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Introduction to Algorithms 

•  Slides by Avi Wigderson 

Evaluating how good (how 
efficient) an algorithm is 

 
How does the number of basic steps 
of an algorithm increase with the 
data size (input length) ? 

 

input input input input 

Rubik’s cube 

  2       3       4         5      … 

Sudoku 

3                    4     

Sudoku 

         5                  ……    

  
 9  8  7  6 
 5  4  3  2  1           

1 

1 

1 

3 

1 

4 1 9 

 
# digits    # steps 
          Hindu 
  1        6⋅1 
  5        6⋅5 
 10       6⋅10 
100      6⋅100 
 
  N       6⋅N 
  N       ~N 
       

Complexity 
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 9  8  7  6 
 5  4  3  2  1           
 8 
 6 
 7 

# digits    # steps 
          Hindu  Greek 
             
  N       ~N    ~10N 
 

Addition:  
Greek algorithm 
 
While Y>0 
   Y:=Y-1 
   X:=X+1 
endWhileh 

Comparing  
algorithms Trivia: power of decimals 

 
1080=10000000000000000000000000000000000000000 
         0000000000000000000000000000000000000000 
 ≈ number of atoms in the universe 

1080  - is a small number to write down  
       - is a large number to count to 
 
1040=10000000000000000000000000000000000000000 
 ≈ number of steps of the fastest  
       computer before the sun dies 

  
 9  8  7  6 
 5  4  3  2  1           # digits    # steps 

          Hindu  Greek 
             
  N       ~N    ~10N 
 

Comparing  
algorithms 

Hindu: optimal - “It was the best of times” 
Greek: terrible -“it was the worst of times” 
 
Complexity of a function = 
Complexity of its best algorithm 

   32 
x 17 
224 
32 

= 544 

grade school 

Complexity of functions 
comp(add)     = n          
comp(multiply) ≤ n2          [gradeschool]  
comp(multiply) ≤ n⋅(log n) [schoenhage-strassen]  
      Is there a  better algorithm? 
      Is there no better algorithm? 
Main challenges of Theoretical CS 
Only efficient algorithms get implemented 
 
Efficient: n, n⋅logn, n2, n3,.. (polynomial) 
Inefficient: 2n, 2√n,…         (exponential) 

How to multiply 2 nHow to multiply 2 n--bit numbers.bit numbers.

X
* * * * * * * * 
* * * * * * * * 

* * * * * * * *
* * * * * * * *

* * * * * * * *
* * * * * * * *

* * * * * * * *
* * * * * * * *

* * * * * * * *
* * * * * * * *

* * * * * * * * * * * * * * * *

n2

Grade-school multiply algorithm 
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Shortest  
paths 

FFT 

Audio processing 
Image processing 
Tomography, MRI 

RSA 
encryption   
e-commerce  

Error  
Correction 

CDs   
DVDs 
Satellite communication 
Cell phone communication 

PageRank 

web search 

           The class P 
 
All problems having an efficient 
algorithm to find solutions 
 
 
Are all practically interesting problems  
in P? 


