Shell Sort

Comparison based algorithms

· Insertion sort compares adjacent elements

· Decisions are made based on these comparisons

· There is a whole group of sorts that compare adjacent elements

· Insertion sort

· Selection sort

· Bubble sort
Upper bound for simple sorts
 (ones that compare adjacent elements)

· When considering efficiency we would like to know what is the worst time complexity we would ever expect.

· Big O gives us this upper bound or worst case in a simplified form

· O (n2) means that an algorithm will never take more time than n2  time    (multiplied by some constant, with n sufficiently large)

· k * n2 > actual running time of algorithm for all n>n0
Lower Bound for Simple Sorting Algorithms

· It can be mathematically proved that any algorithm that only exchanges adjacent elements takes at least O(n2) in the worst case

· This is the lower bound for this type of algorithm 

· The lower bound is called Big Omega ((n2)
· This means that as long as only adjacent elements are exchanged, an algorithm will never be faster than O(n2 ) (in the worst case)

· Basically, it means that if you look at only adjacent elements, you must have a nested loop, and the inner loop will always execute in the worst case. 
Breaking the n2 barrier

· Shell sort—compares elements that are not adjacent

· Developed by Donald Shell in 1959

· This works by comparing distant elements (not adjacent)

· How far apart the elements compared are is called the interval or gap

· Example: use the intervals 5, 3, 1  

· Uses an insertion sort on sub-arrays

· With the right intervals, runs in from O(n3/2) to O(n5/4) time
Shell sort—a better Insertion sort

· Instead of sorting the entire array, Shell sort sorts many smaller arrays using Insertion sort.

· If we use the intervals 5,3 1, the first pass will sort the items at indexes 1,5,10, 15,20 etc.

· Then it will sort the items at 2,6,11,16,21 etc.

· Then the ones at 3,7,12,17,22 etc.

· The second pass will sort the items at 1,3,6,9,12,15,etc

· The third pass will sort the entire array

· this makes the final sort faster for two reasons

· Each subsort sorts a smaller list than the entire list

· The final sort is sorting a list already mostly sorted.

Performance of Shellsort

· The running time of Shellsort depends heavily on the choice of increment sequences

· Any increment sequence will do but some choices are much better than others

· With good intervals, it is a substantial improvement over insertion sort

· On lists not too long, it often does better than the 
n log n algorithms

· The (n log n) algorithms are recursive, so they have quite a bit of overhead

Finding a good  interval or gap

· If you use successive powers of 2, there is no improvement of Insertion sort

· If you use a power of 2 minus 1, it will give (n3/2)

· Hibbard’s sequence 2k – 1

· Your book uses for an initial value n/2 

· then divides by 2.2 for successive intervals
Code for shell sort

/** Implements the Shell sort algorithm.

 *  @author Koffman and Wolfgang

 * */

public class ShellSort {

  /** Sort the table using Shell sort algorithm.

      pre:  table contains Comparable objects.

      post: table is sorted.

      @param table The array to be sorted

   */

  public static < T

      extends Comparable < T >> void sort(T[] table) {

    // Gap between adjacent elements.

    int gap = table.length / 2;

    while (gap > 0) {

      for (int nextPos = gap; nextPos < table.length; nextPos++) {

        // Insert element at nextPos in its subarray.

        insert(table, nextPos, gap);

      } // End for.

      // Reset gap for next pass.

      if (gap == 2) {

        gap = 1;

      }

      else {

        gap = (int) (gap / 2.2);

      }

    } // End while.

  } // End sort.

  /** Inserts element at nextPos where it belongs in array.

      pre:  Elements through nextPos - gap in subarray are sorted.

      post: Elements through nextPos in subarray are sorted.

      @param table The array being sorted

      @param nextPos The position of element to insert

      @param gap The gap between elements in the subarray

   */

  private static < T

      extends Comparable < T >> void insert(T[] table,

                                            int nextPos,

                                            int gap) {

    T nextVal = table[nextPos]; // Element to insert.

    // Shift all values > nextVal in subarray down by gap.

    while ( (nextPos > gap - 1) // First element not shifted.

           && (nextVal.compareTo(table[nextPos - gap]) < 0)) {

      table[nextPos] = table[nextPos - gap]; // Shift down.

      nextPos -= gap; // Check next position in subarray.

    }

    table[nextPos] = nextVal; // Insert nextVal.

  }

}

