

 

where  )(01)1(3 ...... mjjjnjjn aaaaa K - is the 

Fibonacci 3-code sequence; 

 

 1;0;1A - - automate alphabet; 

G - is the unique attitude "to correspond to the 

expression (22) for Ala  "; 

 aP - a the unique attitude "to correspond to the 

expression  la  with according to the previously mentioned 

characteristics ". 

 

QUATERNION MODEL 
For computer presentation quaternion type 

Н=a+bi+cj+dk, where a, b, c and d -  integer  numbers, are 
suggested to use the base, which elements can be calculated 
in the formula: 

 
wl+4= wl+3+ wl ,     for  l = 0, 1, 2,...; 
wl = wl+4- wl+3 ,    for  l = - 1, -2,..., 

where   w0 = 1 , w1 = i , w2 = j ,w3 = k. 
 
The direct form for calculation wl  is: 
 

       kljlillwl 2543 3333  
.                  (6) 

 
For initial values l  we have the sequence : 
 
 
l            11                     10                   9                  8 
wl   (5+4i+3j+7k)   (4+3i+2j+5k)   (3+2i+j+4k)   (2+i+j+3k) 
 
l             7                  6                5            4         3     2    1   

0 

wl    (1+i+j+2k)   (1+i+j+k)    (1+i+k)    (1+k)     k     j     i    1 
 
l          -1             -2            -3              -4                -5 
wl     (- j+ k )    (- i+ j )    (-1+ i )    (1+ j - k )    ( i-2j + k ) 
 
l           -6                -7                   -8                       -9  
wl    (1- 2i + j) (-2 + i - j + k) (1 - i + 3j - 2k) (-1 +3i - 3j +k). 
 

The Mathematical objects  lк
4  described by formula 

(6), are called  Fibonacci Quaternion. 
 

Using series к
4Ψ ={  lк

4 } and alphabet 

 1;0;1A , it is possible to  represent quaternion in the 
form: 

a+bi+cj+dk =  


n

ml
l la к

4 ,                                        (7) 

The series of  
к
4Ψ  can be formed by summation of four 

sequences: 
 

к
4Ψ =        kji *

3
2*

3
5*

3
4*

3
3   . 

 
The quaternion code a+bi+cj+dk  is obtained by adding a  

ones of the type 1, b ones of the type i, c  ones of the type j and 
d ones of the type k. The sign of the ones is defined by the 
corresponding sign to  each numbers. 

 

 Presenting a in base  *
3

3  , b - in base  *
3

4  , c - in 

base  *
3

5  , and d - in base  *
3

2   and summation their 
codes, we obtain  3-code Fibonacci quaternion. 

 
With the respect to the above said, we have the following  

Fibonacci  quaternion model: 
 

 aPНН ,;,3 AKФ 
, 

 

where 
 )(01)1(3 ...... mjjjnjjn aaaaa K

 an extended 
set 3- Fibonacci codes; 

 
 1;0;1A - automate alphabet; 

Н - the unique attitude "to correspond to the expression 

(2) for Ala  "; 
 aP - the unique attitude "to correspond to the set  la  

with according to the previously mentioned characteristics ". 
 
Octet Model 
The octet presentation  

kehjehiehehkjiO 43214321   , 
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where  43214321  i ,,,,,, hhhhγγγγ - integer numbers , of 
type 

О = 


n

ml
ll wa ,  1;0;1la                      (8) 

 
Use the base, which elements are calculated by formula: 
 

wl+8= wl+7 + wl ,  for  l = 0, 1, 2,...; 
wl = wl+8 - wl+7 ,    for  l = - 1, -2,..., 

where  w0 =1, w1 =i, w2 = j, w3 = k,  w4= e, w5= ie, w6= je, 
w7= ke. 

 
The direct form for determination wl has the following 

form: 
 kljlillwl )10()9()8()7( 7777 

 
el )11(7 

keljeliel )6()13()12( 777   .               

(9) 
 

The Mathematical objects )(8 l described by formula 
(10), are called the Fibonacci octave. 

 

The sequence 8Ψ ={ )(8 l } Fibonacci octet can be 
formed as summation of eight sequences: 

 

8Ψ =

           ekji *
7

11*
7

10*
7

9*
7

8*
7

7 
 

                         kejeie *
7

6*
7

13*
7

12   .   

 
In order to obtain the code of the octave, it is necessary to 

get the summation of  the numbers codes 
,,,, 4321  4321   and  ,, hhhh , which are presented in 

bases of    

     , , , *
7

9*
7

8*
7

7     , , *
7

11*
7

10 
     *

7
6*

7
13*

7
12  and   ,  , respectively. 
 
Coming from the above mentioned,  we have the following  

Fibonacci  octave model: 
 

 aPOO ,;,7 AKФ   

 
where  )(01)1(7 ...... mjjjnjjn aaaaa K -the 

extended set of  Fibonacci 7-codes; 
 

 1;0;1A - automate alphabet; 

O -a unique attitude "to correspond to the expression (7) 

for Ala  "; 

 aP - a unique attitude "to correspond to the set  la  
with according to the previously mentioned  
 

CONCLUSION 
For reduction of inaccuracy of the computer presentation 

of data and removal of inaccuracy of the calculations it is 
reasonable to generalize data models for Fibonacci codes. In 
this work some Fibonacci data models were represented in 
order to use them in digital systems.  
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