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Unit -III 

Divide and Conquer 

Merge sort 

Merge sort is based on the divide-and-conquer paradigm. Its worst-case running time 

has a lower order of growth than insertion sort. Since we are dealing with subproblems, 

we state each subproblem as sorting a subarray A[p .. r]. Initially, p = 1 and r = n, but 

these values change as we recurse through subproblems. 

1. Divide Step 

If a given array A has zero or one element, simply return; it is already sorted. Otherwise, 

split A[p .. r] into two subarrays A[p .. q] and A[q + 1 .. r], each containing about half of the 

elements of A[p .. r]. That is, q is the halfway point of A[p .. r]. 

2. Conquer Step 

Conquer by recursively sorting the two subarrays A[p .. q] and A[q + 1 .. r]. 

3. Combine Step 

Combine the elements back in A[p .. r] by merging the two sorted subarrays A[p .. q] 

and A[q + 1 .. r] into a sorted sequence. To accomplish this step, we will define a 

procedure MERGE (A, p, q, r). 

Note that the recursion bottoms out when the subarray has just one element, so that it is 

trivially sorted. 

Algorithm: Merge Sort 

To sort the entire sequence A[1 .. n], make the initial call  to the procedure MERGE-SORT 

(A, 1, n). 

MERGE-SORT (A, p, r) 

1.     IF p < r                                                    // Check for base case 

2.         THEN q = FLOOR[(p + r)/2]                 // Divide step 

3.                 MERGE (A, p, q)                          // Conquer step. 

4.                 MERGE (A, q + 1, r)                     // Conquer step. 

5.                 MERGE (A, p, q, r)                       // Conquer step. 
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Example: Bottom-up view of the above procedure for n = 8. 

 

Merging 

INPUT: Array A and indices p, q, r such that p ≤ q ≤ r and subarray A[p .. q] is sorted and 

subarray A[q + 1 .. r] is sorted. By restrictions on p, q, r, neither subarray is empty. 

OUTPUT: The two subarrays are merged into a single sorted subarray in A[p .. r]. 

We implement it so that it takes Θ(n) time, where n = r − p + 1, which is the number of 

elements being merged. 

The pseudocode of the MERGE procedure is as follow: 
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MERGE (A, p, q, r ) 

1.      n1 ← q − p + 1 

2.      n2 ← r − q 

3.      Create arrays L[1 . . n1 + 1] and R[1 . . n2 + 1] 

4.      FOR i ← 1 TO n1 

5.            DO L[i] ← A[p + i − 1] 

6.      FOR j ← 1 TO n2 

7.            DO R[j] ← A[q + j ] 

8.      L[n1 + 1] ← ∞ 

9.      R[n2 + 1] ← ∞ 

10.    i ← 1 

11.    j ← 1 

12.    FOR k ← p TO r 

13.         DO IF L[i ] ≤ R[ j] 

14.                THEN A[k] ← L[i] 

15.                        i ← i + 1 

16.                ELSE A[k] ← R[j] 

17.                        j ← j + 1 

Example  A call of MERGE(A, 9, 12, 16).  

The first part shows the arrays at the start of the "for k ← p to r" loop, where A[p . . q] is 

copied into L[1 . . n1] and A[q + 1 . . r ] is copied into R[1 . . n2]. 

 Succeeding parts show the situation at the start of successive iterations. 

 Entries in A with slashes have had their values copied to either L or R and have not 

had a value copied back in yet. Entries in L and R with slashes have been copied 

back into A. 

 The last part shows that the subarrays are merged back into A[p . . r], which is now 

sorted, and that only the sentinels (∞) are exposed in the arrays L and R.] 
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Analysis 
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References 

https://www.cs.princeton.edu/courses/archive/spring13/cos423/lectures/05DivideAnd

ConquerI-2x2.pdf 

http://interactivepython.org/runestone/static/pythonds/SortSearch/TheMergeSort.html 

http://interactivepython.org/runestone/static/pythonds/SortSearch/TheMergeSort.html 

http://faculty.simpson.edu/lydia.sinapova/www/cmsc250/LN250_Weiss/L15-

MergeSort.htm 
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https://www.cs.princeton.edu/courses/archive/spring13/cos423/lectures/05DivideAndConquerI-2x2.pdf
http://interactivepython.org/runestone/static/pythonds/SortSearch/TheMergeSort.html
http://interactivepython.org/runestone/static/pythonds/SortSearch/TheMergeSort.html
http://faculty.simpson.edu/lydia.sinapova/www/cmsc250/LN250_Weiss/L15-MergeSort.htm
http://faculty.simpson.edu/lydia.sinapova/www/cmsc250/LN250_Weiss/L15-MergeSort.htm
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Quick sort 

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

carried out (as opposed to static division in Merge sort). 

The three 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. 

Combine:  

None. 

Like Merge Sort, QuickSort is a Divide and Conquer algorithm. It picks an element as 

pivot and partitions the given array around the picked pivot. There are many different 

versions of quickSort that pick pivot in different ways. 

1. Always pick first element as pivot. 

2. Always pick last element as pivot (implemented below) 

3. Pick a random element as pivot. 

4. Pick median as pivot. 

The key process in quickSort is partition(). Target of partitions is, given an array and an 

element x of array as pivot, put x at its correct position in sorted array and put all smaller 

elements (smaller than x) before x, and put all greater elements (greater than x) after x. All 

this should be done in linear time. 

Quick sort Algorithm 

1. Choose an element as pivot.. We use right element 

2. Start indexes at left and (right-1) elements  

3. Move left index until we find an element> pivot  

4. Move right index until we find an element < pivot  

5. If indexes haven’t crossed, swap values and repeat steps 3 and 4  

6. If indexes indexes have crossed crossed , swap pivot and left index values  

7. Call quicksort on the subarrays to the left and right of the pivot value  

 

Partition Algorithm 

Partitioning is the key step in quicksort.  

 In our version of quicksort, the pivot is chosen to be the last element of the (sub) 

array to be sorted.  

http://geeksquiz.com/merge-sort/
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 We scan the (sub) array from the left end using index low looking for an element >= 

pivot.  

 When we find one we scan from the right end using index high looking for an 

element <= pivot.  

 If low < high, we swap them and start scanning for another pair of swappable 

elements.  

 If low >= high, we are done and we swap low with the pivot, which now stands 

between the two partitions. 

Pseudo code 

Quicksort(A, p, r) 

1: if p >= r then return 

2:  q = Partition(A,p,r) 

3:  Quicksort(A,p,q-1) 

4:  Quicksort(A,q+1,r) 

 

Partition(A; p; r) 

1: x = A[r] 

2: i=  p-1 

3: for j= p to r-1 do 

4:  if A[j] <= x then 

5:   i= i+1 

6:   Exchange A[i] and A[j] 

7: Exchange A[i+1] and A[r] 

8: return i+1 

Example: 
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Analysis of QuickSort 

Time taken by QuickSort in general can be written as following. 

T(n) = T(k) + T(n-k-1) + (n) 

The first two terms are for two recursive calls, the last term is for the partition process. k 

is the number of elements which are smaller than pivot. 

The time taken by QuickSort depends upon the input array and partition strategy. 

Following are three cases. 

Worst Case: The worst case occurs when the partition process always picks greatest or 

smallest element as pivot. If we consider above partition strategy where last element is 

always picked as pivot, the worst case would occur when the array is already sorted in 

increasing or decreasing order. Following is recurrence for worst case. 

 T(n) = T(0) + T(n-1) + (n) 

which is equivalent to   

 T(n) = T(n-1) + (n) 

The solution of above recurrence is (n2). 

Best Case: The best case occurs when the partition process always picks the middle 

element as pivot. Following is recurrence for best case. 

 T(n) = 2T(n/2) + (n) 

The solution of above recurrence is (nLogn). It can be solved using case 2 of Master 

Theorem. 

Average Case: 

To do average case analysis, we need to consider all possible permutation of array and 

calculate time taken by every permutation which doesn’t look easy. 

We can get an idea of average case by considering the case when partition puts O(n/9) 

elements in one set and O(9n/10) elements in other set. Following is recurrence for this 

case. 

 T(n) = T(n/9) + T(9n/10) + (n) 

Solution of above recurrence is also O(nLogn). Although the worst case time complexity of 

QuickSort is O(n2) which is more than many other sorting algorithms like Merge 

Sort and Heap Sort, QuickSort is faster in practice, because its inner loop can be 

efficiently implemented on most architectures, and in most real-world data. QuickSort can 

be implemented in different ways by changing the choice of pivot, so that the worst case 

rarely occurs for a given type of data. However, merge sort is generally considered better 

when data is huge and stored in external storage. 

References: 

http://en.wikipedia.org/wiki/Quicksort 

 

http://en.wikipedia.org/wiki/Master_theorem
http://en.wikipedia.org/wiki/Master_theorem
http://en.wikipedia.org/wiki/Master_theorem
http://www.geeksforgeeks.org/analysis-of-algorithms-set-2-asymptotic-analysis/
http://www.geeksforgeeks.org/analysis-of-algorithms-set-2-asymptotic-analysis/
http://geeksquiz.com/merge-sort/
http://geeksquiz.com/merge-sort/
http://geeksquiz.com/merge-sort/
http://geeksquiz.com/heap-sort/
http://en.wikipedia.org/wiki/Quicksort
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Binary Search 

Divide-and-conquer is a top-down technique for designing algorithms that consists of 

dividing the problem into smaller subproblems hoping that the solutions of the 

subproblems are easier to find and then composing the partial solutions into the solution 

of the original problem. 

 Divide-and-conquer paradigm consists of following major phases: 

 Breaking the problem into several sub-problems that are similar to the original 

problem but smaller in size, 

 Solve the sub-problem recursively (successively and independently), and then 

 Combine these solutions to subproblems to create a solution to the original 

problem. 

Binary Search Algorithm 

Binary Search is an extremely well-known instance of divide-and-conquer paradigm. 

Given an ordered array of n elements, the basic idea of binary search is that for a given 

element we "search" the middle element of the array. We continue in either the lower or 

upper segment of the array, depending on the outcome of the search until we reached the 

required (given) element. 

Recursive Pseudocode: 

  // initially called with low = 0, high = N-1 

BinarySearch(A[0..N-1], value, low, high)  

// invariants: value > A[i] for all i < low 

                     value < A[i] for all i > high 

      if (high < low) 

          return not_found // value would be inserted at index "low" 

      mid = (low + high) / 2 

      if (A[mid] > value) 

          return BinarySearch(A, value, low, mid-1) 

      else if (A[mid] < value) 

          return BinarySearch(A, value, mid+1, high) 

      else 

          return mid 
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Iterative Pseudocode: 

  BinarySearch(A[0..N-1], value) { 

      low = 0 

      high = N - 1 

      while (low <= high) { 

          // invariants: value > A[i] for all i < low 

                         value < A[i] for all i > high 

          mid = (low + high) / 2 

          if (A[mid] > value) 

              high = mid - 1 

          else if (A[mid] < value) 

              low = mid + 1 

          else 

              return mid 

       return not_found // value would be inserted at index "low" 

  

Analysis of Binary Search 

To analyze the binary search algorithm, we need to recall that each comparison eliminates 

about half of the remaining items from consideration. What is the maximum number of 

comparisons this algorithm will require to check the entire list? If we start with n items, 

about n2 items will be left after the first comparison. After the second comparison, there 

will be about n4. Then n8, n16, and so on.  

It takes O(1) time to do the comparisons, then it cuts the search range in half. 

T(N)  = T(N/2) + 1 

Repeat the recurrence... 

T(N)  = T(N/4) + 2 

= T(N/8) + 3 

...  = T(N/2k) + k 

• Round up N to nearest power of 2: N≤2m. 

T(N)  ≤ T(2m/2k)+k 

• Let k = m. 

T(N) ≤ T(2m/2m)+m = T(1)+m = 1+m = O(m) 

• If N=2m, then m=log N. So T(N) = O(log N) 

 

When we split the list enough times, we end up with a list that has just one item. Either 

that is the item we are looking for or it is not. Either way, we are done. The number of 

comparisons necessary to get to this point is i where n2i=1. Solving for i gives us i=logn. 

The maximum number of comparisons is logarithmic with respect to the number of items 

in the list. Therefore, the binary search is O(logn). 
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Binary Search Tree 

Maximum depth or height of the below tree is 3. 

 

 

Example Tree 

Recursively calculate height of left and right subtrees of a node and assign height to the 

node as max of the heights of two children plus 1. See below pseudo code and program for 

details. 

Algorithm: 

 maxDepth() 

1. If tree is empty then return 0 

2. Else 

     (a) Get the max depth of left subtree recursively  i.e.,  

          call maxDepth( tree->left-subtree) 

     (a) Get the max depth of right subtree recursively  i.e.,  

          call maxDepth( tree->right-subtree) 

     (c) Get the max of max depths of left and right  

          subtrees and add 1 to it for the current node. 

         max_depth = max(max dept of left subtree,   

                             max depth of right subtree)  

                             + 1 

     (d) Return max_depth 
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The below diagram for more clarity about execution of the recursive function 

maxDepth() for above example tree. 

            maxDepth('1') = max(maxDepth('2'), maxDepth('3')) + 1 

                               = 2 + 1 

                                  /    \ 

                                /         \ 

                              /             \ 

                            /                 \ 

                          /                     \ 

               maxDepth('1')                  maxDepth('3') = 1 

= max(maxDepth('4'), maxDepth('5')) + 1 

= 1 + 1   = 2          

                   /    \ 

                 /        \ 

               /            \ 

             /                \ 

           /                    \ 

 maxDepth('4') = 1     maxDepth('5') = 1 

Tree Traversals 

Unlike linear data structures (Array, Linked List, Queues, Stacks, etc) which have only 

one logical way to traverse them, trees can be traversed in different ways. Following are 

the generally used ways for traversing trees. 

 

Depth First Traversals: 

(a) Inorder 

(b) Preorder 

(c) Postorder 
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Inorder Traversal: 

Algorithm Inorder(tree) 

   1. Traverse the left subtree, i.e., call Inorder(left-subtree) 

   2. Visit the root. 

   3. Traverse the right subtree, i.e., call Inorder(right-subtree) 

 

Uses of Inorder 

In case of binary search trees (BST), Inorder traversal gives nodes in non-decreasing 

order. To get nodes of BST in non-increasing order, a variation of Inorder traversal where 

Inorder itraversal s reversed, can be used. Example: Inorder traversal for the above given 

figure is 4 2 5 1 3. 

Preorder Traversal: 

Algorithm Preorder(tree) 

   1. Visit the root. 

   2. Traverse the left subtree, i.e., call Preorder(left-subtree) 

   3. Traverse the right subtree, i.e., call Preorder(right-subtree) 

 

Uses of Preorder 

Preorder traversal is used to create a copy of the tree. Preorder traversal is also used to 

get prefix expression on of an expression tree. Example: Preorder traversal for the above 

given figure is 1 2 4 5 3. 

Postorder Traversal: 

Algorithm Postorder(tree) 

   1. Traverse the left subtree, i.e., call Postorder(left-subtree) 

   2. Traverse the right subtree, i.e., call Postorder(right-subtree) 

   3. Visit the root. 

 

Uses of Postorder  

Postorder traversal is used to delete the tree. Postorder traversal is also useful to get the 

postfix expression of an expression tree.  Example: Postorder traversal for the above given 

figure is 4 5 2 3 1. 
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Strassen’s Matrix Multiplication 

Given two square matrices A and B of size n x n each, find their multiplication matrix.  

 

Naive Method (Traditional method) 

Following is a simple way to multiply two matrices. 

void multiply(int A[][N], int B[][N], int C[][N]) 

    for (int i = 0; i < N; i++) 

        for (int j = 0; j < N; j++) 

            C[i][j] = 0; 

            for (int k = 0; k < N; k++) 

                C[i][j] += A[i][k]*B[k][j]; 

 

Time Complexity of above method is O(N3). 

 

Divide and Conquer  

Following is simple Divide and Conquer method to multiply two square matrices. 

1) Divide matrices A and B in 4 sub-matrices of size N/2 x N/2 as shown in the below 

diagram. 

2) Calculate following values recursively. ae + bg, af + bh, ce + dg and cf + dh. 

 

In the above method, we do 8 multiplications for matrices of size N/2 x N/2 and 4 

additions. Addition of two matrices takes O(N2) time. So the time complexity can be 

written as T(N) = 8T(N/2) + O(N2)   

From Master's Theorem, time complexity of above method is O(N3) which is unfortunately 

same as the above naive method. Simple Divide and Conquer also leads to O(N3) 

Strassen’s Method 

The above divide and conquer method, the main component for high time complexity is 8 

recursive calls. The idea of Strassen’s method is to reduce the number of recursive calls 

to 7. Strassen’s method is similar to above simple divide and conquer method in the sense 

that this method also divide matrices to sub-matrices of size N/2 x N/2 as shown in the 

above diagram, but in Strassen’s method, the four sub-matrices of result are calculated 

using following formulae. 

http://www.geeksforgeeks.org/analysis-algorithm-set-4-master-method-solving-recurrences/
http://d2dskowxfbo68o.cloudfront.net/wp-content/uploads/strassen_new.png
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Time Complexity of Strassen’s Method 

Addition and Subtraction of two matrices takes O(N2) time. So time complexity can be 

written as 

T(N) = 7T(N/2) +  O(N2) 

From Master's Theorem, time complexity of above method is O(NLog7) which is 

approximately O(N2.8074) 

References: 

Introduction to Algorithms 3rd Edition by Clifford Stein, Thomas H. Cormen, Charles E. 

Leiserson, Ronald L. Rivest 

https://www.youtube.com/watch?v=LOLebQ8nKHA 

https://www.youtube.com/watch?v=QXY4RskLQcI 

 

 

 

 

 

 

 

 

 

 

http://www.geeksforgeeks.org/analysis-algorithm-set-4-master-method-solving-recurrences/
http://www.flipkart.com/introduction-algorithms-3rd/p/itmczynzhyhxv2gs?pid=9788120340077&affid=sandeepgfg
http://www.flipkart.com/introduction-algorithms-3rd/p/itmczynzhyhxv2gs?pid=9788120340077&affid=sandeepgfg
https://www.youtube.com/watch?v=QXY4RskLQcI
http://d2dskowxfbo68o.cloudfront.net/wp-content/uploads/stressen_formula_new_new.png
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Closest Pair of Points 

We are given an array of n points in the plane, and the problem is to find out the closest 

pair of points in the array. This problem arises in a number of applications. For example, 

in air-traffic control, you may want to monitor planes that come too close together, since 

this may indicate a possible collision. Recall the following formula for distance between 

two points p and q. 

Naïve method pseudo code 

minDist = infinity 

for i = 1 to length(P) - 1 

 for j = i + 1 to length(P) 

  let p = P[i], q = P[j] 

  if dist(p, q) < minDist: 

      minDist = dist(p, q) 

     closestPair = (p, q) 

return closestPair 

 

The Brute force solution is O(n2), compute the distance between each pair and return the 

smallest. We can calculate the smallest distance in O(nLogn) time using Divide and 

Conquer strategy. 

Alogrithm Closest Pair 

0. Initially sort the n points, Pi = (xi, yi) by their x dimensions. 

1. Then recursively divide the n points, S1 = {P1,...,Pn/2} and S2 = {Pn/2+1,...,Pn} 

so that S1 points are two the left of x = xn/2  and S2 are to the right of x = xn/2. 

2. Recursively find the closest pair in each set, d1 of S1 and d2 for S2, d = min(d1, d2). 

3. We must check all the S1 points lying in this strip to every S2 points in the strip, and 

get closest distance dbetween 

4. To efficiently do the above, need to sort the points along the y dimensions, using a 

merge sort approach. 

5. Then the minimum distance is minimum distance is min(d, dbetween) 

  

Pseudo code 

Closest-Pair(p1, …, pn)  

Compute separation line L such that half the points are on one side and half on the other 

side.  

d1 = Closest-Pair(left half)  

http://d2dskowxfbo68o.cloudfront.net/wp-content/uploads/divide_points_new1.png
http://d2dskowxfbo68o.cloudfront.net/wp-content/uploads/strip_closesr1.png
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d2 = Closest-Pair(right half)  

 d = min(d1, d2)  

Delete all points further than d from separation line L  

Sort remaining points p[1]…p[m] by y-coordinate.  

for i = 1..m  

  k = 1  

while i+k <= m && p[i+k].y < p[i].y + d 

d = min(d, distance between p[i] and p[i+k]);  

k++;  

return d.  

 

Time Complexity Let Time complexity of above algorithm be T(n). Let us assume that we 

use a O(nLogn) sorting algorithm. The above algorithm divides all points in two sets and 

recursively calls for two sets. After dividing, it finds the strip in O(n) time, sorts the strip 

in O(nLogn) time and finally finds the closest points in strip in O(n) time. So T(n) can 

expressed as follows 

T(n) = 2T(n/2) + O(n) + O(nLogn) + O(n) 

T(n) = 2T(n/2) + O(nLogn) 

T(n) = T(n x Logn x Logn) 

Closest Pair of a set of points: 

1. Divide the set into two equal sized parts by the line l, and recursively compute the 

minimal distance in each part. 

2. Let d be the minimal of the two minimal distances. 

3. Eliminate points that lie farther than d apart from l 

4. Sort the remaining points according to their y-coordinates 

5. Scan the remaining points in the y order and compute the distances of each point 

to its five neighbors. 

6. If any of these distances is less than d then update d. 

Steps 2-6 define the merging process which must be repeated logn times because this is a 

divide and conquer algortithm: 

 Step 2 takes O(1) time 

 Step 3 takes O(n) time 

 Step 4 is a sort that takes O(nlogn) time 

 Step 5 takes O(n) time  

 Step 6 takes O(1) time 

Hence the merging of the sub-solutions is dominated by the sorting at step 4, and hence 

takes O(nlogn) time. This must be repeated once for each level of recursion in the divide-

and-conquer algorithm, hence the whole of algorithm ClosestPair takes O(logn*nlogn) = 

O(nlog2n) time.  

References: 

http://www.cs.umd.edu/class/fall2013/cmsc451/Lects/lect10.pdf 

http://www.youtube.com/watch?v=vS4Zn1a9KUc 

http://www.youtube.com/watch?v=T3T7T8Ym20M 

http://en.wikipedia.org/wiki/Closest_pair_of_points_problem 

https://www.cs.ucsb.edu/~suri/cs235/ClosestPair.pdf 

http://www.cs.mcgill.ca/~cs251/ClosestPair/ClosestPairDQ.html 

 

 

http://www.cs.umd.edu/class/fall2013/cmsc451/Lects/lect10.pdf
http://www.youtube.com/watch?v=vS4Zn1a9KUc
http://www.youtube.com/watch?v=T3T7T8Ym20M
http://en.wikipedia.org/wiki/Closest_pair_of_points_problem
https://www.cs.ucsb.edu/~suri/cs235/ClosestPair.pdf
http://www.cs.mcgill.ca/~cs251/ClosestPair/ClosestPairDQ.html
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Convex-Hull Problem 

 

Recall the convex hull is the smallest polygon containing all the points in a set, S, 

of n points Pi = (xi, yi). The set of vertices defines the polygon and the points of the vertices 

are found in the original set of points. 

  

Recall the brute force algorithm. Make all possible lines from pairs of points and then 

check if the rest of the points are all on the same side of the line. How much? There 

are n(n-1)/2 such lines and then we check with n-2 remaining points. So the cost is cubic. 

  

Algorthim quickhull 

 

1. Sort the set of points, S, by the x-dimension with ties resolved by the y-dimension. 

2. Identify the first and last points of the sort P1 and Pn Note P1 and Pn are vertices of the 

hull. The ray P1Pn divides S into sets of points, by points left (S1) or right (S2) of the line, 

defined later. We need to find the upper and lower hulls. We'll do this recursively. Note 

also that S1 or S2 could be empty sets. 

3. For S1 find the Pmax which is the maximum distance from line P1Pn, tires can be resolved 

by the point that maximizes the angle PmaxP1Pn. Note that the ray P1Pmax divides points 

of S1 into left and right sets. The left points are S11. Also PmaxPn identifies the left 

points S12 of S1 Pmax is vertex of the hull The points inside the triangle P1PmaxPn cannot be 

vertices of the hull. There are no points to the left of both P1Pmax and PmaxPn 

4. Recursively find the upper hull of the union of P1, S11 and Pmax, and the union 

of Pmax, S12, and Pn 

5. Do the like to find the lower hull 

  

We need to identify if point (x3, y3) is left or right of the ray defined by points (x1, y1) and 

(x2, y2). We use the sign of the determinate 

  

│x1  y1  1│ 

│x2  y2  1│ 

│x3  y3  1│ 

  

Sorting along the x-dimensions cost Θ(n lg n).  

Finding Pmax cost  Θ(n). Cost of determining the sets S1, S2, S11, and S12 are each Θ(n). 

How many recursive call in the worst case? O(n). 

The worst case cost is Θ(n2) which beats the brute force O(n3) 

  

We expect the average case to do much better because of the divide and conquer 

approach, much like quick sort does. In addition for any reasonable and random 

distribution of points many points in the triangle are eliminated.  In fact for randomly 

chosen points in a circle the average case cost is linear.  
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