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Sorting refers to arranging data in a particular format. Sorting algorithm specifies the way to 

arrange data in a particular order. 

Types 

1.Insertion sort 
This is an in-place comparison-based sorting algorithm. Here, a sub-list is maintained which is 

always sorted. For example, the lower part of an array is maintained to be sorted. An element 

which is to be 'inserted' in this sorted sub-list, has to find its appropriate place and then it has to 

be inserted there. Hence the name, insertion sort. 

   Algorithm 

Step 1 − If it is the first element, it is already sorted. return 1; 
Step 2 − Pick next element 
Step 3 − Compare with all elements in the sorted sub-list 
Step 4 − Shift all the elements in the sorted sub-list that is greater than the  
value to be sorted 
Step 5 − Insert the value 
Step 6 − Repeat until list is sorted 

Ex: 

We take an unsorted array for our example. 

Insertion sort compares the first two elements. 

 

It finds that both 14 and 33 are already in ascending order. For now, 14 is in 

sorted sub-list. 

 

Insertion sort moves ahead and compares 33 with 27. 

 

And finds that 33 is not in the correct position. 

 

It swaps 33 with 27. It also checks with all the elements of sorted sub-list. Here 

we see that the sorted sub-list has only one element 14, and 27 is greater than 

14. Hence, the sorted sub-list remains sorted after swapping. 
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By now we have 14 and 27 in the sorted sub-list. Next, it compares 33 with 10. 

 

These values are not in a sorted order. 

 

So we swap them. 

 

However, swapping makes 27 and 10 unsorted. 

 

Hence, we swap them too. 

 

Again we find 14 and 10 in an unsorted order. 

 

We swap them again. By the end of third iteration, we have a sorted sub-list of 4 

items. 

 

This process goes on until all the unsorted values are covered in a sorted sub-list. 

Now we shall see some programming aspects of insertion sort. 

Programe: 

classInsertionSort{ 

 voidsort(intarr[]) 

    { 
        intn = arr.length; 
        for(inti=1; i<n; ++i) 
        { 
            intkey = arr[i]; 
            intj = i-1; 
  while(j>=0&&arr[j] > key) 
            { 



                                             DATA STRUCTURES UNTE -4(SORTINGS) 

 

PREPARED BY  G.V.S  ANANTH NATH (ASSOCIATE PROFESSOR) DEPT. OF MCA  KMMIPS ∷ TIRUPATI Page 3 
 

                arr[j+1] = arr[j]; 
                j = j-1; 
            } 
            arr[j+1] = key; 
        } 
    } 
 staticvoidprintArray(intarr[]) 
    { 
        intn = arr.length; 
        for(inti=0; i<n; ++i) 
            System.out.print(arr[i] + " "); 
  System.out.println(); 
    } 
     publicstaticvoidmain(String args[]) 
    {         
        intarr[] = {12, 11, 13, 5, 6}; 
 InsertionSortob = newInsertionSort();         
        ob.sort(arr); 
         printArray(arr); 
    } 
} 

Out put: 

5 6 11 12 13 

2.Merge sort 

Merge sort is a sorting technique based on divide and conquer technique. With worst-case time 

complexity being Ο(n log n), it is one of the most respected algorithms. 

Algorithm 

Step 1 − if it is only one element in the list it is already sorted, return. 
Step 2 − divide the list recursively into two halves until it can no more be divided. 
Step 3 − merge the smaller lists into new list in sorted order. 

Ex:To understand merge sort, we take an unsorted array as the following – 

 

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. 
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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. 

 

 

After the final merging, the list should look like this – 

 

Now we should learn some programming aspects of merge sorting. 

Program: 

classMergeSort 

{ 
    // Merges two subarrays of arr[]. 
    // First subarray is arr[l..m] 
    // Second subarray is arr[m+1..r] 
    voidmerge(intarr[], intl, intm, intr) 
    { 
        // Find sizes of two subarrays to be merged 
        intn1 = m - l + 1; 
        intn2 = r - m; 
  
        /* Create temp arrays */ 
        intL[] = newint[n1]; 
        intR[] = newint[n2]; 
  
        /*Copy data to temp arrays*/ 
        for(inti=0; i<n1; ++i) 
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            L[i] = arr[l + i]; 
        for(intj=0; j<n2; ++j) 
            R[j] = arr[m + 1+ j]; 
  
  
        /* Merge the temp arrays */ 
  
        // Initial indexes of first and second subarrays 
        inti = 0, j = 0; 
  
        // Initial index of merged subarry array 
        intk = l; 
        while(i< n1 && j < n2) 
        { 
            if(L[i] <= R[j]) 
            { 
                arr[k] = L[i]; 
                i++; 
            } 
            else 
            { 
                arr[k] = R[j]; 
                j++; 
            } 
            k++; 
        } 
  
        /* Copy remaining elements of L[] if any */ 
        while(i< n1) 
        { 
            arr[k] = L[i]; 
            i++; 
            k++; 
        } 
  
        /* Copy remaining elements of R[] if any */ 
        while(j < n2) 
        { 
            arr[k] = R[j]; 
            j++; 
            k++; 
        } 
    } 
  
    // Main function that sorts arr[l..r] using 
    // merge() 
    voidsort(intarr[], intl, intr) 
    { 
        if(l < r) 
        { 
            // Find the middle point 
            intm = (l+r)/2; 
  
            // Sort first and second halves 
            sort(arr, l, m); 
            sort(arr , m+1, r); 
  
            // Merge the sorted halves 
            merge(arr, l, m, r); 
        } 
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    } 
  
    /* A utility function to print array of size n */ 
    staticvoidprintArray(intarr[]) 
    { 
        intn = arr.length; 
        for(inti=0; i<n; ++i) 
            System.out.print(arr[i] + " "); 
        System.out.println(); 
    } 
  
    // Driver method 
    publicstaticvoidmain(String args[]) 
    { 
        intarr[] = {12, 11, 13, 5, 6, 7}; 
  
        System.out.println("Given Array"); 
        printArray(arr); 
  
        MergeSortob = newMergeSort(); 
        ob.sort(arr, 0, arr.length-1); 
  
        System.out.println("\nSorted array"); 
        printArray(arr); 
    }} 

Out put: 

Given array is 

12 11 13 5 6 7 

 

Sorted array is 

5 6 7 11 12 13 

 

 
3.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(n2), where n is the number of items. 

Algorithm 
Step 1 − Choose the highest index value has pivot 
Step 2 − Take two variables to point left and right of the list excluding pivot 
Step 3 − left points to the low index 
Step 4 − right points to the high 
Step 5 − while value at left is less than pivot move right 
Step 6 − while value at right is greater than pivot move left 
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Step 7 − if both step 5 and step 6 does not match swap left and right 
Step 8 − if left ≥ right, the point where they met is new pivot 

Ex: 

 shows that 54 will serve as our first pivot value. Since we have looked at this example a few times 

already, we know that 54 will eventually end up in the position currently holding 31. 

The partitionprocess will happen next. It will find the split point and at the same time move other items 

to the appropriate side of the list, either less than or greater than the pivot value. 

 

Partitioning begins by locating two position markers—let’s call them leftmark and rightmark—at the 

beginning and end of the remaining items in the list (positions 1 and 8 in Figure ). The goal of the 

partition process is to move items that are on the wrong side with respect to the pivot value while also 

converging on the split point. Figure  shows this process as we locate the position of 54. 

 

 

http://interactivepython.org/runestone/static/pythonds/SortSearch/TheQuickSort.html#fig-partitiona
http://interactivepython.org/runestone/static/pythonds/SortSearch/TheQuickSort.html#fig-partitiona
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We begin by incrementing leftmark until we locate a value that is greater than the pivot value. We then 

decrement rightmark until we find a value that is less than the pivot value. At this point we have 

discovered two items that are out of place with respect to the eventual split point. For our example, this 

occurs at 93 and 20. Now we can exchange these two items and then repeat the process again. 

At the point where rightmark becomes less than leftmark, we stop. The position of rightmark is now the 

split point. The pivot value can be exchanged with the contents of the split point and the pivot value is 

now in place (Figure 14). In addition, all the items to the left of the split point are less than the pivot 

value, and all the items to the right of the split point are greater than the pivot value. The list can now be 

divided at the split point and the quick sort can be invoked recursively on the two halves. 

  

 

Program 

classQuickSort 

{ 

    intpartition(intarr[], intlow, inthigh) 

    { 
        intpivot = arr[high];  
        inti = (low-1);  

        for(intj=low; j<high; j++) 
        { 

             
            if(arr[j] <= pivot) 
            { 

                i++; 

  
                // swap arr[i] and arr[j] 
                inttemp = arr[i]; 

                arr[i] = arr[j]; 
                arr[j] = temp; 

            } 
        } 

  
             inttemp = arr[i+1]; 

        arr[i+1] = arr[high]; 
        arr[high] = temp; 

  
        returni+1; 

    } 

  

     voidsort(intarr[], intlow, inthigh) 

    { 
        if(low < high) 

http://interactivepython.org/runestone/static/pythonds/SortSearch/TheQuickSort.html#fig-partitionb
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        { 
            intpi = partition(arr, low, high); 

  
            sort(arr, low, pi-1); 
            sort(arr, pi+1, high); 

        } 
    } 

  
    staticvoidprintArray(intarr[]) 

    { 
        intn = arr.length; 
        for(inti=0; i<n; ++i) 

            System.out.print(arr[i]+" "); 
        System.out.println(); 

    } 

  
    publicstaticvoidmain(String args[]) 
    { 

        intarr[] = {10, 7, 8, 9, 1, 5}; 
        intn = arr.length; 

  
        QuickSortob = newQuickSort(); 

        ob.sort(arr, 0, n-1); 

  
        System.out.println("sorted array"); 
        printArray(arr); 

    } 
} 

Out put: 

Sorted array: 

1 5 7 8 9 10 

 
 
4.Heap sort: 
Heap sort is a comparison based sorting technique based on Binary Heap data structure. It is similar to selection 
sort where we first find the maximum element and place the maximum element at the end. We repeat the same 
process for remaining element. 
 

What is Binary Heap? 

 
Let us first define a Complete Binary Tree. A complete binary tree is a binary tree in which every level, except 
possibly the last, is completely filled, and all nodes are as far left as possible. 
 
A Binary Heap is a Complete Binary Tree where items are stored in a special order such that value in a parent 
node is greater(or smaller) than the values in its two children nodes. The former is called as max heap and the 
latter is called min heap. The heap can be represented by binary tree or array. 
 

Why array based representation for Binary Heap? 

 
Since a Binary Heap is a Complete Binary Tree, it can be easily represented as array and array based 
representation is space efficient. If the parent node is stored at index I, the left child can be calculated by 2 * I + 1 
and right child by 2 * I + 2 (assuming the indexing starts at 0). 
 
 
 

http://geeksquiz.com/binary-heap/
http://geeksquiz.com/binary-heap/
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Heap Sort Algorithm for sorting in increasing order: 

 
1. Build a max heap from the input data. 
2. At this point, the largest item is stored at the root of the heap. Replace it with the last item of the heap followed 
by reducing the size of heap by 1. Finally, heapify the root of tree. 
3. Repeat above steps while size of heap is greater than 1. 

How to build the heap? 

 
Heapify procedure can be applied to a node only if its children nodes are heapified. So the heapification must be 
performed in the bottom up order. 

Lets understand with the help of an example: 

Input data: 4, 10, 3, 5, 1 

                 4(0) 

        /   \ 

         10(1)   3(2) 

            /   \ 

     5(3)    1(4) 

The numbers in bracket represent the indices in the array  

representation of data. 

Applying heapify procedure to index 1: 

         4(0) 

        /   \ 

            10(1)    3(2) 

           /   \ 

    5(3)    1(4) 

Applying heapify procedure to index 0: 

            10(0) 

        /  \ 

         5(1)  3(2) 

            /   \ 

         4(3)    1(4) 

The heapify procedure calls itself recursively to build heapin top down manner. 
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Program 
// Java program for implementation of Heap Sort 
publicclassHeapSort 
{ 
    publicvoidsort(intarr[]) 
    { 
        intn = arr.length; 

  
        // Build heap (rearrange array) 
        for(inti = n / 2- 1; i>= 0; i--) 
            heapify(arr, n, i); 

  
        // One by one extract an element from heap 
        for(inti=n-1; i>=0; i--) 
        { 
            // Move current root to end 
            inttemp = arr[0]; 
            arr[0] = arr[i]; 
            arr[i] = temp; 

  
            // call max heapify on the reduced heap 
            heapify(arr, i, 0); 
        } 
    } 
  
    // To heapify a subtree rooted with node i which is 
    // an index in arr[]. n is size of heap 
    voidheapify(intarr[], intn, inti) 
    { 
        intlargest = i;  // Initialize largest as root 
        intl = 2*i + 1;  // left = 2*i + 1 
        intr = 2*i + 2;  // right = 2*i + 2 
  
        // If left child is larger than root 
        if(l < n &&arr[l] >arr[largest]) 
            largest = l; 
  
        // If right child is larger than largest so far 
        if(r < n &&arr[r] >arr[largest]) 
            largest = r; 
  
        // If largest is not root 
        if(largest != i) 
        { 
            intswap = arr[i]; 
            arr[i] = arr[largest]; 
            arr[largest] = swap; 

  
            // Recursively heapify the affected sub-tree 
            heapify(arr, n, largest); 
        } 
    } 
  
    /* A utility function to print array of size n */ 
    staticvoidprintArray(intarr[]) 
    { 
        intn = arr.length; 
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for(inti=0; i<n; ++i) 
            System.out.print(arr[i]+" "); 
        System.out.println(); 
    } 
  
    // Driver program 
    publicstaticvoidmain(String args[]) 
    { 
        intarr[] = {12, 11, 13, 5, 6, 7}; 
        intn = arr.length; 
  
        HeapSortob = newHeapSort(); 
        ob.sort(arr); 

  
        System.out.println("Sorted array is"); 
        printArray(arr); 
    } 
} 
Run on IDE 

 
Output: 

Sorted array is 

5 6 7 11 12 13 

 Sorting with tapes: 

1. Given n programs to be stored on tape, the lengths of these programs are i1, i2….in respectively. 
Suppose the programs are stored in the order of i1, i2…in. 2 We have a tape of length L i.e. the 
storage capacity of the tape is L. We are also given n programs where length of each program is i is Li. 

2. Let Tj be the time to retrieve program ij. 
3. It is now required to store these programs on the tape in such a way so that the mean retrieval time is 

minimum. MRT is the average tome required to retrieve any program stored on this tape. 
4. Assume that the tape is initially positioned at the beginning. 
5. Tj is proportional to the sum of all lengths of programs stored in front of the program ij. 
6. The goal is to minimize MRT (Mean Retrieval Time),(1/n) ∑ni=0Tj∑i=0nTj 

I.e., want to minimize ∑nj=1∑jk=1Ti∑j=1n∑k=1jTi 
 
 
Problem: 

1. Here, n=3 and (L1, L2, L3) = (5, 10, 3). We can store these 3 programs on the tape in any order but we 
want that order which will minimize the MRT. 

2. Suppose we store the programs in order (L1, L2, L3). 
3. Then MRT is given as (5+(5+10)+(5+10+3))/3=38/3 
4. To retrieve L1 we need 5 units of time. Because a tape is a sequential device we will have to first pass 

through entire L1 even if we want to retrieve L2. 
5. Hence, retrieval time (RT) is 5 for program 1 and (5+10) for program 2. 
6. Similarly, if program 3 is also considered then the total RT becomes 5+ (5+10) + (5+10+3) where 

(5+10+3) is the RT for program 3. 
7. Since we want to find the mean retrieval time we add all the RT and then divide the sum by n. 
8. The aim over here is to find the minimum MRT. To do this we consider all the possible orderings of 

these 3 programs. Since there 3 programs we can have at the most 6(3!) combinations. 
9. Consider the below table: 
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Ordering MRT( MEAN RETREIVALTIME) 

L1,L2,L3 5+(5+10)+(5+10+3)/3=38/3 

L1,L3,L2 5+(5+3)+(5+10+3)/3=31/3 

L2,L1,L3 10+(5+10)+(5+10+3)/3=43/3 

L2,L3,L1 10+(3+10)+(5+10+3)/3=41/3 

L3,L1,L2 3+(5+3)+(5+10+3)/3=29/3 

L3,L2,L1 3+(3+10)+(5+10+3)/3=34/3 

1. It should be seen that the minimum MRT of (29/3) is obtained in case of (L1, L2, L3). Hence the 
optimal solution is achieved if the programs are stored in increasing order of their lengths. 

2. Hence, a greedy approach to solving the problem is continuously select programs in increasing order 
of their lengths. 

3. If L is an array having program length in ascending order then the following would be an algorithm to 
this problem: 

4. Sum=0; 

5. For (i=1; i<=n; i ++) 

6.    For (j=1; j<=I; j++) 

7.       Sum = sum+ L[j] 

MRT = sum/n 

8. The time complexity of this algorithm including the timetodo sorting is 

9. O(n2) 

 

 Polyphase merge 
A polyphase merge sort is an algorithm which decreases the number of runs at 
every iteration of the main loop by merging runs into larger runs. It is used 
for external sorting. 

 In this type of sort, the tapes being merged, and the tape to which the merged 
sub files are written, vary continuously throughout the sort. In this technique, the 
concept of a pass through records is not as clear-cut as in the straight or the natural 
merge. 

EXAMPLE 
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