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4. Complexity  of algorithms and data structure
================================================

Mutual evaluation of the two difference algorithms needs objective criteria. The "time-space" approach is used often. This approach take into account the time necessary to finish the algorithm until the correct result is reached and the memory space needed for it. These features are expressed by "time complexity" and by "space complexity" of an algorithm. Both complexities are expressed by the functions where 
the size of data is argument of them. Size are expressed mostly by the number of items of problem oriented homogeneous data structure (e.g.file, list, array), processed by the algorithm.
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4.1  Asymptotic expression of time complexity
--------------------------------------------
Criterion used frequently for the evaluation of the speed of the algorithm is its asymptotic time complexity. Its results from the behavior of the function for n increasing to infinite.

Complexity expressed by notation Omicron (Big O, Ό) expresses the upper limit of the time behavior of the algorithm.

Omicron (g(n)) denotes the set of functions f(n), for which is true:

  {f(n) :  file_2.unknown
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n>=n0 is valid
                         [0<=f(n)<=c*g(n)]}
where c and n0 are adequate positive constants.

Then the notation f(n)=Omicron(g(n)) denotes, that function f(n) is growing maximally as fast as the function g(n). Function g(n) is upper limit of the set of all functions, determined by the notation Omicron(g(n))    (Ό(g(n))).

Complexity expressed by notation Omega (Ώ) denotes lower limit of time behavior of the algorithm.

Omega(g(n)) (Ώ(g(n))) denotes the set of all functions f(n) for which is true:
   {f(n) : file_4.unknown
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n>=n0 is valid
                         [0<=c*g(n)<=f(n)]}
where c and n0 are adequate positive constants.

Then the notation f(n)=Omega(g(n)) (Ώ(g(n))) denotes, that function f(n) is growing minimally as fast as the function g(n). Function g(n) is lower limit of the set of all functions, determined by the notation Omega(g(n))  (Ώ(g(n))).

Theta(g(n))  (Θ(g(n))) denotes the set of all functions f(n) for which is valid::
   {f(n) : Existfile_6.unknown
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 (c1>0, C2>0, n0>0) such, that
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 (n>=n0) is valid [0<=c1*g(n)<=f(n)<=c2*g(n)]}
where c1,C2  and n0 are positive constants.

Complexity expressed by the notation Theta (Ώ) denotes the time behavior same as the given function.

Note:
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 stands for "Such that exist…"
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stands for "For all that …"

Then the notation f(n)=Theta(g(n)) denotates, that function f(n) 
is growing as fast as the function g(n). Function g(n) is 
expression of the order of upper and so the lower limit of the set of 
functions, determined by the notation Omega(g(n)).



Omicron, Omega and Theta is expressed on the following figures.
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Fig.4.1  Notation Omicron
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Fig.4.2  Notation Omega
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Fig. 4.3  Notation Theta


4.2 Classification of the algorithms according their time complexity


Theta(1) denotates the constant time complexity.

Theta(log(n) denotates the algorithms with the logarithmic time 
complexity. The value of the base (root) of logarithm is not important, 
as various  bases differs only by the constant of mutual transformation. 
Such a complexity have some quick searching algorithms.

Theta(n) i denotation of the algorithms with the linear time complexity. 
This complexity are typical for sequential algorithms.

Theta(n*log(n)) is called "linearithmic" complexity. This complexity is 
typical for some fast sorting algorithms based on comparing model.

Theta(n*n) is quadratic complexity. It is typical for many algorithms 
based on the double cycle model- one inner cycle and one outer cycle. To 
them belong many ordinary sorting algorithms. 

Theta(n*n*n) is denotation of the algorithms with cubic complexity. 
Algorithms with that complexity are usable only for limited problems. 
Any doubling the n results in eight time enlarging of the time.

Theta(k exp n) (where k is real positive number, mostly integer) is 
denotation of algorithms with exponential complexity (for k=2 binomial 
complexity). There exists several practically usable algorithms of that 
class. They are called "algorithms working with the brute force". 
Whenever their n is doubled, resulting time is powered by two.


4.3  Space complexity

Space complexity is expressed by the amount  of memory space needed for 
the code and data of algorithm. With the exception of extremes, the code 
is negligible to data. Most frequently the memory complexity may be 
expressed as  constant, logarithmic or linear order. Algorithm, which 
doesn't need more memory space then the own processed data is called to 
be working "in situ" (on it's own place). 


_

