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mentors.... list RSN
instructional support says... today!

: as a design tool
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a: number of recursive calls (a1 + a2)
b: number of pieces we divide into
f(n) ~ n^d, cost of dividing and then recombining
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     1101
    1101
   0000
  1101
---------
 10001111

n copies, Theta(n^2)
n column-wise
additions, Theta(n^2)
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1101 = (1100 + 01) = (11x2^2 + 01)
1011 = (1000 + 11) = (10x2^2 + 11)



������� �����

� ����� ��������� �������

�� ������ ���� ������ ��������� �� ����

�� �������� ��� ������ ������������� �� ������� ��� ����

�� ������� ��� �������� ���� ������ ��� ����

b = 2

a = 4
d = 1

4  >   2^1

what?!? back to Theta(n^2)
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b = 2

d = 1

a = 3

d = 1

3 > 2^1
Theta(n^{log_2 3})

FFT 
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P = [(x0, y0), (x1, y1), ...,  (xn, yn)]

brute force: Theta(n^2)
before recursion, sort into Px and Py: same points, ordered by x, ordered by y
cost: n lg n

Lx

Rx

Ly

Ry

min_x: min pair distance on L

min_y: min pair distance
on R

delta = min(min_L, min_R)
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b = 2
a = 2
d = ?? 1, it turns out!
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before recursion, do it once: n lg n

must be in linear time

a = 2

must be in linear time



traverse Dy bottom
to top...

Dy

b = 2
a = 2
d = 1

Theta(n lg n) 
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def recBinSearch(x, A, b, e) :

if b == e :

if x <= A[b] :

return b

else :

return e + 1

else :

m = (b + e) // 2 # midpoint

if x <= A[m] :

return recBinSearch(x, A, b, m)

else :

return recBinSearch(x, A, m+1, e)

A: list, nondecreasing, comparable elements
x: value to search for, must be comparable
b: beginning index of search
e: end index of search

return position p where x is, or should be
inserted.

1. b <= p <= e + 1
2. b < p => A[p-1] < x
3. p < e + 1 => A[p] >= x
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Base case, � � �: ���������� ������� ����� ��� �� ����� ��
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verify these easily.

recursive call's postcondition becomes the IH
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e

0 <= 0 + 1<= m - b + 1 < e - b + 1 = n
# since b <= m < e, by exercise

These are now our I.H.
1.  b <= p <= m+1                 # by postcondition
2. b < p ==> A[p-1] < x 
3. p <= m ==>  A[p] >= x

1. b <= p                              # by IH
    p <= m+1 <= e+1          # since m < e, by exercise
2. b<p => A[p-1] < x          # by IH
3. p <= e                         # always true, since p <= m+1 <= e
        => p = m+1  O p <= m   # first case NEVER happens
                                                    # since p = m+1 => A[p-1] = A[m] => A[m] < x   (contradiction!)
              A[p] >= x                     # by 3. in IH
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must show that             1 <= e - m < e - b + 1 = n
                                      # since b <= m < e

b

terminates, and
1. m+1 <= p <= e+1
2. m+1 < p ==> A[p-1] < x
3. p <= e ==> A[p] >= x

1. p <= e+1                               # by IH
    b <= m+1 <= p                    # since b<= m (by exercise)
3. p <= e ==> A[p] >= x    # by IH
2. b < p                                       # always true, since p >= m+1 > b
           either p = m+1 OR p > m+1
           case p > m+1 ==> A[p-1] < x     # by 2. of IH
           case p = m+1 ==> A[p-1] = A[m] < x (by assumption of this case)
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