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Master Theorem

Let T'(n) = aT'(n/b) + f(n). Define the following cases based on how the root work compares with the

leaf work.
o1 23 ..... 0

1. Leafheavy. f(n) = O(n'°2:(a)—<) for some constant e > 0.

2. Balanced. f(n) = O(n'o2(?)

3. Root heavy. f(n) = Q(n'eg(a)+€) for some constante > 0,and af(n/b) < cf(n) for some

constant ¢ < 1 for all sufficiently large n. &Lp ‘(

Then,
O (nloe(@)) Leaf heavy case Mo~ ~—— - -
T(n) = ¢ ©(f(n)log(n)) Balanced case
O(f(n)) Root heavy case ﬂ ﬂ rl Lo e (\
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New Stuff



Correctness

For any algorithm/function/program, define a precondition and a postcondition.

The precondition is an assertion about the inputs to a program.

The postcondition is an assertion about the end of a program.

An algorithm is correct if the precondition implies the postcondition.

e “If | gave you valid inputs, your algorithm should give me the expected outputs.”
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Correctness of Mergesort o Jnfof infegeus

Assuming merge is correct V"/‘ef’f(]Q

iv\Pqur : ],,6} Y ht

1 def merge_sort(1l): X ﬁeﬁ)}ﬂw WM'LM
2 n = len(1)

3 if n <= 1: PGS‘FOWMMWJMMQM
- return 1 ‘H/\l M 0‘ Mmﬂ{
5 else: 4 /034“{-

6 left = merge_sort(l[:n//2]) ‘

7 right = merge_sort(l[n//z:])/

8 return merge(left, right)

By ‘mducﬁ%mqq“’ ngﬂm st



rge( 012 7], [36¢1)
2 1 A
Wi

]

14
(12345 ¢ 1

PO Y ligks, fe LN st boll) =n
Ww(%(aodfa cropdon X .
ng\/we[\l/?(ﬂ)

Bose 052 102 Ll wls fhe lmsewm{#w Podan isthcch
juat juhwos A Anq ﬂﬂjrc'{ Ip On| 4 a&m&/
wited, S fhin 4 o,

IV\C[UCMP Z}[CF" ot k22, o,wol,&/fpo&q ﬂ() ,6'0‘( aﬂ i<k . ?(H-
WIS Ple). k

s mﬂw’ ‘17 fe THTO |
(i 140y e b2 1AL <R -
Z"‘ &[L%J ]) "Yk/z’( SWRELE fké1<k o 905,1 aj&m-

by [H Lolls ot e syled versans of 15411 J(LK:]
Z% \f;{wmfﬁwézﬂqf | fwon Mmlro‘(}(ngsxwg 1



Multiplication
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Multiplication *> ™ .
Divide and Conquer (mb) (CLSB\;L;&?C
x=a-l0 +b
T 7 0] Y=l +d
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A= B-ID*G =<
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Karatsuba

def karatsuba(x, y):
if x < 10 and y < 10:
return x * vy
max(len(str(x)), len(str(y)))
n//2
= X // 10%xm
X % 1@0%km
=y // 10@%km
=y % 10%xm
karatsuba(x_1, y_1)
11 karatsuba(x_1 + x_h, y_l + y_h)
12 == karatsuba(x_u, y_h)
13 return (z_2 * 10xx(2xm)) + ((z_1 - z_2 - z_0) * 10%km) + z_0
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Binary Search

def bin_search'l, t, a, b ':
if b == a:
return None
else:
m= a+b//2
if Ilm ==
return m
elif I m < t:
return bin_search'1, t, m+l1l, b
elif 1T m > t:
return bin_search' 1, t, a, m






