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AlgorithmAlgorithm

An An algorithmalgorithm is a sequence of unambiguous is a sequence of unambiguous 
instructions for solving a problem, i.e., for instructions for solving a problem, i.e., for 
obtaining a required output for any legitimate obtaining a required output for any legitimate 
input in a finite amount of time.input in a finite amount of time.
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Historical PerspectiveHistorical Perspective

Euclid’s algorithm for finding the greatest common divisorEuclid’s algorithm for finding the greatest common divisor

Muhammad Muhammad ibnibn MusaMusa alal--KhwarizmiKhwarizmi –– 99thth century century 
mathematician mathematician 
www.lib.virginia.edu/science/parshall/khwariz.htmlwww.lib.virginia.edu/science/parshall/khwariz.html
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Notion of algorithmNotion of algorithm

“computer” 

Algorithmic solution

problem

algorithm

input output
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Example of computational problem: sortingExample of computational problem: sorting

Statement of problem:Statement of problem:
•• Input:Input: A sequence of A sequence of nn numbers <anumbers <a11, , aa22, …, a, …, ann>>

•• Output:Output: A reordering of the input sequence <aA reordering of the input sequence <a´́
11, , aa´́

22, …, , …, aa´́
nn> > 

so that so that aa´́
ii ≤≤ aa´́

jj whenever whenever ii < < jj

Instance: The sequence <5, 3, 2, 8, 3>Instance: The sequence <5, 3, 2, 8, 3>

Algorithms:Algorithms:
•• Selection sortSelection sort
•• Insertion sortInsertion sort
•• Merge sortMerge sort
•• (many others)(many others)
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Selection SortSelection Sort

Input: array Input: array a[1],…,a[1],…,a[na[n]]

Output: array Output: array aa sorted in nonsorted in non--decreasing orderdecreasing order

Algorithm:Algorithm:

for i=1 to n
swap a[i] with smallest of a[i],…a[n]

• see also pseudocode, section 3.1
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Some WellSome Well--known Computational Problemsknown Computational Problems

SortingSorting
SearchingSearching
Shortest paths in a graphShortest paths in a graph
Minimum spanning treeMinimum spanning tree
PrimalityPrimality testingtesting
Traveling salesman problemTraveling salesman problem
Knapsack problemKnapsack problem
ChessChess
Towers of HanoiTowers of Hanoi
Program terminationProgram termination
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Basic Issues Related to AlgorithmsBasic Issues Related to Algorithms

How to design algorithmsHow to design algorithms

How to express algorithmsHow to express algorithms

Proving correctnessProving correctness

EfficiencyEfficiency
•• Theoretical analysisTheoretical analysis

•• Empirical analysisEmpirical analysis

OptimalityOptimality
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Algorithm  design strategiesAlgorithm  design strategies

Brute forceBrute force

Divide and conquerDivide and conquer

Decrease and conquerDecrease and conquer

Transform and conquerTransform and conquer

Greedy approachGreedy approach

Dynamic programmingDynamic programming

Backtracking and Branch and boundBacktracking and Branch and bound

Space and time tradeoffsSpace and time tradeoffs
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Analysis of AlgorithmsAnalysis of Algorithms

How good is the algorithm?How good is the algorithm?
•• CorrectnessCorrectness
•• Time efficiencyTime efficiency
•• Space efficiencySpace efficiency

Does there exist a better algorithm?Does there exist a better algorithm?
•• Lower boundsLower bounds
•• OptimalityOptimality
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What is an algorithm?What is an algorithm?

Recipe, process, method, technique, procedure, routine,… Recipe, process, method, technique, procedure, routine,… 
with following requirements:with following requirements:

1.1. FinitenessFiniteness
terminates after a finite number of stepsterminates after a finite number of steps

2.2. DefinitenessDefiniteness
rigorously and unambiguously specifiedrigorously and unambiguously specified

3.3. InputInput
valid inputs are clearly specifiedvalid inputs are clearly specified

4.4. OutputOutput
can be proved to produce the correct output given a valid inputcan be proved to produce the correct output given a valid input

5.5. EffectivenessEffectiveness
steps are sufficiently simple and basicsteps are sufficiently simple and basic

Design and Analysis of Algorithms - Chapter 1 11

Why study algorithms?Why study algorithms?

Theoretical importanceTheoretical importance

•• the core of computer sciencethe core of computer science

Practical importancePractical importance

•• A practitioner’s toolkit of known algorithmsA practitioner’s toolkit of known algorithms

•• Framework for designing and analyzing algorithms for new Framework for designing and analyzing algorithms for new 
problemsproblems


