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Part 11. Algorithms MatterUnderstand the ProblemExperiment if NecessaryAlgorithms to the RescueSide
StoryThe Moral of the StoryReferences2. The Mathematics of AlgorithmsSize of a Problem InstanceRate of
Growth of FunctionsAnalysis in the Best, Average, and Worst Cases.Performance FamiliesMix of
OperationsBenchmark OperatxonsOne Final PointReferences3. Patterns and DomainsPatterns: A
Communication LanguageAlgorithm Pattern FormatPseudocode Pattern FormatDesign FormatEmpirical
Evaluation FormatDomains and AlgorithmsFloating-Point ComputationsManual Memory AllocationChoosing a
Programming LanguageReferencesPart 24. Sorting AlgorithmsOverviewInsertion SortMedian
SortQuicksortSelection SortHeap SortCounting SortBucket SortCriteria for Choosing a Sorting
AlgorithmReferences5. SearchingOverviewSequential SearchBinary SearchHash-based SearchBinary Tree Search6.
GraphAlgorithmsOverviewDepth-First SearchBreadth-First SearchSingle-Source Shortest PathAll Pairs Shortest
PathMinimum Spanning Tree AlgorithmsReferences7. Path Finding in AlOverviewDepth-First
SearchBreadth-First SearchASearchComparisonMinimaxNegMaxAlphaBetaReferences8. Network Flow
AlgorithmsOverviewMaximum FlowBipartite MatchingReflections on Augmenting PathsMinimum Cost
FlowTransshipmentTransportationAssignmentLinear ProgrammingReferences9. Computational
GeometryOverviewConvex Hull ScanLineSweepNearest Neighbor QueriesRange QueriesReferencesPart 310.
When All Else FailsVariations on a ThemeApproximation AlgorithmsOffline AlgorithmsParallel
AlgorithmsRandomized AlgorithmsAlgorithms That Can Be Wrong, but with Diminishing Probability
References11. EpilogueOverviewPrinciple: Know Your DataPrinciple: Decompose the Problem into Smaller
ProblemsPrinciple: Choose the Right Data StructurePrinciple: Add Storage to Increase PerformancePrinciple: If
No Solution Is Evident, Construct a SearchPrinciple: If No Solution Is Evident, Reduce Your Problem toAnother
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4Appendix: Benchmarkinglndex
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O O In the sortPointers function of Example 400 11.each element in the input iSinserted into itS associated bucket
based upon the provided hash functiond thistakes linear] or o] nJ [J time.The elements in the buckets are not
sorted[] butbecause of the careful design of the hash function.we know that all elements inbucket bj are smaller
than the elements in bucket bjOJ ifilJ LAs the values are extracted from the buckets and written back into the input
array.INSERTION SORT iS used when a bucket contains more than a single element.ForBUCKET SORT tO
exhibit O n behavior.we must guarantee that the total time tOsort each of these buckets iS also OO n[J .Let” S
defineld tO be the number ofelements partitioned in bucket bi.We can treat ni as a random variable

[ usingstatistical theoryd .NOW consider the expected value[] Each element inthe input set has probability p=1
[ n of being inserted into a given bucket becauseeach of these elements iS uniformly drawn from the range[00] 1
O .Therefored E[niCJ [0 n*p=n*[ 100 nO =1.From this equation we can compute the expected value ofni2.This is
criticalbecause it is the factor that determines the COSt of INSERTION SORT O which runsin a worst case of O

00 n200 .We compute E[ni2]=0 1-10 nO +1=0 2-1In0 O which showsthat E[n* * ]is a constant. This means
that when we sum up the COSTS of executingINSERTION SORT on all n buckets[] the expected performance
COSt remains.
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