INTRODUCAO A ANALISE DE
COMPLEXIDADE DE ALGORITMOS

Estudo Dirigido



Universidade Estadual de Santa Cruz

GOVERNO DO ESTADO DA BAHIA
Rut Costa - GOVERNADOR

SECRETARIA DE EDUCACAO
JERONIMO RODRIGUES - SECRETARIO

UNIVERSIDADE ESTADUAL DE SANTA CRUZ
EvanDRO SENA FREIRE - REITOR
Erias Lins GUIMARAES - VICE-REITOR

DIRETORA DA EDITUS
Rita Virginia Alves Santos Argollo

Conselho Editorial:

Rita Virginia Alves Santos Argollo — Presidente
Alexandra Marselha Siqueira Pitolli
Andréa de Azevedo Morégula
Carlos Pereira Neto
Dejeane de Oliveira Silva
Elias Lins Guimaraes
Iracildo Silva Santos

Lessi Inés Farias Pinheiro
Luciana Sedano de Souza
Maria Cristina Rangel
Maria Luiza Silva Santos
Raquel da Silva Ortega

Sabrina Nascimento




Paulo Savio da Silva Costa

INTRODUCAO A ANALISE DE
COMPLEXIDADE DE ALGORITMOS

Estudo Dirigido

Ilhéus - Bahia

lcng E
Editora da UESC

2019



©2019 by Pauro Sivio pa Sitva Costa

Direitos desta edi¢ao reservados a
EDITUS - EDITORA DA UESC

A reprodugio nio autorizada desta publicagio, por qualquer meio,
seja total ou parcial, constitui violagio da Lei n® 9.610/98.

Depésito legal na Biblioteca Nacional,
conforme Lei n® 10.994, de 14 de dezembro de 2004.

PROJETO GRAFICO,
DIAGRAMAQAO E CAPA
Tikinet Edigao Ltda
www.tikinet.com.br

FINALIZAGAO
Alvaro Coelho

REVISAO
Pedro Carvalho
Roberto Santos de Carvalho
Tess Chamusca

REVISAO TECNICA
Vania Cordeiro da Silva

Dados Internacionais de Catalogagéo na Publicagéo (CIP)

C837 Costa, Paulo Savio da Silva
Introdugéo a analise de complexidade de algoritmos:
estudo dirigido / Paulo Savio da Silva Costa — llhéus,
BA: Editus, 2019.
142 p.:il.

Bibliografia: p.142.
ISBN: 978-85-7455-534-8

1. Algoritmos. 2. Estrutura de dados (Computag&o). 3.
Computagéo. 4. Programacgao (Computadores). |.Titulo.

CDD 005.1

Elaborado por Quele Pinheiro Valenga — CRB 5/1533

EDITUS - EDITORA DA UESC
Universidade Estadual de Santa Cruz
Rodovia Jorge Amado, km 16 - 45662-900 - Ilhéus, Bahia, Brasil
Tel.: (73) 3680-5028
www.uesc.br/editora
editus@uesc.br

EDITORA FILIADA A

=

Associagao Brasileira
das Editoras Universitarias




Sumario

PrEfACIO oo, 13
INFFOAUGCEIO .o, 15
PSEUAOCOTIZO....oeieieieieieeeeteeeeeetete ettt enean 16
ANALISE A€ CASOS .ttt ettt et ae e eneean 18
Analise do MEINOT CASO.....oouivuiiiieieeceeee et 18
Analise do caS0 MEI0 ...c.oouevieieeieiiiiieieeeeeeeeeeteeeee et 18
ANALISE O PIOT CASO ettt nne 19
Métodos de analise de complexidade..........ccovveveeiviveeeveeieeeennne 19
Modelo RAM de Computag@o ..........c.ccuveveeveieieieiieiiiee. 21
BUDDIE SOTE D .ot eeee e e eee e e eeeeaeeeeseeeeeeneneaen 21
AnAlise detalnada .........coeueevieeiieicieceeeeeeee e 22
ANALISE reSUMIAA .....cveeveeeeeerierieeeeceeeeeee ettt et et nene 26
EXEIMPIOS...viovieeeietictieceeeeteetee ettt et v et ere et s s esseseeseeseseseeseesennes 27
COUIGO vttt ettt ettt ettt eae st rese s tensane 30
SELECHION SOTE ... ee e eeee e eseeeeeeeeseseeeseeeseseeeenenena 33
Analise detalnada .........ccooveevieveieeieicecceceeeeeeeeeee e 33
ANALISE reSUMIAA ....voviieieiieeeeieeeeeeeeeee ettt eseesaens 37
EXEIMIPIOS...coivitiieteeietcteeetee ettt ettt ss et r e st neene 38
COAIGO vttt s ettt se st sre s nenes 41
INSEItiON SOTT@I @D ...ttt seeee e seseeeenenenenas 44
Analise detalhnada .......co.eeveeiveiiiieecceeeeeee e 45
ANALISE reSUMIAA .....ooviieieeeieeeeieeeeeeeee ettt see e 48
| D5 -3 1015) 01T 50



Andlise detalhada ........cceveveueeieeririeieieecceeee et 57
ANALISE TESUMIAA c..vcvieireieiereiceieiieie et ss et sssesesees 60
EXEIMPIOS....ooiitiiitiiteteeeieeteeeet ettt s et b e 62
COUIZO vvrvierireeeteeteetet ettt e bt es s etsete s e s esseseesesenseseeseesenses 68
Rotacdo de Matriz @ @ @ ........co.ooorviveeeeeeeeeeeeeeeee e 71
Andlise detalhada ........cccceveveeeieiririeiereeceeeee et 72
ANALISE TESUMIAA ..ucvieiveieieteieeeeiiee ettt ese s s nsasesens 76
EXEIMPIOS...vitiietieticteeceeeeteeeeeeeete ettt ettt ets et et ess e ese s e s eseereerenees 77
COUIZO ettt ettt b e b seaes 80
Stupid SOrt @ @ I ..o s 82
Caracterizacao do melhor € PIOr CaSO0.....cuvvvveveveveeeeciriiieieieeeeeeseeaens 82
Analise detalhada ........ccoveveeeveueeeieeee et 85
EXEMPIOS...viitiietietietiteeeeeteeteteee ettt ea et s s ess et ese s s ennereenens 101
COUIGO vttt v ettt s et s b sete s b aeesesensereneas 104
Andlise Comparativa de Complexidade.................ccoovevniene. 108
Problema L. ..ottt 108
Problema 2........c.ooooiiieeeeeeee ettt 110
Problema 3.t 113
Andlise Assintética de Complexidade .............c.ccoevveveienennn. 117
ProbIema 4........ouoeveeeeieeieieeeeeecteeteetee ettt ettt ettt 117
SOIUCAD INCOTTELA....cveveeeiiieieteeireeieeetete ettt eses 118
Por que a S0lUCA0 € INCOTTELA.....cueueueiiiiieieeieee e 119
Solugao correta pelo método rafico.......ovmmmnneeeeeeereeeiennns 121
Solucao correta pelo método analitiCo .........cceceeeervererecnriererecerennnen 124

Método analitico aplicado a solucao incorreta.........ccceceeerererernnnnes 126



Andlise Assintética Aplicada............cccooiivivieiiiiiiiiiiiines 129

) S 0) 0] (S5 00 F: T YRR 129
Problema B......cc.oovieeiieieieieieeeeeeeeeeeeeteeee et st sa e nens 131
) G2 0) 0] (S5 00 - T USRS 134
Problema 8.........oouiveivieieeieieeeeeeeeteee et 136
CONCIUSBIO. ..o 140

Leituras Recomendadas.........ooooeeveeeeeeeeeeeeeeeeeeeeeeeee 142




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 5
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    7.08661
    7.08661
    7.08661
    7.08661
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    1.41732
    1.41732
    1.41732
    1.41732
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


