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Text. In this paper, we have studied the third order 
variations on the Fibonacci universal code and we have 
displayed tables GH (3)

a (n) we have defined for −20 ≤ a ≤ −2
and 1 ≤ n ≤ 100. Also, we have compared with the third 
order variations on the Fibonacci universal code and the 
second order variations on the Fibonacci universal code 
[2] in terms of cryptography and we have found that the 
third order variations on the Fibonacci universal code are
more advantageous than the second order variations on the 
Fibonacci universal code.

Video. For a video summary of this paper, please visit 
http://youtu.be/i2A4LZl9nNE.
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1. Introduction

Fibonacci coding is based on Fibonacci numbers and was defined by Apostolico and 
Fraenkel (1987) [1]. Fibonacci numbers of order m ≥ 2, denoted by F (m)

i , are defined by 
following recurrence relation:
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Table 1
The second and the third order Standard Fibonacci representation for 1 ≤ n ≤ 15.

n 2 Zechendorf (for m = 2
Standard Fibonacci 
representation)

3 Zechendorf (for m = 3
Standard Fibonacci 
representation)

1 1 1
2 01 01
3 001 11
4 101 001
5 0001 101
6 1001 011
7 0101 0001
8 00001 1001
9 10001 0101

10 01001 1101
11 00101 0011
12 10101 1011
13 000001 00001
14 100001 10001
15 010001 01001

F (m)
n = F

(m)
n−1 + F

(m)
n−2 + · · · + F

(m)
n−m

for n > 0 and the boundary conditions F (m)
0 = 1 and F (m)

n = 0 for −m < n < 0 [7]. 
Fibonacci coding is a universal code which encodes positive integers into binary code-
words. Every positive integer has a unique representation as the sum of nonconsecutive 
Fibonacci numbers according to Zeckendorf’s theorem [10]. Let us first consider the 
Standard Fibonacci numbers of order m = 2.

Any positive integer B can be represented by a binary string of length r, c1 · · · cr, 
such that B =

∑r
i=1 ciF

(2)
i . The representation will be unique if one uses the following 

procedure to produce it: given the integer B, find the largest Fibonacci number F (2)
r

smaller or equal to B; then continue recursively with B−F
(2)
r . For example 16 = 3 +13, 

so its binary Fibonacci representation would be 001001.
As a result of this encoding procedure, there are never consecutive Fibonacci numbers 

in any of these sums, implying that in the corresponding binary representation, there 
are no adjacent 1 bits.

The generalization to higher order seems at first sight straightforward: any integer B
can be uniquely represented by the string d1 · · · ds such that B =

∑s
i=1 diF

(m)
i using 

the iterative encoding procedure mentioned above. In this representation, there are no 
consecutive substrings of m 1 bits [7]. In this paper, we, in particular, have studied 
Fibonacci numbers of order m = 3.

We append (m − 1) 1 bits to the Fibonacci representation of n so as to construct the 
Fibonacci code of n whose order is m. (See Tables 1 and 2.)
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