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�ƽřźŝƾŤƄĭŻŚŝ�šǇŵŚƘƯ�ƪůƁƹŹ��Ţſř�ƵŶƃŵŚƸƴƄǀě�źƿŻ�ƽŚƷ���
o ŌřźƤŤſř�ƁƹŹ(Induction Method) ��
o Źřźƨţ�ƁƹŹ(Iteration Method) ��
o ƶƈŴƄƯ�ƶƫŵŚƘƯ�ƁƹŹ�(Characteristic Equation)��
o ƾƬƇř�ƶǀƌƣ�ƁƹŹ(The Master Theorem Method)  
o ƾŤƄĭŻŚŝ�ŢųŹŵ(The Recursion Tree)  
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æ��ŌřźƤŤſř�ƁƹŹ��
1. Estimate the form of the solution 
2. Prove by mathematical induction 

 

ƩŚŨƯ��ƾŤƄĭŻŚŝ�ƁƹŹ�ƶŝ�ƪƿŹƺŤƧŚƟ�ƶŞſŚŰƯ��
Fact(n) = Fact(n-1)*n; 

 

Number of *:   T(n) = T(n-1) + 1   (Recurrence equation) 
Proof: 
 

Induction base:                 for n=0   T(0) = 0; 
Induction hypothesis:       for arbitrary positive integer n  T(n) = n  (Guess) 
Induction step:                  to show  T(n+1) = n+1 
 

Replace n by n+1 in the recurrence equation, we get:    T(n+1) = T(n) +1 = n+1    (It�s correct!) 
So this completes the proof that T(n) is correct              T(n) = (n) 

��
ç��Źřźƨţ�ƁƹŹ���
��

ƩŚŨƯ������ŢƫŚů�ƲƿźţŶŝ�Źŵ�ƾƿƹŵƹŵ�ƽƺŬŤƀū�ƾĭŶǀĤǀě�ƖŝŚţ�ƶŞſŚŰƯ��
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ƞƫř�ƱƺĮưƷ�ƾƐų�ƾŤƄĭŻŚŝ�ƶƫŵŚƘƯ�(Homogeneous Linear Recurrence)��
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The homogeneous linear recurrence equation with 
constant coefficients: 
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Its characteristic equation is:   
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If there are k distinct solutions r1, r2, �, rk, the only 
solution to the recurrence is: 
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ś�ƱƺĮưƷŚƳ�ƾƐų�ƾŤƄĭŻŚŝ�ƶƫŵŚƘƯ�(Non-Homogeneous Linear Recurrence) 
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The Non- homogeneous linear recurrence equation: 
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Its characteristic equation is:   
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solution to the recurrence is: 
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Let f be an increasing function that satisfies the 
recurrence relation  

dnc
b

n
fanf  )()( 

whenever  n = bk, where k is a positive integer, a > 1, 
 b is an integer greater than 1, and c and d are 
numbers with c positive and d nonnegative.  
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ƲſřźŤſř�žƿźţŚƯ�śźƋ�ƮŤƿŹƺĮƫř�(Strassen�s Matrix Multiplication Algorithm) 
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Problem: Find the product of two n×n matrices                

where n is a power of 2. 
Inputs: an integer n that is power of 2, and two              
matrices A and B. 
Outputs: the product C of A and B. 
 
 
 void strassen (int n, nn_matrix A, B, 
nn_matrix& C) 
{   
   if (n   threshold) 
     compute C = AB using the standard algorithm; 
  else 
  {  
     partition A  
             into four submatrices A11, A12, A21, A22 ; 
     partition B  
             into four submatrices B11, B12, B21, B22 ; 
     compute C = AB using the Strassen�s method;  
     } 
} 

Alg. 4-1 
 

 
Every-Case Time Complexity (no. of multiplications) 
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By Master Theorem： 
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Every-Case Time Complexity (no. of ＋/－) 
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By Master Theorem： 
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īŹżŝ�ŮǀŰƇ�ŵřŶƗř�śźƋ�(Larger Integer Multiplication) 
 

When do we need to multiply two very large numbers?  In Cryptography and Network Security, 
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Divide And Conquer 
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Ʃƹř�ƮŤƿŹƺĮƫř�ƪůƹ�ƮǀƀƤţ�ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ���
 

 MULT(X,Y) 
    if |X| = |Y| = 1 then do return XY 
   else 
return   ),MULT( 2),MULT( ),(MULT 2),MULT( 2/ dbcbdaca nn   

 
Alg. 4-2 
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By the Master Theorem: 
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By the Master Theorem: 
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MULT(X,Y) 
           if |X| = |Y| = 1 then do return XY 
           else  
                  A1 = MULT(a,c);  
                 A2 = MULT(b,d); 
                A3 = MULT((a+b)(c+d)); 

  2
2/

2131  2 2 AAAAA nn  
 

Alg. 4-3 
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