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FEATURES OF THE GENERATION OF FIBONACCI Gp( )-MATRICES  –
KEYS FOR THE IMPLEMENTATION OF CRYPTOGRAPHIC CONVERSION

Yu. I. Gryciuk, P. Yu. Grytsyuk

National University “Lviv Polytechnic”, Ukrainian National Forestry University

The features of effective generation of the Fibonacci Gp( )-matrix are considered. Those mat-
rices are used as decryption/encryption keys for the multi-round matrix crypto-graphic system
of the information transformation. It is found that in multi-round affinity matrix cryptosystem
the main problem is to generate a plurality of the conventional and in-verse keys-matrices of
the information encryption/decryption that are to be integers. The procedure for generating a
plurality of Fibonacci Gp( )-matrix is developed. This procedure relies on the known degree of
matrix values (n) and p( )-numbers of Fibonacci and allows us set the appropriate information
on the encryption/decryption keys, implement expansion keys for each round. This provides an
efficient way of their formation and storage and creates the convenience of transmitting
channels.

Keywords: information security, encryption/decryption information, Fibonacci numbers, Fibo-
nacci Gp( )-matrix, cryptographic system, matrix Affine transformation, matrix multi-rounds
cryptographic system.
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 1. p n

p\n 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0 1 2 4 8 16 32 6412825651210242048409681921638432768655361310722621445242881048576

1 1 1 2 3 5 8 13 21 34 55 89 144 233 377 610 987 1597 2584 4181 6765 10946

2 1 1 1 2 3 4 6 9 13 19 28 41 60 88 129 189 277 406 595 872 1278

3 1 1 1 1 2 3 4 5 7 10 14 19 26 36 50 69 95 131 181 250 345

4 1 1 1 1 1 2 3 4 5 6 8 11 15 20 26 34 45 60 80 106 140

5 1 1 1 1 1 1 2 3 4 5 6 7 9 12 16 21 27 34 43 55 71

G( )- .  [8], 
 [9], G( )-  [6]. G( )-

 2×2 
1

( ) , det ( ) 1
1 0

G G , (3)

 – . , G( )-
, n -

, .
(2)nG :

n 0 1 2 3 4 5 6 7 8 9
1 0 2 1 5 2 12 5 29 12 70 29 169 70 408 169 985 408 2378 985
0 1 1 0 2 1 5 2 12 5 29 12 70 29 169 70 408 169 985 408(2)nG

det (2)nG 1 -1 1 -1 1 -1 1 -1 1 -1
1 0 0 1 1 -1 -1 2 2 -3 -3 5 5 -8 -8 13 13 -21 -21 34
0 1 1 -1 -1 2 2 -3 -3 5 5 -8 -8 13 13 -21 -21 34 34 -55(2)nG

det (2)nG 1 -1 1 -1 1 -1 1 -1 1 -1

(5)nG :
n 0 1 2 3 4 5 6 7

1 0 5 1 26 5 135 26 701 135 3640 701 18901 3640 98145 18901
0 1 1 0 5 1 26 5 135 26 701 135 3640 701 18901 3640

(5)nG

det (5)nG 1 -1 1 -1 1 -1 1 -1
1 0 0 1 1 -5 -5 26 26 -135 -135 701 701 -3640 -3640 18901
0 1 1 -5 -5 26 26 -135 -135 701 701 -3640 -3640 18901 18901 -98145

(5)nG

det (5)nG 1 -1 1 -1 1 -1 1 -1
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 2. 

\n 0 1 2 3 4 5 6 7 8 9 10 11 12 13

1 1 1 1 2 3 5 8 13 21 34 55 89 144 233

2 1 1 2 5 12 29 70 169 408 985 2378 5741 13860 33461

3 1 1 3 10 33 109 360 1189 3927 12970 42837 141481 467280 1543321
4 1 1 4 17 72 305 1292 5473 23184 98209 416020 1762289 7465176 31622993

5 1 1 5 26 135 701 3640 18901 98145 509626 2646275 13741001 71351280 370497401

Gp( )- . -
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1 0 0 0
0 0 1 0 0
0 0 0 1 0( )
0 0 0 0 1
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det ( ) 1.

G

G

(9)

, Gp( )- p .
Gp( )- n , p

p , 
p( )- ). , p =  2   =  3  

2 (3)nG  ( . ),  2(3)- .

2 (3)nG
n 0 1 2 3 4 5 6

1 0 0 3 1 0 9 3 1 28 9 3 87 28 9 270 87 28 838 270 87
0 1 0 0 0 1 1 0 0 3 1 0 9 3  1 28 9 3 87 28 9
0 0 1 1 0 0 3 1 0 9 3 1 28 9  3 87 28 9 270 87 28

2 (3)nG

2det (3)nG
1 1 1 1 1 1 1
1 0 0 0 0 1 0 1 0 1 0 -3 -0 -3 1 -3  1  9 1 9 -6

2 (3)nG 0 1 0 1 0 -3 0 -3 1 -3 1 9 1 9 -6 9 -6 -26 -6 -26 27
0 0 1 0 1 0 1 0 -3 -0 -3 1 -3 1  9 1 9 -6 9 -6 -26

2det (3)nG 1 1 1 1 1 1 1

n 7 8 9 10 11
2601 838 270 8073 2601 838 250578073 2601 77772250578073 2413897777225057
270 87 28 838 270 87 2601 838 270 8073 2601 838 25057 8073 2601
838 270 87 2601 838 270 8073 2601 838 25057 8073 2601 77772 25057 8073

2 (3)nG

2det (3)nG
1 1 1 1 1
9 -6 -26 -6 -26 27 -26 27 72 27 72 -107 72 -107 -189

2 (3)nG -26 27 72 27 72 -107 72 -107 -189 -107 -189 393 -189 393 460
-6 -26 27 -26 27 72 27 72 -107 72 -107 -189 -107 -189 393

2det (3)nG 1 1 1 1 1
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), n , , 

2 (5)nG , ,  3(5)- .
,  (11) , -

3 (5)nG , n .

3 (5)nG

n 0 1 2 3 4 5
1 0 0 0 5 1 0 0 25 5 1 0 125 25 5 1 626 125 25 5 3135 626 125 25
0 1 0 0 0 0 1 0 0  0 0 1 1 0 0 0 5 1 0 0 25 5 1 03 (5)nG
0 0 1 0 0 0 0 1 1  0 0 0 5 1 0 0 25 5  1 0 125 25 5  1
0 0 0 1 1 0 0 0 5  1 0 0 25 5  1 0 125 25 5 1 626 125 25 5

3det (5)nG 1 -1 1 -1 1 -1
1 0 0 0 0 0 0 1 0  0 1 0 0 1 0 0 1 0 0 -5 0 0 -5 1
0 1 0 0 1 0 0 -5 0  0 -5 1 0 -5 1 0 -5 1  0 25 1 0 25 -103 (5)nG
0 0 1 0 0 1 0 0 1  0 0 -5 0 0 -5 1 0 -5 1 0 -5 1 0 25
0 0 0 1 0 0 1 0 0  1 0 0 1 0 0 -5 0 0 -5 1 0 -5 1  0

3det (5)nG 1 -1 1 -1 1 -1

n 6 7 8 9
157003135 626 125 78625157003135 626 39375178625157003135 19718903937517862515700

125 25 5 1 626 125 25 5 3135 626 125 25 15700 3135 626 1253 (5)nG
626 125 25 5 3135 626 125 25 15700 3135 626 125 78625 15700 3135 626

3135 626 125 25 15700 3135 626 125 78625 15700 3135 626 393751 78625 15700 3135
3det (5)nG 1 -1 1 -1

0 -5 1 0 -5 1 0 25 1 0 25 -10 0 25 -10 1
0 25 -10 1 25 -10 1 -125 -10 1 -125 75 1 -125 75 -153 (5)nG
1 0 25 -10 0 25 -10 1 25 -10 1 -125 -10 1 -125 75
-5 1 0 25 1 0 25 -10 0 25 -10 1 25 -10 1 -125

3det (5)nG -1 -1 1 -1
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 3. p( )- n

p\n 0 1 2 3 4 5 6 7 8 9 10 11 12

 = 3
0 1 4 16 64 256 1024 4096 16384 65536 262144 1048576 4194304 16777216
1 1 3 10 33 109 360 1189 3927 12970 42837 141481 467280 1543321
2 1 3 9 28 87 270 838 2601 8073 25057 77772 241389 749224
3 1 3 9 27 82 249 756 2295 6967 21150 64206 194913 591706
4 1 3 9 27 81 244 735 2214 6669 20088 60508 182259 548991
5 1 3 9 27 81 243 730 2193 6588 19791 59454 178605 536545

 = 5
0 1 6 36 216 1296 7776 46656 279936 1679616 10077696 60466176 362797056 2176782336
1 1 5 26 135 701 3640 18901 98145 509626 2646275 13741001 71351280 370497401
2 1 5 25 126 635 3200 16126 81265 409525 2063751 10400020 52409625 264111876
3 1 5 25 125 626 3135 15700 78625 393751 1971890 9875150 49454375 247665626
4 1 5 25 125 625 3126 15635 78200 391125 1956250 9784376 48937515 244765775
5 1 5 25 125 625 3125 15626 78135 390700 1953625 9768750 48846875 244250001
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p( )- , :
 = 3, p = 4, n = 10 k = 2. , . 3,  4(3)-

: 1, 3, 9, 27, 81, 244, 735, 2214, 6669, 20088, 60508, 182259,
548991, 1653642, 4981014.  (14) 

:
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10
4D 2

4M 10
4U 10

4 (3)G 10
4 (3)G

10 1  2 3 4 5 k = 2
1 6 5 4 3 2 0 0 0 1 0 9 8 7 6 5 20088 6669 2214 735 244 -6  1 0 -0 9
2 7 6 5 4 3 0 0 0 0 1 10 9 8 7 6 60508 20088 6669 2214 735 27 -6 1 0 -27
3 8 7 6 5 4 1 0 0 0 0 6 5 4 3 2 735 244 81 27 9 -27 9 -6 1 -0
4 9 8 7 6 5 0 1 0 0 0 7 6 5 4 3 2214 735 244 81 27 -0  0 9 -6 1
5 10 9 8 7 6 0 0 1 0 0 8 7 6 5 4 6669 2214 735 244 81 1  0 -0 9 -6

10
4det (3)G 1 10

4det (3)G 1

( )n
pG .

 [12], ( )n
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p = 3, n = 5  = 5 5
3 (5)G ,  3(5)-
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:

5
3 (5)G T B 5

3( (5) ) mod 256G T B K
3135 626 125 25 219 185 202 183 204 213 97 232 60 246 183 22 123 20 217
25 5 1 0 × 93 64 155 59 103 136 151 + 175 = 146 247 222 174 233 99 185
125 25 5  1 175 247 110 249 75 63 158 108 61 32 60 65 192 142 124
626 125 25 5 98 76 229 218 50 158 222 186 170 247 148 154 42 57 107

:
5

3 (5)G K B 5
3( (5) ( )) mod256G K B T

0 0 -5 1 60 246 183 22 123 20 217 192 219 185 202 183 204 213 97
1 0 25 -10 × 146 247 222 174 233 99 185 – 57 = 93 64 155 59 103 136 151
-5 1 0 25 61 32 60 65 192 142 124 59 175 247 110 249 75 63 158
0 -5 1 0 170 247 148 154 42 57 107 187 98 76 229 218 50 158 222
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