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Abstract: Exchange sort is different from bubble sort. Exchange sort compares an element 

with other elements in the array, and swaps elements if necessary. So there is an element that 

is always the center element (pivot). Here is its theoretical description: Comparison, the 

algorithm compares each element with its adjacent element. Then continue until all elements 

are compared. Swap: If the elements are in the wrong order (for example, in ascending order, 

if the left element is greater than the right), they are swapped. This swapping continues until 

all match numbers are swapped. Iteration, this process of comparing and swapping, is repeated 

for each pair of adjacent elements in the array. Looping, this process is repeated a number of 

times (traversing) the array until no more swapping is required, indicating that the array is 

sorted. It is concluded that for the six numbers in these three case studies, the iterations needed 

are 5 iterations each. The swaps counts needed are 7, for case study 1. The swap counts needed 

are 12 for case study 2 and the swap counts are 8 for case study 3. In this research and analysis, 

the order, all of them is descending, although it can be made ascending. In modern days, 

exchange sort plays a very important role in terms of sorting algorithms. This paper is only 

research and analysis. For novelty, the analysis is given with a clear step-by-step procedure of 

the algorithm. 
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INTRODUCTION 

The two most common problems in data processing and computer science in general are sorting and merging 

algorithms (Rabiu et al., 2022) (Chauhan & Duggal, 2020) (Alotaibi et al., 2020). Sorting is a vital data structure 

activity that facilitates finding, organizing, and locating information (Cherukuri Nischay Sai, 2021). Sorting 

algorithm plays a crucial role in information systems technology. A sorting algorithm is a step-by-step procedure 

in arranging items on a list in a particular order. Whether it is ascending or descending (Vilchez, 2020) (Zutshi & 

Goswami, 2021). Many things need to be sorted. Several sorting algorithms are available in the field. Bubble sort, 

heap sort, merge sort, quick sort, exchange sort, selection sort, etcetera.  

One main issue in sorting algorithms is speed (Ekowati et al., 2022) (Mehdi Rizvi et al., 2024). Sorting is one 

of the urgent tasks in managing and processing the data, especially when the amount of data is very large (Gill et 

al., 2018). The faster the speed, the better. Optimization of the sorting algorithm to increase speed is conducted by 

many researchers. Comparison between candidate numbers may be reduced by some algorithms. To make the 

sorting has less time (Hanafi et al., 2022).  

Many researchers have studied different algorithms of sorting in early 1950s and still continue till today. The 

new technology in IoT, Blockchain, booms the techniques both in parallelism and in processors. Hence, data 

processing, data curation, and data retrieval are also developed (Selvi et al., 2021) (Zutshi & Goswami, 2021) (Naz 

et al., 2021). 

Exchange sort is different with bubble sort. Exchange sort compares an element with other elements in the 

array, and swaps elements if necessary (Purnomo & Putra, 2023). So there is an element that is always the center 

element (pivot). While Bubble sort will compare the first/last element with the previous/next element, then that 

element will become the center (pivot) to be compared with the previous/next element again, and so on  (Zhu, 

2020) (Zhu, 2020)(Mankowitz et al., 2023). 

In this journal the discussion is about exchange sort. Analysis is given with three case studies. Each with 

different numbers to be sorted. Then discussion about this presented in the next chapter of it, to compare the result 

of this algorithm in the three case studies. Each random numbers are given with 6 of them. In this three case studies, 

explanation and analysis about exchange sort are given thoroughly. In modern days exchange sort plays a very 

important role in terms of sorting algorithm. This paper is only research and analysis, for novelty, the analysis 

given with clear step by step procedure of the algorithm 
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This paper is organized as follows. Section 1 is introduction. Section 2 is method. It is about the algorithm of 

exchange sort. Section 3 is research and analysis with three case studies. Section 4 is discussion about the result, 

and the last one is conclusion. 

 

METHODS 

Exchange sort is a simple comparison-based sorting algorithm. It works by repeatedly comparing adjacent 

elements and swapping them if they are not in order. This process is repeated until the entire array is sorted. The 

algorithm gets its name from the repeated swapping of elements . Here is its theoretical description (Singh et al., 

2024): 

 

Comparison 

The algorithm compares each element with its adjacent element. Then continue until all elements are compared. 

 

Swap 

If the elements are in the wrong order (for example, in ascending order, if the left element is greater than the right), 

they are swapped. This swapping continues until all match numbers are swapped. 

 

Iteration 

This process of comparing and swapping is repeated for each pair of adjacent elements in the array. Repetition 

occurs here. 

 

Looping 

This process is repeated a number of times (traversing) the array until no more swapping is required, indicating 

that the array is sorted. The final result of this looping is the elements which is already sorted out. 

The pseudo code of exchange sort algorithm: 

 

n = length(A) 

  //outer loop 

  for i = 1 to n - 2 do 

  //inner loop. 

      for j = i + 1 to n-1 do 

           if num[i] < num[j] do 

              swap(num[i], num[j]) 

           end if 

       end for 

   end for 

end procedure 

 

Flowchart 

This flowchart illustrates the conditional constructs, loops, and other elements of control flow that comprise an 

algorithm for sorting, from smallest to largest, an arbitrary list of numbers. In this type of diagram, arrows 

symbolize the flow of logic (control flow), rounded rectangles mark the start and end points, slanted parallelograms 

indicate I/O (e.g., a user-provided list), rectangles indicate specific subroutines or procedures (blocks of 

statements), and diamonds denote conditional constructs (branch points). Note that this sorting algorithm involves 

a pair of nested loops over the list size (blue and orange), meaning that the calculation cost will go as the square 

of the input size (here, an N-element list); this cost can be halved by adjusting the inner loop conditional to be “”, 

as the largest i elements will have already reached their final positions. 
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Figure 1. Flowchart of Exchange Sort (Ekmekci et al., 2016) 

 

RESULTS 

 

In this research and analysis, three case studies are given. Each with six numbers to be sorted. All of them is 

in descending order, from the biggest number to the smallest one. The numbers in the array that will be compared 

and matched, are given in blue. The read ones are the numbers that swapped. In this research, the step by step 

analysis are given. If compared with other exchange sort algorithm like bubble sort, there is no direct difference 

between the two. Since this research and analysis focus on exchange sort. 

 

Case Study 1:  

We have numbers below, which is not sorted yet. The pivot is in the first column, with number 90 in it. Then, this 

90 is compared with other numbers from 29 , 30, and 45. Since this numbers is smaller then 90, there is no 

swapping. The swapping are done in the array[4], which is 99. Since 99 is bigger then 90, then swapped to the 

pivot. Please take a look at tabel 1. Below. 

 

Tabel 1. 1st iteration 

pivot      

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

90 29 30 45 99 6 

99 29 30 45 90 6 

 

For 2nd iteration, the pivot is now in array[1]. The array[0] are done, since it is the biggest number already. Then 

comparison are done at this pivot with the next numbers. First swap is for 29 with 30. Then for 30 and 45, then 90 

and 45. They are all arranged in descending order. Please take a look at tabel 2., below. 

 

Tabel 2. 2nd iteration 

 pivot     

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

99 29 30 45 90 6 

99 30 29 45 90 6 

99 45 29 30 90 6 

99 90 29 30 45 6 
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Please take a look at tabel 3., below. The pivot is now in array[2] and two swaps are done. After the comparisons 

of numbers sorted, the first swap is 30 and 29, the second swap is 30 and 45.  

 

Tabel 3. 3rd iteration 

  pivot    

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

99 90 29 30 45 6 

99 90 30 29 45 6 

99 90 45 29 30 6 

 

In the tabel 4., below, the pivot is in array[3]. The swap is only one, which is between 30 and 29. 

 

Tabel 4. 4th iteration 

   pivot   

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

99 90 45 29 30 6 

99 90 45 30 29 6 

 

For the last iterations, there is no swap of numbers to be sorted in this iteration. The pivot is in arry[4], but when 

compared between 29 and 6, it is already in descending order, there is no need to be sorted, since it is already in 

descending order. In this tabel 5., it is concluded that the sorting is finished, with 99 as the biggest number in the 

left, and 6 as the smallest number in the right, in array[5]. 

 

Tabel 5. 5th iteration 

    pivot  

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

99 90 45 30 29 6 

 

Case Study 2: 

We have numbers below, which is not sorted yet. Please take a look at array[0]. The pivot is in the first column, 

with number 20 in it. Then, this 20 is swapped with other numbers from 21, 44, 99 and 93.  Let’s take a look at 

array[1]. Since this numbers is bigger than 20, it is swapped. The swapping are done in the array[1], which is 21. 

In array[2], since 44 is bigger than 21, then it is swapped to the pivot. And the last time 44 in the pivot is swapped 

with 99 in the array[4]. This is the first iteration. Please take a look at tabel 6., below. 

 

Tabel 6. 1st iteration 

pivot      

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

20 21 44 8 99 93 

21 20 44 8 99 93 

44 20 21 8 99 93 

44 20 21 8 99 93 

99 20 21 8 44 93 

 

Please take a look at tabel 7., below. The pivot now is the second column. There are three swapped. First, 

number 21 and 20. Then 44 and 21 and then 44 swapped with 93. 

 

Tabel 7. 2nd iteration 

 pivot     

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

99 20 21 8 44 93 

99 21 20 8 44 93 

99 44 20 8 21 93 

99 93 20 8 21 44 
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For the 3rd iteration, please take a look at tabel 8., below. The pivot now is the third column, it is array[2]. There 

are two swapps here. First 21 and 20, and then 21 with 44. 

 

Tabel 8. 3rd iteration 

  pivot    

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

99 93 20 8 21 44 

99 93 21 8 20 44 

99 93 44 8 20 21 

 

For the 4th iteration, please take a look at tabel 9., below. Two swapps are done. First 20 and 8 and the second 

one is 20 and 21.  Since 21 is bigger than 20, it is swapped and 20 is bigger than 8. 

 

Tabel 9. 4th iteration 

   pivot   

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

99 93 44 8 20 21 

99 93 44 20 8 21 

99 93 44 21 8 20 

 

For the last iteration, the 5th iteration, please take a look at tabel 10., below. Array[4] contains 8 and array[5] 

with 20 in it. Since 20 is bigger than 8, the it is swapped. This means in this iteration, there is only one swapp.  

 

Tabel 10. 5th iteration 

    pivot  

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

99 93 44 21 8 20 

99 93 44 21 20 8 

 

Case Study 3: 

We have numbers below, which is not sorted yet. Take a look at tabel 11., below. Please take a look at array[0]. 

The pivot is in the first column, with number 33 in it. Then, this 33 is swapped with the rest of the numbers, since 

this 33, is the smallest. Let’s take a look at array[1]. Since this number, 63 is bigger than 33, it is swapped. The 

swapping are done in the array[1], which is 63. In array[2], since 57 is smaller than 63, then it is not swapped to 

the pivot. But for array[3], the contain is 88, Since this 88 is bigger than 63, it is swapped. This is the first iteration. 

 

Tabel 11. 1st iteration 

pivot      

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

33 63 57 88 49 50 

63 33 57 88 49 50 

88 33 57 63 49 50 

 

 

 

Please take a look at tabel 12. This is the 2nd iteration. The pivot is now in array[1]. There are two swaps here, 

which are between array[1] and array[2], 33 and 57. Then between 57 and 63, since 63 is bigger than 57.  

 

Tabel 12. 2nd iteration 

 pivot     

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

88 33 57 63 49 50 

88 57 33 63 49 50 

88 63 33 57 49 50 

 

Please take a look at tabel 13., below. This is the 3rd iteration. The pivot is now in the 4th column, array[3].  Only 

two swaps occurred here. It is between and 33 and 49, then between 49 and 50. 
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Tabel 13. 3rd iteration 

  pivot    

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

88 63 33 57 49 50 

88 63 57 33 49 50 

 

Please take a look at tabel 14., below. This is the 4th iteration. The pivot now is in array[3]. Number 33 is 

compared with 49, then it is swapped. After that, 49 is swapped with 50. 

 

Tabel 14. 4th iteration 

   pivot   

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

88 63 57 33 49 50 

88 63 57 49 33 50 

88 63 57 50 33 49 

 

Please take a look at the 5th iteration, tabel 15., below. The pivot is not in the 5th column. It is array[4]. Only 

once swap occurred. We swap 33 and 49. Then this is the last sorted numbers, because right now it is already in 

descending order, all of them. 

 

Tabel 15. 5th iteration 

    pivot  

Array[0] Array[1] Array[2] Array[3] Array[4] Array[5] 

88 63 57 50 33 49 

88 63 57 50 49 33 

 

DISCUSSION 

Based on results we get from the research and analysis above, we have this tabel 16., to be discussed. Each 

case study has 5 iterations, since the numbers are only six. But the total swaps are different. For case study 1, the 

swaps are 7. For second case study the swaps are 12 and for the last case study, case study 3, the swaps are 8. The 

second case study has the biggest swaps, namely 12. The total iterations for each case study is 5. 

 

Tabel 16. Discussion of the results 

Case Study Iterations Total swapped 

1 5 7 

2 5 12 

3 5 8 

 

CONCLUSION 

It is concluded that for the six numbers in these three case studies, the iterations needed are 5 iterations each. 

The biggest swaps needed are 12, for case study 2. The smallest swap needed is 7 for case study 1, and the swap 

counts are 8 for case study 3. In this research and analysis, the order, all of them, is descending. To make it 

ascending, it is just with reversing the analysis and comparisons. This paper is only research and analysis, for 

novelty, the analysis is given with a clear step-by-step procedure of the algorithm. A flowchart is also given. For 

future works, it is better to compare the exchange sort algorithm with other known algorithms in sorting numbers. 

Major known algorithms in terms of sorting are available and the comparison in terms of the time needed to execute 

these algorithms are crucial. It is also suggested that implementation with major programming language can be 

given, like C++ or other programming languages. So that the speed of each case study can be discussed. 
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