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The term Dynamic Programming comes from Control Theory, not computer science.   
Programming refers to the use of tables (arrays) to construct a solution. Used extensively in "Operation Research" given 
in the Math dept. 
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o In dynamic programming we usually reduce time by increasing the amount of space 
o We solve the problem by solving sub-problems of increasing size and saving each optimal solution in a table 

(usually).  
o The table is then used for finding the optimal solution to larger problems.  
o Time is saved since each sub-problem is solved only once. 
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ƩŚŨƯ��ƾģŚƳƺŞǀƟ�ƽźſ (Fibonacci's Series) ��
��

 
Builds a table with the first n Fibonacci numbers. 

ƶƯŚƳźŝ�ƁƹŹ�Śƿƺě�ƾƀƿƺƳ��ƽŹřźƨţ���
int fib(n) 
{ 
     A[0] = 0 
     A[1] = 1 
      for i  2 to n 
            do A[ i ] = A [i -1] + A[i -2 ] 
    return A[n]; 
} 

Alg. 5-2��
 

 

 

T(n) = T(n-1) + T(n-2) + 1         if  n >= 2 
T(2) =1, T(1) = T(0) = 0 

�ƁƹŹƾŤƄĭŻŚŝ��ƪů�ƹ�ƮǀƀƤţ�ƁƹŹ���
 
int  fib (n) 
{ 
       if n < 2 
   return n; 
       else return (fib (n -1) + fib(n -2)); 
} 

Alg. 5-1 
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1- Establish a recursive property. 
Use a matrix  B  of n+1 rows, k+1 columns where  
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2- Solve an instance of the problem in a bottom-up fashion by 
computing the rows in B. 
 
 
 

int bin2 (int  n, int  k)  
{  
   index i, j ; 
    int  B[0..n][0..k]; 
    for ( i = 0; i  n; i++) 
     { 
          for ( j = 0; j  min(i, k) ; j++) 
           { 
                if ( j= 0 || j=i ) 
                    B[i][j] = 1; 
                else  
                    B[i][j] = B[i1][j1] + B[i1][j]; 
           } 
      } 
    return B[n][k] ; 
} 

Alg. 5-4 
��
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int bin (int  n, int  k)  
{    
     if ( k= 0 || n=k ) 
          return 1; 
     else  
          return bin (n1, k1) + bin (n1, k ); 
} 

 

Alg. 5-3 
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ŶƿƺƬƟ�ƮŤƿŹƺĮƫř�(Floyd�s Algorithm for Shortest Paths) 
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Vertex: represented by a circle in a graph. 
Edge: a line from one vertex to another. 
Graph: denoted as G(V,E). 
Directed Graph: the edges have a direction. 
Weighted Graph: each edge has a weight associated with it. 

��

ƾĮƿŚƀưƷ��
vi is said to be adjacent to vj if there is an edge from vi to vj. 

��
ƾĮƿŚƀưƷ�žƿźţŚƯ(Adjacent Matrix)��

A graph can be represented by the Adjacent Matrix, W[i][j]. 
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ƂŴŝ�ŶƿƺƬƟ�ƮŤƿŹƺĮƫř�ƾƬƇř�ƽŚƷ��
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Problem: All sources Shortest paths.    
Inputs: A weighted, directed graph with n vertices 
and adjacent matrix W.  
Output: A two-dimensional array D.  

 

ŶƿƺƬƟ�ƮŤƿŹƺĮƫř�ƾƬƇř�ƝŶƷ��
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Shortest Paths problem is an optimization problem: 
a candidate solution is a path from one vertex to 
another, the value is the length of the path, and the 
optimal value is the minimum of these lengths. 

 
��

 vertices.teintermedia as },,,{set  in the ertices         v          

only   using   to frompath shortest  a oflength ]][[

21

)(

k

ji
k

vvv

vvjiD



��
��

v2 v1 

v3 v4 

v5 

1

9

2
3

2

4

3

5

3

1

1��
1     1 

1     2     1 
1    3      3     1 

1    4     6     4      1 
1    5    10   10    5      1 

1     6   15    20   15    6      1 



ƶƯŚƳźŝ�Śƿƺě�ƾƀƿƺƳ���������������������������������������������������������ƮŤƿŹƺĮƫř�ƾůřźƏ�ŚƷ��ƽźſ�ƮŬƴě�������������������������������Dynamic Progamming ��
 

ŽŹŶƯ��̶ έά �ϛ෼ਪ΋ ඵෂ�� ��
çå��

��
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1. Establish a recursive property with which we can 
compute D(k) from D(k1). 
2. Solve an instance of the problem in a bottom-up fashion 
by representing the process for k = 1 to n. 
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void floyd (int n, const number W[][], number D[][] )  
 {   
    index  i, j, k ; 
      D = W; 
      for ( k = 1; k <= n; k++) 
            for ( I = 1; I <= n; i++) 
                  for ( j = 1; j <= n; j++) 
                    D [i][j]= min{D [i][j], D [i][k]+ D [k][j]}; 
} 

Alg. 5-5��
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ƾĮƴǀƸŝ�ƪƇř (Principle of Optimality)��
o �ƾĮƴǀƸŝ�ƪƇřƾƯ�ƩŚưƗř�ƶƫŚƀƯ�Ʀƿ�ƽƹŹ��ƹ�ŵƺƃ

ƮŤƿŹƺĮƫř�Ʀƿ�ƽƹŹ�ƶƳ���
o ƶƴǀƸŝ�ƪŗŚƀƯ�Żř�ƽŵŚƿŻ�ŵřŶƘţ��Ʋƿř��ƽŻŚſ�řŹ�ƪƇř

ƵŵŹƹōźŝ�ŶƴƴƧ�ƾƯ���
Principle of Optimization 
The principle of optimality is said to apply in a 
problem if an optimal solution to an instance of 
a problem always contains optimal solutions to 
all sub-instances. 
 

Dynamic Programming Algorithm 
1- Establish a recursive property that gives the 
optimal solution to an instance of the problem. 
2- Compute the value of an optimal solution in a 
bottom-up fashion. 
3- Construct an optimal solution in a bottom-up 
fashion. 
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    v1 to v4：[v1, v3, v2, v4] 
    v1 to v3：[v1, v2, v3] 
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ƪƨƃê�é�ƩŚŨƯ�Ɲřźĭ���

Ʋƿźưţ�ŚƷ��
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