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Abstract 

 Sort is an algorithm that arranges all elements of an array in increasing or decreasing order. 
Sorting Technique is frequently used in so many important applications to arrange the data in 
ascending or descending order. Several Sorting Algorithms of different-different time and 
space complexity are exist and used. Basically there are two domains of sorting algorithm, 
one is comparison based sorting algorithm and other is non-comparison based sorting 
algorithms. In this paper we are comparing some comparison based sorting algorithms 
(Insertion sort, Bubble sort, Selection sort and Comb sort) on the basis on their C.P.U time 
taken for execution. For the comparison purpose, all sorting algorithm are tested on the same 
larger input values. Visual Studio 2008 Tool and C# language are used for implementation 
and analysis of CPU time taken. Analysis is based on random input sequence of length 1000, 
3000, 5000, 10000, 15000, 20000, 30000, 40000 and 50000. Result shows that Comb sort 
working well for all length of input values and taking less C.P.U time than Selection sort, 
Insertion sort and Bubble sort. 
Keywords— C.P.U time, Insertion sort, Bubble sort, Selection sort and Comb sort. 

1. Introduction 

An algorithm is a finite sequence and well-defined set of instructions that takes some value 
or set of values as input and produces some value as a output Herbert Schild, 2005. A good 
algorithm is that which provides satisfactory result for every range of data set. Sorting is a very 
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basic concept and important for solving other problems like is prerequisite for Binary Search 
technique. Sorting is the fundamental problem of computer science and remained burning issue 
for research over the last several decades due to time complexity Alfred V.et.al, 2002. Sorting is 
often used in a large variety of critical applications and is a fundamental operation that is used by 
most computers. There are two general categories of sorting algorithms: algorithms that sort 
random-access objects, such as arrays or random-access disk files, and algorithms that sort 
sequential objects, such as disk or tape files, or linked lists. There are three general methods for 
sorting arrays: Herbert Schild, 2005.  

 Exchange  
 Selection  
 Insertion 

 Sorting has been considered as a fundamental problem in the study of algorithms, that due to 
many reasons:  

 The need to sort information is inherent in many important applications.  
 Algorithms often use sorting as a key subroutine and efficient sorting is important to 

optimize the use of other algorithms that require sorted lists to work correctly.  

 The output should satisfy two major conditions: 

 The output is a permutation, or reordering, of the input sequence.  
 The output is in some order increasing or decreasing. 

 
2. Overview of Several Sorting Algorithm  

2.1 Bubble Sort 

Bubble sort works in the following process: keep passing through the list, exchanging 
adjacent element, if the list is in unordered form; when the list is in sorted order, no exchange of 
data element are required. With the Bubble Sort, the number of comparisons is always the same 
because the two for loops repeat the specified number of times whether the list is initially 
ordered or not. This means that the bubble sort always performs 
                  (n − n) 
 Comparisons, where n is the number of elements to be sorted Trivedi.D et al, 2013. Bubble sort 
average case and worst case complexity are both O (n2) but best case complexity is O (n). 

2.2 Selection Sort  

A Selection sort selects the element with the lowest value and exchanges it with the first 
element. Then, from the remaining n-1 elements, the element with the smallest key is found and 
exchanged with the second element, and so forth. The exchanges continue to the last two 
elements. The asymptotic complexity of basic selection sort in worst case, average case and best 
case is O (n2) which is due to comparisons of each data element with each other and its number 
of iterations. So these algorithms can be improved or enhanced by reducing the number of 
iterations or comparisons. As like Bubble sort, Selection sort also perform. 
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1
2 (n − n) 

Number of comparison, where n is the number of elements to be sorted Khairullah.M, 2013. 

2.3 Insertion Sort 

Insertion Sort works as follows: We insert an element into its proper place in the previous 
sub-list. At every iteration, we identify two regions, sorted region and unsorted region. We take 
one element from the unsorted region and “insert” it in the sorted region. The element in the 
sorted region will increase by one after the iteration. We repeat this on the rest of unsorted 
region. Insertion sort worst case and best case complexity is O (n2) and best case complexity is 
O(n) Sodhi.T.S et al, 2013. 

Unlike selection sort and Bubble sort number of comparison and number of swaps in 
insertion sort cannot be explained in terms of number of element to be sorted. Same size of list 
may take different-different number of comparison and swaps. Because number of comparison 
and swaps are depend on the values which we are going to sort. But among Selection, Bubble 
and Insertion sort, Insertion sort is the fastest sorting algorithm. Like Selection sort and Bubble 
sort, Insertion sort is also an in-place sorting technique. Because Insertion sort, Bubble sort and 
Selection sort uses O (1) extra space to sort the list on n element.  

2.4 Comb Sort 

Comb sort is a relatively simple sorting algorithm originally designed by Włodzimierz 
Dobosiewicz in 1980. Later it was rediscovered by Stephen Lacey and Richard Box in 
1991. Comb sort improves on bubble sort. The basic idea is to eliminate turtles, or small values 
near the end of the list, since in a bubble sort these slow the sorting down tremendously. Rabbits, 
large values around the beginning of the list, do not pose a problem in bubble sort. 

In bubble sort, when any two elements are compared, they always have a gap (distance 
from each other) of 1. The basic idea of comb sort is that the gap can be much more than 1 (Shell 
sort is also based on this idea, but it is a modification of insertion sort rather than bubble sort). 

In other words, the inner loop of bubble sort, which does the actual swap, is modified 
such that gap between swapped elements goes down (for each iteration of outer loop) in steps of 
shrink factor. i.e. input size / shrink factor, input size / shrink factor^2, input size / shrink 
factor^3, ...., 1. Unlike bubble sort, where the gap is constant i.e. 1. The gap starts out as the 
length of the list being sorted divided by the shrink factor and the list is sorted with that value 
(rounded down to an integer if needed) as the gap. Then the gap is divided by the shrink factor 
again, the list is sorted with this new gap, and the process repeats until the gap is 1. At this point, 
comb sort continues using a gap of 1 until the list is fully sorted. The final stage of the sort is 
thus equivalent to a bubble sort, but by this time most turtles have been dealt with, so a bubble 
sort will be efficient. 

The shrink factor has a great effect on the efficiency of comb sort. In the original article, the 
authors suggested 1.3. A value too small slows the algorithm down because more comparisons 
must be made, whereas a value too large means that no comparisons will be made. Lacey and 
Box empirically found (by testing Combsort on over 200,000 random lists) the shrink factor of 
1.3 to be the best. 
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3. Comparative Study and Discussion 
All the four sorting algorithm (Insertion Sort, Selection Sort, Bubble Sort and  Comb Sort) 

were implemented in Visual Studio 2008 tool and C# language used for coding. All four 
algorithms tested for the random sequence input of length 1000, 3000, 5000, 10000, 15000, 
20000, 30000, 40000 and 50000 and algorithms were executed on machine with 64-bit Operating 
System having Intel(R) Core(TM) i3-2330m CPU @ 2.20 GHz and installed memory (RAM) 
2.00 GB. 

The Plot of length of input and CPU time taken (sec) are shown in figure 1. And CPU time 
(sec) for Insertion sort, Selection Sort, Bubble Sort and Comb Sort on same length of input 
sequence are represented in Table.1. Results shows that for the small input sequence length, the 
performance of all four algorithm is almost same, but for the large input sequence length Comb 
Sort is faster than Insertion sort, Selection Sort and Bubble Sort. 

Table.1 C.P.U Time Taken 

 
No of random 

inputs 
 

 
CPU time for 
insertion sort 

 
CPU time for 
selection sort 

 
CPU time for 
bubble sort 

 
CPU time for 

Comb sort 

1000 .011847 .0135739 .019548 .0016976 
3000 .0468433 .0893485 .0995244 .0028652 
5000 .1371001 .1788357 .2796337 .0041878 
10000 .5189907 .6350869 01.1889477 .0080304 
15000 01.1574533 01.4285235 02.6961662 .0123437 
20000 02.0724237 02.5285280 04.7831757 .0155677 
30000 04.4995733 05.3757751 10.3959520 .0243054 
40000 08.4547257 09.9109350 19.2429976 .0324380 
50000 12.7484018 15.2606213 30.6170303 .0932656 
 

 
Figure.1 Plot of C.P.U Time 

Above drawn graph reveals that for smaller size input sequence all algorithms seems 

same on the basis of their C.P.U time but as soon as input size increases, Comb sort performs 
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better than Insertion sort, Selection sort and Bubble sort. So we can say that comb sort is 

much more efficient than all other algorithm. 

Result image taken after the complete execution of program code are listed below in 

figure number 2. 

 
Figure.2 Result Image 

4. Conclusion  

Sorting is a technique that arranges all element of an array in ascending or descending order. 

Result shows that new Comb sort sorting algorithm is working well for all length of input values. 

And mostly it takes smaller C.P.U time than Insertion sort, Selection sort and Bubble sort. That 

means comb sort provides faster results than other three comparisons based sorting algorithms. 
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