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Binary search

  /** Search integer array a looking for key. 
  *   @param a The array to be searched.
  *   @param key The search key.
  *   @return Location of the key or -1 if not found.
  */
  public static int search(int[] a, int key)
  {
     return bSearch(a,0,a.length-1,key);
  }
 
  /** Determine if the subarray a[lo...hi] is sorted in non-decreasing order.
  *   @param a The integer array.
  *   @param lo The low bound of the array.
  *   @param hi The high bound of the array.
  *   @return true if the array is sorted; false otherwise.
  */
  private static boolean isSorted(int[] a, int lo, int hi)
  {
    // Pre: lo and hi must be within the range of a.

    assertTrue("Array bounds out of range.", 



0 <= lo && lo < a.length && 0 <= hi && hi < a.length);

    for (int i=lo;i<hi;i++)
       if (a[i]>a[i+1]) return false; // Out of order pair found.
    return true;
  }
  
  /** Specification method for binary search  
  *   @param a The array to be searched.
  *   @param lo Low bound of the subarray.
  *   @param hi High bound of the subarray.
  *   @param key The search key.
  *   @return Location of the key or -1 if not found.
  */

  private static int bSearch(int[] a,int lo, int hi, int key)
  {
     // Pre: Subarray is sorted and 0<=lo, lo<=hi+1, hi<a.length.
     assertTrue("Subarray is not sorted", isSorted(a,lo,hi));
     assertTrue("Low bound too low.", 0<=lo);
     assertTrue("Low bound too high or high bound too low.", lo<=hi+1);
     assertTrue("High bound too high.", hi<a.length);
     
     // Capture array values.

     int[] old_a = a.clone();

     // Call implementation.
     int res=bSearchM(a,lo,hi,key);
     
     // Postconditions

     if (res==-1)  // Not found.
     {
       for (int i=lo;i<=hi;i++)
           // If -1 returned, key should not be in the array.
           assertTrue("Key is in subarray, but reported not found.", 



a[i]!=key);
     }
     
     else  // Found
     {
       // If returned value is >=0, then key must be in that position.
       assertTrue("Key location is incorrect.", a[res]==key);

     } 
     // Array not changed.

     for (int i=0;i<a.length;i++)

        assertTrue("Array altered.",a[i]==old_a[i]);

     
     
     // Return result.
     return res;  
          
   }   // end of bSearch
   
  

  /** Binary search the integer subarray a[lo...hi] looking for key.  
  *   Return   position or -1 
  *   @param a The array to be searched.
  *   @param lo Low bound of the subarray.
  *   @param hi High bound of the subarray.
  *   @param key The search key.
  *   @return Location of the key or -1 if not found.
  */
  private static int bSearchM(int[]a, int lo, int hi, int key)
  {
     // Base case 1: subarray is empty.  Not found.
     if (lo>hi)
        return -1;
        
     // Calculate mid point.
     int mid=(lo+hi)/2;
     
     // Base case 2: key found at mid point.
     if (a[mid]==key)
        return mid;
        
     // Recursive case.
     if (key<a[mid])  // Key is low; search lower half.
        return bSearch(a,lo,mid-1,key);

     else             // Key is high; search upper half.
        return bSearch(a,mid+1,hi,key);
        
   }  // End of bSearchM

� Note that a binary search does not guarantee finding the first occurrence of the key in the array.  If we were doing a sequential search, we could add the postcondition that a[res]==key and a[0…res-1] were all not equal to the key.  Why can't we do that for binary search?





