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Abstract—Fibonacci numbers are simple numbers that are
the sum of two consecutive numbers. There are many methods
and many way to get Fibonacci result to solve many problems
in real life or programming problem, in this research will
determine the optimal time efficiency to solve the problem of
calculating Fibonacci numbers, either by using static
programming algorithm, such as recursive algorithm or with
the dynamic programming algorithm, such as top-down
approach algorithm and the bottom-up approach algorithm
method. The problem-solving strategy is performed by
calculating the execution time required by the three algorithms
to get accurate results using C language with many various
counts of inputs. From the comparison of Fibonacci search
methods, it was found that by using the Dynamic programming
method with a bottom-up approach the algorithm has a more
optimal efficiency than the top-down approach from dynamic
programming or from static programming with a recursive
algorithm
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. INTRODUCTION

The development of information and communication
technology in the age of globalization is growing. Many
innovations, one of them is in the field of algorithms and
programming, which produce big impact to solve problems
quickly and precisely. So far, the programming algorithm is
divided into two types, namely static programming algorithm
and dynamic programming algorithm . The application of
both static programming and dynamic programming
algorithms are quite extensive, for example, in the
calculation of Fibonacci numbers. Fibonacci numbers were
first explained in 1150 by Indian mathematicians named
Gopala and Hemachandra. Leonardo of Pisa studied
Fibonacci numbers around 1200 when he discussed the ideal
growth of the rabbit population and then known as Fibonacci
[1]. Fibonacci numbers result from the sum of two
consecutive numbers. Therefore, the Fibonacci numbers
contain looping or recursive elements.

Solving the problem of calculating Fibonacci numbers can
use static programming or dynamic programming
algorithms. Static programming, such as C and C ++, is a
program that must be compiled before running the program

so the program will stop when there is an error in the
program. Unlike the case with dynamic programming such
as Javascript, Python, PHP, etc. do not require compilation
before running the program. The program will be compiled
when the program is executed, so when there is an error, the
program will stop right then. Based on the statement above,
this research will discuss about the calculation of Fibonacci
numbers using static programming algorithm, such as the
recursive algorithm method and by using dynamic
programming, namely the algorithm of the top-down
approach and the bottom-up approach to achieve the most
optimal time efficiency point by calculating the execution
time needed by the program from using the three algorithms

[2][3]-

Il. RESEARCH METHOD

A series of numbers can be defined as a sequence consisting
of numbers arranged according to certain rules and patterns.
In the sequence of numbers, there is an element called a
term. The word of ‘Fibonacci’ is taken from the name of its
discoverer. The Fibonacci number series was first
discovered by an Italian mathematician named Leonardo
Fibonacci in the 30th century [4]. Fibonacci is a sequence of
numbers that has the first term that is 1, the second term is
also 1, and then the third term is the sum of the previous
terms (the first term and the second term). A series of
Fibonacci numbers will produce a ratio when it divided. The
series of numbers provided on the Fibonacci sequence
contained are 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377,
610, etc. Based on the sequence number, the Fibonacci
number series can be formulated as shown in Equation 1
from Poulos [5].

Fn = Fn-1 + Fn-2 with conditionn >3 (1)
FO=0andFl=1
Comparison between Fn+1 and Fn is almost always the same
for any value, this ratio is fixed or called Golden Ratio,

whose the value is close to 1.618 [6]. The implementation of
the Fibonacci numbers will be seen in Fig.1.
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Fig. 1.Implementation of the Fibonacci numbers

An algorithm is the sequences or steps that used to solve
problems arranged sequentially or systematically. The
arranged algorithms must consider the results produced (the
results must be as close as possible to the actual values) and
the maximum of efficiency of time and memory. Therefore,
a good algorithm is an algorithm that can produce the right
results with the minimum of time and memory. The
algorithm is arranged of various machine languages. The
algorithm is divided into two types based on the
programming language used, namely the static programming
algorithm and the dynamic programming algorithm [7][8].

An algorithm is often called a static programming
algorithm because wusers do not communicate with
computers. Therefore, when the program is compiled, the
program can run without waiting or require any input from
the user [9]. Static Programming has a separate compilation
and execution phase, the compiler runs longer and produces
optimal machine code [10]. In doing some work, a static
programming algorithm optimizes hardware efficiency, so
that it can be several times faster than a dynamic
programming algorithm. Examples of static programming
languages: C, C ++, etc. Dynamic programming was first
developed by Richard E. Bellman in 1957. In this technique,
the problem solving method can be seen as the result of
interrelated decisions. According to Munir (2008) in a
dynamic program, an optimal set of decisions is made using
the Optimality Principle [11].

The algorithm is often called dynamic programming
algorithm because the user communicates with the computer.
This is indicated by the need for input from the user when
compiled. Dynamic Programming does not separate the
compilation phase and the execution phase, the execution of
the code is done at compile-time and compiles the code at
execution [12]. Using dynamic programming algorithms
designed to optimize programmer efficiency, so that it can
implement functionality with less code than a static
programming algorithm but in other words compromising
the speed of execution. Dynamic programming algorithm
has two approaches, top-down approach algorithm, and
bottom-up approach algorithm.

The preparation of Fibonacci numbers calculation using
static programming algorithm, one of them will be used the
recursive algorithms [13]. The pseudocode algorithm static
programming will look like as shown in Error! Reference
source not found..

function fib(n)
ifn=0orn=1
return 1
else
return fib(n-1) + fib(n-2)|

Fig. 2.Fibonancci pseudocode algorithm static programming

In a static program, several ‘fib’ that have the same results
are counted repeatedly, compilation as needed, so this
algorithm has exponential time complexity [14]. The
dynamic programming algorithm has two methods of
approach algorithm, called the Top-down approach and
Bottom-up approach. Top-down Approach algorithm, this
method solving the problem with broken down the problem
into sub-problems and each sub-problem is solved first then
the solution saved if sometimes the solution is needed again
then just need to be called it again [15][16]. This method
uses recursion (repetition) and memorization (storing
calculated values) combined into one so that the program
does not need to recalculate the previously calculated value
when it is needed. [17]. Top-down approach algorithm can
be seen in Error! Reference source not found..

if n = @ then
return @
else if n =1 or n = 2 then
return
else
fib[1] 1
fib[2] 1
for i = 3 to n do
fib[i] = fib[i-1] + fib[i-2]
endfor
return fib[i]
endif

(a) (b)

Fig. 3.Top-down approach conception and pseudocode

=

Top-down Approach

As can be seen in Figure 3, there is using of arrays to store
calculated the values. When the loop stops, the function will
return the last element of the array which is the nth fib
number calculated. This Bottom-Up Approach method [18],
all sub-problems that may be needed to solve first and then
used to build solutions to larger problems, the conception
and pseudocode its shown in Error! Reference source not
found..

prevEF +~ 0O

currfF +~ 1

for i-2 to n do
newE + prevF + currF
prevF + currF
currfF + newFE

endfor

return currkF

Bottom-up Approach

(@) (b)

Fig. 4.Bottom-up approach conception and pseudocode

If the top-down approach algorithm uses memorization,
the bottom-up approach algorithm uses the tabulation so that
arrays are no longer needed so that the required memory can
be minimized. The bottom-up approach algorithm can look
like in Figure 4b. With this method, starting from calculating
the smaller “fib” value then calculating the larger value than
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the value previously obtained. It can be seen in Figure 4 the
calculation of fib(s) only done once, then use it to calculate
Fibonacci (4) and Fibonacci (3), so that both approaches
have the same complexity is polynomial [19].

I11.  RESULT AND DISCUSSION

Based on the research method about Fibonacci and all
methods to calculate the Fibonacci problem, Fibonacci
numbers calculation algorithms in dynamic programming are
estimated to be able to increase efficiency to be more
optimal than recursive algorithms in static programming.
How much increase in time efficiency that occurs can be
proven through real testing [10]. This test is done by making
three programs based on three Fibonacci algorithms, both
static programming algorithm and dynamic programming
algorithm in C ++ language by using the CodeBlock
application and the GCC compiler. The program will be
executed and take into account the time needed to complete
the calculation of Fibonacci numbers. Static programming
testing is carried out with a recursive algorithm in
accordance with the pseudocode above. Source Code
Fibonacci calculation program uses static programming, and
the results of the execution of the static programming using
the recursive algorithm program when the variable value
inputted are 5, 10, 15, 20 and 25, as can see in Error!
Reference source not found..

Table 1. Result table Fibonacci numbers and execution
time static programming

Fib to- Fibonacci Execution Time
Summary (ms)
Result
5 5 897.00
10 55 918.00
15 610 967.00
20 6765 1041.00
25 75025 1091.00
Average 982.80

Dynamic programming testing is carried out using two
algorithms in accordance with the pseudocode above. The
testing is done by making two programs based on this
algorithm which consists of Top-Down Approach, with the
following Source Code is a Fibonacci calculation program
using the Top-Down Approach dynamic programming
algorithm, the results of the execution of the dynamic
programming using the top-down approach algorithm
program when the variable value inputted are 5, 10, 15, 20
and 25, as can see in Error! Reference source not found..

Table 2. Result table Fibonacci humbers and execution
time dynamic programming Top-down approach

Fib to- Fibonacci Execution
Summary Time (ms)
Result

15 610 658.00
20 6765 697.00
25 75025 784.00

Average 654.40

The following Source Code is a Fibonacci calculation
program using the Bottom-Up Approach dynamic
programming algorithm, and The results of the execution of
the static programming using the recursive algorithm
program when the variable value inputted are 5, 10, 15, 20
and 25, as can see in Error! Reference source not found..

Table 3. Result table Fibonacci numbers and execution
time dynamic programming Bottom-up approach

Fib to- Fibonacci Execution
Summary Time (ms)
Result
5 5 451.00
10 55 472.00
15 610 546.00
20 6765 564.00
25 75025 668.00
Average 540.20

From the results of the execution time of testing the three
methods obtained, the Recursive method, Top-down
approach method, and Bottom-up Approach method, get the
graph as can see in Error! Reference source not found..

Hasil Waktu Eksekusi Program

bl

Input Data

Waktu (s)
=]
o

B Rekursif @ Top-down Approach Bottom-Up Approach

Fig. 5.Result graph comparison, between Recursive method,
Top-down approach and Bottop-up approach

IV. CONCLUSION

From the graph result that shown in Error! Reference
source not found., it can be seen the results of tests on the
Fibonacci number calculation algorithm, both static
programming and dynamic programming algorithm. Using
dynamic programming has a more optimal time efficiency
than static programming, because dynamic programming is
able to avoid repetitive calculations. However, can be seen
too in dynamic programming, using a top-down approach or
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bottom-up approach algorithm having different efficiencies
in calculating Fibonacci numbers. Even though both of these
algorithms have the same complexity, namely, O(n).
Dynamic programming with a bottom-up approach algorithm
has a more optimal efficiency than the top-down approach.
This efficiency difference can be caused by the computer's
ability to perform Fibonacci calculations in a traversal
manner. By using the traversal methods the calculation is
more quickly completed than the recursive method. This is
due to the recursive method, and the processor works harder
with context switching. Therefore, it can be concluded that
in order to achieve the most optimal time efficiency in
calculating Fibonacci numbers is to utilize dynamic
programming as a solution to solving problems.
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