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Asymptotic notations and basic efficiency classes

Asymptotic notations are mathematical tools used in the analysis of algorithms to describe the behavior
and efficiency of algorithms as the input size grows towards infinity. They help in understanding how
algorithms scale in terms of time and space complexity.

1.

There are three commonly used asymptotic notations:

Big O notation (O): This notation represents the upper bound of an algorithm's running time in the worst-case scenario. It describes the maximum time
taken by an algorithm to solve a problem as the input size approaches infinity. For example, an algorithm with time complexity O(n) means its worst-case
running time grows linearly with the input size (n).

Omega notation (Q): This represents the lower bound of an algorithm's running time in the best-case scenario. It describes the minimum time taken by
an algorithm to solve a problem as the input size approaches infinity. For instance, an algorithm with time complexity Q(n%) means its best-case running
time grows quadratically or faster with the input size (n).

Theta notation (0): This provides a tight bound on an algorithm's running time, both upper and lower bounds. It defines a range within which the
running time of an algorithm lies. For instance, an algorithm with time complexity ©(n) means its running time grows linearly with the input size and is
both the best and worst-case scenario.

Efficiency classes in the design and analysis of algorithms broadly categorize algorithms based on their time or space complexity. Some basic efficiency
classes include:

1.

Constant time (O(1)): Algorithms with constant time complexity execute in the same amount of time regardless of the input size. Accessing an element in
an array by index or performing basic arithmetic operations are examples of constant-time operations.

Logarithmic time (O(log n)): Algorithms with logarithmic time complexity typically halve the input size at each step. Binary search is an example of an
algorithm that has logarithmic time complexity.

Linear time (O(n)): Algorithms with linear time complexity have a running time that grows linearly with the input size. For example, iterating through a
list or array with a single loop has linear time complexity.

Understanding these notations and efficiency classes helps in analyzing and comparing algorithms to choose the most efficient ones for specific problems or applications.



Big Oh — O notation

Big O notation is a mathematical notation used to describe the upper bound or worst-case scenario of the time
complexity or space complexity of an algorithm in terms of the input size. It helps in analyzing how an algorithm's
performance scales as the input size grows towards infinity.

Key Points about Big O Notation:

1. Upper Bound: Big O notation provides an upper limit on the growth rate of an algorithm. It signifies the maximum time an algorithm will take to
solve a problem as the input size increases.

2. Simplified Representation: It simplifies the algorithm's time or space complexity by expressing it in terms of the most dominant term in the
algorithm's equation, considering factors that significantly impact performance.

3. Asymptotic Analysis: Big O notation focuses on the behavior of an algorithm as the input size approaches infinity. It disregards constant factors and
lower-order terms as they become insignificant for large inputs.

4. Types of Analysis:
1. Time Complexity: Describes the amount of time an algorithm takes to solve a problem concerning the input size.
2. Space Complexity: Describes the amount of memory space an algorithm uses concerning the input size.

* Common Notations:

* 0(1): Constant time complexity. The algorithm's execution time remains constant, regardless of the input size.
* O(log n): Logarithmic time complexity. The algorithm's running time grows logarithmically with the input size.
* 0O(n): Linear time complexity. The algorithm's execution time grows linearly with the input size.

* 0O(n?): Quadratic time complexity. The algorithm's running time grows quadratically with the input size.

* 0(27n), O(n!): Exponential and factorial time complexities, respectively. These represent highly inefficient algorithms.



* Usefulness of Big O Notation:

 Comparative Analysis: Helps in comparing algorithms and choosing the most
efficient one for a particular problem.

* Performance Prediction: Provides an estimate of how an algorithm will perform
as the input size grows, aiding in designing scalable systems.

* Algorithm Selection: Assists in selecting the best algorithm for a given problem
based on its time or space complexity.

* Examples:

* For an algorithm that iterates through an array once, the time complexity might
be O(n) since the time taken increases linearly with the array's size.

* An algorithm that performs a binary search in a sorted array has a time
complexity of O(log n) because it divides the input size by half in each step.



Big omega notation

Big Omega notation (Q2) is another asymptotic notation used in the analysis of algorithms. While Big O notation describes the upper bound or
worst-case scenario of an algorithm's time complexity, Big Omega notation represents the lower bound or best-case scenario of an algorithm's
time complexity.

Key Points about Big Omega Notation:

1.

Lower Bound: Big Omega notation provides a lower limit on the growth rate of an algorithm. It signifies the minimum time an algorithm
will take to solve a problem as the input size increases.

Representing Efficiency: It describes the best-case scenario in terms of time complexity. For any algorithm, the actual runtime will be at
least as high as the value represented by Q.

Asymptotic Analysis: Similar to Big O notation, Big Omega notation focuses on the behavior of an algorithm as the input size approaches
infinity. It disregards constant factors and lower-order terms.

Use in Comparison: While Big O helps in finding an upper limit on an algorithm's efficiency, Big Omega complements this by giving a
lower limit. Together, they can provide a clearer picture of an algorithm's performance range.

Relationship with Big O: For a given algorithm, if the upper bound (Big O) and lower bound (Big Omega) match, it is represented by Big
Theta (®) notation, signifying a tight bound on the algorithm's complexity.

Examples of Big Omega Notation:

Consider an algorithm that finds the minimum element in an array. Its best-case scenario might be finding the minimum at the first
comparison. Hence, the time complexity is (1) as it takes constant time, indicating the lower bound.

For an algorithm that performs linear search through an array, the best case is finding the target element at the first position. In this case, the
time complexity is (1) (best-case scenario), but it's also O(n) (worst-case scenario).



* Usefulness of Big Omega Notation:



Big theta notations

Key Points about Big Theta Notation:

Examples of Big Theta Notation:

Usefulness of Big Theta Notation:



