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A Fast Algorithm for Computing Fibonacci Numbers

DAISUKE TAKAHASHIT®

‘We present a fast algorithm for computing Fibonacci numbers. It is known that the product
of Lucas numbers algorithm uses the fewest bit operations to compute the Fibonacci num-
ber F,,. We show that the number of bit operations in the conventional product of Lucas
numbers algorithm can be reduced by replacing multiple-precision multiplication with the

multiple-precision square operation.
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Table 2 Computation time of Fibonacci numbers
(in seconds).

n 000000000 |0000000000 |000
214 0.00223 0.00211 1.057
214 0.00213 0.00203 1.049
215 _ 0.00485 0.00456 1.064
215 0.00464 0.00441 1.052
216 _ 0.01310 0.01235 1.061
216 0.01266 0.01203 1.052
217 1 0.03293 0.03047 1.081
217 0.03202 0.02982 1.074
218 _ 0.07569 0.06979 1.085
218 0.07364 0.06803 1.082
219 0.16930 0.15489 1.093
219 0.16469 0.15103 1.090
220 0.38196 0.34906 1.094
220 0.37317 0.34146 1.093
221 1 1.07153 0.98755 1.085
221 1.05273 0.96814 1.087
222 2.76208 2.50769 1.101
222 2.72864 2.46692 1.106
223 _ 1 6.45605 5.81128 1.111
223 6.35107 5.74072 1.106

for 00000000000 F, 0000000000

F,0000000k=|n/2/ 000000000
000 F OOOO (7)OO0OOD0DUOnDOODOOO
00 Fu 0000 (7)0(8)00 (11)000000
gooooooo
1
F2k+1:§(F2k+L2k)
1
:§(FkLk+Li—2-(—1)k)
= FepaLi — (-1)* (18)
goboddoooo3oooobooooo nboOO

000000 LuwcasOOOO0OO0ODOOOOODOOOO
oood

6. DooooooOoOoOoobOaon

gooooboooobboboooooboooobooo

nO 2—-102 0000000 FibonacciO F, O
000000000 CPUDODOODODOOODOOO
00 0000000000000000O00FFTO
000000000000000000000000
000000000000000000000000
000000 DEC AlphaStation 600 5/3330 Alpha
21164 333MHzO OO O OO 512MBOOOOOO00S
0 Digital UNIX V3.2CO000 0 00O DEC OSF/1
CV3.1000000o0oOoooooooo-04000
ooo

Fibonacci DO OOOOO 1921

uooooboo200000 200000000400
0000000000 oooooooo 5%011%0
ooooooooooooo

7.0 0O O

OO0O000OQOFibonacciDOOOOOOOOOODO
000000 0OFibonacci F, 0000000 OLu-
cassUOO0O0O0O0O0O0DOODOOOO0OOOOO0OOO0
gobobooooboooooooboooobobooooboo
gobooooodooooooooooboooooboo
gobooooooooooooooa

ud OoOooooooooooooocoooooon
O000DAMOOOO 1078016600 0000000

g o o o

1) Shortt, J.: An iterative program to calculate
Fibonacci numbers in O(logn) arithmetic op-
erations, Inf. Process. Lett., Vol.7, pp.299-303
(1978).

2) Urbanek, F.J.: An O(logn) algorithm for com-
puting the nth element of the solution of a
difference equation, Inf. Process. Lett., Vol.11,
pp.66-67 (1980).

3) Gries, D. and Levin, G.: Computing Fibonacci
numbers (and similarly defined functions) in
log time, Inf. Process. Lett., Vol.11, pp.68—69
(1980).

4) Martin, A.J. and Rem, M.: A presentation
of the Fibonacci algorithm, Inf. Process. Lett.,
Vol.19, pp.67-68 (1984).

5) Protasi, M. and Talamo, M.: On the number
of arithmetical operations for finding Fibonacci
numbers, Theor. Comput. Sci., Vol.64, pp.119—
124 (1989).

6) Cull, P. and Holloway, J.L.: Computing Fi-
bonacci numbers quickly, Inf. Process. Lett.,
Vol.32, pp.143-149 (1989).

7) Knuth, D.E.: The Art of Computer Program-
ming, Vol.2: Seminumerical Algorithms, 3rd
edition, Addison-Wesley, Reading, MA (1997).

8) Schonhage, A. and Strassen, V.: Schnelle Mul-
tiplikation grosser Zahlen, Computing (Arch.
Elektron. Rechnen), Vol.7, pp.281-292 (1971).

9) 0000000000000 0DDO000OO
goobooobbobooboo-0oobooooooo
goobooboboob 400000000000
00000000 Vol38, No.11, pp.2406-2409
(1997).

(00 11012021000)
(00120 40 6 000)



