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ǇŚŝ�ƱřźƧ��īŹżŝ�ƽř (Big O; Upper bound)  
For a given complexity function f(n), O(f(n)) is the set of complexity functions g(n) for which there exists some positive 
real constant c and some nonnegative integer N such that for all n  N,        g(n)  cf(n) 
We say that g(n) is big O of f(n),  if  g(n)  O(f(n)). 

ƩŚŨƯ���
n2+10n  2n2  for n  10     n2+10n  O(n2) 
 
Big O describes the asymptotic behavior of a function, and puts an asymptotic upper bound (at most) on a function. 
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ƲǀƿŚě�ƱřźƧ��īŹżŝ�ƽŚĮƯř (Big  ;Lower bound) ��
For a given complexity function f(n), (f(n)) is the set of complexity functions g(n) for which there exists some positive 
real constant c and some nonnegative integer N such that for all n  N,          g(n)  cf(n) 
We say that g(n) is big  of f(n),  if  g(n)  (f(n)). 

ƩŚŨƯ���
n2+10n  n2  for n  0     n2+10n  (n2) 
 
Big  describes the asymptotic behavior of a function, and puts an asymptotic lower bound (at least) on a function. 
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ƮŤƿŹƺĮƫř�ƶŞţźƯ��ŚŤţ (Big ;Order)��
For a given complexity function f(n),       (f(n)) = O(f(n))  (f(n))  
This means that (f(n)) is the set of complexity functions g(n) for which there exists some positive real constant c and d 
and some nonnegative integer N such that, for all n  N,          cf(n)  g(n)  df(n) 
We say that g(n) is order of f(n),  if  g(n)  (f(n)). 

ƩŚŨƯ� 

n2  n2+10n  2n2  for n  10     n2+10n  (n2)     
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ƦģƺƧ�ƽř(Small o) ��

For a given complexity function f(n), o(f(n))  is the set of all complexity functions g(n) satisfying the following: 
For every positive real constant c there exists a nonnegative integer N such that, for all n  N,    g(n)  cf(n) 
We say that g(n) is small o of f(n),  if  g(n)  o(f(n)). If g(n)  o(f(n)),  we have  
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ƩŚŨƯ���
n  o(n2).  
 

ƶǀƌƣ��
If g(n)  o(f(n)),  then g(n)  O(f(n))  (f(n)). That is, g(n) is in O(f(n)) but is not in (f(n)).  
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ƾĭĦƿƹ�ƶŞţźƯ�ƽŚƷ��
1- g(n)  O(f(n)) if and only if f(n)  (g(n)).  

 
2-  g(n)  (f(n)) if and only if f(n)  (g(n)). 
 
3- If b > 1 and a > 1, then loga n  (logb n). 
 
4- If b > a > 0, then  a n  o( bn). 
 
5- For all a > 0, then  a n  o( n!). 
 
6- (log n) <  (n) < (nlog n)<  (n2) < (nk)  < (a n) < (n!). 
 
7-  If c0, d >0, g(n)O(f(n)), and h(n) (f(n)), then             cg(n)+dh(n)(f(n)).  
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ƶǀƌƣ��

Let  f (x) = anx
n+an1x

n1+�+a1x+a0 , where  an > 0, and a0 , a1 ,�, an are real numbers,   then   f (x) (xn) . 
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f(n) is asymptotically smaller than g(n) if    f (n) = o ( g(n)) 
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