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Analysis of Algorithms



Analysis of Addition
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Time(N) = c1 + c2⨯N



Analysis of Multiplication
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Time(N) = c1 + c2⨯N + c3⨯N2

Analysis of Algorithms



Analysis of Algorithms

Time(N) = c1 + c2⨯N + c3⨯N2

Time(N) = c1 + c2⨯N

Multiplication

Addition



Analysis of Algorithms

Time(N) is O(N2)

Time(N) is O(N)

Multiplication

Addition



Analysis of Algorithms

Multiplication

Addition

Unary
Representation

Decimal/binary
Representation
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Today, the best known Multiplication
algorithm has running time

O(N⨯2log* N) 
barely slower than Addition… 
( log* N = number of log until < 1 )

Analysis of Algorithms

Addition

50x 
x2 
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Multiplication
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Bases and Binary 
Representation



Base 8 vs Base 2

=(????)2

(2143)8



=( 010 001 100 101 )2 
=(10001100101)2

(2143)8

Base 8 vs Base 2



(10010010101010101)2 
=(10 010 010 101 010 101)2 

=(2 2 2 5 2 5)8  
=(222525)8

Base 2 vs Base 8



(10010010101010101)2 
=(65536+8192+1024+256+64+16+4+1)10  

=(75093)10

Base 2 vs Base 10



20=1     21=2     22=4 
23=8     24=16    25=32 
26=64    27=128   28=256 
29=512   210=1024  211=2048 
212=4096  213=8192 214=16384 
215=32768 216=65536 
232 = 4 294 967 296

Powers of 2 in Base 10



100=1 
101=1010 
102=1100110 
103=1111101000 ≈210 
104=10011100010000

Powers of 10 in Base 2



(75093)10 
=(111*10011100010000  . 

+101*1111101000  . 
+1001*1010  . 

+101)2 
=(10010010101010101)2

Base 10 vs Base 2



to Base 2



75093 
/2    %2 
37546 1 
18773 0 
9386  1 
4693  0 
2346  1 
1173  0 
586   1 
293   0 
146   1

/2    %2 
73    0 
36    1 
18    0 
9     0 
4     1 
2     0 
1     0 
0     1

=(10010010101010101)2



why does it work ?

m = 2* (m/2) + m%2 

10010010101010101 
= 2*1001001010101010 + 1 

m = 𝛃* (m/𝛃) + m%𝛃



why does it work ?
m = ∑i

n
=
-
0
1 bi𝛃i 

= (bn-1bn-2…b1b0)𝛃 
= (bn-1bn-2…b10)𝛃 + b0 
= 𝛃*(bn-1bn-2…b1)𝛃 + b0 

 = 𝛃*(bn-1bn-2…b1b0/𝛃) + b0 
m = 𝛃* (m/𝛃) + m%𝛃



to Base 2

𝛃

𝛃
𝛃

𝛃



75093 
/5    %5 
15018 3 
3003  3 
600   3 
120   0 
24    0 
4     4 
0     4 

=(4400333)5
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