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Abstract 
 
This paper considers the unconstrained optimization problem to minimizing 

or maximizing non-linear objective functions in the case of unrestricted 

constraints. The two methods Dichotomous Search Method (without using 
derivatives) and Bisection Search Method (using derivatives) are used to find 

a sequence of solution leads toward an optimal solution. Two different 

examples for each method (one of the minimum objective function and the 

other to maximum objective function) are solved by Visual Basic program to 
identify a systematic search of a new solution. The results consider that, we 

obtained the same results and the converged to an optimal solution in each 

case (min and max) objective function for both methods. 
 

Key words: Non-linear objective function, unrestricted constraints, 

unconstrained optimization problem, dichotomous search method, bisection 

search method. 
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1 Introduction 
 

Image processing techniques are widely used in object recognition at 

risky environment for the sake of alerting the human operators to rescue the  

In this paper, we developed two line search procedure to solve the non-linear 
problem unconstrained problem. The two algorithms Dichotomous Search 

Method and Bisection Search Method used the iterative steps to reach the 

optimal solution for minimize or maximize objective function. Therefore, the 

related study is prepared as shadows: In Unit 2 the Dichotomous Search 
Method (without using derivatives) with initial and main steps, Section 3 

introduced the Bisection Search Method (using derivatives) with initial and 

main steps. The experimental results are shown in numerical example and the 
results are explained in section 4. Finally, the conclusions of this paper are 

represented in Section 5. [15][6] 

 

2 Literature Review 
 

Boguslawski, Katharina, Christoph R. Jacob, and Markus Reiher [3] 
They reconstructed the x-c spindle and combined the reform by the use of 

precise board (spin) masses found from preliminary correct calculations 

founded on the wave function and the lithium particle and the oxygen grain 

were selected in its triple national, and this work was a prerequisite. Zhang, 
Jianguo, Yunhai Xiao, and Zengxin Wei [21]  Report the performance of 

MDL and MLTW algorithms in a range of testing issues, discuss global 

convergence characteristics and make numerical comparisons in PRP. 
Buzdalov, Maxim, Benjamin Doerr, and Mikhail Kever [5] The possibility of 

solving some optimization problems using the optimization black box 

algorithm. Meissner, Joern, and Arne K. Strauss
 
[11] Proposing an RM 

model for the network for the environment that can deal with both the 

traditional opening or closing of restricted price categories and obtain the 

optimal solution through the formulation of dynamic programming through 

experiments on improving revenues and formulating the problem as a 
dynamic program and approximating it using. Benfratello, Salvatore, Luigi 

Palizzolo, and PietroTabbuso
 

[1]
 

Three different formulas have been 

proposed for the problem of optimal design of steel frames and the use of a 
dynamic unconstrained approach to determine the seismic loading model 

with consideration of its randomness. Burer, Samuel, and Renato DC 

Monteiro
 

[4] Introduced the nonlinear software design procedure for 

answering semi-specific drivers (SDPs) in standard form. 
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3 Dichotomous Search Method (without using derivatives) 
 

The Dichotomous Search Method compute the midpoint and then moves 
slightly to each side of the midpoint to compute a new two test points, with a 

very small number ε. The aim of this method is set the two test points as 

close together as possible. The procedure continues with some small interval 
until the optimal solution is reached [8] 

 

3.1 The Dichotomous Method to Minimize f(x) 
 

Consider  to remain reduced ended the intermission [a, b]. 

Supposing that f(x) is strictly quasi convex. We place each of the first two 

observations,   Data to make from the midpoint (a+ b)/2 at a 

distance of ε. A new interval of uncertainty is obtained depending on the 
values of f(x) at x 1 and x 2. By putting two new observations, the process is 

repeated.[15] 

 

3.1.1 Initialization Steps 
 

Choose a small number ε > 0, such as 0.01 select a small t such that (0 < 

t < b-a) To be the permissible final uncertainty interval. Let n be the smallest 
positive integer such that n is the smallest positive integer., 

    then, 

Compute, ,  and let the 
number of iteration (I=0 ) and go to the main step. [15] 

 

3.1.2 Main Steps  
   

1.  

2.  
 
3. Compute  

,  

4. Stopping rule: If   then  

 
5. Otherwise, perform iteration.[6][15] 

 

Example 1 
Consider the following problem  
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Suppose that we want to lessen the rest of doubt to an interval whose 

length (t) is less than or equal to 0.2. Hence, the number of observation n 

satisfying 

  
The computations using the dichotomous method to minimize the 

function by using Visual Basic program is given in table 1 
Table 1: results of the dichotomous method to the example 1 

Iteration 

n 
a B     

1 -3 6 1.49 1.51 5.2001 5.3001 

2 -3 1.51 -0.755 -0.735 -0.93997 -0.92977 

3 -3 -0.735 -1.8775 -1.8575 -0.22999 -0.26469 

4 -1.8775 -0.735 -1.31625 -1.29624 -0.89998 -0.91223 

5 -1.31625 -0.735 -1.03562 -1.01562 -0.99873 -0.99975 

6 -1.03562 -0.735 -0.89531 -0.87531 -0.98904 -0.98445 

7 -1.035625 -0.8753125     

 

 
 

3.2 The Dichotomous Method to Maximize f(x) 
 

Consider  to be maximized over the interval [a, b]. Suppose 

that f(x) is concave. We place each of the first two observations,   

equally at a space ε from the average (a+ b)/2. Dependent on the prices of 

  A newly instability variable is produced. By placing 
two fresh findings, the procedure is then repeated. [15] 

 

3.2.1 Initialization Steps  
 

Choose a small number ε > 0, such as 0.01 Select a small t such that 

0<t<b–a, be the allowable final interval of 

uncertainty ,  .Let I=0 

and go to the main step. [22][15] 
 

3.2.2 Main Steps    
 

1.  

 
2. Compute  

,  
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3. Stopping rule: If   then  

 
4. Otherwise, perform another iteration.[15] 

Example 2 

Suppose that the function    is to be maximized, 

then The computations using the dichotomous method to maximize the 
function by using Visual Basic program is given in table 2 .  

 
Table 2: results of the dichotomous method to the example 2 

Iteration n a B     

1 0 2 0.99 1.01 7.11525 6.87514 

2 0 1.01 0.495 0.515 5.73046 5.93165 

3 0.495 1.01 0.7425 0.7625 7.66305 7.74283 

4 0.7425 1.01 0.86625 0.88625 7.86068 7.81515 

5 0.7425 0.88625 0.80437 0.82437 7.85487 7.87921 

6 0.80437 0.88625 0.83531 0.85531 7.8838 7.87518 

 

 
 

4  The Bisection Search Method 
 

The Bisection method is a numerical mathematical analysis for finding a 
solution to the non-linear equation. The idea of this algorithm is attempts for 

using derivations to find the converged toward the optimal solution and 

reduce the interval of uncertainty.[2][15][7] 

 

4.1 The Bisection Method to Minimize f(x) 
 

Suppose we want to reduce a function f(x) ended a secure or limited 

intermission and f(x) is pseudo convex, let the interval of uncertainty be [a, 

b]. Hence at any iteration  is assessed at the average of the intermission 
improbability.[19][17] 

whose duration is half the previous iteration. Therefore, the length of the 
instability event since n measurement is relative to(1⁄2)^n(b 0-a 0). Note that, 

under any desired degree of precision, the process converges to a minimum 

point. In particular, if the length of the final uncertainty interval is set at t, n 

must be selected to be the smallest integer, such as (1⁄2) n/(b-0-a-0). 
[6][9][15] 
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4.1.1       Initialization Steps  
 

Have [a 0,b 0] become the original ambiguity frame, and t be the last 
instability variable permissible. Let n be the smallest positive integer such 

that n is the smallest positive integer. . Let I=0 and go to 

the main step.[15][10] 

 

4.1.2  Main Steps    
 

Let   and evaluate .If 

Stop;  is an optimal solution. Otherwise If  

  

If     
     The minimum is in the interval[a (n+1),b (n+1)] if I = n stop;Substitute I 

with I+1 otherwise and repeat from the beginning.[12][15] 

Example 3 

Contemplate the next problem  

 

 
Suppose that we want to decrease the rest of doubt to an interval whose 

length t, and it is less than or equal to 0.2. Hence, the number of observation 
n satisfying 

  
The computations using the bisection search method by using Visual 

Basic program in is given in table 3. 
 

Table 3: results of the bisection method to the example 3 

Iteration 

n  a b new x  

1 5 -3 6 1.5 5.25 

2 0.5 -3 1.5 -0.75 -0.9375 

3 -1.75 -3 -0.75 -1.875 -0.23437 

4 -0.625 -1.875 -0.75 -1.3125 -0.90234 

5 -0.0625 -1.3125 -0.75 -1.03125 -0.99902 

6 0.21875 -1.03125 -0.75 -0.89062 -0.98803 

7  -1.03125 -0.89063   

Note that, the final intermission of doubt is [-1.03125, -0.89063]. Thus 
that, the least could be taken as the average  
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4.2 The Bisection Method to Maximize f(x)  
 

If f(x) is curved (the second term is negative or zero for all x), this search 
procedure can be applied. The principle behind this approach is a very 

intuitive one; whether the slop (derivative) in a trail solution is positive or 

negative. It certainly means that the solution to change is immediately on the 

right or left..[20] Which implies, unless the variant reassessed at a specific x 
value is positive, after which (x^ * must be bigger than in this x), and x has 

become a lower limit. Conversely, if another variant is negative, then (x^ * 

should be lower than even this x), and x will become an upper limit. As a 
result, while both kinds of limits were defined, every other answer here 

between latest limits offers a new, straighter bound. A fair rule is used to 

pick each solution for the trail in this way. The resulting trail solution series 
must then converge into x^ *. [15] [14] 

 

4.2.1  Initialization Steps  
 

Select the 5-007. Find the initial typing for a typing 0 and b 0 of the 

uncertainty by checking (or finding any value of x for which the derivative is 

positive and then negative) typing. pick the early test solution 
newx(0)=(1⁄2)(a 0+b 0). Let I=1 go to key step. [18][15] 

 

 

4.2.2 Main steps   
  

1. Evaluate  

2. If  

3. If     

4.  Select a  

5. Stopping rule: If   . Otherwise, perform 
iteration. 

Example 4 
Guess the function is to be maximized 

 

 

 
The computations using the bisection search method by using the Visual 

Basic program is given in table 4 
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Table 4: results of the bisection method to the example 4 

Iteration 

n 
 a b new x  

0  0 2 1 7.00000 

1 -12 0 1 0.5 5.78125 

2 10.125 0.5 1 0.75 7.69482 

3 4.08984 0.75 1 0.875 7.84386 

4 -2.19396 0.75 0.875 0.8125 7.86718 

5 1.31436 0.8125 0.875 0.84375 7.88290 

6 -0.33969 0.8125 0.84375 0.82812 7.88150 

7 0.51125 0.82812 0.84375 0.83593 7.88386 

 

So because second distribution is not positive every where and, f(x) is a 
curved function, but the bisecting process could be used securely to locate its 

global maximum (assuming there is a global maximum). 

A rapid analysis of this feature function (without even building its chart 

as seen in Fig . 1) 
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Figure 1:  A global maximum for the bisection method 

  

Specify that, for smaller positive traits of x, f(x) is positive, but negative 
for x<0 or x>2. 

Firstly, as the original trail solution, a=0 and b=2 could be used as 

original limits, with the middle point, new(x)=1. In the stop law, allow 
ε=0.01 be the failure tolerance for x^ *, therefore the actual (b-a) at the 

middle point is 0.02 and new(x). The inference, then, is:  

 
 

5 Results 
 

Form the computational experiments by used Visual Basic program we 

obtained the same results and the converged to an optimal solution in each 
case (min and max) objective function for both methods. 
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In Table 5 we can see the value of x

*
 is equal to (-0.95546) by using the 

Dichotomous method and equal to (-0.96094) in Bisection method in 

minimum case. On the other hand, the convergence between the objective 
function is very clear and it’s equal to (-0.99801) in Dichotomous method 

and (-0.99847) in Bisection method. In maximum case, the value of x
*
 is 

equal to (0.84531) by using the Dichotomous method and equal to (0.83593) 

in Bisection method. So, the value of the impartial function in maximum case 
is (7.88230) in Dichotomous method and (7.88386) in Bisection method. 

Moreover, we can summarize all results in this paper for each method on 

table 5. 
 

Table 5: Summarize all results for each method 

Method 
Minimum Maximum 

    

Dichotomous -0.95546 -0.99801 0.84531 7.88230 

Bisection -0.96094 -0.99847 0.83593 7.88386 

 

6 Conclusions 
 

This study compares the use of two methods (Dichotomous Method and 

Bisection Method) for non-linear functions in the case of unrestricted 

constraints using iterative steps to search for the optimal solution, where each 
stage is used an algorithm based on the primary solution by a series of 

successive attempts until approaching the optimal solution. Finally, the two 

researchers have reached to match the extracted solutions for both methods 
using the program (Visual Basic) and matching them on numerical examples 

in both cases of the objective function (min and max). 
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