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SORTING:  

 

Sorting is any process of arranging items systematically, and has two common, yet distinct meanings: 

1. ordering: arranging items in a sequence ordered by some criterion; 

2. categorizing: grouping items with similar properties. 

Sorting arranges data in a sequence which makes searching easier. Every record which is going to be sorted 

will contain one key. Based on the key the record will be sorted. For example, suppose we have a record of 

students, every such record will have the following data: 

 Roll No. 

 Name 

 Age 

 Class 

Here Student roll no. can be taken as key for sorting the records in ascending or descending order. Now 

suppose we have to search a Student with roll no. 15, we don't need to search the complete record we will 

simply search between the Students with roll no. 10 to 20. 

NEED FOR SORTING:  

The most common uses of sorted sequences are: 

 Making lookup or search efficient. 

 Making merging of sequences efficient. 

 Enable processing of data in a defined order. 

 

Sorting is also used to represent data in more readable formats. Following are some of the examples of 

sorting in real-life s e a ios − 

 Telephone Directory − The telephone directory stores the telephone numbers of people sorted by their 

names, so that the names can be searched easily. 

 Dictionary − The dictionary stores words in an alphabetical order so that searching of any word 

becomes easy. 

  

Common applications of sorting: 

 Searching - Binary search enables you to test whether an item is in a dictionary in o (lg n) time, once 

the keys are all sorted. search pre-processing is perhaps the single most important application of 

sorting. 

 Closest Pair - Given a set of n numbers, how do you find the pair of numbers that have the smallest 

difference between them? after the numbers are sorted, the closest pair of numbers will lie next to 

each other somewhere in sorted order. 

 Element Uniqueness - Are there any duplicates in a given a set of n items? the most efficient algorithm 

is to sort them and then do a linear scan though them checking all adjacent pairs. 

 Frequency Distribution - Given a set of n items, which element occurs the largest number of times in 

the set? if the items are sorted, we can sweep from left to right and count them, since all identical 

items will be lumped together during sorting. 

 Selection - What is the kth largest item in the set? if the keys are placed in sorted order in an array, 

the kth largest can be found in constant time by simply looking at the kth position of the array. 
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TYPES OF SORTING ALGORITHM:  

There are many types of sorting techniques, differentiated by their efficiency and space requirements. 

Following are some sorting techniques which we will be covering in next sections. 

1. Bubble sort 

2. Insertion sort 

3. Selection sort 

4. Quick sort 

5. Merge sort 

6. Heap sort 

STABLE SORTING: 

A sorting algorithm is said to be stable if two objects with equal keys appear in the same order in sorted output 

as they appear in the input unsorted  array. 

For example: Consider the list of strings(mango,apple,grapse,guvava,pineapple). 

 If the sorting is based on number of charaters in a string then,the sorted list will be ( 

mango,apple,guvava,grapse,pineapple). mango,apple,guvava all are the length of 5 .Hence they are arranged in 

the order in which they apper in the input list. 

 Some sorting algorithms are stable by nature like Insertion sort, Merge Sort, Bubble Sort, etc. 

INTERNAL AND EXTERNAL SORTING: 

Internal Sorting takes place in the main memory of a computer. The internal sorting methods are applied to 

small collection of data. It means that, the entire collection of data to be sorted in small enough that the 

sorting can take place within main memory.  

Various internal sorting techniques are:- bubble sort,insertion sort, selection sort.  

 

The External sorting methods are applied only when the number of data elements to be sorted is too large. 

These methods involve as much external processing as processing in the CPU. This sorting requires auxiliary 

storage. 

internal sorting takes small input, whereas external sorting can take as much as large input -The external 

sorting algorithm has to deal with loading and unloading chunks of data in optimal manner. 

ONLINE AND OFFLINE ALGORITHM: 

An online algorithm is one that can process its input piece-by-piece in a serial fashion, i.e., in the order that 

the input is fed to the algorithm, without having the entire input available from the start. 

In contrast, an offline algorithm is given the whole problem data from the beginning and is required to output 

an answer which solves the problem at hand. 

 

Consider the sorting algorithms selection sort and insertion sort: selection sort repeatedly selects the 

minimum element from the unsorted remainder and places it at the front, which requires access to the entire 

input, it is thus an offline algorithm.  

On the other hand, insertion sort considers one input element per iteration and produces a partial solution 

without considering future elements. Thus insertion sort is an online algorithm. 
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SORTING  TECHNIQUES:  

There are many types of Sorting techniques, differentiated by their efficiency and space requirements.  

INSERTION SORT: 

It is a simple Sorting algorithm which sorts the array by shifting elements one by one. Following are some of 

the important characteristics of Insertion Sort. 

1. It has one of the simplest implementation 

2. It is efficient for smaller data sets, but very inefficient for larger lists. 

3. Insertion Sort is adaptive, that means it reduces its total number of steps if given a partially sorted list, 

hence it increases its efficiency. 

4. It is better than Selection Sort and Bubble Sort algorithms. 

5. Its space complexity is less. Like Bubble Sorting, insertion sort also requires a single additional memory 

space. 

6. It is a Stable sorting, as it does not change the relative order of elements with equal keys 

 
Figure 3.1: Insertion Sort 

 

How Insertion Sorting Works:  

 

 
Figure 3.2 : Example of Insertion Sort 
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Algorithm of Insertion Sort:  

INSERTION_SORT (A) 

 FOR j ←  TO le gth[A] 
  DO ke  ← A[j] 
   {Put A[j] i to the so ted se ue e A[  . . j − ]} 
   i ← j −  

 WHILE i > 0 and A[i] > key 

 DO A[i + ] ← A[i] 
 i ← i −  

    A[i + ] ← ke  

 

Analysis:  

Worst Case Time Complexity : O(n2) 

Best Case Time Complexity : O(n) 

Average Time Complexity : O(n2) 

 

SHELL SORT: 

Shell sort is a highly efficient sorting algorithm and is based on insertion sort algorithm. This algorithm avoids 

large shifts as in case of insertion sort, if the smaller value is to the far right and has to be moved to the far left. 

 

The shell so t, so eti es alled the di i ishi g i e e t so t,  i p o es o  the insertion sort by breaking 

the original list into a number of smaller sublists, each of which is sorted using an insertion sort. The unique 

way that these sublists are chosen is the key to the shell sort. 

 

This algorithm is quite efficient for medium-sized data sets as its average and worst case complexity are of 

Ο , he e  is the u e  of ite s. 
 

The unique way that these sublists are chosen is the key to the shell sort. Instead of breaking the list into 

sublists of contiguous items, the shell sort uses an increment i, sometimes called the gap, to create a sublist by 

choosing all items that are i items apart. 

Example: In the Figure 3.3 This list has nine items. If we use an increment of three, there are three sublists, 

each of which can be sorted by an insertion sort. After completing these sorts, we get the list shown in Figure 

3.4 Although this list is not completely sorted, something very interesting has happened. By sorting the 

sublists, we have moved the items closer to where they actually belong. 

 
Figure 3.3 : Example of Shell  Sort 
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Figure 3.4 : Example of Shell Sort 

 

Figure 3.5  shows a final insertion sort using an increment of one; in other words, a standard insertion sort. 

Note that by performing the earlier sublist sorts, we have now reduced the total number of shifting operations 

necessary to put the list in its final order. For this case, we need only four more shifts to complete the process. 

 
Figure 3.5 : Example of Shell Sort 

 

Here are some key points of shell sort algorithm – 

 Shell Sort is a comparison based sorting. 

 Time complexity of Shell Sort depends on gap sequence . Its best case time complexity is O(n* logn) 

and worst case is O(n* log2n). Time complexity of Shell sort is generally assumed to be near to O(n) and 

less than O(n2) as determining its time complexity is still an open problem. 

 The best case in shell sort is when the array is already sorted. The number of comparisons is less. 

 It is an in-place sorting algorithm as it requires no additional scratch space. 

 Shell Sort is unstable sort as relative order of elements with equal values may change. 

 It is been observed that shell sort is 5 times faster than bubble sort and twice faster than insertion sort 
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its closest competitor. 

 There are various increment sequences or gap sequences in shell sort which produce various 

complexity between O(n) and O(n2). 

SELECTION SORT: 

Selection sort is a simple sorting algorithm. This sorting algorithm is an in-place comparison-based algorithm in 

which the list is divided into two parts, the sorted part at the left end and the unsorted part at the right end. 

Initially, the sorted part is empty and the unsorted part is the entire list. 

The smallest element is selected from the unsorted array and swapped with the leftmost element, and that 

element becomes a part of the sorted array. This process continues moving unsorted array boundary by one 

element to the right. 

This algo ith  is ot suita le fo  la ge data sets as its a e age a d o st ase o ple ities a e of Ο 2), 

where n is the number of items. 

Example: 

 
Figure 3.6 : Selection  Sort 

 
 

Algorithm: 

Step 1 − “et MIN to lo atio   

Step 2 − “ea h the i i u  ele e t i  the list 

Step 3 − “ ap ith alue at lo atio  MIN 

Step 4 − I e e t MIN to poi t to e t ele e t 

Step 5 − Repeat u til list is so ted 
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selection sort  

{ 

   list  : array of items 

    n     : size of list 

 

   for i = 1 to n - 1 

   /* set current element as minimum*/ 

      min = i     

   

      /* check the element to be minimum */ 

 

      for j = i+1 to n  

         if list[j] < list[min] then 

            min = j; 

         end if 

      end for 

 

      /* swap the minimum element with the current element*/ 

      if indexMin != i  then 

         swap list[min] and list[i] 

      end if 

 

   end for 

  

} 

 

MERGE SORT: 

Merge sort is a divide-and-conquer algorithm based on the idea of breaking down a list into several sub-lists 

until each sublist consists of a single element and merging those sublists in a manner that results into a sorted 

list. 

 Divide the unsorted list into NN sublists, each containing 11 element. 

 Take adjacent pairs of two singleton lists and merge them to form a list of 2 elements. NN will now 

convert into N/2N/2 lists of size 2. 

 Repeat the process till a single sorted list of obtained. 

While comparing two sublists for merging, the first element of both lists is taken into consideration. While 

sorting in ascending order, the element that is of a lesser value becomes a new element of the sorted list. This 

procedure is repeated until both the smaller sublists are empty and the new combined sublist comprises all the 

elements of both the sublists. 

Merge sort first divides the array into equal halves and then combines them in a sorted manner. 

 

How Merge Sort Works? 

To u de sta d e ge so t, e take a  u so ted a a  as the follo i g − 
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We know that merge sort first divides the whole array iteratively into equal halves unless the atomic values are 

achieved. We see here that an array of 8 items is divided into two arrays of size 4. 

 

This does not change the sequence of appearance of items in the original. Now we divide these two arrays into 

halves. 

 

We further divide these arrays and we achieve atomic value which can no more be divided. 

 

Now, we combine them in exactly the same manner as they were broken down. Please note the color codes 

given to these lists. 

We first compare the element for each list and then combine them into another list in a sorted manner. We see 

that 14 and 33 are in sorted positions. We compare 27 and 10 and in the target list of 2 values we put 10 first, 

followed by 27. We change the order of 19 and 35 whereas 42 and 44 are placed sequentially. 

 

In the next iteration of the combining phase, we compare lists of two data values, and merge them into a list of 

found data values placing all in a sorted order. 

 

Afte  the fi al e gi g, the list should look like this − 

 

Figure 3.7: Merge Sort 
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Algorithm: 

Merge (A, p, q, r )  

{ 

         n1 = q – p + 1  

        n2 = r – q  

        declare L[ … 1 + 1] and [R … 2 + 1] temporary arrays  

        for i = 1 to n1  

           L[i] = A[p + i - 1]  

        for j = 1 to n2  

       R[j] = numbers[q+ j]  

       L[n1 + ] = ∞  
       R[n2 + ] = ∞  
       i = 1  

       j = 1  

      for k = p to r  

            If (L[i] ≤ R[j])  

                A[k] = L[i]  

                 i = i + 1  

           else 

               A[k] = R[j]  

               j = j + 1 

} 

MergeSort(A, p, r) 

 { 

           If p > r  

           return; 

           q = (p+r)/2; 

          mergeSort(A, p, q) 

          mergeSort(A, q+1, r) 

          merge(A, p, q, r) 

} 

Analysis: 

 
Figure 3.8: Analysis of Merge Sort 
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QUICK SORT: 

Quick sort is a highly efficient sorting algorithm and is based on partitioning of array of data into smaller 

arrays. A large array is partitioned into two arrays one of which holds values smaller than the specified value, 

say pivot, based on which the partition is made and another array holds values greater than the pivot value. 

Quick sort partitions an array and then calls itself recursively twice to sort the two resulting subarrays. This 

algorithm is quite efficient for large-sized data sets as its average and worst case complexity are of Ο 2), 

where n is the number of items. 

Quicksort is a divide-and-conquer sorting algorithm in which division is dynamically carried out. 

The steps of Quicksort are as follows:  

Divide: Rearrange the elements and split the array into two subarrays and an element in between such that so 

that each element in the left subarray is less than or equal the middle element and each element in the right 

subarray is greater than the middle element.  

Conquer: Recursively sort the two subarrays. 

Algorithm: 

Quicksort0 (A, p, r)  

{ 

 if (p< r) 

{ 

 q = Partition(A, p, r); 

 Qui kso t  A, p,  − ; 
 Quicksort0 (A, q + 1, r); 

 } 

} 

 
Partition(A, p, r)  

{ 

 x = A[r] ; 

 i ← p – 1; 

 fo  j ← p to  −  do 

{ 

 if A[j] ≤  

{  

 i ← i +  ; 
Exchange {A[i] and A[j] } 

} 

 Exchange (A[i + 1] and A[r]) 

} 

return i + 1; 

} 

Given a subarray A[p .. ] su h that p ≤  − , this su outi e ea a ges the i put su a a  i to t o su a a s, 
A[p ..  − ] a d A[  +  .. ], so that 

 • ea h ele e t i  A[p ..  − ] is less tha  o  e ual to A[ ] a d 

 • ea h ele e t i  A[  +  .. ] is g eate  tha  o  equal to A[q]  

The  the su outi e outputs the alue of . Use the i itial alue of A[ ] as the pi ot,  i  the se se that the 
ke s a e o pa ed agai st it. “ a  the ke s A[p ..  − ] f o  left to ight a d flush to the left all the ke s that 
are greater than or equal to the pivot. 
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During the for-loop i + 1 is the position at which the next key that is greater than or equal to the pivot should 

go to. 

 

Example: 

 
Figure 3.9: Quick Sort Example 

Analysis: 

The worst- ase u i g ti e of Qui kso t is Ω  2). Since each element belongs to a region in which Partition is 

carried out at most n times. 

The best cases are when the array is split half and half. Then each element belongs to a region in which 

Pa titio  is a ied out at ost dlog e ti es, so it’s O  log n). 

 

RADIX SORT: 

Radix Sort is a clever and intuitive little sorting algorithm. Radix Sort puts the elements in order by comparing 

the digits of the numbers. 

We sort the numbers from the least significant digit to most significant digit. 

Consider the following 9 numbers: 

493, 812, 715, 710, 195, 437 ,582, 340, 385 

We should start sorting by comparing and ordering the one's digits: 
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Figure 3.10: Radix Sort Example(comparing based on one's digits) 

 

Notice that the numbers were added onto the list in the order that they were found, which is why the numbers 

appear to be unsorted in each of the sublists above. Now, we gather the sublists (in order from the 0 sublist to 

the 9 sublist) into the main list again: 

340 710 812 582 493 715 195 385 437 

Note: The order in which we divide and reassemble the list is extremely important, as this is one of the 

foundations of this algorithm. 

 

Now, the sublists are created again, this time based on the ten's digit: 

 

 
Figure 3.11: Radix Sort Example(comparing based on ten's digits) 

Now the sublists are gathered in order from 0 to 9: 

710 812 715 437 340 582 385 493 195 

Finally, the sublists are created according to the hundred's digit: 

 

 
Figure 3.12: Radix Sort Example(comparing based on  hundred's  digits) 
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At last, the list is gathered up again: 

195 340 385 437 493 582 710 715 812 

And now we have a fully sorted array! Radix Sort is very simple, and a computer can do it fast. When it is 

programmed properly, Radix Sort is in fact one of the fastest sorting algorithms for numbers or strings of 

letters. 

Disadvantages: 

Still, there are some tradeoffs for Radix Sort that can make it less preferable than other sorts. 

The speed of Radix Sort largely depends on the inner basic operations, and if the operations are not efficient 

enough, Radix Sort can be slower than some other algorithms such as Quick Sort and Merge Sort. These 

operations include the insert and delete functions of the sublists and the process of isolating the digit you 

want. 

In the example above, the numbers were all of equal length, but many times, this is not the case. If the 

numbers are not of the same length, then a test is needed to check for additional digits that need sorting. This 

can be one of the slowest parts of Radix Sort, and it is one of the hardest to make efficient. 

Radix Sort can also take up more space than other sorting algorithms, since in addition to the array that will be 

sorted, you need to have a sublist for each of the possible digits or letters.  

 

BUCKET SORT: 

Bucket sort or bin sort, is a sorting algorithm that works by distributing the elements of an array into a number 

of buckets. Each bucket is then sorted individually, using insertion sorting algorithm.It is similar to radix sort so 

we can say that it is a cousin of radix sort. Bucket sort can be implemented with comparisons and therefore can 

also be considered a comparison sort algorithm. 

Bucket sort works as follows: 

1. Set up an array of initially empty "buckets". 

2. Scatter: Go over the original array, putting each object in its bucket. 

3. Sort each non-empty bucket. 

4. Gather: Visit the buckets in order and put all elements back into the original array. 

Bucket sort is mainly useful when input is uniformly distributed over a range. 

 

Algorithm: 

void bucketSort(float[] a,int n) 

{ 

    for(each floating integer 'x' in n) 

    { 

        insert x into bucket[n*x];  

    } 

    for(each bucket) 

    { 

        sort(bucket); 

    } 

} 

 

Analysis: 

 

If one assumes that insertion in a bucket takes O(1) time, then steps 1 and 2 of the above algorithm clearly 

take O(n) time. 
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Example: 

 

 
Figure 3.13: Bucket Sort 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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