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Algorithm is a complete, step-by-step procedure for solving a specific problem. 
 

ƭŚĭ�ƮŤƿŹƺĮƫř�ƾůřźƏ�Źŵ�ƮƸƯ�ƽŚƷ��
Problem   →   Solution   →   Algorithm  →  Program 
 

Algorithm:  
A tools for solving a well-specified computational problem. 
 

 
ƪƨƃæ�æ��ƵŚǀſ�ƶŞƘū�Ʀƿ�ƱřƺƴƗ�ƶŝ�ƮŤƿŹƺĮƫř��

ƩŚŨƯ��ƽŻŚſ�ŜţźƯ 

Input:    sequence of number        {  SORTING  }    Output:  An ordered permutation of input 
                                        naaa ,...., 21                                                        naaa  ,....21 .  
 

ƩŚŨƯ�Ŷƴģ��
ƾŞǀţźţ�ƽƺŬŤƀū�ƮŤƿŹƺĮƫř��

 

Problem:Is the key x in the array S of n keys?  
Inputs: positive integer n, array of keys S indexed from 1 
to n, and a key x.  
Output：location, the location of x in S (0 if x is not in S) 
 

void seqsearch (int n, const keytype S[], keytype x,  
                               index& location)  
 {   
     location = 1; 
      while (location  <= n && S [location] != x ) 
           location ++; 
       if (location > n) 
          location = 0; 
 } 

Alg. 1-1 

ƶƿřŹō�Ʀƿ�źƇŚƴƗ�ƕƺưŬƯ�ƶŞſŚŰƯ�ƮŤƿŹƺĮƫř��
 

Problem: Add all numbers in the array S of n numbers.  
Inputs: positive integer n, array of numbers S indexed  
from 1 to n.  
Output: sum, the sum of the numbers in S 
 

number sum (int n, const number S[])  
 { 
���  index  i; 
      number result; 
      result = 0; 
      for (i  = 1; i <= n ; i++)  
            result = result + S[i]; 
      return result; 
 } 

Alg. 1-2 

Ƃſźě��ƶŞƃ�ŶƧ(Pseudocode) �Ţƀǀģ���
 
 
use      if  (i  x  j)        instead        if  (i <= x  && x <= j)  
use    exchange x and y    instead ? 
 
 � �

Operator C++ Symbol 

and  && 

or || 

not ! 

comparison C++ Symbol 

x = y  x = = y 

x  y x ! = y 

x  y x > = y 

x  y x < = y 
� �
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ŜţźƯ�ƾƌƿƺƘţ�ƽŻŚſ��
��
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void exchangesort (int n, keytype S[])  
 {   index  i, j; 
      for (i  = 1; i <= n ; i++)  
           for (j  = i + 1; j <= n ; j++)  
                  if  (S[j] < S[i]) 
                       exchange S[j] and S[i]; 
 } 

 
 

Alg. 1-3 

žƿźţŚƯ�ƹŵ�śźƋ��
��

void matrixmult (int n, const number A[][], B[][],  number C[][])  
 {    
     index  i, j, k; 
      for (i  = 1; i <= n ; i++)  
           for ( j  = 1; j <= n ; j++)  
                 {  C[i][j] = 0; 
                     for (k  = 1; k <= n ; k++)  
                            C[i][j] += A[i][k]B[k][j] ; 
                  } 
 } 

Alg. 1-4 
��

Ƃſźě�ƲǀǀƘţ�ƶƳƺĮģ�ƹ�Ţƀǀģ�ƮŤƿŹƺĮƫř�ƾƿōŹŚƧ��ƾƯ��ŵƺƃƁƹŹ�Śƿ�ƁƹŹ�ƶģ��ŜſŚƴƯ��Ʊō�ƲǀǀƘţ�ƽřźŝ�ƾƿŚƷ��Ţſř�źţ��
��

Different algorithms for the same problem may have different  efficiency/complexity. 
Examples:  

1. Sequential Search v.s Binary Search  
2. nth Fibonacci Term (Recursive v.s Iterative)  
3. Insertion Sort v.s Bubble Sort 
4. Direct Multiplication v.s Fast Multiplication 
5. Exponential Computation (Recursive v.s Iterative)  
 

��

ƾƿƹŵƹŵ�ƽƺŬŤƀū�ƹ�ƾŞǀţźţ�ƽƺŬŤƀū�ƾƿōŹŚƧ�ƶƀƿŚƤƯ��

 
 

ŶƳřƶƿřŹō�ƵŻř  ƶƀƿŚƤƯ�ŵřŶƘţ 
Sequential Search 

ƶƀƿŚƤƯ�ŵřŶƘţ 
Binary Search 

128 128 8 

1024 1024 11 

1048576 1048576 21 

4294967296 4294967296 33 

ƾƿƹŵƹŵ�ƽƺŬŤƀū��
��

void binsearch (int n, const keytype S[], keytype x,  
index&  location)  
 {  
    index low, high, mid;  
      low = 1;   high = n;   location = 0; 
      while ( low  <= high && location = = 0 ) 
         {   mid = (low + high )/2; 
              if ( x = = S[mid] ) 
                  location = mid ; 
              else if  ( x < S[mid] )  
                           high = mid1; 
                     else low = mid + 1; 
          } 
 } 

Alg. 1-5 
��

ƾģŚƳƺŞǀƟ�ƽźſ(Fibonacci Sequence)��
f0 = 0, f1 = 1,                  fn = fn-1 + fn-2 
fn：0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144,� 

Ʋƿźưţ��ƽřźŝ�ƾŤƄĭŻŚŝ�ŢųŹŵf5���ƾģŚƳƺŞǀƟ�ƽźſ�ƮŬƴě�ƶƬưū�ŶǀƴƧ�Ʈǀſźţ���
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ƾŤƄĭŻŚŝ�ƮŤƿŹƺĮƫř 
 

int fib_Recursive (int n)  
 {   
    if ( n <= 1)  
      return n; 
    else  
     return (fib_Recursive(n1) + fib_Recursive (n2)); 
} 

 

Alg. 1-6��

ƽŹřźƨţ�ƮŤƿŹƺĮƫř��
int fib_Iterative (int n)  
 {    
      index  i;    int  f [0..n];        f [0] = 0; 
      if ( n > 0) 
          {   f [1] = 1; 
               for ( i = 2;  i <= n;  i ++ ) 
                      f [i] = f [i1]  + f [i2];     } 
      return f [n]; 
} 

Alg. 1-7 
��
��

ƶǀƌƣ���
If T(n) is the number of terms in the recursion tree corresponding to Alg. 1.6, then, for n  2,         T(n) > 2n/2  

ŚŞŧřš��ƾƯ�ŢŝŚŧ�ŌřźƤŤſř�Żř�ƵŵŚƠŤſř�Śŝ�ŵƺƃ���
��

ƮŤƿŹƺĮƫř�ƹŵ�Ʋƿř�ƾƿōŹŚƧ�ƶƀƿŚƤƯ��
 
n 

 
n+1 

 
2n/2 

Execution Time 
Using Alg. 1-7 

Execution Time 
Using Alg. 1-6 

40 41 1048576 41 ns 1048 ms 

60 61 1.1x109 61 ns 1 s 

80 81� � 1.1x1092 81 ns 18 min 

100 101 1.1x1015 101 ns 13 days 

120 121 1.2x1018 121 ns 36 years 

160 161 1.2x1024 161 ns 3.8x107 years 

200 201 1.3x1030 201 ns 4x1013 years 

��

ƮŤƿŹƺĮƫř�żǀƫŚƳō��ŚƷ��
Complexity Analysis  

o Time Complexity: CPU time, number of computations 
o Memory Complexity: memory consumption 
o Power Complexity: power consumption 

 
 

Correctness Analysis  
Develop a proof that the algorithm actually does what itis supposed to do 
 
 

Applying the Theory  
Overhead instruction, control instructions, basic operations,  
Efficiency of two algorithms depends on the input size n. 
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ƾƳŚƯŻ�ƾĭŶǀĤǀě�żǀƫŚƳō��

��
ƾƳŚƯŻ�ƾĭŶǀĤǀěƷ�ƽřźŝ�ƶư�ŵŹřƺƯ��

Every-Case Time Complexity          T(n) 
The number of times the algorithms does the basic operation.  
 

ŢƫŚů�ƲƿźţŶŝ�Źŵ�ƾƳŚƯŻ�ƾĭŶǀĤǀě��
Worst-Case Time Complexity          W(n) 
 The maximum number of times the algorithm will ever do its basic operation. 
 
 

�Źŵ�ƾƳŚƯŻ�ƾĭŶǀĤǀěƲǀĮƳŚǀƯ�ŢƫŚů��
Average-Case Time Complexity       A(n) 
The average of the number of times the algorithms does the basic operation.  
 

ŝ�Źŵ�ƾƳŚƯŻ�ƾĭŶǀĤǀěƸŢƫŚů�ƲƿźŤ��
Best-Case Time Complexity             B(n) 
The minimum number of times the algorithm will ever do its basic operation. 

 
��
��

Ʋƿźưţ��������������������������řŹ�ŢºƫŚů�ƲƿźºŤƸŝ�ƹ�ƲǀĮƳŚºǀƯ�ŢºƫŚů��ŢºƫŚů�ƲƿźţŶºŝ�ƾƳŚºƯŻ�ƾĭŶºǀĤǀě��ŵŹƺºƯ�źºƷ�Źŵ�ƾƳŚºƯŻ�ƾĭŶºǀĤǀě��żǀƫŚƳō��ƲǀƄǀě�ƮŤƿŹƺĮƫř�ŢƠƷ�ƽřźŝ�
ƾſŹźŝ�ŶǀƴƧ��żǀƫŚƳō�ƾſŹźŝ�Żř�žěƾƯ�ƾŬƿŚŤƳ�Śƿ�ƶŬǀŤƳ�ƶģ��ơƺƟ�ƽŚƷ��ŶƿźǀĭŢſŵ�ƶŝ�ŪƿŚŤƳ�ƽƹŹ��ŶǀƴƧ�ŦŰŝ��ƵŶƯō���

��
��

ƮŤƿŹƺĮƫř�Żř�ƾƿŚƷŵźŝŹŚƧ�ŚƷ��
o ŤƿŹƺĮƫřƮ�ŢƳźŤƴƿř�Źŵ�ƾŝŚƿźǀƀƯ�ƹ�ƺŬŤƀū�ƽŚƷ��
o ƮŤƿŹƺĮƫř�ƶƴǀƸŝ�ƽŚƷ�ƾŝŚƿ��
o ƮŤƿŹƺĮƫř�ƱŚƯŻ�ƽŚƷ�ƽŶƴŝ��
o ƮŤƿŹƺĮƫř�ŜţźƯ�ƽŚƷ�ƽŻŚſ 

o ƮŤƿŹƺĮƫř�ƽŵŶƗ�šŚŞſŚŰƯ�ƽŚƷ��
o ���� 
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