
Fibonacci Numbers

Recognize form?

Quiz
How many ways to specify
a sequence? Which ones are
shown? What’s missing?

Quiz
What is (13)?F

Quiz
What is (15)? See Exer-F
cise in Slide 5.

0 1 2 3 4 5 6 7 8 9

�

https://www.mathsisfun.com/numbers/fibonacci-sequence.html
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Standard Recurrence

Linear 2nd Order
� Constant coefficients

� Homogeneous case

� Characteristic equation

A linear, 2nd order,
homogeneous recur-
rence with constant
coefficients.

� App. B
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Solve Recurrence
Reminder

Quiz
Name the formula. What
are the values of , , ina b c

this case?

Quiz
Which case of the
recurrence solution
applies?

Fibonacci Sequence
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Determine Constants

Us recurrence initial conditionse

Solv for alpha and betaeExercise
Solve system of equa-the
tions (try by hand also).

The constants only differ
in sign.

�

Solve Recurrence
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Fibonacci Sequence

The Generic Term

Approximation formula

Let

Exercise
Use approximation formula to
compute 15). Ans. last slide.F(

ϕ is an interesting special

number called the golden
ratio (values , -hatϕ ϕ

calculated earlier), check
culture, history and myth.

� Golden ratio

�

▲

1 −ϕ
▲

https://www.goldennumber.net/parthenon-phi-golden-ratio

https://history.howstuffworks.com/history-vs-myth/parthenon-golden-ratio.htm
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Computing Terms

Quiz
Can be written directly
from definition, but itis
better than a straight
programming-101 itera-
tive version?

Fibonacci Sequence

Performance

�
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Recursion Efficiency

How bad is it?

Quiz
How many additions are
needed to compute (8)?F
(Check shown sequences).

Exercise
Use code to verify answer
(code the recursive ,version
insert code to count addi-
tions, run for =8).n Output
A n n( ), verify cases =0,1,2
both from code and
pseudocode.

B n( ) the samegenerates
terms as ( ) but in aF n
sequence runs stepthat a
ahead, i.e., another partic-
ular solution of the same
recurrence.

Computing Terms

▼

▼

0 1 2 3 4 5 6 7 98

Exercise
Try .fibonacci(1��)
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© 2220 Dr. Muhammad Al-Hashimi 8KAU    CPCS 223-

Summary

� Use definition (recurrence)

� Use approximation
Exponentiation, how efficient?

� Iteratively: linear n

� Recursively: exp. (why?)n

Exercise
Verify using =4 that then
recursive algorithm indeed
does compute the same
Fibonacci numbers repeat-
edly (redundantly).

Exercise
Compare efficiency when
input size is expressed as
number of bits in ?n

1.61803^155 in a hand calculator ÷√‾
yields 609.977... F(15) = 610 (note an
extra digit inbeyond the 0 is needed ϕ
when raising to relatively high power).

Computing Terms

Quiz
How would you calculate
F(100)? Compare efficiency
of generating sequence vs.
one term.

�

�
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