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findmax (L, start, end) {
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T(n) = O(number of nodes)
T(n) = O(n)



Question
Time taken by 
find3max(L,a,a+n) is

     A.  Θ(n)
     B.  Θ(n log n)
     C.  Θ(n2)
     D.  Θ(n3)
     E.  None of the above

find3max (L, st, en) {
   if (st == en)
      return  L[st]
   else {
      mid1 = st +⎣(en-st+1)/3⎦
      mid2 = st + 2*⎣(en-st+1)/3⎦
      x = find3max(L,st,mid1)
      y = find3max(L,mid1+1,mid2)
      z = find3max(L,mid2+1,en)
      if (x≥y ∧ x≥z) return x 
      if (y≥x ∧ y≥z) return y
      if (z≥x ∧ z≥y) return z
   }
}
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Binary Search
Find where a desired object occurs (if at all)  in a sorted 
list of objects

Objects can be compared with each other (using a total 
ordering)

Simple idea:
Check if desired object = middle one in the list
If not, comparing with the middle one lets you see if it 
could be in the left half or the right half of the list 
(since the list is sorted)
Recursively search in that half
Depth of recursion, for an n element list ≤ ⎡log2 n⎤
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Merge Sort
Sorting by divide-and-conquer

Split the list into two (unless a single element)

Sort each list recursively

Merge the sorted lists into a single sorted list

T(n) = 2T(n/2) + time to merge

T(n) = 2T(n/2) + d n [ in fact, T(n) ≤ 2T(n/2)+dn+c ]
Depth of recursion = O(log n)

T(n) = O(n log n)
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Usually multiplication/addition are a single operation in a CPU

But not possible when an integer has too many digits to fit 
into a processor’s registers

Can break up the integer into smaller pieces, and compute on 
them

e.g. Addition with carry: each operation works on single 
digit numbers (takes 3 numbers and gives two numbers)

To add two n-digit numbers: O(n) operations

As fast as possible: need to at least read all the digits

(Remember: the number N has O(log N) digits)
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Multiplication of two large numbers

x = x0 + 2n/2 x1  where x0, x1 have n/2 digits each 
(assuming n is a power of 2)
x⋅y = x0y0 + 2n/2 (x0y1 + x1y0) + 2n x1y1

       = x0y0  + 2n/2[ (x0+x1)(y0+y1) - x0y0 - x1y1 ]  + 2n x1y1

Only 3 multiplications (and reusing products). All of them on 
numbers about n/2 digits each
T(n) = 3T(n/2) + O(n). T(1) = O(1).

Recursion tree: each level (internal or leaves) has 3k 
nodes, with n/2k on each node. Level sum = O(n⋅(3/2)k).  
k = 0 to log2 n.  (Level sum from last level dominates.)
T(n) = O(n(3/2)log_2 n) = O( 2 log_2 n. (3/2)log_2 n ) = O(3 log_2 n) 
     = O(3 log_3 n × log_2 3) = O(n log_2 3) = O(n1.585..)

Can do even better, 
but more involved


