
SortingSortingreferstoarrangingdatainaparticularformat.Sortingalgorithmspecifiesthewayto

arrangedatainaparticularorder.Mostcommonordersareinnumericalorlexicographicalorder.

Theimportanceofsortingliesinthefactthatdatasearchingcanbeoptimizedtoaveryhighlevel,if

dataisstoredinasortedmanner.Sortingisalsousedtorepresentdatainmorereadableformats.

Followingaresomeoftheexamplesofsortinginreal-lifescenarios−

TelephoneDirectory−Thetelephonedirectorystoresthetelephonenumbersofpeoplesortedbytheir

names,sothatthenamescanbesearchedeasily.

Dictionary−Thedictionarystoreswordsinanalphabeticalordersothatsearchingofanywordbecomes

easy.

In-placeSortingandNot-in-placeSorting

Sortingalgorithmsmayrequiresomeextraspaceforcomparisonandtemporarystorageoffewdata

elements.Thesealgorithmsdonotrequireanyextraspaceandsortingissaidtohappenin-place,orfor

example,withinthearrayitself.Thisiscalledin-placesorting.Bubblesortisanexampleofin-place

sorting.

However,insomesortingalgorithms,theprogramrequiresspacewhichismorethanorequaltothe

elementsbeingsorted.Sortingwhichusesequalormorespaceiscallednot-in-placesorting.Merge-sort

isanexampleofnot-in-placesorting.

StableandNotStableSorting

Ifasortingalgorithm,aftersortingthecontents,doesnotchangethesequenceofsimilarcontentin

whichtheyappear,itiscalledstablesorting.

StableSorting

Ifasortingalgorithm,aftersortingthecontents,changesthesequenceofsimilarcontentinwhichthey

appear,itiscalledunstablesorting.



UnstableSorting

Stabilityofanalgorithmmatterswhenwewishtomaintainthesequenceoforiginalelements,likeina

tupleforexample.

AdaptiveandNon-AdaptiveSortingAlgorithm

Asortingalgorithmissaidtobeadaptive,ifittakesadvantageofalready'sorted'elementsinthelist

thatistobesorted.Thatis,whilesortingifthesourcelisthassomeelementalreadysorted,adaptive

algorithmswilltakethisintoaccountandwilltrynottore-orderthem.

Anon-adaptivealgorithmisonewhichdoesnottakeintoaccounttheelementswhicharealready

sorted.Theytrytoforceeverysingleelementtobere-orderedtoconfirmtheirsortedness.

ImportantTerms

Sometermsaregenerallycoinedwhilediscussingsortingtechniques,hereisabriefintroductionto

them−

IncreasingOrder

Asequenceofvaluesissaidtobeinincreasingorder,ifthesuccessiveelementisgreaterthanthe

previousone.Forexample,1,3,4,6,8,9areinincreasingorder,aseverynextelementisgreaterthan

thepreviouselement.

DecreasingOrder

Asequenceofvaluesissaidtobeindecreasingorder,ifthesuccessiveelementislessthanthecurrent

one.Forexample,9,8,6,4,3,1areindecreasingorder,aseverynextelementislessthantheprevious

element.

Non-IncreasingOrder

Asequenceofvaluesissaidtobeinnon-increasingorder,ifthesuccessiveelementislessthanorequal



toitspreviouselementinthesequence.Thisorderoccurswhenthesequencecontainsduplicatevalues.

Forexample,9,8,6,3,3,1areinnon-increasingorder,aseverynextelementislessthanorequalto(in

caseof3)butnotgreaterthananypreviouselement.

Non-DecreasingOrder

Asequenceofvaluesissaidtobeinnon-decreasingorder,ifthesuccessiveelementisgreaterthanor

equaltoitspreviouselementinthesequence.Thisorderoccurswhenthesequencecontainsduplicate

values.Forexample,1,3,3,6,8,9areinnon-decreasingorder,aseverynextelementisgreaterthanor

equalto(incaseof3)butnotlessthanthepreviousone.Bubblesortisasimplesortingalgorithm.This

sortingalgorithmiscomparison-basedalgorithminwhicheachpairofadjacentelementsiscompared

andtheelementsareswappediftheyarenotinorder.Thisalgorithmisnotsuitableforlargedatasets

asitsaverageandworstcasecomplexityareofΟ(n2)wherenisthenumberofitems.

HowBubbleSortWorks?

Wetakeanunsortedarrayforourexample.BubblesorttakesΟ(n2)timesowe'rekeepingitshortand

precise.

BubbleSort

Bubblesortstartswithveryfirsttwoelements,comparingthemtocheckwhichoneisgreater.

BubbleSort

Inthiscase,value33isgreaterthan14,soitisalreadyinsortedlocations.Next,wecompare33with27.

BubbleSort

Wefindthat27issmallerthan33andthesetwovaluesmustbeswapped.

BubbleSort

Thenewarrayshouldlooklikethis−



BubbleSort

Nextwecompare33and35.Wefindthatbothareinalreadysortedpositions.

BubbleSort

Thenwemovetothenexttwovalues,35and10.

BubbleSort

Weknowthenthat10issmaller35.Hencetheyarenotsorted.

BubbleSort

Weswapthesevalues.Wefindthatwehavereachedtheendofthearray.Afteroneiteration,thearray

shouldlooklikethis−

BubbleSort

Tobeprecise,wearenowshowinghowanarrayshouldlooklikeaftereachiteration.Afterthesecond

iteration,itshouldlooklikethis−

BubbleSort

Noticethataftereachiteration,atleastonevaluemovesattheend.

BubbleSort

Andwhenthere'snoswaprequired,bubblesortslearnsthatanarrayiscompletelysorted.

BubbleSort

Nowweshouldlookintosomepracticalaspectsofbubblesort.



Algorithm

Weassumelistisanarrayofnelements.Wefurtherassumethatswapfunctionswapsthevaluesofthe

givenarrayelements.

beginBubbleSort(list)

forallelementsoflist

iflist[i]>list[i+1]

swap(list[i],list[i+1])

endif

endfor

returnlist

endBubbleSort

Pseudocode

WeobserveinalgorithmthatBubbleSortcompareseachpairofarrayelementunlessthewholearrayis

completelysortedinanascendingorder.Thismaycauseafewcomplexityissueslikewhatifthearray

needsnomoreswappingasalltheelementsarealreadyascending.

Toease-outtheissue,weuseoneflagvariableswappedwhichwillhelpusseeifanyswaphas

happenedornot.Ifnoswaphasoccurred,i.e.thearrayrequiresnomoreprocessingtobesorted,itwill

comeoutoftheloop.

PseudocodeofBubbleSortalgorithmcanbewrittenasfollows−

procedurebubbleSort(list:arrayofitems)



loop=list.count;

fori=0toloop-1do:

swapped=false

forj=0toloop-1do:

/*comparetheadjacentelements*/

iflist[j]>list[j+1]then

/*swapthem*/

swap(list[j],list[j+1])

swapped=true

endif

endfor

/*ifnonumberwasswappedthatmeans

arrayissortednow,breaktheloop.*/

if(notswapped)then

break

endif

endfor



endprocedurereturnlist

Implementation

Onemoreissuewedidnotaddressinouroriginalalgorithmanditsimprovisedpseudocode,isthat,

aftereveryiterationthehighestvaluessettlesdownattheendofthearray.Hence,thenextiteration

neednotincludealreadysortedelements.Forthispurpose,inourimplementation,werestricttheinner

looptoavoidalreadysortedvalues.

Thisisanin-placecomparison-basedsortingalgorithm.Here,asub-listismaintainedwhichisalways

sorted.Forexample,thelowerpartofanarrayismaintainedtobesorted.Anelementwhichistobe

'insert'edinthissortedsub-list,hastofinditsappropriateplaceandthenithastobeinsertedthere.

Hencethename,insertionsort.

Thearrayissearchedsequentiallyandunsorteditemsaremovedandinsertedintothesortedsub-list(in

thesamearray).Thisalgorithmisnotsuitableforlargedatasetsasitsaverageandworstcase

complexityareofΟ(n2),wherenisthenumberofitems.

HowInsertionSortWorks?

Wetakeanunsortedarrayforourexample.

UnsortedArray

Insertionsortcomparesthefirsttwoelements.

InsertionSort

Itfindsthatboth14and33arealreadyinascendingorder.Fornow,14isinsortedsub-list.

InsertionSort

Insertionsortmovesaheadandcompares33with27.



InsertionSort

Andfindsthat33isnotinthecorrectposition.

InsertionSort

Itswaps33with27.Italsocheckswithalltheelementsofsortedsub-list.Hereweseethatthesorted

sub-listhasonlyoneelement14,and27isgreaterthan14.Hence,thesortedsub-listremainssorted

afterswapping.

InsertionSort

Bynowwehave14and27inthesortedsub-list.Next,itcompares33with10.

InsertionSort

Thesevaluesarenotinasortedorder.

InsertionSort

Soweswapthem.

InsertionSort

However,swappingmakes27and10unsorted.

InsertionSort

Hence,weswapthemtoo.

InsertionSort

Againwefind14and10inanunsortedorder.



InsertionSort

Weswapthemagain.Bytheendofthirditeration,wehaveasortedsub-listof4items.

InsertionSort

Thisprocessgoesonuntilalltheunsortedvaluesarecoveredinasortedsub-list.Nowweshallsee

someprogrammingaspectsofinsertionsort.

Algorithm

Nowwehaveabiggerpictureofhowthissortingtechniqueworks,sowecanderivesimplestepsby

whichwecanachieveinsertionsort.

Step1−Ifitisthefirstelement,itisalreadysorted.return1;

Step2−Picknextelement

Step3−Comparewithallelementsinthesortedsub-list

Step4−Shiftalltheelementsinthesortedsub-listthatisgreaterthanthe

valuetobesorted

Step5−Insertthevalue

Step6−Repeatuntillistissorted

Pseudocode

procedureinsertionSort(A:arrayofitems)

intholePosition

intvalueToInsert

fori=1tolength(A)inclusivedo:

/*selectvaluetobeinserted*/



valueToInsert=A[i]

holePosition=i

/*locateholepositionfortheelementtobeinserted*/

whileholePosition>0andA[holePosition-1]>valueToInsertdo:

A[holePosition]=A[holePosition-1]

holePosition=holePosition-1

endwhile

/*insertthenumberatholeposition*/

A[holePosition]=valueToInsert

endfor

endprocedure


