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I ntroduction

CIT237 Programming andAlgorithms  isatheecreditunitcourseof
twenty-oneunitsThiscoursepresentsan  owverview ofthemethods and
conceptofprogramming andtheroleofalgorithmsingrogramminglt
coversagedsonpogramming  conceptssuch  as  bagcdatatypes
algorithms performarceanalysis,fundamentatiatastructures,P,NP andNP-
CompleeProblemsandsomesorting algorithms.

Thiscourseisdividedintotlleemoduéks. Thefirstmoduedealswith the lasic
introduction to the concept of programmingand agorithms; such
asdefinitionandcharaderisticsof algorithms,bascdatatypes and
fundamental dta structures,programdevelopmentlfe cycletypesof
programminglangages,languagetranslators and their charaderistics,
tooldor programdesgn,etc.

Theseoond moduléocuseson  theperformarceanalysisofagorithms
disaussng issies such as efficiencyattributegi.e.timeandspace
efficiency), measuring the running time of an algorithm, measuring
inputsi ze,worst-case, bed-caseandaverage-caseeff iciencies,P,NP andNP-
Compldgeproblems, etc.

Thethrdmodule @aswithsortingand  some  specialproblems.it
introducesyou tosome sorting and divideand-conquer algorithms after
which it geeson to dsauss some sorting technigues such asMergeSort,
Bubble Sort, Selection Sort, etc. giving their agorithms and
performarce anaysis.

Theaimof this courseisto  equipyouwiththdascknowedgeof
writingefficientprogramstiroughheuseof conciseand efficient
algorithmsBy the end of theourseyyou should bebleto confidenty
tackleanyprogrammingproblemiyeakingit intoits component prts, write
efficient agorithms to solvethepoblem and  implanentthe
algorithmusing anyprogramminglangageofyour choiceaswellas leing
abletcevaluate andmeaaurethgoerformarce efficiencyof any algorithm.

ThisCourseGudegivesyoua befoverviewof thecoursecontert,
courseduation, andcoursemderials.

A courseon computescanneverbecompletdecaiseof  theexisting
diversitiesofthecompuer systems.Thereforeyou are advisedtoread
throughhefurthereadingsto enhancethébascunderstanding you  will
aqquire fromthecourse mateial.



CIT237

CIT237 PROGRAMMINGANDALGORITHMS

WhatYou will Learnin thisCourse

Themainpuposeof thisgourseistointoduceyouto conceptselating to
problem solving through te efficient use of dgorithms and subseguent
implementation ofth@lgorithminanylanguageof choice that is suitable
to the application area. This, weintend to achieve throughthe
following:

CourseAims

1. Introduwce the lagc concepts relating to algorithms and
programming;

2. Exposethelasicrel ationshipsthagxistbetweenalgorithmsand
programdevelopmert.

3. Dsuwss the lagc feaures ofagorithmsand compaents of
programs.

4, Disaussthefundamentaldtastructures,datatypes,arithmetic
operations,etc.

5. Dsass features of programming languages, programming
methodologiesand application areas, langiage tanslators,
programming environment etc.

6. Exposethdascsoimeasiringtheefficienciesofagorithmsand
howtoidentiybasicoperationswithinanalgorithm.
CourseObjectives

Certainobjectiveshavebeensdouttoensurethattheourseachieves
itsaims.Apart fromthecourseobjectives, everyunitofthiscoursehas
sdobjectives.Inthe courseof the study, youwill neeadtofindoutatthe
endofeachunit,ifyouhavemetthebjectivessetattheleginningof  theunit.
Bytheendof thiscourseyowshouldbeableto:

1.  Defineanagorithm stating itstasiccharacteristics

2. Enumeatetheroleofanalgorithminproblensolvingandhowit
relatestoapogram

3. Definetheconceptof programmingand desaibe thebasc

feauresof a pogram;

Explainthepogramdevelopmentlie cycle

Disausstheconceptoforderofgrowthandexplainthedif erent

asymptoticnotations

6. Operatethehilclimbingtedniqueandshowhowhiliclimbing is
usedtosolveproblems.

7. ResolvetheKnigh&sTourproblem,egsaibeandresolveann*n tour

problem

Explainthemeasures of algorithm efficiency

Explaintheidentiication ofbagcoperationswithinanalgorithm

ok

©
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10. Dstinguishlketweena pdynomiabndnonrpaynomialgoblem

11. Dsauss (extensively)P, NP,NPi completepoblems

12. Developagorithmstoperformsomebesicsorting,suchasMerge
Sort,SelectionSsort, BubdeSort,Quick Sort, etc.on somedata, and
evaluatethg@erformarceofeach algorithm.

WorkingThrough ThisCourse

Inorderto  haveatheoughundarstandingofthecourseunts,youwill nee
toreadandunderstandhecontents, and pradisethestepsby solvingsome

simpleproblem$ybregingtheminto smallerproblems
anddevelopingalgorithms for eadh. Youmay then implenent your
algorithmsuwsinganyprogramminglangiageof your choicehatis

suitabefor theapplication area.
Thiscourseisdesgnedtaoverapproximaely sixteenweeks,andit

willrequire yourdevoted attention.You should dothe exercisesin the
Tutor-MarkedAssgnmentsandsubmit toyour tutas.

CourseMaterials

These include:

1 TheCourseGude

2 StudyUnits

3.  Recommenad Texts

4 A file for your assignmeris and for records to monitor your
progress.

Study Units

Thereare21studyuntsinthisourse

Modulel Introduction toProgrammingandAlgorithms

Unit 1 Introduction taProgramming
Unit 2 ProgrammingConcepts

Unit 3 Algorithms

Unit 4 BasicData Types

Unit 5 FundamentalCata Structure
Unit 6 Pradical Exercise |

Unit 7 FundamentalCata Structures
Unit 8 Exercise |
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Module2 PerformanceAnalysis of Algorithms

Unit 1 PerformarceAnalysis Framewak

Unit 2 (@der of Growth

Unit 3 Worst-case,Bed-case andAverage-caseEfficiencies
Unit 4 P,NPandNP-CompleeProblems

Unit 5 Pradica Exercisell

Module3 SortingandSomeSpedal Problems

Unit 1 Introduction taSorting andDivide-and-Conquer
Algorithm

Unit 2 MergeSort

Unit 3 Quicksort

Unit 4 BinarySearch

Unit 5 Selection Sort

Unit 6 Bubble Sort

Unit 7 Speadal ProblemandAlgorithms
Unit 8 Pradical Exercise |V
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AsdgnmentsFile

Thesareof twotypesOnefortheSelf-AssessmenExercisesandthe other
fortheTutor-Marked Asdgnmeris. Theself-assessment exercises  will
enableyou  monitoyourperformarceby  yoursdf,while  thetuto-
markedassgnmertswill  besupervisad.  Theassignmentst&eacertain
percentageof your total soorein ths course.Thetuta-maked
assignmentswilbeasse ssedbyyourtutorwithinaspedfiedperiod.
Theexamination atthe endof thiscoursewill aim atdeterminingyour leel
ofmasteryofthesubject matte. Thiscourseincludes21tuto- marked
assgnmeris and each muwst bedone and submitted asstipulated
Y ourbegscoreshowever,will berecordedf oryou.Besuretosend
theseassignmentstoyour tutordforetheaadlineto avoidlossof maks.

PresentationSche dule

ThePresentatiorScheduleincludedin your coursemderials giveyou the
important datesforthe completion of tutormeked assignmentsand the
schedule for attending tutoials. Remembe,you arerequired to
submitalyourassgnmentsbythe duedte. Youshouldgward against
laggindoehindinyour wark.

Assessment

Therearetwo agedstotheassessnentoftnecourse  First  arethetutor
markedassignmens;second, is awittenexamination.

Intakling the assgnmertis,you are expected to applythe irformation
andknowledggouacquiredduringthiscourse. Theassignmentsmast
besubmittedtoyour tutor forformal assessmentireccordancewith the
deallinesstated inheAssgnment File. Thewakyou submitto your tutor
for assesamentwill countfor 30% of yourtotalourse mak.

Atthe end ofthe courseyouwillneed tosit forainalthreehour
examination.This will alsocounfor 70% of/our totatourse mak.

Tutor-Mar kedAssgnment
There are 21 tuto-marked assignments in ths course You reed to
submitalthe assignmens.The totaimarksforthebestfour(4) assignments

will be30% of/our totakourse mak.

Assignmentagiediondgortheuntisinthisoursearecontainedinie
AssignmenFile. Youshouldbeabletacompletg/ourassignments

88 88
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from theiformatiorendmaderialscontainedinyoursdtextbods, realing
andstudyunits. However, youmaywshtouseother  references
tobroadenyourviewpoinandprovidea e eperunderstandingofthesubject.

When youhave completedeachassgnment, send ittogeherwithaform to
yourtutar. Make surethat each assgnmentreadiesyour tutoron or
beforethedadlinegiven.Ifhowever,youcannotcompldeyourwork
ontime,contact yourtutorkeforetheassgnmentisdonetodsaussthe
paossibility of anextension.

Final Examinationsand Gradng

Thefinal examination forthecoursewillcarry70%percentageofthe
totalmaksavailablefor this courseTheexamination will cover every
agedof the coursesoyou areadvisedtoreviseallyour correded
assignments lefore thexamination.

Thiscourseendowsyouwith thgtatusof a tadher andthatof adarner.
Thismeansthatyou tachyouself and thatyou larn,asyour l&rning
cgpabiliti eswouldbllow.|tal someansthatouareinbetterposition to
determine and to ascertain the wiat,the hav, and the when ofyour
learning. Noteadher imposes anymethodofleaming oryou.

Thecourseunisaresimilarlydesgnedwith  theintoduction  following
thetableofontens,thenaetofobjectivesandthenhedicouseand soon.

The objetivesguide youasyou go throughte units toascertain your
knowledge of theequiredtermsand expressons.

CourseMarkingSchane

Thistaleshows howthadualcourse makingis krokendown.

Asssgnent Marks

Assgnmentl 4 Fourassgnmerts,bedthreemarksofthe four
countt30% oftcoursemaks

Final Examination 70% of orerall coursemarks

Total 100% ofcourse maks

Tablel: Thecou sanarkingscheme
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CourseOverview
Unit | Titleof Work Weeks | Asssgnent
Activity | (End of Unit)
CourseGuide Weekl
Module 1:Introduction to Programming
andAlgorithm
1 | Introduction to Programming Wee1 Asdgnmentl
2 | Programming Concepts Wee1 Assgnment2
3 | Algorithm Week?2 Asdgnment3
4 | BascDataTypes Wee?2 | Assignment4
5 | Fundamenal DataStructure Week2 Asggnment5
6 | PradicalExercises | Week3 Assgnment6
7 | Fundamental DataStructures Week3 Assgnment?7
8 | Exercises | Week3 Assgnment8
Module2: Perfor manceAnalysisof
Algorithms
1 | Performarce AnalysisFramework Week4 Assgnment9
2 | Orderof Growth Week4 | Assignmentl0
3 | Worst-case, Best-case and Average-case Wee&k5 | Assignmentll
Efficiencies
4 | P, NPandNP-CompleteProblems Week6 | Assignmentl2
-7
5 | PradicalExercisell Wee&k8 | Assignmentl3
Module 3: Sorting and Some Spedal
Problems
1 | Introduction to Sorting and Divide-and- Wee&9 | Assignmentl4
Conquer Algorithm
2 | Merge Sort Wee10 | Assignmentl5
3 | QuickSort Wee&kl10 | Assignmentl6
4 | BinarySeach Weekl1l | Assignmentl?7
5 | Selection Sort Weekl12 | Assignmentl8
6 | BubdeSort Wee&kl13 | Assignment19
7 | SpecialProblemsandAlgorithms Wee14 | Assignment20
8 Pradica Exercise IV Weekl15 | Assignment21
Revision Week16
Examination Week17
Total 17weeks
1 1
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How to Getthe BestfromthisCourse

Indistancelearningthestudyunitseplacetheunivesitylecturer.This
isoneofthegeatadvantagesofdistancel eaning;yowanreadand
workthroughspedallyd esignedstudymaderialsatyourowngace,and at atime
and plecethat suit you bkest. Think ofit asreading telecture

insteadoflisteningtoaécturer. Inthesamewaythatalecturermight
sdyousomeaealingtodo,thetudyuntstellyouwhentoreadyour seboadksor
other matdal.Justasdedurer mightgiveyou anin-class

exercise yourstudyunits  povideexercisesforyouto dat appropriate
points.

Eadof thestudyuntsfollowsacommorformat. Thefirstitemisan
introductiontothesubjectmatter  ofheunit andhowaparticular  uniis
integratedwiththeolerunitsandthecourseasawhoe. Nextisaset
oflearningobjectives. Thesedojectives enableyou knowvhatyou

shouldbebletodobythetimeydwavecompldaedtheunit. Youshould se
these dyjectives to gude your study. When you lave finished
theuntsyou mustgo badk and checkwhetheryou fave
achievedthedbjectives.Ifyoumakeahbitof doingthis youwill
significantlyimproveyourchances of passngthecourse

Rememberthat yourtutar spob isto assist you. Whenyou reedhelp,
dondhesitatetocall andaskhim orher toprovideit.

1. ReadthisCourse Guide thooughly.

2. Organizea studyschedule. Referto the CourseOwerview formare
details. Note the timeyouware expectedto spendon eachunitand how
the assgnmeris relate to the uns. Whatever method you
choosetouwse,youshoulddeddeonitandwriteinyourowndites for
workingoreachunit.

3. Orceyou have creded your ownstudyschedule,do everything you
cantosticktoit. Thenmgorreasonstudentsfailisthattheylag
behindintheircourse wak.

4. TurntoUnitlandreadtheintoductionandtheobjetivesforthe unit.
5. Assemblethetudymaerials. Informatioreboutwhatyouneedfor
aunitisgivenintheOesrview atthebeginning ofadunit. You will

amost alwaysneedboththe studyunityou arewakingonand one of
your setof bodksonyour deskatthesametime.

11 1
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6. Work through he unt.  The content ofthe unit itsdf has been
arrangedtoprovideasequenceforyoutaofollow. Asyouwak
throughtheunityouwillbe instructedtaeadsectiondromyouse books
or otherarticles.Use theunittoguidgour reading.

7. Review the objetivesfor each study unit to confirmthatyou have
achievedthem.Ifyoufeelunsure about anyofthe objetivesreview
thestudymaterialor consultyour tuta.

8. When youareconfidentthat youhaveachieveda unitsdojectives,
youcanthenstartonthenextunit. Proceedunit byunittiroughthe course
andtry to paceyour study sothatyou keep youselfon schedule.

9. Whenyouhavesubmittedinassignmenttgourtutoformaking, do not
wait foritsreturnbefore starting on the ext unit. Keg to
yourschedule.  When the assgnmentisreturned,pay particular
attention toyour tuta Bommens,bothonthetutpmarked
assignmentormandonthe assignmert. Consultyourtutor assoon as
paossibleifyouhaveanyquestionsor poblerrs.

10. After competing thelastunit, reviewthecourse andprepareyousdf
forthe final examination. Chedk that you haveachieved the unit
objectives(listed atthebeginningof eachunit)andthecourse
objectives(listedinthisCourseGuide).

Facilitators/Tutorsand Tutorials

Therearel5housof tutaialsprovidedirsuppatofthis course.You will be
notified of the dates, times and location of these tutaials, together
withthereameandphonenurberof your tuta,as soores you are allocateda
tutorialgroup.

Yourtutorwillmarkand comment onyouassignmens,keepa close
watchonyour pogressandon anydifficulties youmighencounter and
provideassstarceforyou duingthe course. Younustmail orsubmit
yourtutar-markedassgnmeristoyourtutor well beforetheduedte(at
leasttwo workingdays arerequired). Theywill bemarkedby yourtutor and
returnedtoyouassoonaspossble.

Donothestateto contactyourtutor bytelephoe,or e-mail if youneed help.
Thefollowingmight be&ircumstancesinwhichyouwouldind
helpnecessary. Contactyour tutor f:

I Y oudonotunerstancanypartofthestudyunitsorth@ssgned
realings,

12 1
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. youhavedifficultywiththesdf-
testsorexercises,

Iii. you have a qedion or poblem with an
assgnment, with  your tutor sbommerson an
assignmentor withthegadingof an assignment.

Youshouldtryyour bedtoattendthetuteials. Thisistheonlghance tolavea
facetdacecontadwithyour tutorandtoaskquestionswhich are
answeredinstantly. Youcan raise anyproblemencounteed inthecourse of
your study. To gan the maximum fbenefit from course
tutorials,prepareaqiedion list before attending the classesYou will
learnalotfromparticipating indscussonsactively.

Summary

Programming and Algaithms, as the title implies, will take you
throughthefundamentatonceptsofpoblensolvingthroughthege of
algorithms and efficient programming. Therefore,you should acquire the
basicknowledgeofthepinciplesotlgorithmdevelopmenand
programwriting  inthiscourse.Thecontentof the coursemateialwas
planredandwrittentoensurethatyoacquirethepoperknowliedge and skills
inorderto be able towrite efficientalgorithmsand implement themising
applicable pogrammindanguagesforthat areaof application. The
essence is to gt you to acquire the necessay knowledge
andcompeence and equipyouwiththenegessarytools..

| wishyousuccesswiththecourse andhgoethatyouwill findit
interedingandusdul.
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1.0 INTRODUCTION

This unit intoduces methodsnd concepts of gpogramming. It aso
explainshowpogramsareexeautedbythecompilers.

2.0 QBJIECTIVES
Bytheendof thisunit yowshouldbeableto:
U listprogramsandprogramming langiages

U outlinethedif erentlevel sofprogramminglangiagesandtheir
characteristics
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U outlinetheconventionafeatures of programming
languages outlinehemethalsof programming
anditsapplicaion areas

U understand language evaluation criteria
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explainlanguagetrandators, types, andtheir charaderistics outlinend
explaintheenvironments of ppgramming.

3.0 MAINCONTENT
3.1 Meaning and Sinificance oProgrammingL anguages

Programming languages are formal langweges through which we
canirstruct the computer tocarry out some processes or taks in order

to produce a more accurate and meaningful results called autputs
Programming language consists of words whose |ettiersaken from
set of alphabets called character set and obey ade®tied set of rules
called syntax In this way, programming languageare used to
communicate explicit instructiobetween human beings and computer
systems.These explicit instructions which are often expressed in a
computer implementable notatioare called algorithmsProgamming
languages can be usdtoexeaute a wide ange ofalgorithms, that isan
instruction couldbe exeauted through more than a meolure of
exeaution. The full corept of algorithm will be explained later.

A computer program is set of instructions(i.e. notations ordasjhat

can be executed by a computer to perform a particular task or process.
The process of writing a computer program is called progragmi
Programming often involves a number of steps throulgith computer
instructions are transformed into usable computer applications.

3.2 LevelsofProgrammingL anguages

Programsandprogramming langiages have beeninexistence sincethe

invention otomputes,andthee are three levelsof programming

langueges. Theseare:

- Machine L anguage: Machinelangageisaebinary
codedinstruction,whichconsistsof zeroq0) andomes(l).
Machinelangiageieauliartoeachtypeotompute.
Thefirstgeneration  of  computeswascodedinmeachine

languegethat vas specific to each model otompute.

Someof heshortcomingsofthenachinelangagewere:
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1. Codingin machine language was a \ery tediousand boring job

2.. Machine languege was not usa-friendly.That is the use had to
rememberalonglist of codes, numbes or operation codes and
know where instructionswere stored in computer memaory.

3. Debugging any set of codes is a \ery difficult task since it
requires going though he pogram instruction from the
beginning to the end.
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Themajor advantageof mahindanguagesthatitequiresno tanslation
sinceit isalreadyinmachindanguage and ishereforefaster toexeaute.

- LowLevelLanguage: Thisisdevelofprogramming langage
which isdiferent  fromthe mahine language.
Thatis,theinstructionsarenot  entirelyin binarycoded
form.talso consistsof some symbolic codes,which are
easierto remember thamadine codes.Inassembly
language,memayaddresses  arereferenced  bysymbols
rather than addresses inmachindanguage.Lowlevel
programminglangagei salsocalled assemblylanguage,

becauseitmakesuseofanassemblertotansatecodes into
machindanguage.An exampleofassembly langage
statements:

MOVE A1,A2  Move theonterisof Register A2toAl
JMPb Gotothepcesswithlalelb
Thedsadvantages of assemblylanguegearethat:

- Itis specifictoparticular madines
- Itrequires a tanslatorcaledanassembler.

Themajoedvantageoftheassemblylanguageishatprogramswitten
initareeasier toreadandmaeuwsafriendythanth@ewrittenin
machinelangiage, espeaally whencommerisareinsertedintheodes

- High Level Language: This pogramming langiage
consists of English-likecodes.High-levellanguageas
independentofthecompuerbecausethe pogrammerony
neealstopayattentiontothestepsorpgroceduresinvolved
insolvingthe poblenforwhich the pogramistobewed to
execute the poblem.High-level languageiswsually broken
into oneor mee states such as Main programs, sub-

programs,classes,blocs, functions, procedures,etc.
Theramegiven teadh component  dfersfromane
languegetotheoker.

Someadvantagesotigh-levellanguage:

- Itis mareuse friendy, thats, easytolearnandwrite

- Itis veryportalde, thats, it canbe sedonalmostanycomputer

- Itsavesmuchtimendeff ortwhenusedcompaedtoanyother
programming leellanguage.
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- Codeswritteninthislangagecaneas|ybe cebugged.

3.3 Feaures ofProgramminglL anguages

Therearesomeconventionafeaureswhichapogramminglangage
mustpossess,thes feauresare:

Itmusthave syntacticrulesfor forming statemets.
Itmusthave a vaabularythattonsistsoflette's of thelphabet.

- Itmusthavealangagestructure,whichconsistsofkeywords,
expressonsandstatemens.

- It may require a tanslator before it can be umlerstood by a
compute.

- Programming languages are writtenand pocessel by the
computeforthepuposeofcommuni@tingdatabetweenthe
humarbeingandthecompute.

3.4 ProgrammingMethodologiesand Application Domain

3.4.1 Methodologies

Somepogramming methodologesarestatedi@low:

Procedural Programming: A procedural program is a
saiesof steps, eachofwhichperformsacadculation, retrieves
input, or poducesoutpd. Conceptslike assignmens,loops,
seguencesandconditional statemerts are thebuildingblocks
of  proceduralprogramming. Major  procedura
programminglangages aeCOBOL, FORTRAN, C,
ANDC++.

Objea-Oriented(OO)Programming: TheOOpogram
isacollection ofobjectsthat intead witheach otheby
passingmessagesthattansformtheir state.The fundamental
building bloks of OO programming are

object modelling, clasgfication and inheitance. Mgor object-

orientedlangages areC++,Java etc.

Functional Programming: A functiona program is a
collectionofmahematical functionseach withan input
(domainpnd aesult(range).Interadion and combination
offunctions igarried oubyfunctional compgsitions,
conditionalendreaursion.Mgor  functionalprogramming
languages areLisp,Scheme, Haskell, andML.

6
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- Logic(Declarative)Programming: Alogicprogramme
isacollectionoflogicaldedarationsaboutwhetoutcane a
function should accomplish rather than how hat
outcome should beccomplished.Logicprogramming
providesaatural vehiclefor expressng nondeterminism,
sincethe  solutionstomanyproblemsaredtennot  unique
butmanfold.Themajorlogicprogramming langageis
Prolog.

- EventDrivenProgramming: Aneventdrivenprogram
isacontinuousloop thatepondst@ventsthatare generated
in an unpedictable ader. These events
originatdromuseaactions onthe saeen (mouwse clicksor
keystrokes,forexample),or  elsefromother sources(like
readingdrom sensorsona robof.Maor event-driven
programming langages includeVsualbasicandlava.

- Concurre ntProgramming: Aconcurrentprogramisa
collectionof cooperating processes,sharinginformation with
eachother fromtimetotimebutgnerallyoperating
asynchronotsly. Concurrent  programminglangages
include SR, LindaandHighperformarce FORTRAN.

3.4.2 Applicaion Areas

Thepogramming communitesthatrepresentdistinctapplication areas
canbe goupedinthdollowingway:

- Scientific Computing: It is concerned with making
complex calculationsvery fagd and very accurately.The
cdculations aredefined by mathmatica modds,which
represent  sdentificphenomera.Examplesof  scientific
programminganguagesinclude Fortran 90C, and High
PerformarceFortran

- Managementlnfor mationSystem(MI S):Programsor
usebyinstitutionstomaiagetheir iformatiorsystemsare
probably themat prolificin thewald.These systems
include an organisaionGspayrollsystem,online sales and
maketing systems, inventayandmandacturing systems,
and so forth. Traditionaly,MIShavebeen developed in
programming langages likeCOBOL, RPG, andSQL.

- Artificial Intelligence: The artificial intelligerce
programmingcommunityhasbeenadivesincetheealy
196Gs. Thiscommunityissoncernedabouteveloping

7 7
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programsthat model human teligent behaviour,logicd
deduction,andcognition.ExamplesofAl programming
languages are prominent  functional and logic
programminganguegeslike  Prolog, CLP, ML,Lisp,
SchemeandHaskell.

- Systems. Systemprogrammersarethosewhodesignand
maintain théadc software that runssystemsi operating
systemcomponens, networkssoftware, programming
language compilersand debuggers,virtual mahines and
interpreters,andsoon. Someoftheeprograms are  written
inthe assanblylanguageofthemechine,while many oths
arewrittenina langiage  specificallydesgned  for
systemspogramming.Thegimaryexampleofa system
programming langageisC.

- Web-centricc The m@&t dyrmamic aea of new
programmingcommunitygowthisheWorldWideWeb,
whichisteenablingvehicleforelectroniccommeceand
awidaangeof applicationsin academia,governmentand
industry.Thenotion of Web-centric computingand then
Web-centric programming,ismotivated byan interadive
model,inwhchapgogramremainsin an infiniteloop
waitingforthenextrequestoreventtoarrive reponding to that
event, and returning to itslooping  dstate.
Programminglangiagesthatsuppat Web-centric computing
requiregparadigmthat encouragessystemuser
interadion,orevent-driven  gogramming. Programming
langueges thatsuppat Web-centric computing include
Perl, Tc1/Tk, Visuabasic, andJava

- Mobile Computing: This is one of the newer areas of
programming technology. Mobile computing often
involves technology which allow for transport of data,
voice and video over a network via a mobile device. This
new area of programming paradignallows for
connectivity, pesonalization and social engagement via
availability of different applications or apps. Mobile
computing supports a number of devices such as Tablets,
smart phones, hand held gaming devices, wearable devices
etc. The programming languages for mobile conmguti
include python, Kotlin, SWIFT, Go etc.

- Cloud Computing: This is one of the newer emerging
technologies that is rapidly changing the face of internet
and programming. It is a programming technology in

8 8
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which programs are designed to provide-demand
availability of computer system resources over data
storage without direct active management by the
subscriber or user. Businesses are now employing cloud
computing i n di fferent way s
information on private servers or public servers on the
internet. The most popular examples of cloud computing
infrastructures include Google cloud, IBM cloud, Amazon
web services etc. Most common programming languages
for cloud computing include Python, Clogjr Erlang,
Haskell etc.

3.5 Trandators

Atranslator isa pogramthattansatesanotherprogramwrittenin  any
programminganguageother thamemahinelangugetaan understandable
sd of codesforthecomputerand insodoing poducesa pogram that may
be exeauted on e compute. The nead for a tandator
arisesbecaiseonlyapogramthatisdrectly executableona computer
isthemachindanguage.Examplesofatandator are:-

1. Assanbler: Thisisapogramthatonvertsprogramswrittenin
assemblyor low-levellanguage tomadhinelangage.

2. I nterpretersandCompilers: Theseconsistofprogramsthat
convert programsin  high leel programminglangiageinto
machinelangage. Thengjor diff erencebetweeninterpretersand
compilersisthat@ompierconvertstheentiresourceprogram
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intoobjectcodebeforethe  entireprogram  isexeautedwhile  the
interpreter translatesthe sourceinstructionsline by lirelnthe
former, the computer immediaty executes one idruction
beforetrandlating therextinstruction.

3.5.1Feaures off randators
They existtomake pogramsurderstandablebythecomputer
Thereexistdiff erenttrand atorsfordiff erentlevelsandtypesof

programming langages
Withoutthem,theprograms cannotbeexecuted.

10 10
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3.6 Element of Programming languages

All programming languages haveome basicbuilding blocks for
describing data and processes or transformations applied to them. There
are two main elements of all programming languages namely syntax and
semantics

- Syntax: The syntax of a programming language describes
the possible combinations of symbolfom the
| anguageds character set that
program. Programming language syntax is usually
defined using a combination of regular expressiand
Backus Naur Form.

- Semantics The semantic of a programming language
describes the meaning of languag&smantics comes in
different forms. For instance, the static semantics defines
restrictions on the structure of valid texts that are hard or
impossible to express in standard syntactic &isms
while the dynamic semantics defines how and when the
various constructs of a language should produce a
program behavior.

3.7 Language Evaluation Criteria
The following are the criteria that influe@s the evaluation of computer
languages:
- Readability This describes the ease with which programs
can be read and understood and it is one of the most
important criteria for evaluating a programming language

- Simplicity: This describes the ability of mamming
languages to use familiar symbols for their basic
operations andomputations

- Reliability: This describes the ability of a programming
language to perform to its specification under all
conditions by providing for exception handling, type
checkng, error overthrow etc.

- Expressivity: This describes the abiliby a programming
language to clearly reflect the meaning intended by a
programmer by using notations which are consistent with
those used in the field for which the language is designed.

11 11
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- Pedagogy: This is the abilty to teach and learn
programming languagwhich is usually evaluated by its
clarity and simplicity of instructions and programming
constructs

3.8 TheProgrammingEnviro nment

TheEditor: An editor allowsa pogramtoberetrievedfromthedisk and
amenced as neaessay. In order to type any program on he keyboard
andsavethepogramonadsk,it will benecessaytoruna pogram caledan

editor.

TheCampiler: Thiswilltranslateapogramwritteninhighlevel
languegestoredinatextmode onadk totheprogramstoredin a mahine-
orientedlanguageona k.

TheL inker/Loader: Alinker/loaderpicksupthenachine-oriented

programand  combinesit withanynecessay software(areadyin
machinearientedform)toenabletheprogramtoberun.
Beforeacompiledpogram can  beunor exeauted byhecompuer,it
mustbeconvertedintaanexecutableform.

4.0 CONQ.USION

In thecourseof hessunityouvhereintroducedtotheconceptof
programmingyou alsoleant abouttheigaof programminglangiages and
the various typesand methodologiegvolved in witing a pograms.
Conclusivelyyou learntaboutthevarioudieldsinwhich
programminganguagecouldbeimplementd.Wefinishedthiscourse
bylooking atvariousintepretersandthevarioudeduresof a pogramming
environment.

5.0 SUMMARY
Inthisunityoulearntthat:

U Programminganguagesarelangiagestiroughwhchwe can
instructthecomputer t@arryoutprocesses andtesks.

U Aprogramis asetof codesthatinstructsthecomptter tocarry
outsomepocesseswhilegogrammingisteactof writing
programs.

U Therearefourlevels ofthe pogramminglangage-machine
language, lowlevellanguage,assemblylanglageandhigh

level language.
U Therearevariousprogramming methodologs, of whichwe
have procedural programming,doj ect-

12 12
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orientedprogramming, functional,logic
(dedarative),eventdriven and concurrent programming.

U Therearebesicalythredypesof  translatorss  assembiler,
interpreters andcompilers.

i Programming environment consists of the editor, translator
and the linker/loader

U Language evaluation criteria are Readability, Simplicity,
Reliability, Expressivity and Pedagogy

13 13
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6.0 TUTOR-MARKEDASSGNMENT

a. Writeoutanytengrogramminglangiagesstatingthepplicaionareas

b. How does pedagogy affect language seleétion

c. Using a practical example, differentiate between syntax and semantic
d. State ten distinct programming application areas
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1.0 INTRODUCTION

Thisunitinroducesyouto programming concepts.Theseincluwlethe
programmingdevelopmentyclewhichconsi stsofthestagesinvolved in
developing an efficient pogram. It aso introduces you to he
program exeaution stages, as well as theconventional pinciples of
goodpogramming

2.0 BIECTIVES
Havinggonetmoughthisuni,youshouldbeableto:

V explainthdivemgjorstepsinvolvedindvelopinganefficient
program

V outlinehefourstagesinvolvedinthexecutionofanamal
program

V outlineheprinciplesof a goodpgramming style.

V understand programming paradigms

3.0 MAINCONTENT

3.1 TheProgramDevelgppmentCycle

Program Development cycle depicts the various stages involved in the
lifespan of a computer program from its origin until completion or
closure. Program development cycle addresses three main attributes

namely stakeholders of the program (i.e. organizatemuesting the
computer application), benefits acquired from the program (i.e. the
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deliverables) and rules governing the development of the program
lifecycle (i.e. expectation and documentationsip program
development, a program is constituted by twamdamental parts
namely the objects and the operations. The object is a representation of
the datarelative to the domain of interest while the operations describe
how the objects are to be manipulated in such a way to realize the
desired outputs. The vatie stages of program development lifecycle
are discussed relative to these two fundamental parts.

Thengorfive stages involvedinaveloping anefficientprogram are:-

- ProblemAnalysis: Thisisvherethecleastatementof
theproblemistated. Thepogrammernustbesurethat
heunarstandsthe mblem and how to solve it.Hemust
knowwhatis  expeded ofthe poblem,ie.whatthe
programshoulddo,thestureoftheoutpuandtheinput
toconsidersoasgettheoutputdemustal sounderstand

16 16
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theways of solving the poblemand therelationship
betweentheinputandthesxpededoutput.

Design: Theplanningofthsolutiontotheprobleminthe
firststagdakespaceinthsstage. Theplanningonsists
oftheprocessoffindingalogi@l sequenceofpredse
stepsthatsolvethepoblem. Suchaseguenceofstepsis
cdledanalgorithm.Everydetail ,includingobviousteps
shouldappeainthealgorithm.Thethreepopuiarmethods
useadtodevelopthelogicpanare:flowcharts,gpseudo code,
and a topdown chart. Thes tools klp the
programmer leakdown apobleminto a@equence of
small tasks the computer can perform tosolve the
problemPlanningnayal soinvolvelsingrepresentative
datatotestthelogicofth@lgorithmbyhandtcensure
thatitis corred.

Coding:Trandationofthealgorithminstagetwointoa
programming langagete&kes placehere. Thepocess for
writing the pogram is cdled coding. The pogrammer
usesthealgorithmdevised  inthedesignstage  aongwith
thechoiceofthepogramminglangiagehegot fromstage
three.

Testing and Debugging: The pocess involves te
location and removal of error in the pogram if any.
Teding is the pocess of chedking if the pogram is
workingasexpededandfindingerrorsinthepogram, and
debuggingsthe  pocessofcorreding  errorsthat are
foundAn error ina pogramis cdleda bug).

Documentation: This is the final stage of pogram
development.Ilt consistsof aganising althemateialthat
describesthepogram.Thed@umentationofthegram

isinterdedtoallow  another  @rsonorheprogrammeiata
laterdate,tourderstand thepogram.Internal documertation
remarks consist of statements in the gramthat arenot
exeauted,but pointout hepuposeof
variouspartsofthepogram.Documentation  might also
consistofadetailed descriptionofwhat thepogram dces and
howto sethe pogram.Othertypesofdocumentation
areflowchartand pseudo codethatwereused to construct the
program.Although d@umentation is lited asthelast step in
the pogram development cycle, it should take

placeastheprogramisbeingcoded. Itissometimesthdirst step
during program execution becaise the
programmeicanuseanotherpogramdacumentationin

17 17
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developing a rew program byjust improving on he
previous wak.

3.2 Program Execuion Stages

Thenamalprogramexeautionconsistsoffoun(4)stages(Seefigure
2.1),thouglsomepogramming  langageslike = BASICcombinetwoor
threeofthesein one single pocess.Thepogram executionstages are

explainedbelow:-
Program :
(Source Compilation O (-l) 30(_; Output
Code)
—> —> —>
FigurezProgramexeediongages

- TheProgram (Source Cade): Thisis theoded
instruction giventothecomputer ingarticular
programming langageinarder toaccomplishagiven
task. The sourcecodemustobeythesyntacticand

samanticrulesofthesource programming langage.

- TheCompilationProcess The source codeis suppliedto
thecomplier, whichcoverts thedjectcode. The pocess
of compilationinvolvesealingthesource code,cheding

for errorsinthesource codeandconverting ittoan

18 18



CIT237 CIT237 PROGRAMMINGANDALGORITHMS

executable formaimachinecode) if noerror isdetected,

elsethepocess of compilationis abortedandan error is

reported.

- TheObjedCode: The objetcode is theesult of the
compilation pocessandit isalsocalledthetrgetcode.
Thedyject codeisdependentonthepogramming
languegechosen.For instance, thedbject codeofJAVA
compilationisabytecode, thatofFortranisan exeautalde
statementoftheéargetmachine, whilethaBASICis that of
thetagetmadinelangage, butitisnotwittentcany

filelikethatofFortran andJAV A.

- TheOutput:The laststageisfor thecomputertogivethe
reault. Thecomputerexeautestnedbject codeinarder to
presentthecesredoutput.ltis impatanttondethata alid
ordesredoutput might notbgivenifthelogcof

thegrogramis notcorred.

3.3 Principlesofa GoodProgrammingStyle

Thefollowing represent themajor considerations in writing good
programs:-

1. NamingConventions: It is very impatant to gve

meaningful names to al your constructs. A name like

get Height()  orget_avg_height() givesus much

19
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moreinformationthactunde() .Also,avariablenrame-total-
foradditionismaemeningfulthanpen. Therameofalass

20 20
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should communicteitspupose.Classnrameshouldstartwithan
uppercase lette, e.g. class AddPrime.

Maor variables,which aresharedbymultiple functionsand/or
moduleshould beidenfied and named at the dedgn stageitsalf.
Variable rame should stat  withalowercaslette,e.g.
firstQuad;

Functionsshouldoeramedsimilartovariables.Wecan aways
distinguish between them becaiseof the @renthesis associated
with functions.

FileNamingand Organisation: Filesshouldoearganisedinto
diredoriesina modulewisefashioninsteadofhavinga
monolithicstructurewhereall sourcecoddil esandallh eader files
arein asingle dredory.Thisshouldbeprtof thedesgn process

Formattingandl ndentation: Thelineswithinthecodeshould be
clealyorganisadina  waythatit  will  beeasytoread  and
understancevenfor  thewriter.Proper identification shouldoe
usedtoshowsubardinatelines.

Commentsand Documentation:Introduwcing commeris  and
proper explaretions(documentation) of thegram aidin
understanding the code.Theyhelpusin followingthe pogram
flow,andskippartsforwhichwearenotinteestedindetails.
Thisallowsfor programamendmerdndextensibility.

ClassesEnsurethatalltheclassesinyourapplicationhavea  default
constructor,copy  constructorand  overloadedoperator. Also
ensurethat altheclasdataitemsare appropriatdy
initialisedinconstructorandassignedt@admemberofhe class.

Functions: Afunctionshouldnamallydooryongobanddoit
well.Avoid generic functionswith lots ofconditional anchesto do
everythingIf afunctionissuppaedtodomultiple jobs,then creae
helper functions and cElegate regponsbilities to then.
Makefunctions simple and small. Theideal sizeof functions is
around35 40lines.

UsingSTL :UseStandardTemplatd_ibrary(STL)insteadof

creaingyourowrcontainerdatastructures.Donotisehash maps
inSTL;they arenotpatableacrossplatorms.
21
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8. PointersandReferences Usereferences,espedalyif codingin
C++,encouragestheuseofref erencesinsteadofpointes.Infad
apointer should typialybepassedto  dunctiononyincases
whereyowneadto execute somethingonthepointer d&nganull
condition.

9. Minimising Bugs by Teding: Teding is an integal part of
softwaredevelopment.Tedshelpusnot onlyin makingurethat what
we have written is corred, but aso in finding out if
somemelresksthe coddater.So,it  isagoodpogrammingstyle
tothaougHytesta program.

3.4 Programming paradigms

There are several programming paradigms used in program life
cycle development. Each programming paradigm differs in the
emphasisput on the two fundamental aspects of programming
which are objects and operations. The objects are entity that
receive instructions to perform a particular method or actions
while the operations arthe events that direct the behavior of an
object.The threemain programming paradigms are:

- Imperative: This paradigm places emphasis on the
operations intended as actions that change the state of the
computations. The objects are functional to the
computation.

- Functional: This paradigm puts emphasis or development
on the operations intended as functions that compute
results. In this case, the objects are functional to the
computation like in the Imperative type.

- Object-oriented: This paradigm place emphasis or
development orthe objecs which serves as the domain of
interest in the overall picture of tlsgstem. In this case, the
operations are functional to the representation

Operations/Methods Objects
Objects Operations/Methods

22 22
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Imperative/Functional paradigm Obmatnted paradigm

Usually, every programming languages provide support for these
three programming paradigms as a program may use different
paradigms within the development life aby of a program
depending on the ease and functionality intended at hand.

3.5 Object-oriented Modeling

Objectoriented modeling(OOM) is a common approach to modeling
programs by using objecriented paradigm throughout the entire
development life cy@. This is the main technique used in modern software
engineering. The OOM typically dividgsrogramming life cycle into two
aspects:

- Modeling of the dynamibehaviorslike processes and use cases

- Modeling the static structures like classes and components

The advantages of using OOM are

- Efficient and effective communicatioretween the system and the real
world

- Useful and stable abstractions that define essential structures and behavior
within thesystem under development

4.0 CONCLUSION

Inthecourseditheprogramthestudenshouldoeabletowritea good
programfollowingagoodpogramming convention gpartfromlearning
thecycleof programdevelopmert. Thegrogram executionstagesare
alsonoteftoutof thisunit.

5.0 SUMMARY

1 Problem Analysis - This iswhere theclea statement of the
problemisstated.
Design-Theplanningofthsolutiontothepobleminthdirst
stagetekes placeinthistage

Planningmayl soinvolveuwsingrepresentativedatatotestthe
logicofthealgorithm byhandtcensure thatitiscorred.
Coding- Trandlation of thealgorithm in stage two into a
programming langagetekes placehere

Thepocess for writing thepgrogramis cdledcoding.
Tedinganddebugging Thepocessinvolvestheloationand
removaloferrors( ifany) inthepogram.
Documertation-Thisisthefinalstageofprogramdevelopment;
it consists of aganising all the material that desaibes the
program.

1 Thenaomalprogram execution consistsof four (4) stages.

E | = =4 =4

E E]
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The pogramme(source code) i This is theset of coded
instructionsgiventotheomputer toprforma articular task.
Thepocessofcompilationinvolveseadingthesourcecodeand
checkingfor errors it.
Theobjetcode-Theobjetcodeistheesultofthecompilation
processanditisal socdledthetrgetcode.

It is very impoartant to gve meaningful names toall your

constructss. A name lke get Height() or
get_avg_height() gives us much mee information
than ctunde()
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The variable name should start with a lovercase leter, e.g.
firstQuad;

Therameof aclassshould communtateitspupose.
Aclassnameshould startwith anuppercaseleter.

Files shouldbe aganisal into drectories in a modulavise
fashion.
Introducingcommentandproperexplanations(documentation)
of theprogramhel psinunderstandingtheode.

Ensure that dlthe classes in yougepplication have adfault
constructor.
Avoidgenericfunctionswithlotsotonditionallyanchestodo
everything.

Use thé&tandard Templae Library (STL) instead of creaing
your owrcontainer@tastructures.

Programming paradigms are generally classified as imperative,
functional and objeebriented

6.0 TUTOR-MARKEDASSGNMENT

1.

w N

©Co~NOo O A

10.
11.
12.
13.
14.
15.
16.

What arethemajorfivestage snvolved indeveloping an
efficientprogram?

Whatis thdinalstageofprogramdevelopment?
isthepocessofcheckingiftheprogramiswarkingor is notwaking
aright.

Dawtheprogramexeautionchart.

Whatdoyouunderstandby compilation?

Whatdoyouundyrstandbylogicalerror?
Thecomputeexeautestheobjetcodeinadertopresentthe desred_

What are thepinciples of a goodmpgramming langiage?
Which of these is a good aiable namefollowing a good

programming? cornventions:
(@ variable (b) veriable2 (c) 2wriable
(d) matl)

Dif erentiateletweenafunction anda \ariable.
Howdgoumakeaclumsycode lookrmeat and readable?
Whatis theimpatanceofcommens?
Isanintegalpartof softwaredevelopmen.
Whatdoyouunderstandbyagoodpogramming style?
State the main goal of objectiented technology
What do you understand by object in objedented?
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1.0 INTRODUCTION

Inthisunit, youwill beintroducedtoagorithmsaswell asthenecessay
conditionsto design a goodalgorithm. The unitalso highlights
importanttagestoincesgning an algorithm. Thecharaderisticsofa good
algorithmare aso outlined, among whch is the fact that a good
algorithm musthave a leginningandan end.

2.0 BIECTIVES
Bytheendof thisunit yowshouldbeableto:

V explainwhat analgorithm is

V diff erentiatebetweencomputatimalproblems
andalgorithms outlinebecharaderistics of analgorithm

V explainthestagesinthesksgnof analgorithm

V understand the relationship between computer and
algorithm

V explain types of algorithm

3.0 MAINCONTENT
3.1 Introduction to Algorithms
Whatis an agorithm?Although theeisno  univesdlyagreed-on

wordingtadescibethisnotion,thesisageneralagreement aboutwhat
theconceptmeans:
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An algorithm is a finite sequence of urambiguous istructions for
solvingapoblem,i.e.,foroltainingarequiredoutput foranylegitimate input
ina finiteamount oftime.

28 28



CIT237 CIT237 PROGRAMMINGANDALGORITHMS

Problerid;nnltlon
ProbleTwalysus
Algorithm
> —>
Input *compute™ output

Figure.3: Thepaitionof dgorithmsinprobemsolving

As shown inthe abovefigure, afterapoblem lasbeenidentfied,the

problemisthen caefullyanalysedin  oderto preseit a suitable

algorithm.An agorithm isthemlesgnedandpresentedtothe computer
inaparticular  programminglangage. Thecompuerwillthen  generate

theoutpd,bas@ontheinput. Hence, an algorithm presents a wadifined

computational procedure that takes some valuesmg and produces
some value asutput.

In general, an effective algorithm has three main characteristics
- Explicit, complete and precise initial conditions (input)

- A finite, completebut not necessarily linear (i.e. looping, recursive,
sequentialseries of steps to arrive at the desired results (process)

- Explicit, complete and precise terminal (stoppiognditions(output)

Example: Converting Fahrenheit to Celcius

The exampledescribe the relationship between the Celsius and Fahrenheit

scales as follows:
5(F1 32) = 9C¢C (1)

where F = temperature in degrees Fahrenheit, and
C = temperature in degrees Celsius.

Formula (1) defines the relationship between temperatures in Celsius and
Fahrenheit, but it doesn't give us an explicit algorithm for converting from one

to the other. Brtunately,our understanding of algebra can easalow us
write such an algorithm.
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First, we can use the basic operations of algebra to convert (1) into a form that

expresses C as a function of F:
C=5(Fi32Y9. (2

Now it's a straightforwardask to write an algorithm (based on the standard
order of arithmetic operations) to convert from Fahrenheit to Celsius.

1. Start with a given temperature in degrees Fahrenheit.

2. Subtract 32 from the value used in step #1.

3. Multiply the result of sig#2 by 5.

4. Divide the result of step #3 by 9.

5. The result of step #4 is the temperature in degrees Celsius.

Algorithm 1: Conversion from Fahrenheit to Celsius

The skills required to effectively design and analyze algorithms are entangled

with theskills required to effectively describegakithms. At leasta complete
description of any algorithm has four components:
- What: A precise specification of the problem that the algorithm
solves.
- How: A precise description of the algorithm itself.
- Why: A proof that the algorithm solves the problem it is
supposed to solve.
- How fast: An analysis of the running time of the algorithm.

It is not necessary (or even advisable) to develop these four components in this

particular order. Problem specificatioredgorithm descriptions, correctness
proofs, and time analyses usually evolve simultaneously, with the
development of each component informing the development of the others.

3.2 (@mputational Problemsand Algorithms

Definition1:A computational problem is a spedfication of the
desredinputoutputrelationship.

Definition2:Aninstanceofaproblenisal theinpusneeded to computea
solution tothepoblem.

Definition3:Analgorithmisawell definedcompugtionalprocedure  that
transformsinputs into outpsgf achieving the dsired inputoutput
relationshp.

Definition4:A  corred  agorithm  haltswiththecorredoutputorevery

inputinstance Wecan thersimplysaythatan algorithmisapocedure for
solvingcomputationalpoblems

3.3 CharactersticsofAlgorithms
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Thefollowing arethengjor considerationsinthedesgnofalgorithms
Anagorithm musthaveabeginning andanend

Thenorambiguityrequirementoreachstepofanalgorithm cannotbe
compromised.
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Therangeofinput$orwhichanalgorithmworkshastobe
specifiedcarefully

Thesamealgorithm canberepresentedinseveraldiff erentways
Severalalgorithmdor solving thesameproblemmagxist
Algorithmdorthesamepoblentanbebasalonverydiff erent ideas
and can solve the roblem with damatically diff erent speeds
Itmustterminatesta reasonableperiodof time.

3.4 AlgorithmDesignand AnalysisSages

Thediagambelow representstestagesinalgorithm design

Problemdefinition

v

| dentifyingthecomputationalequirements

:

AlgorithmicDecisions

:

AlgorithmDesign

I

Evauation

v

Analysis

v

Coding

Problem Definition

Conventionaly, whenproviding solutiondor anygivengoblem,the
problem solver mustfullyhavetheun@rstandingof thepoblem,thatis e/
shemuwst think about the poblem'sexceptional cases and nust ask
guedions again and again in oder to avoid doub{s), and fully
understandtheubjectmater.
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| dentifyingComputationalRequir ement(s)

Afterthepogrammerhasfullyunderstoodiheproblemall he/sheneeds
do,istoidentiythecompuationakequiremen(s)neadedto  solve the
problem.

AlgorithmicDecisions(Pre-Dedgn Dedsions)

Beforeapogrammerdesgnsanalgorithm,he/shedeadesthemethod
toimplementin solvingthepoblem,whether itsexador approximate,
which arecalledexad algorithm or approximatealgorithm regedively.
Alsoduringthis stagethepogrammer aecidesand choasesthe
appropriatecatastructure readedtorepresenttheinputs.

Algorithm Desgn

Inthis  plasetheprogrammelbattieswiththe  poblemoftowhe  oshe
shouldaesign an  agorithm to  solvethegivenpoblem.Aso,the
programmerspedfiesthdasionwhichtealgorithmwill follow,ether
pseudocodealgorithm fashionoiEuclid algorithm fashion.

Algorithm Evaluation

Thedlgorithmevaluation plaseistheteting phasewherebythe programmer
confirms thatthe algorithmyieldsthedesiredresultforthe
rightinputthatisinaeasonableamountof  timeThepogrammer  poves
thecorreaness of thalgorithm.

Provingan Algorithm&Ca rectness

Since an algorithmhashkeen specifiedyou haveto poveits corredness.
Thatis,youhavetoprovethatthagorithmyieldsaequiredresult for
everylegitimateinput indiniteamount of tme.

Algorithm Analysis

Inthisphase,we check the efficiency ofthe algorithmin termsoftime and
spacewhicharetamedastimeefficiencyand space efficiency repedively.

CodingtheAlgorithm

Mostagorithmdinallytransit intocompuerprograms.Thetansition
(codingofanalgorithm)involvesechallenge and an  oppatunity.The
challengastheavelopmentofhealgorithminto apogram,either

incorredly or indficiently, whie the oppatunity is that thecoded
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algorithm eventuallybemmesan automdedsolutiontothe given pblem.

35 Relationship between computer and algorithms

Computers are electronic devices whose amazing feats of calculation
and memory depends largely on itdernal and externaprograms.
These programs consists of stepstep procedures for the computer to
follow to produce specific resulttn other words, computer programs is
almost about algorithms:or instance, when we write a line of Java or
Python coddgo compose a formula for a cell in a spreadsheet, we are
using algorithms that others have written as building blocks for
performing the required operations

3.6 TypesofAlgonthms

1. Reaur siveAlgorithms

Thesearealgorithmsthatlavethesamefunctioncallingthemsdves For
example,therecursivealgorithm for theFibonaccdexampleis.

Algorithm f (n)
F (0)=0;
F(1)=1;
For |= 2toN
F()=F(-1) +F (1-2);
RETURNF (N);

Inthis algorithmwecan  seefunctionslikeR1-1),K(1),F(1-2)cdling /
referringtothesamealgorithm.This caseisalsoreferredto as a
recursion.Factorial problem is another example of such algorithm

2. Nan-reaursiveAlgorithms

Thesearealgorithmsthatdonotcallbadthesamealgorithm  or function.
For example,writea programtogenerate Fibonacd sequence.

M=1
N=2
=2
WRITEM
WRITEN
30 L=N
N= N+ M
WRITEN
M=L
| =1+1
IF 1 <= 30GOro3o
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END

4.0 CONQQ.USION

Inthis unityouhavelearnthow todesignan efficient algorithm. You were
aso shown te diference ketween compuational poblems and
algorithms. Thisunitlsoexplainedthetagesinthedesgnofan
efficientalgorithm.
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5.0 SUMMARY

Thisunihasexplained wlat an agorithmis and the necessary
considerations to asign agoodalgorithm. It has also examined the
importanstagestatakein the a@dgn of an agorithm, aswell asthe
characteristicsof agorithms.

6.0 TUTOR-MARKEDASSGNMENT

1. Inonesenterce,definean algorithm.
2. Listandexplainfive(5)stagesinvolvedinhedesgnofan agorithm.
3. Write a recursive algorithm for finding the factorial of any given

number
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1.0 INTRODUCTION

Inthisunit, youwill beintroducedtoagorithmsaswell asthenecessay
conditionsto@signagooa@lgorithm. Theunithighlightsimpaant
stagestocesign an algorithm and alsooutlineshecharacteristicsofa good
algorithm,oneofwhiclsthatagoodigorithm musthavea leginning andan
end.

2.0 @BIECTIVES
Attheendof thisunit,youshouldbeableto:

V identifyvarioustoolsisedtorepresentanalgorithmsothewise
knownes rogramming tools

V understand he symbols and functions of each pictaial
componentof dlow-chart

V explainwhatpseudocodesareandtheiadvantag
es diff erentiatebetween
flowchartsandpseudacodes.

3.0MAINCONTENT

3.1Introduction to ProgrammingT ools

Ithasheen stated ealier thaten algorithmisasetofproceduresfor solving
aproblem.Thetoolssedto clearlyrepresent analgorithmare grogramming
tools.

Example: ProblemDeggnanalgorithmtofindtheaverageoftwo numbes.
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Disausson:  Sinceanalgorithmisjustthesolutionstepsforapoblem, it
canberepresentedbyadinaryEnglishexpressons.

Solution:

1. Start

2. Getthefirstnumber

3. Getthesecondnumber

4. Addhetwonumbestagether
5. Showthereault

6. Stop

3.2Flowcharts

Aflowchart consistsof spedalgeometicsymbolsconrededby arrows.
Withineach symbolisa phasepresentingtheactivityatthatstep.The shapeof
thesymbolindicatesthéypeofgperationthatisto@cur.For

instance theparallelogramdenotesinput or outputhearrows connecting
the symbols, caled flow Ilines, show the pogression in
whichthestepdakeplace. Flowchartsshouldfifl o frointhetopof the
pagetohebottom.  Althoughthe symbdsusedin  flowcharts are
stardardised,no stardardsexistfor theamount of dbtail requiredwithin
eachsymbol.

Atableof thélowchartsymbdsadoptedbythe AmericanNational
Standardd nstitute(AN Sl)follows(Figure4).Figure5 showsthe
flowchartfor thepastage slamppoblem.

Themain advantageof wsingaflowcharttoplanatskisthatit povides
apictaial representation of the ask,which malesthe logic easer to
follow.We can clealysee everystepand howead step isonneded to the
next. The major dsadvantage withflowcharts is that wlen a pogramis
verylarge, thelowchartsmaycontinudor manypages,
makinghemdifficult tofollowandmodify.
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Symbol Nee Meaning

Flow line Usedtoconnedsymbd sandindicate
theflowof logic.

Terminal  Wsed to represant the leginning
(start) or theend (end) of ata.

Input/Outputl$edforinputandoutput oprations,
such asreading and printing.Thedcata
tobeead orginted  aredescribed
inside.

101

ProcessingUsed forarithmetic and cata-

manipulation perations.The
instructions  arelisted nsidethe
symbol.

Deasion Wsed for anylogic orcompaison

operations. Unlike the input/output
and pocessng symbols,which have

oneentryandoneexit flowline,the
deasion symbol hes one entry and
twoexitpaths. Thepath chosen
dependsonwtlether the@nswertoa

guedionisfiyesd  finao.

Off page Wed to indcae that he flowchart
continuestossendpage.

0

Conrector  Usedtojoindiff erentflowlines

Predefined Used torepreset a goup ofstatements
thatperform one processngtas.

_—— Annotation $ed to povide  additional
- information aboutnother flowchart
symbol.

Figure 4: Table ofthe flowchart symbols adopedby the American National
StandardsIngitute(ANSI)
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St* _________________ Terminal

Readthe L _ _
firstNo(A) / —————- -

v

Readthe
seond  S—————- - Input
number(A)

v

Addthetwo
numbes
(C =A+B)

Input

______________ Processing

Showthe
result L ________ —— —- Output

(displayC) -

_________________ Terminal

Figure5: Thefl owchartforthepastagestampprodem

3.3Pseudacodes

Apsaudo codeis anabbreviated ‘erson of an adualcompuer code
(hence, the tem psaudo code). The gometic symbols sed in
flowcharts are replaced by Englishlike statamentsthat outline the
processAsaesult,gpseudocodelooksmeelikeacomputecode
thandlowchartdoes. Theseudocodeallowsthepogrammer tdocus onthe
stepsequiredto  solveapoblenrather thanonhowtasethe computer
language. The pogrammercan describe the algorithm in Visual Basic-
likeformwithout keingredrictedbytheulesof\isual
Basic.Whentheseudacodei scompeted,ittanbeeas|ytranslated into
theVisual Basiclanguege.

Thepseudacodehasseveral  advantages.Itis compat and  pobablywill

notextendormanypagesasdlowchartwould.Al so,theplanlooks
likethecodetobe  witten andsois  peferredoymanypogrammaes.
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Thepseudacodefor theexamplein3.2is givenlglow:

Stepl Start Step?2
InputA Step3

InputB Step4

C=A+ B Step5

PrintC Step6 Stop

4.0 CONG.USION
Theunitintoducedthe tools ged torepresent an algorithm,known as
programmingtods,suchasflowchartsandpseudacodes.Y ouwere

alsointroducedtothe symbolnamesandmeaningof pictaial componeisof
aflowchart.

5.0 SUMMARY
Thisunityhasdedt with programmingtools (flow-charts and pseudo
code). Ithasalsoshowed thedagramsused and theenglishlike

statementsisadtorepresentanalgorithm. Theunitl sostatedthe advantages
of bothpsaidocodesandflowcharts.

6.0 TUTOR-MARKEDASSGNMENT

a. Using thdlowchartonly,designan algorithmto findthenean offive
numbes.

b. Writethepsaudacode of theflowchartin (a)
abowe.

7.0 REFERENCESFURTHERREADINGS
Scott, M. L. (2015). Programming Language Pragmatics 4th Edition

www.doc.ic.ac.uk/~wjk/C++Iintro/

www.persona.kent.edu~muhama/Algoithms
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1.0 INTRODUCTION

Thisunitinroducesyoutotesting,documentationandmainteanceof
programsincetails.

2.0 @BJIECTIVES
After competing thisunityoushouldoeableto:

V outlinewhetismeantbyprogramtestingandthe
reasonwhyit maybe labour intasive

V explainprogramdocumentatiorandthetwonaj
or reasondor programdocumertation

V explainwhygogrammaintemnceisimpatart.

3.0 MAINCONTENT
3.1 Program Testing

Programtestingisanintegal compamentof  softwaredevelopmenandit
isperformedtaleterminetheexistence,quality, orgenuinenessofthe
attributes of thepgramof application.

Programtestingisdoneina \@ythatthepogramisrunorsometest
casesandtheesultsofthepogramdsperformarceareexaminedto
checkwhetherthepogramiswakingasexpeded.ltisalsoimpartant
toperformaedprocessorevery condition or attributethat@termines
theeffedive/carred functionality of the system. The teding process
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normallybeginswith sdedingthetestfactor(s). Thetestfadors
determinewhetherthepogramisworking  corredly and  efficiently.
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Teding is generally focused on two areas. internal efficiency and
external  effectiveness.Thegalof external  eff ectivenesstestingisto
verifythaithe  softwareisfunctioning  accordingtosystemdesgn,and
thatitisperformingallthenecessaryfunctionsorsub-functionsThe gal of
internal testing is to make sure that the compuer code is
efficient stancardised ,andwell documentedTestingcanbea labo
intensiveprocess,duetoitsiteativenature.

1. StructuralSystemTeding: Thisiscesignedto\erify that
the dveloped system and pogramswarkcorredly.
I[tscomponentsnclude:

Stress testing
Recoverytesting
Compliarcetesting
Exeautionteding
Operationstesting
Seauritytesting
TECHNIQUE | DESCRIPTION EXAMPLE
STRESS Determinetatthe Sufficient dsk space
system still alocation
performs  with Communiation  lines
expectedvolumes adequate
EXECUTION | System achieves Transadion tunaround
desire_d level of timeadequate
proficiency Software/hardware  Lse
optimized
RECOVERY System can be Induce failure
returned to an Evaluate adequacy of
operational status backupdata
after afailure
OPERATIONS | System can be Determine systems can
executed in a runwsingdocument
normal operational JOL adequate
status
COMPLIANCE | System IS Standardsfollowed
(TO developed _in Documertation complete
PROCESS accordance  with
stardards and
procedures
SECURITY Systemisprotected Accesscenied
inaccordancewith Procedures inplce
importance to
organisaion
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2. FunctionalSystemTeging: Thisiscesignedtensure that
the system requiremerts and spedfications are achieved.
Its components include:

Requirementtesting
Error-handling testing
Inter-systemstesting

Parallelteding
Regressngtesting
Manual-suppattesting
Controltest
TECHNIQUE DESCRIPTION EXAMPLE
REQUIREMENTS | System performsas Prove system
spedfied requirements
Compliarce to
policiesregulations
REGRESSDON Verifies that Unchanged system
anything unchanged segmentsfunction
still performs Unchanged manal
corredly procedurescorrect
ERROR Errors can  be Error  intoduced
HANDLING prevented or into test
detected, and then Errorsre-entered
correded
MANUAL The eople Manual procedures
SUPPORT -computer developed
interaction works Peopletained
INTER- Data is corredly Intersystem
SYSTEMS passed from system parameterschanged
tosystem Intersystem
documeriation
updated
CONTROL Controls reduce File reomnciliation
system risk to an procedureswark
acceptablelel Manual controls in
place
PARALLEL Oldsystemandnew Oldandrewsystem
systemarerunand can reconciled
thereaultscompaed Operationalstatusof
to detedt unplamed old system
diff erences maintained
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3.2 Program Documentation

Thisisthepocedureofincludingillustationsor commertstoexplain
linesosegmentswithinthe mgram.Thisisrecessaysoasto
understandthepogram espedally whenthegogramis long.

Thetwomajoreasonsfor documertation are:

Clarity: Itmakesthepogramtobeclear  andunderstandableto
thepogrammes.Even,thepogram writerwill findit difficult
understanding somepartsofthepogramifit isnotproperly
documerted.

Extensibility: Documeriation alowsfor easy amendnent,
extensionor upgadeofthepogram.Documentationallowsother
programmeas(apartfromthewriter)tobeabletowakonthe
programme.Weallknowthatapogrammer mightndbe
availableeverytime.

However, it is impatant to note that rpgram documenation
mustbeefficient. Thismeanstatcorrectdesaiptions shouldoe
attachedtotheliresand segmentswithin theppgram.Thisis
necessaysoasnottomiseadotherprogrammesthatmight
wanttowakonthepograminthefuture.

3.3 Program Maintenance

Programdevelopmentd@snotedly end afterimplementation; iisstill
importanttcstilmonitor  thesystemso  astocontinually  checkwhether
thepogramisstil  working accordingtcearlier  spedfications.ltisalso
importanttachedk  whetherthe  pogramstill meds currentneedsofthe
use.Programmairtenanceisthe ad of ensuringthe smoothand
continuouswaokingof thepogramintheratureof businessand dyramics of
operation.The following are theeasonswhy pogram maintemnce
isnecessary:

1. Changes inrature of bisiness
2. Dyramicsof qperation

3. Changes intechnology
4. Improvingthesize andefficiencyof codei refadoring

4.0 CONQ.USION

Thisunithasexplained someofthereasonswhyyou should maintain
yourprogram.  Ithasfurther explained twanagjorreasongorprogram
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documeriation.  Itintroduced  programtestingaswell asthereasondor
caryingoutinour pogram.
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5.0 SUMMARY

Whatthis  uniexplainsisthe reasonwhy youshouldmairtiain  your
programsandwhyprogramtestingisalabourintasivetask. Italso
explainedand caveinstancesottypesofprogrammingtestingand the
techniquesusealincarryingthemou.

6.0 TUTOR-MARKEDASSGNMENT

ExplainbrieflywhatyouunderstandbyProgramTeding.
Enumeatethecompanents of Structural System Teding.
WhatdoyouundyrstandbySystemRevery?

Whatis thdunctionof Functional SystemTesting?
Givetwaoexamples ofErrorHandling.

What are thetwonajor reasonsfor dacumentation?
Whyisprogrammainte@nce necessary?

NogkrwNE

7.0 REFERENCESFURTHERREADINGS

GonretandRicardoBaeza- Y ate1993.HandbakofAlgorithmsand
DataSructures InternationalComputerScienceSeries.

Holmes,B.J (2000. Pascal Programmingontinuum (2nd ed).
Scott, M. L. (2015). Programming Language Pragmatics 4tloBadit

www.doc.ic.ac.uk/i~wjk/C++Intro/

www.persond.kent.edu~muhama/Algoithms
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1.0 INTRODUCTION

Inthisunityouwill beintroducedtothevariousformsinwhichdita can
berepresentedataStructures.You willalsobeintroducedtothe
diff erentdatatypes, likeintegers,red numbes,charaderdata type and
stringdatatype.

2.0 BIECTIVES
Bythetimeyoumusthavecompletedtisunt,youshouldoeableto:

V explainthdadthatdataexists ina \arietyof
forms outlinebedatatypes,which include
numeicand nornumericdatatypes

V outlinetheonstituentsof aninteger,red-
numbes, character
datatypeandstringdatatype.

3.0 MAINCONTENT

3.1Data and Programming
Mostprogramsaredesignedtomanipuleedatainarder  toget  anoutpu.
Dataexistinavarietyof  forms.Examplesre20,000000,whichmight  be
adayGssales, simplified, limited, nrameofanorganisation andsoon.

Datasaveasinputtonostprograms. Theformatorpocedureforinput
specification withina pogramdependsontheiatureofdata.
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3.2NumericData Types

They consistof wholenumeicvalves.Examplesare:

1. Integers: Integers consistof positiveandnegativewholevalves.
Examples,are5®,- 112,77etc.

Majorstandardintegerdatatypesare:

Bytes
Shortint
Integer
Word
Longint

Youcanfindoutaboutll these ingrogramming languages.

2. RealNumbers: Theseconsistofvalveswithfradional
parts.Examplesare257.29, 2010,11.00, etc.Floating
point numbes namally have two parts. the marissa
(thefradionalpart)andan  exponent(thepowerto  which
thebaseofthenumber  imised  toinadertogive  the
corredvalveof thenumbs.

For example: Thefloating-point representationof 49234%is mantssa
Mantissa =0.4923425
Exporent=5
Sowe have 0492342%5.

Thestandardreal datatypesare:
Real
Single
Double
Extenced

Al so readmareaboutthese
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3.3Non-NumericData Types

Thes are valvesthat are notnunbersinnature. Examplesare

1. CharacterDataType
Thisconsistsofrepresentationsofindividualcharadersusing the Ameican

StandardCoddorlnformatiorinterchange (ASCII).ASCII uses7-
bitstarepresenteach charader.

Character ASClICode
A 65
B 66
C 67

2. StringData Type

A string consists of asequence of charaders enclosed in single or
doublequdation maks dependingonthepogramminglanguage.

For example
- PAbi ol ao
- lama man o
-AlL9990
4.0 CONCQUSION
Thisunihas  examinedindetailthetypesof ceta inprogramming

languages.Al soyouhavebeenabletoknowmaeeaboutthenmeric  andnon
numericdatatypes, thestandardreddatatypes,etc.

5.0 SUMMARY
Therearebasicall ytwotypesofdatatypeswhicharenumeicand
nonnumeicdatatypes.

Numeicdatatypesare either integers orrednumbes.
Nonnumericdatatypesareeither charaderorstring.

6.0 TUTOR-MARKEDASSGNMENT

Writeandexplainany  exampleofa  numacandnonnumeicdatatype.
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7.0 REFERENCESFURTHERREADINGS

GonretandRicardoBaeza- Y ate41993.HandbakofAlgorithmsand
DataSructures InternationalComputerScienceSeries.

B.J. Holmes(2000. Pascal Programmin@ontinuum 2nd ed).
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52 52


http://www.amazon.co.uk/Handbook-Algorithms-Structures-International-Computer/dp/0201416077/ref=sr_1_22/202-8251764-2640635?ie=UTF8&s=books&qid=1186597273&sr=1-22
http://www.amazon.co.uk/Handbook-Algorithms-Structures-International-Computer/dp/0201416077/ref=sr_1_22/202-8251764-2640635?ie=UTF8&s=books&qid=1186597273&sr=1-22
http://www.amazon.co.uk/Pascal-Programming-B-J-Holmes/dp/0826454291/ref=sr_1_2/202-8251764-2640635?ie=UTF8&s=books&qid=1186597273&sr=1-2
http://www.doc.ic.ac.uk/~wjk/C++Intro/
http://www.doc.ic.ac.uk/~wjk/C++Intro/
http://www.personal.kent.edu/~muhama/Algorithms

CIT237

CIT237 PROGRAMMINGANDALGORITHMS

UNIT7 FUNDAMENTALDA TA STRUCTURES
CONTENTS

1.0 Introduction

20 Objetives

3.0 MainContent
3.1 Introduction toDataStructure
3.2 Linear DataStructures

3.3 Qaphs

34 Trees
40 Conclusion
50 Summay

6.0 Tutor-MarkedAssgnment
7.0 Réerences/FurtheRealings

1.0 INTRODUCTION

Thisuniisinterdedtoshowyoutheariouswaysofrepreseantingcdata in
anagorithm andinprogrammingas a whole.

2.0 BIECTIVES
Attheendof thisunit yoshouldoeableto:

V explaindetastructuresandgive
relatedexamples
outlinetediff erenttypesofdatastructures
V explainthedif erenttypesoflineardatastructuresandwhenthey
are wsalinthedesignof algorithms
V explainthegerationsof thedif erenttypesof
datastructures dif erentiatebetweentreesandgraphs.

3.0 MAINCONTENT

3.1 Introduction to Data Structure

Data structure is ameans of aganising related dta itens. Data
structuresbecamerecessaytolearnthedeggnofalgorithms Since
mostalgorithmsoperateon  datatherefore,itis  impartanttourderstand
thewaysofarganisingdatainthedesignandanalysisofalgorithms.  Thedhta
structureto bewed isceterminedoytheproblemat hand. Data structure is a
way to store  and organize data in order to facilitate access and
modifications. No single data structure works well for all purposes and
so it is important to know the features of some of them
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For instanceif youhavetowakonalistof dita, youwill needan arrayin
thedesgnof thelgorithm. Therearetwolssictypesofdatastructures,
thesearelineardatastructuresandnonlineardatastructures.Examples
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ofdata structuresarearrays (one-dimersionalor  multidimensional),
gueues, stack, trees, linkedlisttc.

3.2 LinearData Sructures

Array: An arraycanbedefined as sequencesofdbjectsall ofwhich are
ofthe sametype thatare collectivelyreferredto bythe samename.Each
individualarrayelement(thatiseachofthedtaitems),canbeeferred
tobyspecifying the arraynamefollowedbyan indexXalsocalled a
subsaipt),enclosedinparentheds.ForinstancelLIST(1) LISTisthe rame of
the arraywhile 1 isthe inlex pointingto the data item on LIST.
Therearetwotypesadirrays,onedimesionalarray(listorcolumn) andmulti
dimersional arrays (table,matrix etc).

Arrays are used to implement mathematieadtors and matrices, as well

as other kinds of rectangular tables. Many databases, small and large,
consist of (or include) omdimensional arrays whose elements are
records. Arrays are used to implement other data structures, such as
heaps, hash tablegiieues, stacks, strings etc.

There are three ways in which the elements of an array can be indexed:
A 0 -laged indexing): The first element of the array is indexed by
subscript of 0.

A 1 -basechimdexing): The first element of the array is iedely
subscript of 1.

A nbasgedindexing): The base index of an array can be freely chosen.
Usually programming languages allowingbased indexing also allow
negative index values and other scalar data types like enumerations, or
characters may be ubas an array index.

Linkedlist: Alinkedlistisa  sequenceofzeroormaeelemertscdled
nodeseachcontainingtwo kindsof iformation: some d&ta and oneor
morelinks calledpointerstootherno@sof thelirkedlist.Inevery
linkedlist,thereisaspecialpointerwhichigaledthenullwhchis e
toindicate thesbsencesofanode successor.Also,it contansa special
nodecdled the healer; this nale contansthe irformatiorabout
thelinkedlistsuchasitscurrentlength.

Stack: A stackisadita structureinwhichinsertionand deletion can
onlybedonetoneend(calledthelr OP).Ina stack,therearetwongor
proceses cdled PUSH and POP. PUSH is the pocess of adding
elementstothe stadkwhilePOP  isthepocessofdeleting elementsdrom
thestack. This(stack's) scheme igeferredtoasthd_ast-In-First-Out
(LIFO)scheme. Atypical/physicdill ustrationofastadkisapileof plaésin
acontaine.Stacksareusedin implementingecursive algorithms.
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Queue: Unlikethestack,aqleueisadita structurewithtwo ends,in  which
aninsation  ismaleataend(REAR) anda  ddetion  isdonetthe
otheend(FRONT).A queue operatesdarirst-In-First-Out(FIFO) scheme.
Atypicalandpracticaillustrationofthisdatastructureisa geeue ina
modenentry. Queuesareusedfor severalgraphproblens.

Heap: It is a partially ordered data structure thatis used in
implementingpiorityqueues.  Apriorityqueueisa  setofitemswith  an
orderable characteristic cdledan item'spriority.Ahegcan aso be
definedas a binaytree with keys assignedtoitsnoés.
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3.3 NonLinear Data Structures
Agraphconsistsof twothings:

1. AsetVwhoseelemertsare calledvertices,pointsor nales and
2. AsetEof unaderedpairsofdistinctvertices, cdlededges

AgraphiscenotedbyGV, E)whenwewanttoemphesisethetwo @rts of
thegaphG.

Therefore,agaph canbe pictaoially(imaginaril y)definedasa
conrectionofpoirtsina planealledverticesor edges,someof which are
conrectedlinesegments cdlededgesorarcs.itis formallydefined bya
pairof twosets.

GraphG=(V, E).

Itismaeconvenienttolabeltheverticesofagaphwithl etters,integer numbes
or charader strings.

ThefigurebelowrepresentsthegaphGwithfourverticesA,B,C&D
and five edges e1=(A,B), e2=(B,C),e3=(C,D),e4=(A,C), e5=(B,D).

Weuwsuallyd encteagaphbydrawingitsdagramratherthamxplicitly listing
itsvertices andedges.

A B

3.4 TREES
Agraphissaidtoby  acyclicor cycle-free,sinceit contansno cycle,

whileateeisaconrededacyclicgraph. Aforestisagraphwith no
cyclehence,eadhof itsconnectedcomponents is ate.

There aresome popertiesposessed by reeswhich graphsdo not bve;
forinstancethe numberaddgesinateeis alwaysondesthe number of
itsvertices.

\E\= |V|-1.
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Thefigures kelow are examples of rees with dif erent nunbers of
vertices.

(b NG )

|
¢4 =0 iO

O« 10

. B
L9 @

N L

®Q OO

4.0 CONQQ.USION

Inthecourseofthi sunityouvereintroducedtotheconceptofdata structure
andthevariousdhtastructures thatareavailable.

50 SUMMARY
Thisunithas shownthat:

Datastructure is aneans of aganisingrelateddataitems.
Adatastructurecouldbeeitherlinear ornonlinea.
Thelesiclineardatastructuresavail ablearearray,linkedlist, stack,
gqueue andhea.

Thelesicnontlinea datastructures aregraph andtrees.

6.0 TUTOR-MARKEDASSGNMENT

1. Desaibe how one can implement each of te following
operationsoran array sothathetimeit tkes daes notlependon
thearrayGssize n.

a.  Deletetheithelementofinarray(1 i n.
b. Deletetheitrelementofaortedarray(theremainingarrayhas
to staysorted, ofcourse).

58 58



CIT237 CIT237 PROGRAMMINGANDALGORITHMS

2. If you have to solve the searching problem for a list of n
numbeshow can  youtakeadvantageofthefactthat  theilstis
knowntobesorted? Giveseparateanswersfor
a. Listsrepresantedasarrays
b. Listsrepresantedaslinkedlists.

3. a Show thestack after each gperation of the following
sajuence thastarts with heempty stack.
Push(a),push(b), pop, pish(c), push (d),pop

b. Show the gleue after each gperation of the following
saquence that starts with the empty queue:enqueue(a),
enqueue(b),dequeue,enqueue(c),enqueue(d), dequeue

7.0 REFERENCESFURTHERREADINGS

Levitin,A.(2003.IntroductiontotheBesgn&AnalysisofAlgorithms.
PublishedbyAddison-Wedey.

Scott, M. L. (2015). Programming Language Pragmatics 4th Edition
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www.persond .kent.edu~muhama/Algoithms
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1.0 INTRODUCTION

Thisuniisaecgofthemodulebcauseitwill exposeyoutothe
pradicalaspedof whatthemoduléas taught.

2.0 GBJIECTIVES

At theend of this unit yowshouldbe able to cevelop a waking
algorithm andacorrepondingflowchartfor thealgorithm.

3.0 MAINCONTENT
3.1 TheProblem

Usepseudocodesandélowcharttorepresentanalgorithmtogenerate
primenumbesbetween1 and200.

3.2 Salition
a Psaudocodes

=1
WRITE1L
FORI =2, Ii 1
FORJ =2,li 1
IFMOD (I,9)= 0
GOTO020
ENDIF
NEXT J
WRITERIO
20 NEXTI
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Note

- Themodunctionthatisusedintheseudocodesisusel
inmostprogramminganguagestocettheremainder whren a
number is dividedbynother numbe.

- The fadlitator should explain the meudo codes to the
studerts.

b. Flowchart
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I=1
JT=2
Yes
o
l MNo
TJT=TF+1
No
Print I
v
Yes
MNo
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4.0 CONQQ.USION

Theunitsapacticalapproachtothemodule andit  isrecessaryfor you
tohaveasolidexperienceinthalevelopmentoénalgorithmanda flow chart
as a pe-requisite for theremainingpartof thecourse.

5.0 SUMMARY

Y oushouldbeabletodevelopanalgorithmanddalowchartfortheagorithm
6.0 TUTOR-MARKEDASSGNMENT

Usepsaudocodesanddlowcharttorepresentanalgorithmtofindthe
averageofthdirst100numbes.

7.0 REFERENCESFURTHERREADINGS

GonretandRicardoBaeza-Y ate41993.HandbakofAlgorithmsand
DataSructures |InternationalComputerScienceSeries

Holmes,B.J(2000. Pascal Programmingontinuum 2nd (ed).

Scott, M. L. (2015). Programming Language Pragmatics 4ttoRdi

www.persond.kent.edu~muhama/Algoithms

63 63


http://www.amazon.co.uk/Handbook-Algorithms-Structures-International-Computer/dp/0201416077/ref=sr_1_22/202-8251764-2640635?ie=UTF8&s=books&qid=1186597273&sr=1-22
http://www.amazon.co.uk/Handbook-Algorithms-Structures-International-Computer/dp/0201416077/ref=sr_1_22/202-8251764-2640635?ie=UTF8&s=books&qid=1186597273&sr=1-22
http://www.amazon.co.uk/Pascal-Programming-B-J-Holmes/dp/0826454291/ref=sr_1_2/202-8251764-2640635?ie=UTF8&s=books&qid=1186597273&sr=1-2
http://www.personal.kent.edu/~muhama/Algorithms

CIT237

CIT237 PROGRAMMINGANDALGORITHMS

MODULEZ2 PERFORMANCE ANALYSIS OF

ALGORIT HMS
Unit 1 PerformarceAnalysis Framewak
Unit 2 Order of Growth
Unit 3 Worst-Case,Bed-Case andAverage-Cas Efficiencies
Unit 4 P,NPandNP-CompleeProblems
Unit 5 Pradica Exercisell

UNIT1 PERFORMANCEANALYSISFRAMEWORK
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 MainContent
3.1 EfficiencyAttributes
3.2 MeaaringlnputSize
3.3 Unitsfor Measuring RunningTime
4.0 Conclusion
5.0 Summay
6.0 Tutor-MarkedAssgnment
7.0 Réerences/FurthemRealings

1.0INTRODUCTION

Thisunitwill introduceyoutothe criteriausedin analysingthe gerformarce
of analgorithm. As youwill see thisunitisanintroduction
tootherunitsinthismodule.

2.00BJECTIVES

Attheendof thisunit,youshouldbeableto:

A statethecriteria for edimatingthe

runningtimeoénagorithm edimatetherunningtimeof
analgorithm

list the efficiency attributes of an algorithm

describe how time efficiency of an algorithm is measured.

> >
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3.0 MAINCONTENT

3.1 EfficiencyAttributes

Theefficiencyattributesareused to analysetheperformarceof algorithms.
Therearetwotypes oflgorithm efficiency attributes.

TimeEfficiency:- This indicateshowfadanalgorithm runs.

SpaceEfficiency: -ltdealswith the spacerequiredforan algorithmto
runefficienty.Intheearlycomputing dys,bothresourcesi time and space i
werelimited.

3.2 MeauringlnputSize

Itiscertainthatall algorithmsdonotunatatimeontheamenuniber
ofinput(s).For example,it takeslorgertosortlarger arrays,multiply larger
maticesand so onlt isthen necessay to investigate an
algorithmésefficiency, as dunction of inpusizeparameter n. Selecting
suchaparameterisnotdificultinmostproblems.Forexample,itwill
bethesizeof thelstfor problemsof sorting,searchingfinding thelisés
smalegelemert,and mast otherpoblemsdealingwithlists.Forthe
problemogvaluatingapdynomal P (x)=a.x" +€ +a ofdegreen, it
willbethepolynomiadsdegreeorthenumberofgcoefficients,which is
larger byonehanitsdegree.

Of course thee are stuations wiere the choice of aparameter
indicating aninput sizeisnotedlyafador.An exampleis computing
thepoductoftwon-by-n matices.Therearetwo returalmeasiresof
sizeforthis  poblemThefirst andmaefrequentlyused  isthematix
ordern.Buttheotheratural conterderisthetotalnumber@&fements
Ninthematrices beingmultiplied.

Thechoiceof an appropriatesizemetic can beirfluenced byerations
ofthe algorithminquedion.For example,hovshouldvemeasure an
inputdssizefora  spell-chedking  algorithm?Ifthe  algorithmexamines
individualcharadersofitsinpu,then we should mesurethe sizebythe
number o€haracters;if itworksbygocessingwords,weshouldcount their
numberintheinput.

3.3 Unisfor MeasuringRunning Time
Inmeaauringtheunningtimeoélgorithm, itisnecessaytoidentfy thebasc

operationswithinthealgorithm. Thebasc operationsarethe
mastimportantogerationsofthelgorithm. Afteridentfyingthelasic
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operationwethen compuethenumber of timesthadcoperationis
executed.

As arule, it is not dificult to identfy the lasc operation of an
algorithm: it is wually the mast time-consuming operation in the
algorithmé&innemost loopFor examplemost sortingalgorithmswork
bycompaingelementgkeys)ofalistbeingsortedwitheachothe;for

such agorithms,thelesicoperationisakeycompaison.Asanother example,
algorithms for matix multiplication and polynomial

evauation require two arithmetic ogrations. multiplication and
addition. On nost computes, multiplication of two numbes tkes
longerthaaddition,makingthéormeranunquegionablehoicefor
thebadgcoperation.

Conclusively, an algorithmdstime efficiencycan be masuredby counting
thenumberof times trabgorithméshasicoperation isexeauted
oninputso$izen. Thiswillbefullytreaedinunitthreeofthis module.

4.0 CONQQ.USION

Inthis  unit, youhavebeenintroducedto thdundamentalconceptsof
anaysingtheperformarce of analgorithm.

5.0 SUMMARY

Havinggone  thoughthis  urti youareexpected  tolavelearntthe
following:

A The efficiency attributes of an agorithm are timeefficiency
andspace efficiency.

A Thetimeefficiencyismeasured as dunctionoftheinputsizen

A The time efficiency is mesured as a function of the
numberoftmesbasc operationswereexeauted oran input.

A Therunning timeoénalgorithmisestimatedlasalon
thebagcoperations.

6.0 TUTOR-MARKEDASSGNMENT

1. What do you ulerstandby theterm fiRunning time ofan
algorithmo?Howisit measired?

2. What are the unitdor measuring the running time ofan
algorithm?
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3. Desaibe space efficiency with reed to therunning ofan
algorithm.
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1.0 INTRODUCTION

This unit intoduwces and explains ader of gowth and the diferent
notationsthatreusedtorepresentorderof growthof algorithms.

2.0 @BJIECTIVES
Bytheendof thisunit yowshouldbeableto:

1 explainarder of growth

1 explainthedif erentasymptoticnotatios.

3.0 MAINCONTENT

3.1Informall ntroduction

L etusconsiderthetableelowtoinformallydescibethegrowthof
algorithmsbaselonsomestandardfunctions.
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N log,” n nlog," . n 2 n!

10 33 100 3310 1 100 10 3.6.10°
1 6.6 10¢ 6.6.1C¢° 100 10° 1.3.10° 9.3.10%'
10*° 10 10° 1.0.10 100 10

100 13 100 1310 108 10%

160 17 16 1710 10° 10°

16 20 16 2.0.10 102 10*

All  thefunctions arebasedoninput sizenWecanseethatthefunction
growingthe slowest among theseisthelogaithmic function.Ilt grows so
slowly, infad,thatweshouldexpedaprogramimplementingan
algorithmwithalogaithmic badc-operationcounttaun pradically
instartaneouslyoninputsofall redisticsizes.

Ontheother endof thespedrum aretheexporentialfunction2’andthe
fadorialfunctionn.Boththese functions gowso fad that theinalues
beameastronomiallylarge, even for rathersmall values oh.

Algorithms performarce is nostly represented by thee functions
becausethessfunctionsdesaibethe @rformarceofthesemost
algorithmsoninputsize n.

3.1 o-Notation

Thisisponourcedastiittieohofo.Let  (X)andgXx)betwdunctions ofx.Each
ofthefivesymbols aboveisintendd tocomparetheapidity ofgrowthof
and glfwesay that (x)=o0 (g(x)),theninformalywe are sayingthat
growsmae slowlythangd@swhenxis verylarge.

Definition

We say that a(x) = o (g (x)) (a(xy b)) If

is equal to O.
Here are some examples:

1.X2 = 0(x5)
2.Sinx =0 (x)

3.14.709& x = 0 (x/2 + 7 cosS X)
3.20-Notation
Thisisponourced  asfibigohdo.The  secondsymboloftheasymptotic

vocabularyisthelDGWhenwesaythat (x)= O(g(x))wemean,
informally,that certainlydoesnotgowataf asterratethangltmight
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grow at the same rate or it might gow mae slowly; both are
possibiliti esthatthe dO 6 ernpits.

Definition

We say that a(x) m&, Ox¢ggsuxh)tlfat Y| &
(¢ x > xo).

Thequalifier6 x Y will dsuallybeomittedsinceit willbeuncerstood

thatwewill mastofterbeintaededinlargevaluesof thewriablesthat are

involved.

For example,it is cetainlytruethatsin x =0 (x),but even mae can be
sdd,namelythatsinx=0(1).Al sox*+5x*+77cosx=Qx°)and1/ (1+ »°) =

O(1).Nowwecan seehowthép 6 egmiaepredse

informationthathedOgforwe can sharpenthe bstexamplebysaying

that1{1+x?=0(1).Thisissharperbecaisenotorydoesittellus  that  the
function isboured when x idargewelearn that thefunction acually

approaches (s X

ThisistypialoftherelationshipletweenOandoltofterhappensthat &0 6
reault issufficientforanapplication.However,thatnmaynotbehe case,andwe
mayneedthemaepredse @ é@dgimate.

3.3 d -Notation

Thethrdsymbolof the languageof asymptotic isthe &@Thisis
pronourced,asfis thetado

Definition

Wesaythat f(x)= d(g(x))ifthereareconstantsc; >0,c, >0X, such thafor
al x> X,it is truethat ¢;g(x) <(x) <c,g(x).

Wemight thesaythat fandg areof thesamerateof gowth,onlythe
multiplicative constantsreurcertain.Someexamplesof thedGtwork are
(X+ 1)*=d(3X?)
(X*+ 5x+ D/(5x3+ 7x+ 2) =d(1/x)
3+ 2x=d(x¥a)
(1+ 3/X¥*= d(1).

TheddGsmuchmaepredsethareitherthedO 6 o Koélfweknow that (x)=
d(x?),thenweknowthatf(x)/x* staysetweentwonazero constantsfor all
sufficientlylargevaluesof x. Therateof gowthof isedablished:it grows
quadraticallywith X.
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3.4 D-Notation

Thisisponourced asfis asymptoicdly equal to0.Themast preciseof
thesymbolsof asymptoticisthd)@ alttellsusthat notolydo and go gow
atthesamerate,butthatinfad /g approacieslas x D.

Definition
We say Dd@t) ai(®)adi(my¥g(x) = 1
Here are someexamples. X+ x Dx?

(3x+ 1) D81x

Sinl/x D1/x

(2x3+ 5x+ D/(x*+ 4) D2x
2+ 7logx+cos xD2*

Observetheimpotanceof ¢etting themultiplcative  constantsexadly
rightwhentheD@®  sy@bolisused. Whileitistruethatx? = [ (X?),itis
notruethatk®= [ (17x?),but tamakesuch anassertionistausesbad style
sinceno moeinformation isconveyed withthefil 7 6t han wi t hou't

3.5 Y-Notation

Thisisponourced,as fisomegado.Thdag  symbolintheasymptotic
sdthatwewillneadis t W edow h istireregationofaThatisto say, f(x)=
Y(g(x))  meansthatit  isnottuethat (x)  =o(g(x)).Inthe
studyofalgorithmsforcomputes, t he 6 Y dsusedwhenwewantto
expressthethoughtthateertaincalculationtalesatleastso-and-so
longtodoForinstance,wecanmultiplytogether  twonxnmatesin  time
Y (n°).

4.0 CONQUSION

Inthisunit,you favelearnt the five asymptotic symbdsforrepresenting
order of growthof algorithms. .

5.0 SUMMARY

Thisunithasexplainedthé&ivefunctionsforcomparingthegrowth order of an
algorithm. Thesefunctionsinascendingader areo,O, , ,

6.0 TUTOR-MARKEDASSGNMENT
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Question:Usethe asymptoticsymbdsto compaethdollowing
functions.Youmighneedtowritesmallprogramsbeforeyoucanget theader

of growth eff ectively.

1.  f(x) andg(x) wheref(a) = 4a&?+a+ 7andg(a) = al
2. f(x) andg(x) wheref(x) = &andg(x) = X'

3. x) andi(x) whereh(x) = cos(x) andi (x) = sin (X)
4. f(a) andg(b) where f(x) = (x*)?andg(x) = X'

7.0 REFERENCES/FURTHERREADINGS

Holmes,B.J.(1997).BAS CProgramming AComplet&€ourseText
Gp publictions.

www.edearning.agorithm.com

Levitin, A.(2003) Introduwction to theDesgn and Analysis of
Algorithms. Addison Wedey.

www.personal.kent.edu/wmuham#algorithms.

Tucker, A.B and Nooran, R. (2006. ProgrammingLanguagesi
PrinciplesandParadigns.(2"ed).McGrawi Hill College.

72 72


http://www.eslearning.algorithm.com/
http://www.personal.kent.edu/wmuhama/algorithms

CIT237 CIT237 PROGRAMMINGANDALGORITHMS

UNIT3  WORST-CASE, BEST-CASE AND AVERAGE-
CASEEFFICIENCIES
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1.0 INTRODUCTION
Thisunit extends wlatwe learntinUnitl ofthismodug.ltdisaussesthe
differenttechniquesthat can be ed to mesure the efficienciesof
algorithms.
2.0 M@BJIECTIVES
Attheendof thisunityoushouldoeableto:

A explainthetlmeemethodshatareusedtomeasurethesfficienciesof

algorithms

A explainhowtoidentiybasicoperationswithinanalgorithm.

3.0 MAINCONTENT

3.1Worst-Case

Analgorithmisitsefficiencyforthewarst-caseinputokizen,which IS
aninputorinpus)of sizenfor whichthalgorithmrunstheloges
amonglpossble inputsof thadize. Thewaytodeterminethewast-

caseefficiencyofanalgorithmis,inprinciple,quitestraightforward:
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Weanalysethe algorithm to seewhatkindof inputgieldthdarges vaueof
thebascoperat i o n sodntGn) among Al possbleinputsof
sizerandthercomputethiswest-casevalueC,.«(n).Clealy,the wast-case
analysisprovidesveryimportant  irformatiorebout an  agorithmdés
efficiency by bounding its running time from abowve In
otherwads,itguaranteesthatoranyinstanceofsizen,theunning timewillnot
excedlC,(N),its runningtimeonthewdt-case inpus.

Asitwasmentionedin Unitl ofthis module,wesd tocountthe number
ofbasicoperationsperformedoythealgorithmonthevor st- caseinput

Abasicoperationcouldbe:

A Anassgnment

A A comparison between two variables

A An arithmetic operation between two variables. The woase
input is that input assignment for which the most basic

operations are performed.

Examplel
ni=>5;
loop
get(m);
n:=n-1;
until (m=0or n=0)
Worst-casebiterations

Example2

get(n);
loop

get(m);

n:=n-1;
until (m=0or n=0)
Worst-caseniterations
Exampl e s 3nputsized i
a. Sorting:
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== Thenunber of itemstobesorted;
Basicoperation: Comparison.
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b.  Multiplication(of xand y):

n== Thenunber of digitsinxplus thenutoer of digitsiny.
Basicoperationssingledigit arithmetic.

C. Grgph sdarchingo:

n==thenumberofnoekinthegaphorthenumber@&gesinthe gaph.
Counting heNumberofBasicOperations

Example4 SequenceP andQere twoalgorithm sedions:

Time( P ;Q) =Time( P )+Time( Q)
|teration:
while<condition Soop
P
end loop;
or
foriin 1..nloop
P;
end loop

Time = Time( P )*(Worst-casenunber of iterations)
Conditional
if <condition >then
P,
else
Q:

end if;

Time = Time(P) if <condition >=true
Time( Q) if<condition >=false

Example5

foriin 1..nloop
forjin 1..nloop
if i< jthen
swop (&(i.j), a(j,i));-- Basicoperation
end if;
end loop;
end loop;
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Time < n*n*1
= n"\2

3.2 Best-Case

Theleg-casefficiencyof an agorithm isaninput(or inputs) of sizen
forwhich thalgorithmrunsthe fades amongglpossibleinpusofthat
size.Accordingly,we cananalyse the Ied-caseefficiencyasfollows:
First,wedeterminetekindofinput$orwhichthecountC(n)willbe
thesmallestamong al possbleinputso$izen.(Notehattheles case
doesnomeanthesmallest input;itmeansthe inputafizenforwhich  the
algorithm runsthéastest). Thenwe shouldascertainthevalueof C(n) on
these mast convenient inpus. For example, for sequential search,best-
caseinputswilbelistsofsizenwith theifirst elemerts equaltoa
seachkey;accordingly. Cpes(n) = 1.

Theanal ysisofthelest-caseeff iciencyisnosimpatantsthatofthe wost-
case efficiency. Butit isnotompletdyusdess either.

3.3 AverageCase

Theaverage-caseefficiencyseekstopovideinformationomandom
inputltiscalculateydividingalli nstancesofsizenintcseveral
classessothatf oreachinstanceoftheclass,thenunieroftimesthe
algorithmdésheasicoperation isexeautedis theame. Thisthenmansthat
aprobabilitydi stributionofinpusneedstob@ssumedorobtaiedso
thatheexpededvalueof thelasicoperationdscountcanbederived.
Estimatingaverage-caseefficiencyisnotaneasytaskanditisdiff icult
forthidevel. Studentsanjustgetfamiliarwithknownaveragecase reaults.

4.0 CONQ.USION

This unitteades the tmee methas of analysing theefficiency of
algorithms.

5.0 SUMMARY

Thisunithas explainedhowtoneaaure theefficienciesof algorithms.

6.0 TUTOR-MARKED ASSIGNMENT
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Writethgoseudacodesforthealgorithmtofindthd argegoutofn integers anduse wast-
case tadeterminetheefficiency.

7.0 REFERENCESFURTHERREADINGS
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1.0 INTRODUCTION

This unit will dsauss the diferent categories of computatiaal
problers.

2.0 BIECTIVES
Attheendof thisunit yoshouldbeableto:

distinguishletweena pdynomiabndnonpaoynomialgroblem
identifya norpolynomial completepoblem
understandsomebasicisaues inalgorithm timeefficiencies
understandP, NP,NPi completepoblerns.

3.0 MAINCONTENT
3.1 BasicDefinitions

Wesaythatan algorithmsolvesa pobleminpolynomialtimeifis warst-case
time  efficiency belongs to O (p (n) here p (n) is a
polynomialofheproblentsinpusizen(Notethat sinceweareusing big-oh
notatiorhere,problems solvalein,say,logaithmictime are solvalein
polynomial time aswell).Problemsthatcan be solved in polynomialtime
are cdledtractable;problemsthatannot besolved in polynomialtimere
cdledintractable.

Computational complexity classfies poblemsaccording to teir
inherentdifficulty.
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3.2Pand NP Problems

Mostproblemsdisaussedinthisunitanbesolvedinpdynomialtime bysome
algorithms. They include computing the pduct and the
greaestcommondivisorof twointgers,sorting, searching(fora
particulatkeyin  a  listoforagvenpatterninatext  string),cheding
conrectivity andacyclicity of a graph,finding a minimumspanningtee
andfindingthe shortestpathsina  weightedgaph.(You areinvitedto
addmaeexamples tothislig).

Informally, we can think about poblems that can be solved in
polynomialtime as the sdthat computer sciencetheoeticianscdl P.A
moreformaldefinitionofPisthatit includesonlygledsionproblems,
whichareproblemswithyes/noanswers.

ClassPisaclassof deasionproblemsthatanbesolvedinpdynomial time by
(deterministic) algorithms.This classof problemsisalled polynomial.

The redriction of P to decison problems can be justified by the
followingreasons.First,itissensibletoexcludepoblemsnatolvale

inpaynomialtimeoecauseof theiexponentiallylargeoutputSuch
problems arisenaturallye.g.,generatingsubsesofagiven sdoral the
permutationsofndstinctitemsbutiti@pparentfromtheousethat they

cannot be solved inpdynomialtime.Second,manyimportant poblems
that ae not @&ason poblems in their met  natura
formulatiorcanbeeducedtoaseriesof decisionproblemshat are easier to
study. For example, nstead of asking about the smallest
numberotoloursneededtocolourtheverticesofagaphsothatno two
adjacent vertices arecoloured the same colour,we can ask whether thee
existssucha colouringof thegaphvertices with nomeetham
coloursform=1, 2(€hepoblemof \ertexcolouringwithm colours
iscalledthem-colouringpr oblems) Thefirstvalueofminthisseries forwhich
thededasion problemom-colouringhasasolution solvesthe optimistion
versionofthegaph-colouringproblemeswell.

Itisnaturaltowonder  whethereverydecisionproblem canbe solvedin
polynomialtimeThe answerto thisquedionturnsoutto  bendnfad,
somededsion problems cannot be solved at all by any algorithm.Such

problemsrecalledundeddable.AlanTuringgavedamousexample in
1936Thepoblem in qestionis cdled theéhaltingproblem: given a
computerpogramandaninputtoitdeterminewrethertheprogram will

haltonthatinput orcontinuevorkingindefinitelyonit.

Aretheededdablebutintactablepoblens?  Yestheeare butthe number
of known examples is small, especially of those that arise
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naturallyrather than beingconstructed for the sakeof aheoretical
argument.

Therearedargenumber of impantgoblemshowvever,for whichno
polynomiattimealgorithmhasbeen  found,nor  lastheimposibili tyof
suchan agorithm beenproved.TheclasscmonogaphbyM.Garey and
D.Johnson(GJ79)contansalistobeveralhundredsuchproblems
fromdifferent areasof computer science,mahematics,andgoerations
reseach. Here is just a small sample of some of the ked-known
problems thdgllinto thiscategory:

Hamiltoniancircuit: Determinewhether a givenggphhasa Hamiltonian
circuit(apath thastartsandends atthesame \ertexand passesthroughdll
theothervertices exactly once).

Travelingsalesman: Findthe shortesttourthrougcitieswith  known
positive integerdistancesbetween them (find the shortest Hamiltonian
circuit inacompletegaphwithpdasitiveintegerweights).

Knapsackproblem: Findthemastvaluade subsetofnitemsof given
paositiveintegerweights andvalueshatfitintoaknapsackof agiven
paositiveinteger capacity.

Partitionproblem: Givempositiveintegers,determinewhetherit is
paossibletopartition theminto twodsjoint subses with hhesamesum.

Binpacking: Givenn itemswhee sizes arepdsitive rationalnunbers
notlargertharl, putthemintothemallestnumberof bins o&izel.

Graphcolouring: Foragvengraph,finditschromaticnumbgthe smaleg
number of colowrsthat need to be asdgned tothe gaphds
verticessothatnotwad) acentvertices are assignedthasamecolour.

I ntegerli nearprogramming:  Findthemaximum (orminimum)alue
ofalinear functionofseveralinteger-valuedveriablessubjecttoafinite seof
constrains intheformof linear equaliti esand/or ineqaliti es.

Anondeterministicalgorithmis atwoestageprocedurethatakes asits input
aninstance | of a cedsionproblemanddoes thdollowing:

Nondeterministic(i gessing Gstage: An arbitrary stringSsgenerated
that canbethoughtadsa candidaesolution tothegivemstancel (but
maybecompletegibbashas well).

Deterministic(f erificationo gtage: A deterministic algorithmtakes
bothl andSasitsinpundoutputyesifSepresentsasolutionto
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instancel .(IfSisnotaolutiontoinstancel ,thealgorithmeither returnsnoor is
allowednottolaltatall .)

Wesaythata nondterministicalgorithmsolvesadedsionproblemif
andonlyifforeveryyesinstanceoftheproblemit returnsyes orsome
execution (Inotherwads,werequireanon@terministicalgorithmto
becapableof figuess n goluonatleagonceandtobeabletoverify
itsvalidity.And,ofcourse,wedonotvantittoeveroutputaygs answer  on
aninstancefor whichtheanswer shouldbend.Finally,a
nonceterministicalgorithmissaidtobenondeterministicpolynomial if
thetimeefficiencyofitscertification stage is polynomial.

Nowwecandefinetheclass ofNPproblerns.

ClassNP isthe classof decisionproblemsthatanbesolvedoy
nondeterministicpdynomiaklgorithms Thisclassof problemsscaled
nondeterministicpolynomial.

M ostdecisionproblemsareinNP. Firstof all,thiscallincludesallthe
problems ifP;

P NP,

Thisistuelecause,if aproblemisirP, wecanusethedtterministic
polynomialtime algorithmthat solvesit inthe \erification-stageofa
nonceterministic algorithmthat simplyignoresstringS generatedin its
nonceterministic(iguess n gstage. ButNP also containsthe Hamiltonian
circuitproblem,thepartition problemaswell asdedsion
versionsofthetraveling sdegnan,thekrapsack,graphcolouring and
manyhundedsof other dficult combinateialoptimisation problems
caaogedin (GJ79).Thehdtingproblem,onthe othéend,is among
therareexamples of @cisionproblemshat are knownnottbeinNP.

3.3NP-CompleteProblems

L etusinroduceanother importantnotionintheomputational
complextytheaythatof NPcompleteress.

AdedsionproblenDis sadtobeNP-completeif

1. it belongstaclass NP;
2. everyproblemirNPis polynomialy reducibletaD.

Thefactthat closelyrelateddecision problemsrepdynomialy
reducibletoeadchother isnowery surprising.For exampleletusprove
thatheHamiltoniancircuit problemispolynomiallyeducibleto the
dedsionversionofthetavelingsalesmanpoblemThelatercanbe
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statedastheproblem todtterminewhetherthere existsa Hamiltonian circuit

inagivercompletegaphwithpositiveinteger weightswhase
lengthisnotgeaterthanagivengsitiveintegerm.Wecanmapa
graphGofagivenirstanceof theHamiltoniancircuit problemtoa

completeveightedgaphG 6  representinganinstanceof thetaveling
sdegnan poblenbyassigninglastheweighttoeach edgeinG and adding

anedgeof weight2betweenanypair ofnotadjacentverticesin
G.AstheuperboundmonteHamiltoniancircuitlength,wetakmn
=n,wheren isthenurberofverticesinG (andG9.Obvioudly,this

transformationcanbedaeinpdynomaltime.

L etGbeayesinstanceofthéHamiltoniancircuitproblemThenGhas
aHamiltoniancircuit,anditsimageinG 6  willhavelength  n,makinghe
imagea yesinstanceofthededsiontraveling sdesnanpoblem.
Conversely,ifwehaveaHamiltoniancircuitofthdengthnotarger
thaming@thenitslengthmstbeexadlyn(why?) andhencethe
circuitmustbemadeupof  edgespresentin g,makingheinveseimage
oftheyesinstanceoftheadsiontravelling sdegnanpoblenbeayes
instanceoftheHamiltoniancircuit problem.Thiscompletes theqof.

4.0 CONQ.USION

Thisunit show$owtodstinguishletweendiff erentcomputational
problens.You have aso been exposed to diferentdeddade and
undeddableproblems.

5.0 SUMMARY

Thisunit, eachesthat

V Problemsthat canbe solvedinpdynomiatime  arecalled
tradadde while, thatwhicbannotbeolvedinpolynomialtmeare
intradade The classof dedsionproblemthat canbe
solvedinpdynomialtime
by(deterministic)algorithmsarecalledpdynomialpoblemsand
theyaremostly with yes/noanswer.

V Dedsionproblemsthatannotbesolved at al byany
algorithmare cdledundecidablepoblens.

6.0 TUTOR-MARKEDASSGNMENT

Agameofchesscanbepasalasthdollowingdecisionproblem:given
alegalpositioningofchesspecesandinformatioreboutwhiclsideis to
movedetermine  wtetherthatside can winlsthsdedsion problem
deddable?
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1.0 INTRODUCTION

Thisunitpesatsanotherpadicdexerciseinarderforyoutdurther
understandhowtoanaly se efficiencies of algorithms.

2.0 BJECTIVES

Attheendofthisunt,youshouldhavehedfurtherurderstandinginto
howtocdetermineefficiencyof algorithms.

3O0MAINCONTENT
3.1 Exercise

Write the pseudacodes for the algorithm tofind the average of the
smaledandthelagestof nintegers.

3.2Solution

MIN=A(1) 1
For | =1ton
If MIN>A(I)
TEMP =MIN 4n
MIN=A(1) A(
| )= TEMP
endlf
enddo
MAX=A()
ForJ=2ton 4n
If MAX<A(I
TEMP1=MAX 4n
MAX= A(J)
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A(J)= TEMP
endlf
enddo
AVE = ( MIN+ MAX)/2
PRINT AVE

= 1*4n*4n*1

Thelagcoperationsaredenotedy* .Wecansimplysaythatitisof
o(r?).

4.0 CONQ@USION

Aclearerviewofanestimationofhenontimegowthofanalgorithm has
beenpresented.

5.0 SUMMARY

Basicoperationshavebeenclealyidentified.Estimationofefficiency of
algorithmsispadicallydisaussed.

6.0 TUTOR-MARKEDASSGNMENT

Writethepsaudocodesof thealgorithm toconvertanybinarynumber to
deamal andedimatethewarse-caseruntimeefficiency.

7.0 REFERENCESFURTHERREADINGS

Holmes, B.J.(1997.BAS CProgramming AComplet€ourseTex.
Gp Publications.

Levitin, A.( 2003). Introduction to the Desgn andAnalysis of
Algorithms. PublishedbyAddison- Wedey.

Scott, M. L. (2015). Programming Language Pragmatics 4th Edition

Tucker, A.B and Noonan, R.(2006). Programming Languéges
Principles and Paradigm@nd ed). McGraw Hill College.

www.personal.kent.edu/wmuham#lgorithms.

www.edearning.algorithm.com
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MODULES SORTING AND SOME SPECIAL

PROBLEMS
Unit 1 Introduwction to  Sorting and Divide-and-Conquer
Algorithms
Unit 2 MergeSort
Unit 3 Quick Sort
Unit 4 BinarySearch
Unit 5 Selection Sort
Unit 6 Bubble Sort
Unit 7 Speaal Problem@andAlgorithms
Unit 8 Pradical Exercise |V

UNIT1 INTRODUCTIONTOSORTINGANDDIVIDE-
AND-CONQUERALGORITHMS

CONTENTS

1.0 Introduction
20 Objetives
3.0 MainContent
3.1 Introduction toSorting
3.2 Fundamentasof Divide-and-Conquer Algorithms
3.3 Pradica ProofofDivided-and-ConqerAlgorithms
4.0 Conclusion
50 Summay
6.0 Tutor-MarkedAssgnment
7.0 Réferences/FurtheiRealings

1.0 INTRODUCTION

Thisunitdsaussesthenganingofsorting.ltalsodesaibestheconcept of
divideandconquer algorithmsasproblemsolvingtechniques

2.0 BIECTIVES
Y ouareexpededtdoeabletoexplainthdollowingattheendofthis unit:
meaningandsignificanceofsorting

meaningandpradicalunderstandingofdivideand
congueralgorithms.
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3.0 MAINCONTENT

3.1 Introduction to Sotting

Sortingisthepocessofarrangingasetofitemsorobgctsinincreasng or
decreasngorder.

TheSignificanc eof Sorting

For arderlyanalysis andpresentationof items

For locainganitemor items withinaset

For findingduplcate valuesor neaestpair withina set

For findingtheinersectionor unionoftwoor rare sets

Sortingisal sousadasagartofmanygeometricalgorithms(eg convexhull,
neaestpair of points inthe ne).

3.1 FundamentalsofDivide-and-Conquer Algorithms
Thisisamethodofelsgningalgorithmstat(informally)proceedas follows:
Giveraninstanceof theproblemtobesolved,

split thisintoseveral, smaller,sub-instances(ofthesame poblemn)
independently solveeachof thesub-instances
andthertombinehesub-instancesolutionssoastoyieldasolution for
theaiginalinstance.

Thediagambelow representsthedivideand-conquer technique:

Problem ofizen

subprobl 2

of sizen/2 of sizen/2
solu¥on to solutioh to
subproblem1 subproblem?2

v

solution tothe
originalproblem
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Exampleso@lgorithmsthaddoptthestrategyofdivide-and-conquer
algorithms aremergesort, quicksortandbinary search.

3.3 Practical Proof ofDivide-and-Conquer Algorithms
Consideran algorithm,alpha say,which isknown tosolve al problem
instancesof sizenin  atmostcn*Xtepgwherecis some constant).We
thendswoveranalgorithm,betasay, whichsolves theameproblemly:
1.Dividinganinstanceinto 3ub-instancesofsizen/2.
2.S0lving these 3sub-instances.
3.Combiningthetineesub-solutionstakinglnsteps todothis.
Suppase our aiginal algorithm, alpha, is usedtocarryoutste?.
Let
T(alpha(n) = Runningtimeofalpha
T(beta)(n) = Runningtime ofbta
Then,
T(@lpha(n) = cn*2(by definition ofalpha)
But
T(beta)(n)=3 T(alpha(n/2) + dn
=(3/4)(cn”*2) + dn

Soif

dn<(cn"2)/4(i.e. d<cn/4)
then

betaisfaster thanalpha

Inparticularforall largeenougm,(n>4d/c=Constant),betaisfaster
tharalpha

Thisrealisationofbetaimprovesuporalphabyjustaconstanfador.
Butiftheproblensize, n, is largeenoughthen

n >4d/c
n/2 >4dc

n/2"’.‘i>4d/c
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whichsuggests thatisingbetainsteadof alphafor theisolves thesed
stager epeatedlyuntilthesub-sub-sub..sub-instancesareokizen0<= (4d/c)
will yielda still faster algorithm.

So consider thefollowingnewalgorithm for instancesofsizen
procedure gammdn:problem size) is
begin
if n<= n"-0then
SolveproblemwsingAlgorithm alpha
else
Split into 3sub-instancesofsizen/2; Use
gammaosolveeachsub-instance;
Combinethe3ub-solutions;
end if;
end gamma

LetT(gamma(n) denotetherunningtimeofthiglgorithm.
cn2 ifn< =n0

T(@amma(n) =
3T(gamma(n/2)+dn otrerwise

4 0CONCLUSION

Y oushouldhaveurderstoodsorting andwhetthedivideandconquer
techniqueisall about.

5.0SUMMARY

Sortingisthearrangementof temsina pedeterminedader. Divide-
andi Conquer algorithmgrequire dividing poblems intcsub-
instances,solvingthesesub-instances andcombining the
solutionstothsub-instancestoformtheaiginalsolution.

6.0 TUTOR-MARKEDASSGNMENT
1. Writeapseudocodefor a divideand-conquer algorithm for
finding a paition ofthdargegelementinanarrayof nnumbes.

2. Findouboutthelbute-forcealgorithm andcompaeitwith the
divide-and-conqueralgorithm.
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UNIT2 MERGESORT
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1.0 INTRODUCTION

Thisunitdescribesmergesort sorting tednique.ltexplains mege sort as
anexampleof divide-and conquer algorithm.

2.0 @IECTIVES
Attheendof thisunit,youshouldbeableto:

givethepracticalmeaningof mege sort
presentthemege sort algorithm
statetherformarcesofthemerger sortalgorithm.

3.0 MAINCONTENT

3.1 Undestanding Mergesort

Mergesortisanexampleof anapplication that adoptsthe strategyofthe
divide-and-conquer technique.It sortsagvenarrayE[0..n T 1]by dividingit
intotwohalvesE[0..[n/2] 1] andA[[n/2]..ni 1],sorting eachof

themrecursively, andthemmergingthetwo smaller sorted arrays into a
singlesortedore. This figurerepresents thenergesorttechnique.
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3.2 TheMergeSort Algorithm

ALGORITHMMergesort(E[O..ni 1])
//SortsarrayE[0..ni 1] byreaursivemeage sort
/lInput: AnarrayE[O..ni 1] oforderableelemernts
//Output: ArayE[O0..ni 1] sortedinnordeaeasingorder if
n>1
copyE[0..[n/2] T 1]to B[O..[n/2] T 1]
copyE[[n/2]..ni 1]to C[0..[n/2] T 1]
Mergesort (B(O..[n/2i 1])
Mergesort (C[0..[n/2] T1])
Merge(B, C, E)

Themeging oftwo sorted arrayscan bedwme asfollows. Two pointes
(arrayindices)areinitialisedtopoint tothéirst elementsof thearrays being
merged. Then the elements pointed tcare compaed and thesmallerof
themsaddedtoanew  arraybeingconstructed;  afterthat,the  indexof
thatsmalledlementisincementedtopointtoitsimmediatesuccessor  inthe

arrayit wascopiedrom.Thisoperationiscontinued untiloneofthe
twogivenarraysis exhausted,andthen theremaining elementsoftheoher
array arecopiedtothendof therewarray.
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ALGORITHMMerge(BJ[O..pi 1],C[0..gi 1],E[O..p+ G 1])
/IMergestwosortedarrays into onesortedarray
llInput: Arrays B[O..pi 1] and C[0..gi 1] bothsorted
//Output:Sorted arrayA[0..p+ 1i 1] oftheslemerisof BandC
i'0gj ! ok! O
whilei< pandj< gqdo if
B[I] CIj]

E[K]' B[I];i! i+1
elseAlk] ! C[jI;)! j+1
k! k+1
ifi=p
copy CJj..qgi 1]toE[K..p+ d 1]
elsecopy BJi..pi 1] to E[K..p+qi 1]

3.3 ThekEfficiencyof the MergeSort Algorithm

Theefficiencyofmergesortis
Cwas(n)  (nlogn)

Thedktailsofhowthi swasarrivedatwill be studiedinafuturestudyin
Algorithm Design.

4 0CONCLUSION

Thenmeaning andalgorithm of mergesorthasbeenpresented. The
worseca efficiencywasal sodisaussel.

5.0SUMMARY

Mergesortadopts thetrategyof divide-and- conqLer.
Itrequiresdividingthe  arrayintotwohalves  and sortingthem
reaursively,thenmerging thetwosmaller sorted arraysintoasingle ore.
Merge sort agorithm is divided into twe the mege sort( for
splittingandsorting  halves)andthemeger(formeging  twolalves
togethe).

6.0TUTOR-MARKEDASS GNMENT

1. Applymergesortto sortthelistg, X, A, M, P. L.Ein
alphabeticalorder.
2. Hovstableis thediwile-and-conquer agorithm?
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1.0 INTRODUCTION

Inthisunityouwill beintroduced toanewsortingtechnique  calledthe
Quicksort whichcouldoeusedin rearangingelemerisofanygivenarray.

2.0 BJECTIVES
Bytheendof thisunit, youshouldbeableto:

evaluatetheprocedures involvedinaqicksort algorithm
transversearrayusingthequiclsort algorithm.

3.0 MAINCONTENT

3.1 Introduction to Quick Sat

Quick sortisanotherimportantorting agorithmthaisbaselonthe divide
and-conquer approach.Unlikemege sort,whichdividesits inpuiselements
accordingtoheirposition inthe array,quick sort divides themeccording to
their value. Spedfically, it rearanges elementsof agivenarrayA[0..n i

1] to achieveits partitionasituation wrere al theelements
beforesomepaitionsare smallerthanoequalto Als] and
dlthedlemernsafterpasitionsare geaerthanoequalto g s):

A[0]é a[sil] 49| ds+ 1é anil]
All are A al are Als|s

Obviously,aftergpartitionhasbeenachieved, A[s|swillbeinitsinal
paositioninthesortedarray,andwecancontinuesortingthetwaub
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arrays of theeements pecealing and following A[s|s independently
(e g.bythesamemethodl.

3.2 TheAlgorithm

ALGORITHMQquicksort(A[l..r])

//Sortsasubarraybyquicksort

llInput: Asub arrayA[l..r] of A[O..ni 1],definedbyitsleft and right
indices

/l landr
//Output:Thesub arrayA[l..r] sortedina nondaeasngorder if
i<r

s! Partition([Al..r])//sisasplit position
Quicksort(A[l..si 1])
Quicksort(A[s+1..r])

ApartitionofA[0..ni 1]Jand,maegenerally,ofitssubarraya[l..r](0 I<r  ni
1)canbeachievedbythefollowingalgorithm. First,we
sdedanelementwithrepedtowhasevaluewearegoingtodividethe
subarray.Becauseofitsguidingole,wecdlthiselementthepiva
Thereareseveradiff erentstrategiedorsdedingapivot;wewilketurn
tothisissuewhenweanaly sethealgorithméseff iciency.Fornow,we
usethesimpleststrategyofsel ectingthesubarraysfirstelement: p=
Alll.

Threesituationsmaywrise,dependingonwletherornotthecanning
indiceshavecrossed.lfscanningindiceslandjhavenotrossed, i.e., |

<j, we simply exchange Ali] and A[j] and resume thescans by
incrementinglanddeaementing jreectively:

[ I
P dlae p p ... palae

If thescanningindiceshave crossedover,i.e.l >I,wehavepartitioned
thearray afterexchangingthepivot withAj]:

P alare p pal are p
Finally,if  thescanningindiesstopwhilepointingtotheame  element,
i.e.,I=j,thevaluetheyarepointingtonustbeequalto p(why?).Thus, we rave
partitionedthearray:

P dlae p =pdlae p

Wecancombinedthelastcasewiththecaseofcrosseal-overindices(I>
J)byexchangingthepivot with A4j] wheneverl .
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Here is gosaudocode implementing figpartitioningprocedure.

ALGORITHM Partition (A[l..r])
//Partitionsasubarraybyusingitsfirstelements a pivot
llInput: Asub arrayA[l..r] of A[O..ni 1],definedbyits left
andright
Il indieslandr(l<r)
//Output: a prtition of A[l..], with thesplitposition returnedas
Il thigunctionGsval ue

p! &l]
[ O I e i
reped
repedl ! |+ luntil A[l] p
repedj! ji luntil A[j] p
swap(A[I] ,A[T)
until I j
swap(A[l],A[j]) //luno bstswapwhenl! |
swap(A[l],A[j]
returnj

3.3 TheEfficiencyofQuick SortAlgori thm

TheefficiencyofQuicksortis
Cuosi(n) (M%)

Cres(n)  (nlogn)

Cag(n) =0

Thedetailsofhowthiswasarrivedatwill be studiedinhestudyin
Algorithm Design.

4.0 CONCQUSION
Thisunihaspresentedanothertypeafortingtechniquecalledthe quick sort

technique which divigsits impatant elements according to their
position or valuetothearray.

5.0 SUMMARY
Quicksortis another impaortantsortingalgorithm thatsbaselon

thedivide-and-conquer approad.
Itdivides theinputlementsaccordingtotheir regpedivevalues.
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6.0 TUTOR-MARKEDAS3SGNMENT

a Design analgorithm tarearangeelemertsof a gven arrayof n
rednumbessothat allits negativeelementsprecaleallits
pasitiveelements. Your algorithm shouldoebothtimeandspace
efficient.

b. Applyquickortto sorttheE, X, A, M,P.L, E

7.0 REFERENCESFURTHERREADINGS
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1.0 INTRODUCTION

Thisunitinroducesthebnaryseach agorithmaswell asits efficiency and
thepoceduresinvolvedin  taversing theslemensofanygiven array.
Thebnary searchisan eff ectivewayof traversing arrays.

2.0 BJECTIVES
Attheendof thisunit,youshouldbeableto:

explainhowhebinay searchoperates

explain how he binay search is sl to raverse an array of
elements

explainthealgorithm of thebinayseach
explainthesfficiencyof thebinayseach.

3.0 MAINCONTENT

3.1 Understanding the BinarySearch

TheBinarySearch

Thebinay searchisaemakably efficient algorithm forseachingina
sorted array.ltworksbycompainga searchkeyK withthearrayGs middle
element A[m].Iftheymatch,the algorithmstops; othawise,the

sameqperationisrepeatedrecursivel yforthdirsthalfoft hearrayifk
< A[m] and for thesecondhelfif K> [m]:
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K
A[O]. .. Amil] Alm] A[m+1]... .Anil]
Seachhere if searchhereif
K < A[m] K> A[m]

As anexample,letus applythebnary searchtosearching for K= 70in therray
314 27 3139 4255 7074 81 8593 98
Theiteationsof thealgorithm aregiveninthefollowingtable:

Index0 1 2 3 4 5 6 7 8 9 m
12
Vaue3 1427 31 39 42 55 70 74 81 85 93
98
Interation 1 |
Interation 2 |
Interation 3 |,

r
r
r

333

3.2 TheAlgorithm

Although thebinaysearch isclearlybased on aecursiveideait can be
easily implementedasanomecursive algorithm,too.Hereisaseudo code
for thisnomeaursiveversion:

ALGORITHM BinarySearch(A[O..ni 1],K)
/lImplements noreaursivebinayseach
/lInput: AnarrayA[O..ni 1] sortedinescendingader and
I &earchkeyK
//Output: Anirdexof thearray@elementhatis equaltoK
Il ori 1if there is nauchelement |
FOr! nil
whilel rdo
m!  [(I+ r)/2]
if K=A [m]returnm
elseif KSA[m]r! mil
elsell m+1
returni 1

3.3 ThekEfficienciesothe BinarySearch

Theefficienciesof thebinayseach are
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Cuwors(n)  (logn)
Cb&gt(n) =1
Caw(n) =(logzn)

Thecetailsofhowth swasarrivedatwill be studiedininAlgaithm
Design.
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4.0 CONQ.USION

Thisunihaspresentedanother eff edivewayoftransversing arrays through
the binay seach agorithm which  waks by comparing a
searchkeywiththearraysd  mieldnaert &[m].

5.0 SUMMARY

Thisunithas disaussedthebinayseach
Thebinay searchisbasedonrecursivedatawnhilethe
implementationibasedonnonrecursivealgorithm.

6.0 TUTOR-MARKEDASSGNMENT

Writea programin anyprogramming langagetoimplementtebinay
searchonany sdof integers.

7.0 REFERENCESFURTHERREADINGS

Cormen,T.H., Leiseson,C.F. Rivest, R.L.,Stein,C.
(2009) .Introduction toAlgorithms(3™®) CambridgeM/T Press

Goodich, M.T., and Tamassia, R. (2002. AlgorithmDesign.
FoundationsAnalysis,andInternet Examples. NewYork: John
Wiley& Sons.

Tucker, A.BandNooran,R (2006. Programmind.anguagsi
PrinciplesandParadigns. (2"ed). McGrawi Hill College.

http://mathworld.wolfram.com/QueensProblemhtml .http://mathwo

rld.wolfram.com/QueensProblemhtml.
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1.0 INTRODUCTION

Thisunitinroducesyou to theselectionsort algorithmused in scanning the
al thegiven elemerisof an arraytofindits smallest element and
substituteit withinthdirstelement.

2.0 OBJECTIVES

Attheendof thisunit,youshouldbeableto:

9 describehowselectionsortoperates
1 explainhowselection sortisusedtotransverse
elementsinanarray describean algorithm oftheselection sort.

3.0 MAINCONTENT
3.1 Selection Sd

We start sdedion sort by scanning theentire gven list to find its
smaledelement andexchangeit withthdirstelement,puttingthesmalles
elementinitsfinalpasition inthesortedlist. Thenwescanthe
list,startingwiththesecondelemen, tofindthesmallestamongthelat ni 1
elementsandexchangeitwiththesecond elemer,putting the second
smalleg elementinit§inalpasition.Generaly, ontheith jass through he
list, which we numberfrom O to ni 2, the agorithm searchesforthe
smallest itemamong thedst ni lelemeris and swapsit with Ai:

Ao Ar € AL Anin o A
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Intheirfinalpasitions tHagn-lelements.

After i 1passes,thelistis sorted.

3.2 TheAlgorithm

Here is goseudocodeofthisalgorithm,which,for simplicity, assumes
thathelistis implementeas anarray.

ALGORITHM Selection Sort(A[O..ni 1])
//[Thealgorithm sortsa givemrrayby selectionsort
l/Input: AnarrayA[O..ni 1] of orderableelements
//Output: ArayA[O..ni 1] sortedinascendingader for
il Otori 2do
min! i
forj! i+ ltori 1do
if A[j]< A[min] min! j
swapA[i] andA[min]

As anexample,theaction of thealgorithm onthelist®,45,68,90,29,
34, lisillustratedirfigure

89 45 68 90 29 34 17
17 45 68 90 29 34 89
17 29 68 90 45 34 89
17 29 34 90 45 68 89
17 29 34 45 90 68 89
17 29 34 45 68 90 89
17 29 34 45 68 89 90

Figure:Selection sort@sgperationontheist89,45,69,90,29,34,17.
Eadlinecorrespondstooneitetionof thealgorithm,i.e.,,apess
throughtheliststailtotherightof ~ theverticalbar;an  element  inbold
indicatesthesmallest  elementfoundElementstothelgof  thevertical
bararein  theifinalpositions  andarenot consideredin  thisand
subseguentiterations.

3.3 TheEfficiencies

Thus,selectionsortisa (n®)agorithmonrallinputs.Note,however,
thatthenumber of dyswapdsonly  (n)or,marepedsely,ni 1(one for
eachrepetitionofthe lloop.Thispropertydistinguishesselection
sortpositivelyfrommanyother sorting algorithms.
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4.0 CONQ.USION

Bynow, you shouldbeabletasort anarrayofelemernsinadesred arder,
usingtheselectionsortalgorithm.

5.0 SUMMARY

Thisunitfurtherexplainsselectionsort, itsalgorithm, and
efficiencies.

Thenumberof &y swapssorly (n) o, maepedsely,ni 1
whichdistinguishesit fromothersortingalgorithms.

6.0 TUTOR-MARKEDASSGNMENT

a. lllustrate selection sort using any set of sample data

b. Writea programin anyprogramming langagetoimplementasel ection
sortonany seof integers.

7.0 REFERENCESFURTHERREADINGS

CormenT.H.,Leisason,C.F.Rivest,R.L.,Stein,C.(200)Introduction
toAlgorithms (3"%ed). CambridgeM/T Press.

Goodich,M.T.,andTamassia,R.(2002.AlgorithmDesign.Foundatiors,
Analysis,andInternetExamples. NewYork: Johnwiley& Sons.

Tucker A.B and Noman R. (2006. ProgrammingLanguages i
PrinciplesandParadigns. (2"ed). McGrawi Hill College.

http://mathworld.wolfram.com/QueensProblemhtml .http://mathwo

rld.wolfram.com/QueensProblemhtml.
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UNIT6 BUBBLESORT
CONTENTS

1.0 Introduction
20 Objetives
3.0 MainContent
3.1 UndcrstandingBubble Sort
3.2 TheAlgaithm
3.3 Efficiencies ofBubdeSort
4.0 Conclusion
5.0 Summay
6.0 Tutor-MarkedAssgnment
7.0 Réerences/FurthemRealings

1.0 INTRODUCTION

Thebubble sortisal soanothekeff ectivewayinthevarietyof sort
techniquesavailableinprogrammingltwill beintroducedinthisunit as well
as itslgorithm.

2.0 GBJIECTIVES

Attheendof thisunit yoshouldoeableto:

explainhowbublbesortoperates
explainhowbublbesortisusedtotransversearrayofhomogenous
elements

describethealgorithm ofbubblesort

explaintheefficiencyof thebubblsort algorithm.

)l
)l
1
1
3.0 MAINCONTENT
3.1 Undestanding Bubble Sat
Another vute-forceapplicationtothesortingproblenisto compae
adjacentelemertisofthelist and exchangehemiftheyareoutof ader. By
doing itrepeaedly,we end upfb u b b | ihelages éntent to thiad
pasitionon thelst. Therext passbublbesupthe secondarged
element,andsoonuntil, after i 1passesthelistissortedPass| (0 |
ni 2) of bubbleortcanberepresentedbythefollowingdiagam: AO,

6, 1Aj 1., Av-lAni 6 1 A
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Theaction of thealgorithm onthelist®,45,68,90,29,34,17is
illustratedas anexample.

BubbleSort

89145 68 90 29 34 17
45 89168 90 29 34 17
45 68 89190 129 34 17
45 68 89 29 9134 17
45 68 89 29 34 947
45 68 89 29 34 17|90

45168 189 129 34 17 |90

45 68 29 8334 17 1|90

45 68 29 34 8bA17 |90

45 68 29 34 17 89 €D

Thefirsttwopassesof bubbleortonthelist89,4,68,90,29,34,17.
Notethataew line isshowreftera swapoftwo elementsisdae.The
elementstotheightofthe\erticalbarareintheifinalpositionsand are  not
consideredin subseguentiterationsof thelgorithm.

3.2 TheAlgorithm
Here is g@seudocode of thisigorithm.
ALGORITHMbubblesort(A[O..ni 1])

/[Thealgorithm sortsarrayA(0..ni 1] bybubbesort
/lInput: Anarray g0..ni 1] of orderableelemerts
//Output: ArrayA[O..ni 1] sortedinascendingader for
| I Otori 2do

forj! Otori 2il do

if A[j+ 1]< A[j]swapA[j] andA[j+ 1]

3.3 TheEfficiency

Itisalso in U (n? in the wast and average cases.In fad, even among
elementarysorting method,bubble sortisaninferiorchoiceand,ifit were
notfor itscachyname, youwouldpobablynever hea of it.

4.0 CONQQUSION
Bynowyoushouldbeabletowse ~ thebubblsort,  havingdiscovered

thatitis dastandeasywaytotransverse anarrayofanygivensetof
elements.
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5.0 SUMMARY
Intheunit youlve justconcluded,thefollowingwereexamined:
Thebubblsortalgorithm.

Itswayof sorting elements ofanygivenrarray.
Bubblesort eff ectiveness.

6.0 TUTOR-MARKEDASSGNMENT

a. Writea pogramin anyprogramming langagetoimplementiebubble
sortalgorithm onany setof integers.
b. Determine the better one between Quick sort and Bubble sort

7.0 REFERENCESFURTHERREADINGS

Cormen,T.H., Leiseason,C.F. Rivest, R.L.,Stein,C. (2009).
Introduction to Algorithms(3"ed). Camlridge:M/TPress.

Goodich,M.T.,andTamassaR. (2002 .AlgorithmDesgn.
FoundationsAnalysis, and Internet Examples. NewYork: John
Wiley& Sons.

Scott, M. L. (2015). Programming Language Pragmatics 4th Edition

Tucker, A. BandNoman, R . ( 2008 ProgrammingLanguags i
PrinciplesandParadigns. (2"ed). McGrawi Hill College.

http://mathworld.wolfram.com/QueensProblemhtml.

http://mathworld.wolfram.com/QueensProblemhtml.
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UNIT7  SPECIAL PROBLEMSAND ALGORITHMS
CONTENTS

1.0 Introduction
20 Objetives
3.0 MainContent
3.1  Hill Climbing Technique
3.2  KnighttourProblem
3.3 NQueen Problems
3.4 Game Trees
3.5 Subset Sum
3.5 Text Segmentatiohongest Increasing Subsequence
4.0 Conclusion
50 Summay
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1.0 INTRODUCTION

Thisunishowssomespedalproblemsandalgorithms.Hillclimbing can
bewsad tosolve poblemshathavemanysolutions,butwhere  some
solutionsare ketter thanothes.

2.0 BGJECTIVES
Attheendof thisunit yoshouldbeableto:

operatethehill climbing technique
showhowhillclimbing is
usedtosolveproblems
relvetheKnighéstour poblem

describeandresolveann*ntour goblem
knighttour Problem

understand MQueen Problems
describe Game Trees

understand Subset Sum

)l
T

E E E

3.0 MAINCONTENT
3.1 Hill ClimbingTechnique

Hill climbingisanoptimisationtedhniquewhchbelongstothéamily of local
search. Itisarelativelysimpletechniquetoimplenent,making it apopular
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first  choice. Although maeadvancedalgorithmamaygive ketter
reallts,thereare situationswherehillclimbing warks well.

Hill climbingcanbeusedtosolveproblemsthatavemanysolutions
butwheresomesolutionsarebetter thanaters. Thealgorithm isstarted witha
(bad)solutiontotheproblem,and sequentiallymakes small
changestothesolution eachtimeimprovingita littlebit.At  somepoint
thealgorithm arrivesata pointwlereitcannotseeanyimprovement
anymore,atwhichpointthelgorithmterminaies.ldedly,atthatpointa
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solution ifoundthatislosetooptimé, butitisnotgaranteedthathill
climbing willever comeclosetoheoptimasolution.

Anexampleofapoblemthat canbesolvedwithhill climbingisthe
Travellingsalesmanpoblemltiseasytofindasolutionthatwillvisit althe
citiesbutthssolution will probablybeverybadcompaedtothe

optimakolution.The algorithm startswith such a solutionandmakes
smallimprovemertstoit suchasswitchingtheaderinwhichtwo  citiesare
visited.Eventually,a muchbetter routdsobtaned.

Hill climbingisusedwidelyin  artificial  intelligencéields,forreating
aga statdromastartingnade. Thechoiceof nextnodeand starting node
canbe \ariedtogiveaistof relatedalgorithms.

Hill climbingterminatesvhentheaearencsuccessorsofthecurrent state
which are better than he current state itself. This is dten a poblem.
For example, consider thefollowingroutemap:

Thesproblemsareessentially thereault oflocalmaximaintheseach space-
pointswhiclarebettertharanysurroundingstate, butwhch

arenot the solution.There are somewaysin whichwe can get round thigto
some extent) bytweakingorextendinghealgorithmabt.We coulduse a
limited  amountof lacktracking,  sothatverecord aternative
reasonablelooking@thswhichweren'ttakenandgolacktothem.Or we
couldwegken theedrictionthattherext statehesto belatterby
lookingaheadabitinthesearch-maybethemxtbutonestateshould
beletterthanthe currentore.Noneof thesesolutiongsperfed,andin
generahill climbing isorlygoodor alimited classofproblemswhere
wehave an evauationfunctionthatfairlyaccuratelypredictsthe adual
distancetoasolution.

Thiscanbedesaibedss follows:

1. Startwith current-state= initial-state.
2. Untilcurrent-state=goal -state ORtheeisnachangein
current-statedo:

a. Getthesuccessorsofthecurrentstateandusethe eval uation function
toassigna scoretoeachsuccessr.

b. Ifoneofthesuccessorshasaletterscorethantheurrent-state
thersetthenewcurrent-statetobetheuccessorwiththebeg
saQore.

[foneofthe successorshesaletterscorethan he current statethen set
thenewcurrent statetobe theuccessor with thebestscore.
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Note that thealgorithmdoesnot attempt to exhaustivelytryeverynode
andpath,sononalelistoragendasmaintainegustthecurrentstate.  Ifthere
arelogpsin  theseachspacethen @ing hill  climbingyou shouldn't
encounter them youcan'tkegpgoingup andstill getbackto  where
youwerebefore.

3.2 TheKnight&si Tour Problem

Aknight'stourofa chessboard of any other grid) is a sequence of moves

by a knight chess pmce (which may only make moves which
simultaneously shift one square along one axis and two along the other)
such that each square of the board is visited exactly once. It is therefore a
Hamiltonian path orthe graphs consisting of vertices corresponding to
the chessboard squares and edges corresponding to legal knight moves.
If the final position of such a tour is a knight's move away from the
initial position of the knight, the tour =alled a reentrant or closed, and

is therefore ddamiltonian circuit.The figures below show six knight's
tours on arf =8 chessboardall but the first of which are rentrant. The

final tour has the additional property that it issami magic square with

row and column sums of 260 and main diag@ouahs of 348 and 168.

i)
e

Kok oo e
# e e
AT

Figures: SixKnightésTouronan8 * 8 chessboard

The "#Zknight'stourgaphisagaphon *%verticesinwhicheach vertex
represeits a sguare in an mxltchessboardnd each edge

correordstodegalmovebyaknightThe mxiknightstourgaphis
implementedsK ni g ht 6 s [lmpnhimth® Matherhatica pdkage.

Thenumberaddgesinthe ~ #*Zkniaht'stourgaphis 4 (#-21#-1)(8
timesthériangular numbergyofor # = 1,2,...,thd=irstfewvalume
0, 0, 8, 24, 48, 80, 120Q,

The numbes of (undireded) closed knight's tous on a [2#x[2#]
chessboardfor’=1,2,...are00,9862,1326736441023... Thereare no
closed tousfor #*#poards with ®odd. The number otycles covering

the drected knigh's gaph for an  §x8chessboardwas
computedbyL 6bbingandWegener(1996ps812113023375370280 They
aso computed the number of umdded tous, obtaining an
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incorredanswerof33439123484294vhichisnotdivisibldy4asit must be),
andsoareredoingtheaculationTheapparentlycorred
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