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ABSTRACT

Emergenceofbigdata in today’sworld leads tonewchallengesforsortingstrategies toanalyze
thedatainabetterway.Formostoftheanalyzingtechnique,sortingisconsideredasanimplicit
attributeofthetechniqueused.Theavailabilityofhugedatahaschangedthewaydataisanalyzed
acrossindustries.Healthcareisoneofthenotableareaswheredataanalyticsismakingbigchanges.
Anefficientanalysishasthepotentialtoreducecostsoftreatmentandimprovethequalityoflifein
general.Healthcareindustriesarecollectingmassiveamountsofdataandlookforthebeststrategies
tousethesenumbers.Thisresearchproposesanovelnon-comparison-basedapproachtosortalarge
datathatcanfurtherbeutilizedbyanybigdataanalyticaltechniqueforvariousanalyses.
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INTRodUCTIoN

Foranyeffectiveanalysis,theefficientsortingtechniqueisrequiredimplicitly.Inthecontemporary
worldcomputationalspeedistheessentiallyimportant.Anycomputingdeviceshouldbeasfastas
possible.However,howcanwereachthehighspeedofthecomputingdevices?Duetopresenceof
rationalalgorithmsitisachieved.Asaresult,thecreationofanideal,orasclosetoitaspossible
algorithmisessential,Seth.A.et.al(2021).

Sortingisafundamentalandwell-studiedproblemthathasbeenstudiedextensively.Sorting
algorithmisanalgorithmthatputselementsofalistinacertainorder.Ithasstartedtocomeupin
thelate19thcentury.Initially,thesemethodswerecreatedonlyfornumbers.Subsequently,sorting
algorithmswere adapted for other data types.There exists lot of sorting algorithms in termsof
computationalcomplexity.Theperformanceofanyalgorithmsdependsonseveralfactorsthatmust
betakeninconsiderationsuchastimecomplexity,stability,memoryspace,Kharabsheh.K.S.et.al
(2013).Tocomparevarious sorting strategies,GoodrichM.et. al. (2010) andSipserM. (1996)
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mentionedseveralfactorsthatmustbetakenintoconsideration,primarilytimecomplexity;thetime
complexityreferstotheamountoftimetakenbyanalgorithmtoproduceresult.

WhenitcomestoStrings,allcomparativealgorithmsgivelargetimecomplexity.Therefore,a
non-comparativealgorithmcouldbeaniceapproachtoconsiderforsortingstrings.Radixsortisa
non-comparativesortingalgorithmwhichavoidscomparisonbycreatinganddistributingelements
intobucketsaccordingtotheirradix.Thissortingmethodallowstosortlargechunksofdatausingfair
complexity.Accordingtoradixsortauniquebucketforeveryletteriscreated.Thus,ifthelanguageis
English,27bucketsarecreatedonlyforlettersandtimecomplexityequalstoO(27n).However,whatif
thetaskistosortasentencewithwords(strings)whichcontainssymbolslikedots,commasorspaces?
Everysymbolwouldrequireanewbucketandthecomplexitywouldincreasedrastically.Inourworkwe
haveproposedanimprovedalgorithmwithanewtechniquetoreducebothtimeandspacecomplexity.

The idea is to sort strings interpreting each character as ASCII. This becomes a two-layer
radixsorting,whichoffersanopportunitytoapplysortingseverallayers,recurrentlywithlesstime
complexity.Sincealllettersandsymbolsareintherangeofthree-digitnumbersbyASCIIthetime
complexitywillbeconstant.Consequently,with10bucketsneededforeverydigitthetimecomplexity
equalsto30*O(n)regardlessofthelanguage,thelengthofthesentenceandappearedsymbols.

UsingthisRadixsortasacountingmethod,cansolvethisprobleminsuchawaythatlarge
chunksofanydata(includingstrings)aresortedbythemostrationalalgorithm.Thealgorithmis
implementedinjavaandphplanguagesandwillbediscussedinlatersections.

LIMITATIoNS oF AN EXISTING APPRoACH

Withgeneral radix sort approach, theproblem is that algorithmmustexamineeveryelementof
everyitembeingsorted.Ontheotherhand,comparison-basedsortstechniquesskipafairnumberof
sub-elements(digits,characters,etc.).Non-comparisonbasedsortingalgorithmsmakeassumptions
about the input.Toensure linear timecomplexity inputelementsareexpectedwithinarangeof
constantlengthwhereasincomparisonbasedmethodsnosuchassumptionabouttheinputisdesired.
Moreover,non-comparisonbasedmethodsaddsextramemorycostandlackingingeneralityofthe
input.Otherbehaviorofcomparison-basedmethodisthattheyneedtocallacomparatoroninput
elementsawholebunchoftimesandthismakestheminherentlyslower.

Itisneedlesstoremindthat,ininformationtechnologyscience,sortingalgorithmsareconsidered
tobeoneoftheessentialandmostusedtechniquesthatputselementsofalistincertaincorrectorder.
Thereisvariousmethodsandtypesareavailabletoapplythemindifferentkindofsituations.Asan
example,wecanconsiderComparisonandNon-Comparisontypesofsorting.Particularly,ifwe
takealookatNon-Comparisonsorting,wecanreleasethattherearedifferenttypesoftechniques
availabletouse,suchasCountingsort,BucketSort,RadixSortandetc.

Figure 1. Bucket sort example
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OperatingprincipleofRadixsortisrelatedtoBucketsort,whichmakesNiterationcalledpasses
foreverydigitofthemaximumnumberfromrighttoleftdirectionusing10buckets,from0to9,as
aresultofdigitrange.

ALGoRITHM FoR RAdIX SoRT

Step1:FindthelargestnumberinArrayasLARGE
Step2:[INITIALIZE]SETNOP=NumberofdigitsinLARGE
Step3:SETPASS=0
Step4:RepeatStep5whilePASS<=NOP-1
Step5:SETI=andINITIALIZEbuckets
Step6:RepeatSteps7to9whileI<N-1
Step7:SETDIGIT=digitatPASS’thplaceinA[I]
Step8:AddA[I]tothebucketnumberedDIGIT
Step9:INCEREMENTbucketcountforbucketnumberedDIGIT
[ENDOFLOOP]
Step10:Collectthenumbersinthebucket
[ENDOFLOOP]
Step11:END

Radixsortallowstomakesortingonarrayofcharacters,particularlyonStringdatatypes.To
achievethisgoal,Radixwilluse27bucketstosortstringscontainingonlycharacters,andatleast
40bucketstosortastringcontainingalphanumericcharactersratherthanusual10bucketstosort
onlynumbers.Aswecansee,thiswillleadtomoreSpacecomplexitycomparedtosimplenumbers.
Evenifinthisalgorithmthereisnoanylimitationsorgap,themaintaskandchallengeforusisto
reducethenumberofusedbucketsto10forstringsortingusingcharacterswithalphanumericand
keepalgorithminthefastwayasitisincontrasttoComparisonalgorithms.

Figure 2. Radix sort example
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PRoPoSEd ALGoRITHM

MultiLayerRadixSort(string,  delimiter){ 
   input  =  array  =  splitString(string,  delimiter); size = getMaxSize(array); 
   for(key  in  array){ 
      array[k]  =  normalizeStrings(array[k]);//  Make  strings   
      equal  in  length  
      array[k]  =  mapCharsToASCII(array[k]);//  Make  an  Array   
      of  ASCII  codes 
   } 
   indices  =  extractIndices(array); for(i=0;  i<size;  i++){ 
      iterationLetters  =  extractLetter(array,  i);  
      indices  =  radixSort(iterationLetters,  indices); 
   } 
   array = [];     // Flush temp array 
   for(i=0;  i<sizeOf(indices);  i++){ 
      array[i]  =  input[indices[i]];     //  Form  a  sorted  array 
   } 
   return  formString(array,  delimiter); 
} 

radixSort(lettersArray,  indices){ 
   exp  =  floor(log10(max($array)))  +  1;  
   for  (i  =  0;  i  <  exp;  i++)  { 
      buckets = []; 
      for  (k  in  indices){ 
         bucket  =  floor(lettersArray[indices[k]]/ pow(10,i)) %  
         10; enqueue(buckets[bucket],  indices[k]); 
        } 
        indices = []; 

        for(k  =  0;  k  <  10;  k++){  
               if(buckets[k]  !=  NULL){ 
                    enqueue(indices,  buckets[k]); 
               } 
        } 
   } 
}

Algorithm Implementation Using Java
InordertoachieveourgoalforreducingthenumberofbucketsinstringsortingwithRadixSort,
wehavemadedifferentresearchersandtestsandfinallyfindoutthesolution.Thefirstversionof
solutionisimplementedusingJavaprogramminglanguage,whichisasfollows:

public class  Main  {
 
   /** 
    *Find  the  maximum  number  in  given  array 
    *@param arr  given  array  to  search  from
    *@return  max  number  from  array
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    */ 
   private static int  findMax(int[]  arr)  {
      int  max  =  arr[0];
      for (int i: arr)
if (i > max)
max  = i; 
      return max;
   }
 
   /** 
    *Getting  the  digit  from  number  at  any  position  in   
    right  to  left  ordering 
    * 
    *@param num     the given number
    *@param digitPos  position  of  digit  required  to  be  cut
    *@return  required  digit  at  [digitPos]  position
    */ 
   private static int  getDigitAt(int  num,  int  digitPos)  {
      return  (int)  ((num  /  Math.pow(10,  digitPos))  %  10);
   } 

   /** 
    *Sorting  each  pass  of  RadixSort 
    * 
    *@param arr     The  array  that  passed  to  method
    *@param passLevel  number  of  pass  level  in  terms  of  
    10^i  from  right  to  left, 
           *(ex.  127,  to  get  2  ->  passLevel=1,  because  
           (arr[i]/10^passLevel)%10 
    */ 
   private static int[]  sortByBucket(int[]  arr,  int  passLevel)  {
      int[]  finalArr  =  new int[arr.length], 
      count  =  new int[10];
      Arrays.fill(count,  0);
      for (int num: arr) { 
         count[getDigitAt(num,  passLevel)]++;
      } 
      for  (int  i  =  1;  i  <  count.length;  i++) count[i]  +=  
      count[i  -  1]; 
      for  (int  i  =  arr.length  -  1;  i  >=  0;  i--)  {
         int  finalIndex  =  --count[getDigitAt(arr[i],  
         passLevel)]; finalArr[finalIndex]  =  arr[i]; 
      } 
      return  finalArr;
   } 

   /** 
    *Radix  sort  algorithm 
    * 
    *@param wordList  given  array  to  be  sorted
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    */ 
   private static int[]  radixSort(List<List<Integer>>  wordList)  {
      int  wordsCount  =  wordList.size(); 
      int[]  wordsSize  =  new int[wordsCount]; 
      for  (int  i  =  0;  i  <  wordsCount;  i++)
         wordsSize[i]  =  wordList.get(i).size(); 
      int  maxLengthWord  =  findMax(wordsSize);
      int[][]  filteredOrder  =  new int[2][wordsCount]; 
      for  (int  i  =  0;  i  <  wordList.size();  i++)
         filteredOrder[0][i]  =  i; 
      for  (int  i  =  maxLengthWord  -  1;  i  >=  0;  i--)  { 
      int[]  mask  =  new int[wordsCount],  filteredMask; int  k  =0;
      for  (int  j :  filteredOrder[0])  {
         int  num  =  0;
         if  (wordList.get(j).size()  >  i) 
            num  =  wordList.get(j).get(i); 
         mask[k++]  =  num; 
      } 
      int  maxLetter  =  findMax(mask);
      int  maxLetterLength  =  (int)(Math.log10(maxLetter)  +  1); 
      filteredMask  =  mask; 
      filteredOrder[1]  =  mask; 
      for  (int  j  =  0;  j  <  maxLetterLength;  j++) 
      filteredMask  =  sortByBucket(filteredMask,  j);
      filteredOrder[0]  =  sortedIndexes(filteredOrder,filteredMask);
   } 
   return  filteredOrder[0];
} 

private static int[]  sortedIndexes(int[][]  initialArray,  int[]  
sortedArray)  { 
   int[]  sortedIndexes  =  new int[initialArray[0].length]; 
   for  (int  i  =  0;  i  <  sortedArray.length;  i++)  {
      for  (int  j  =  0;  j  <  initialArray[1].length;  j++)  {
         if  (sortedArray[i]==initialArray[1][j]&&initialArray[1]
         [j]!=-1)  { sortedIndexes[i]  =  initialArray[0][j]; 
         initialArray[1][j]  =  -1; 
         break; 
         } 
      } 
   } 
   return sortedIndexes;
} 
/** 
 *Print the given array 
 * 
 *@param arr  input  array
 */ 
private static void  printArray(List<List<Integer>>  arr)  {
   for (List<Integer> word: arr) {
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      for (Integer letter: word) {
         System.out.print((char)((int)letter));  //printing each 
         letter of word
      } 
      System.out.print(” “);  //space between words
   } 
} 

public static void  main(String[]  args)  {
   String  str  =  “Student Learning Assignment, Multi-layer Radix 
   Sort”.trim(); 
   int  wordsCount  =  (str.length()  -  str.replace(” “,  
   “”).length())  +  1; List<List<Integer>>  wordList  =  new  
   ArrayList<>(wordsCount); 
   str  +=  “ “;  //make sure at the end we have space to cut the last word
   StringBuilder  tmpStr  =  new  StringBuilder(str);
   while  (tmpStr.toString().contains(” “))  {
      int  firstWordAt  =  tmpStr.indexOf(” “);
      String  firstWord  =  tmpStr.substring(0,  firstWordAt);  
      List<Integer>  word  =  new  ArrayList<>();
      for  (int  j  =  0;  j  <  firstWord.length();  j++) word.
      add((int)  firstWord.charAt(j));
      wordList.add(word); tmpStr.delete(0,  firstWordAt  +  1); 
   } 
   System.out.println(”Before Sort”);
   printArray(wordList);

   int[]  filteredOrder  =  radixSort(wordList); System.out.
   println(”\nAfter Sort”);
   for  (int  i :  filteredOrder)  {
      for  (Integer  letter :  wordList.get(i)) System.out.
      print((char)((int)letter));  //printing each letter of word
      System.out.print(” “);  //space between words
      } 
   } 
}

Figure 3. Sorting of characters string using Radix Sort with 10 buckets
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working of Proposed Algorithm
Structureofalgorithmdividedintofivelocalmethodsforsortingitselfandoneforprintingarray:
findMax,getDigitAt,sortByBucket,radixSort,sortedIndexesandprintArrayrespectively.Themain
conceptofalgorithmis,tomakesortingofstringcharactersintermsofASCIIcodeandprocessit
assimplenumberusing10bucketsbutinMulti-Layermanner.

Inmainfunctionweassumethatwearegiventhestringthatisrequiredtobesortedalphabetically
inascendingorder.Firstly,weneedtoconvertallthegivenstringtoASCIIcodeandstoreassimple
Integernumbers.Forthis,wewilluseList<List<Integer>>wordlistwhichinitiallyhaswordCount
emptyelements.TheconceptofthisstructureistostoreListofwordswhichcontainsitselfthelist
oflettersrespectively,sowecansorteverylevelasmatrixentities.Afterthat,usingStringBuilder
anditspre-buildmethods,wecutthewords,converteverylettertoASCIIcodeasintegernumber
andaddthemtowordlistinformatoflistoflettersinsidethelistofwords.Beforeapplyingsorting
algorithm,weprintthecurrentarrayashowitisgivenandafterthatcallradixSort(wordList)which
willreturnthearrayofsortedandorderedindexesofthegivenstringtoprintitoutincorrectway.
Now,welookinsidethemainandcoremethod–radixSort,therewefindthenumberofwordsand
themaximumlengthofwordfromthegivenstring.Thismaximumlengthisrequiredbecausewe
willmakesortingfromtherightandtakethelastdigits(letter)innormalizedwayfromeveryrow
ofwordsasasubarrayofnumbersandpassthemtosortByBucketalgorithmwhichwillreturnthe
sortedlistofthegivenlastdigits.

Example:IfourwordlistcontainslistofASCIIwords(row)whereithasthelistofletters(columns),
wepasstosortByBucketthesubarrayof[82,90,69](lastdigitofeveryrow):

[65,79,82]//AOR
[65,77,90]//AMZ
[65,77,69]//AME

TheresultofsortByBucket isstored infilteredOrder two-dimensionalarray. filteredOrder[0]
contains the indexes of passed digits to sortByBucket and filteredOrder[1] contains the digits
themselves.

From above example:if[82,90,69]ispassed,theyarestoredinfilteredOrder[1]andtheirrow
indexesarestoredinfilteredOrder[0]as[0,1,2]respectivelyforeverydigit.filteredMaskcontains
thesortedsubarrayfromsortByBucket,suchthat[69,82,90].

WhenwehavegotthefilteredMask,filteredOrderwithitsindexes,wepassthemtosortedIndexes
methodinordertosortthefilteredOrder[0](indexesofthedigits)accordingtofilteredMaskand
keepitsorder.

From above example: if [69,82,90] was returned from sortByBucket to filteredMask and
filteredOrder[0]contained[0,1,2],after thesortedIndexesmethod,ourfilteredOrder[0]willkeep
theorderintermsofsorteddigits,like:[2,1,0].

ThesestepswillberepeatedlyperformedforallotherdigitsinthegivenListofASCIInumbers.
Asaresult,atthefinalstage,ourfilteredOrder[0]willcontainthefinalorderforthegivenstringin
alphabeticallyascendingorderwhichisactuallyreturnedfromradixSortmethodtothemainfunction,
wherefinalresultisprintedout.

PHP Module of Proposed Algorithm
Theproposedalgorithmconsistsofseveralparts,whicharemadeasmodulesandmaybesubstituted
ifneededforthealternativesorremovediftheinputisalreadyformatted.Wehaveproducedseveral
implementationsofthealgorithminPHPandJava.PHPwasusedasapseudocodetounderstandthe
algorithmitself,readandanalyzethecodeeasily.Algorithmmaybemodifiedtobemulti-layer,but
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forinvestigationpurposes,twolayersareused.Theexamplechosentoexaminealgorithmissorting
wordsinasentenceusingonlytenbuckets,whichwasachievedbyinterpretingthe“string”asan
arrayof“characters”,whichweremappedtotheASCIIcode.

Forthesakeofsimplicity,letusconsidertheimplementationinPHP.Accordingthethis,algorithm
structuremaybedividedintoseveralparts:

• Normalizingtheinput
• Modifyingindices
• SortingviaadaptedRadixSortapproach

function multiLayerRadixSort(string $input): string
   { 
      /**  Input  Normalization  */ 
      $input  =  explode(‘ ‘,  $input);     // [“INHA”, 
      “University”, “In”, “Tashkent”]
      if(count($input)  ==  1)
            return  $input[0];
     $size = getMaxSize($input);     // 10
 
     /**  String  to  int  mapping  (ASCII  codes)  */ 
     $tempArray  =  array_map(function  ($item)  use  ($size)  {
        return  mapStrToInt($item,  $size);
     }, $input); 
     $indices  =  array_keys($tempArray);
 
     /**  Sorting  an  array  */ 
     for  ($i  =  $size  -  1;  $i  >=  0;  $i--)  {
        $indices  =  radixSort($tempArray,  $i,  $indices); 
     } 
     /**  Formatting  the  output  */ 
     return  implode(‘ ‘,  array_map(function($item)  use($input){
            return  $input[$item];
       },  $indices)); 
   }

Letusconsiderasanexampleaninputsentence“INHA University In Tashkent”.Thefirststep
normalizestheinput,whatstandsforthepreparationofinput“string”forthefurthermanipulations.
Firstand foremost,usingbuilt-inexplode function,which takesasparametersdelimiterand the
string,wegetanarrayofstringswhichweredividedbythewhitespace.

Delimiter can be any character by the choice of the user, what makes an algorithm
multipurpose. If thenumberofwords, equals toone, the sentence is automatically sorted,
whichiswhyitwillbeautomaticallyreturned.Afterthisstepourinputlookslike:[“INHA”, 
“University”, “In”, “Tashkent”]

NextlineinvokesgetMaxSizefunction,whichsimplyreturnsmaximum“string”sizeamongall
thewordsinasentence.Sinceword“University”has10letterinit,functionreturns10.

function getMaxSize(array $input): int
 
   { 
   return  max(array_map(function  ($item)  {
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   }, $input)); 
      return  strlen((string)$item);
   }

Stringtointmappingblockmakesacertainmanipulationonanarray,whereeachwordinmapped
tothearrayofintegerscorrespondingtotheASCIIcodeofacharacter.FunctionmapStrToIntis
presentedbelow.

function mapStrToInt(string $input, int $size): array
 
   { 
      $empty  =  array_fill(0,  $size  -  strlen($input),  0);
      $input  =  array_map(function  ($char)  {
         return ord($char);
      },  str_split($input,  1));

      array_push($input,  ...$empty);
   return $input;
    }

Functionparametersareinputstringandthemaximumsizeofthewordinasentence.Firstly,the
functioncreatesandemptyarrayandfilledwithzeros.Afterwards,byapplyingordfunctiontoeach
characteritmapseverywordtoanarrayofcorrespondingintegers.Lastly,twoarraysarecombined
witheachother,suchthatanarraywithzerosisinafterthereasonabletext.Thistechniqueallows
ustohaveallwordsofthesamelengthwithoutlosingtheweightofthecharacters.ThetempArray
afterthisstepmaybedepictedlike:

[
0=>[73,78,72,65,0,0,0,0,0,0],//INHA
1=>[85,110,105,118,101,114,115,105,116,121],//University
2=>[73,110,0,0,0,0,0,0,0,0],//In
3=>[84,97,115,104,107,101,110,116,0,0]//Tashkent
]

Thenextstepistosavetheindicesofthemodifiedwordarrays,whatlaterwouldallowusto
sortthesentencewithoutsortingthecharactersinsidethewords.Thismaysimplybemadebythe
array_keysfunction,whichreturnsthekeysofthetempArray,whicharetheindicesofthewords.

Afterwards,everywordisprocessedbyinvokingradixSortmethod,whichisdescribedbelow.

function radixSort(array $input, int $levelIndex, array $indices): array
 
   { 
      $array  =  array_map(function  ($item)  use  ($levelIndex)  {
         return  $item[$levelIndex];
      }, $input);
 
      $exp  =  floor(log10(max($array)))  +  1;
   return countingSort($array, $exp, $indices);
    }
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Thefunctiontakesinputarray,levelIndexandanarrayofindicesasparametersandreturns
modifiedindicesasanoutput.levelIndexvariablerepresentscurrentletterprocessed,whatallowsto
produceanarrayofthecurrentlettersoutofthewholeinput(allwordsinthesentence).Theforwarding
stepchecksthemaximumpoweroftenintheASCIIcodesprovided.Thefunctionreturnsindices
modifiedinthecountingSortfunction(wordsstoredbythecurrentletter–levelIndex).

function counting(array $input, int $exp, array $indices): array
 
   { 
      for  ($i  =  0;  $i  <  $exp;  $i++)  {
         $buckets = []; 

         foreach($indices as $index){
            $bucket  =  floor($input[$index]  /  pow(10,  $i))  %  10;
            $buckets[$bucket]  =  $buckets[$bucket]  ??  []; 
            array_push($buckets[$bucket],  $index);
         }
 
      $indices = []; 
      for($k = 0; $k < 10; $k++){
         if(isset($buckets[$k])){
            array_push($indices,…$buckets[$k]);
         } 
      } 
   } 
   return $indices;
}

The countingSort function takes input array, exponent and indices as an input and return
modifiedindicesbacktotheradixSortandthemulitLayerRadixSortfunctions.Thefirststepis
creationofemptybuckets.Subsequently,westoreindicesinthebuckets,wherethekeysofthebuckets
arraycorrespondtotheresultofmodulusoperationontheinputdigits.Thisstepallowsustostore
thepositionofthewholeword,whilesortingitsletter.Thisisachievedbystoringtheindexofthe
word,butnotthevalueofthecharacter.Consequently,indicesareflushedandrefilledaccording
theirpositioninthebuckets.Thesestepsarerepeateduntilthenumbers(ASCIIcodes)arestored.
Thisfunctionreturnsindicessortedbythecurrentletter.

Thelaststepisstoringthewordsinasentenceaccordingtotheirupdatedindices.

   /** formatting the output */ 
 
      return  implode(‘ ‘,  array_map(function($item)  use($input){
     return $input[$item];
}, $indices));


TheinputandtheoutputcodewiththeactualI/Ooftheprogramaredepictedbelow:


$input=“INHA University In Tashkent”;
$output=multiLayerRadixSort($input);
print_r(”Input:\n$input\nOutput:\n$output”);
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Console output

Input:
INHAUniversityInTashkent
Output:
INHAInTashkentUniversity

ANALySIS oF PRoPoSEd ALGoRITHM

The algorithm utilizes radix sort approach, which is not a comparison-based sorting algorithm.
Comparisonbasedalgorithms(MergeSort,HeapSort,Quick-Sort,etc)areO(n*log(n)).Counting
sortisalineartimesortingalgorithmthatsortinO(n+k)timewhenelementsareinrangefrom1to
k,whatisusedintheRadixsortingtechnique.

The Time ComplexityofouralgorithmisroughlyO(32n),whichisstillaO(n),wheren=
numberofletters,soletusprovethis:

• Ifthenumberofwordsinasentenceequalsto1,itisalreadysortedthatiswhyisreturned.This
actionisperformedtoavoidO(n2)worst-caseandgetO(1)best-caserunningtime.

• GettingthemaximumsizeofthewordinasentencetakesO(n)timetocompareallthewords.
• MappingstringtoanarrayofACIIcodestakesO(n)*O(1)runningtime,whichequalstoO(n)

timecomplexity.
• RadixsorttakesO(n)*3*10,where3isthenumberofiterationsofthemaximumexponent

of10,whatallowstouseASCIIcodesupto999and10standsforthenumberofbucketchecks.
Therefore,wegetO(n)complexityagain.

• Toconclude,thetimecomplexityofanalgorithmis:

O(n)+O(n)+30*O(n)=32O(n)=O(n)

wherenrepresentlettersinasentence.
TheSpacecomplexityofanalgorithmisanO(n),where:

• 10–numberofbuckets;
• O(n)–numberofindices(ifallwordsconsistof1letter);
• O(n)–temporaryarrayforstoringASCIIcodes(thisisanoption,sinceallofthecodesmaybe

storedininitiallocationsandlaterdecomposedtotheinput);
• Toconclude,thetimecomplexityofanalgorithmis:

10+O(n)+O(n)+=2O(n)=O(n)

wherenrepresentlettersinasentence.

Table 1. Complexity of layered radix sort

Complexity Best-case 
(one-word case) Worst- average- case

Timecomplexity O(1) O(n)

Spacecomplexity O(1) O(n)
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CoNCLUSIoN

Anon-comparativesortingalgorithmavoidscomparisonbycreatinganddistributingelementsinto
bucketsaccordingtotheirradix.Mostlydataindatabasesarestoredinvarcharformats,andareused
tobelinkedorevenselected,whichtakestimetobequeryprocessed.Inordertoimprovecomplexity
andreducespaceofmemoryourproposedalgorithmmadeasortingofstringswiththemethodof
convertingcharstoasciicodes,whichreducednumberofbucketsfrom27to10andmostimportantly,
timecomplexityisimproved.Thisapproachmaybeusedforsolvingfollowingreal-lifeproblems:

• Sortingofrealtextusinganyrandomdelimiter.Forinstance,tosortthetextbysentencesuser
canusethisalgorithmwithdelimiter“fullstop”.

• Another example for this may be multidimensional array of products that are grouped by
categories.ThisalgorithmoffersanopportunitytosortthistwolevellistinO(n)time.

• Finally,sinceASCIIincludesallcharactersofalllanguages,thisalgorithmworksregardless
oflanguage.
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