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Abstract – Word frequency analysis, i.e., counting 
how often each word appears in a given collection of 
text data, is a frequently occurring programming task 
during the creation of text processing applications. Its 
effective implementation in the source code of the 
application is very important, especially if it is 
performed on relatively large text files, e.g., on a 536 
MB file, which can even contain up to 95 million 
words. To find the most efficient implementation of 
word frequency analysis performed on such files in a 
C# application, several methods were created in it that 
perform such an analysis of a text file. Five methods 
were created to perform word frequency analysis using 
language-integrated queries (LINQ) sequentially and 
in parallel, and 3 methods were created that perform 
this analysis without using LINQ queries sequentially 
and in parallel. Each of these methods measures the 
execution time of its frequency analysis. It is assumed 
that methods that perform word frequency analysis 
using LINQ queries should be more execution efficient, 
especially when analysing relatively large files, than 
methods that perform this analysis without using 
LINQ queries. By comparing the execution times of 
individual methods, it was examined whether the 
hypothesis is true or false.  
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If this hypothesis is confirmed, then the most 
execution-efficient method among the 5 methods using 
LINQ queries will be identified. This most efficient 
method can be used in a C# application, in a Linguistic 
Analyser of english-written works. The results and 
evaluation of this experiment are presented in the 
paper. 

Keywords – Word frequency analysis, language-
integrated query, sequential and parallel event handler 
method, C# application. 

1. Introduction

Word frequency analysis is a part of the linguistic 
analysis of texts. By identifying the most frequently 
used words, key themes can be uncovered, patterns 
discovered, and insights into the text’s content gained 
[1]. 

Word frequency analysis is one of the 
functionalities provided by a Linguistic Analyser of 
english-written works of literary classics. It is able to 
perform a linguistic analysis of such works, as 
required by an English language researcher. This 
analyser, which was created by authors of the paper 
in the C# programming language and in the 
Microsoft Visual Studio 2019 Enterprise 
development environment, is able to connect to a 
web application accessible at the domain address [2], 
which offers many literary works of literary classics 
written in the English language. The analyser 
provides the user with many functionalities for the 
linguistic analysis of these works, including the 
aforementioned search for the most used words in 
these works or in the analyser’s log files, which can 
also be relatively large, e.g., they can be 536 MB in 
size and can contain up to 95 million words. The 
intention was to create efficient and usable methods 
for searching, counting, and sorting such most-used 
words, which are a part of an analyser. Such word 
frequency analysis can also be done using external 
tools such as the Google Books Ngram Viewer, 
Voyant, and Apache Hadoop, but it was necessary to 
create methods performing this frequency analysis 
that will be a part of an analyser written in C#.  
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The analyser created in this way is the most 
comfortable solution for the user, because he can 
perform the necessary word frequency analysis 
directly in it. Therefore, the most execution-efficient 
way to implement word frequency analysis directly 
in a C# application method was sought. Several 
methods that perform word frequency analysis in 
different ways have been created in an analyser. 5 
methods perform word frequency analysis using 
LINQ queries sequentially and in parallel, and 3 
methods perform this analysis without using LINQ 
queries sequentially and in parallel. Each of these 
methods measures the execution time of its 
frequency analysis. It is assumed that methods 
performing word frequency analysis using LINQ 
queries should be more execution-efficient, 
especially when analysing relatively large files, e.g., 
a 536 MB file, than methods that perform this 
analysis without using LINQ queries. By comparing 
the execution times of these methods, the hypothesis 
will be confirmed or refuted, and the most execution-
efficient way of word frequency analysis will be 
determined. The results of this experiment are 
presented in Section 6 Experiment, its results and 
their brief analysis. 

The contribution of this paper as compared to 
other relevant works is: 

 

• A comparison of the execution efficiency of 
different ways of word frequency analysis of 
relatively large, up to 536 MB files, which can 
contain up to 95 million words: 
 

o A comparison of the execution efficiency of 
sequential word frequency analysis using a 
LINQ query written using query syntax and a 
LINQ query written using method syntax, 

o A comparison of the execution efficiency of a 
sequential and parallel word frequency 
analysis using LINQ queries, 

o Finding the most execution-efficient 
implementation of a LINQ query for word 
frequency analysis, 

o A comparison of the execution efficiency of 
word frequency analysis by methods using 
LINQ queries with methods that do not use 
LINQ queries. 

 

The following sections of the paper are structured 
as follows. Section 2 contains a summary of research 
pertaining to an execution efficiency of the use of 
language-integrated queries in word frequency 
analysis of relatively large text files in a C# 
application, and word frequency analysis itself.  

Section 3 briefly theoretically deals with word 
frequency analysis and its implementation using 
LINQ queries in the source code of C# application 
methods.  

Section 4 contains selected information about 
language-integrated queries written in the C# 
language. Section 5 deals with a C# application and 
with its methods. Section 6 deals with the 
experiment, by which the most execution efficient 
event handler methods performing word frequency 
analysis of relatively large files were determined. 
Section 7 is Discussion and Conclusion, in which the 
experiment and its results are briefly evaluated. 

 
2. Related Work 

 
No studies or papers dealing with the topic An 

Execution Efficiency of the Use of Language-
Integrated Queries in Word Frequency Analysis of 
Relatively Large Text Files in a C# Application or 
closely related topics with this topic were found in 
the Web of Science, and the Scopus databases. In 
these databases, only works dealing with specific 
aspects of this topic were found, using word 
frequency analysis in different areas. 

A useful case of the application of word 
frequency analysis in the areas of information 
technology and e-commerce solutions in the travel 
and tourism industry is presented in the source [3]. 
Its use in a web content analysis aimed at building 
innovation indicators from the complete texts of 79 
corporate websites of Canadian nanotechnology and 
advanced materials firms is presented in source [4]. 
The next case of the use of word frequency analysis 
in a comparative study of word frequencies in 
Thomas Bridges’ Yagan-English dictionary from 
1879 and Ivar Aasen’s Norwegian dictionary from 
1850 by which authors identify important landforms 
for Yagan marine foragers and Norwegian fisher-
farmers is presented in the source [5]. The 
application of word frequency analysis in a study that 
used Adaptive Comparative Judgment to determine 
whether integrated research essays that utilized 
design thinking were more rhetorically effective (i.e., 
better attuned to addressing a purpose, audience, and 
context) than non-integrated English composition 
research essays is presented in the source [6]. 

Useful cases of the use of word frequency 
analysis in the area of health, and health care systems 
are presented in [7], [8], [9], [10], and [11]. Its 
further use in the area of health, and street food 
restaurants is presented in sources [12], [13], [14], 
[15], and [16]. 

It can be stated that word frequency analysis is a 
highly useful research tool and is applied across 
many scientific areas. 
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3. Word Frequency Analysis 
 
Word frequency analysis in text mining is a 

technique that involves counting how often each 
word appears in a given collection of text data, such 
as documents, articles, or web pages. It helps identify 
the most frequently occurring words and their 
frequencies. The analysis is essential for 
understanding the importance and prevalence of 
words within the text, which can be used for tasks 
like identifying keywords, determining common 
themes, or detecting anomalies in a dataset. Word 
frequency analysis provides valuable insights into the 
structure and content of textual information, aiding in 
various text mining and natural language processing 
tasks. [17] For example, topic modeling is a popular 
technique in natural language processing, where a 
corpus of text documents is classified into themes or 
topics using word frequency analysis [18]. 

Word frequency analysis itself, i.e. counting how 
often each word appears in a given collection of text 
data, consists of three tasks: 

 

• To search for words, 
• To count these words, and 
• To sort the most frequently occurring words 

according to their number of occurrences. 
 

All these three tasks can be solved using one or 
two LINQ queries, either sequentially or in parallel. 
This study researched whether the implementation of 
such LINQ queries in the source code of C# 
application methods is also execution-efficient 
compared to instance or other methods solving these 
the same three tasks, but without the use of LINQ 
queries, especially if it is executed on relatively large 
text files, e.g., on a 536 MB file, which can contain 
up to 95 million words. Therefore, 3 methods were 
created for sequential and parallel searching and 
counting of the most frequently occurring words 
without the use of LINQ queries. These methods 
called another sorting method or the Sort instance 
method to sort such found words. By comparing the 
execution times of the methods using LINQ queries 
that searched, counted, and sorted the most 
frequently occurring words in a text file and these 3 
methods performing the same operations on the same 
text file, but without using LINQ queries, was 
identified, especially in relatively large text files. For 
this purpose, an experiment was conducted using 5 
methods of a C# application that searched, counted, 
and sorted the most frequently occurring words in 
text files using LINQ queries sequentially and in 
parallel, and using 3 methods that did not use LINQ 
queries and performed the same operations on the 
same text files sequentially and in parallel. Each of 
these 8 methods measured its own execution time of 
searching for, counting, and sorting the most 
frequently occurring words in text files.  

By comparing these measured execution times, 
the most execution-efficient way to perform word 
frequency analysis of relatively large text files was 
identified. The description, results of the experiment 
and their evaluation are presented in Section 6. 

 
4. Language Integrated Query 

 
Language-Integrated Query (LINQ) is the name 

for a set of technologies based on the integration of 
query capabilities directly into the C# language. [19] 

A query is a set of instructions that describes what 
data to retrieve from a given data source (or sources) 
and what shape and organization the returned data 
should have. [20] 

LINQ offers a consistent C# language model for 
kinds of data sources and formats. In a LINQ query, 
a developer always works with C# objects. The same 
basic coding patterns are used to query and transform 
data in XML documents, SQL databases, .NET 
collections, and any other format. [21] 

A query expression consists of a set of clauses 
written in a declarative syntax similar to SQL or 
XQuery. Each clause in turn contains one or more C# 
expressions, and these expressions might themselves 
be either a query expression or contain a query 
expression. [20] 

A query expression must begin with a from clause 
and must end with a select or group clause. Between 
the first from clause and the last select or group 
clause, it can contain one or more of these optional 
clauses: where, orderby, join, let and even another 
from clauses. The into keyword can be used to enable 
the result of a join or group clause to serve as the 
source for more query clauses in the same query 
expression. [20] 

A from clause specifies a data source together 
with a range variable. [20] 

A simple select clause just produces a sequence of 
the same type of objects as the objects that are 
contained in the data source. [20] 

Many programmers write their LINQ queries by 
using the LINQ declarative query syntax. The C# 
compiler translates query syntax into method calls. 
These method calls implement the standard query 
operators, and have names such as Where, Select, 
GroupBy, Join, Max, and Average. They can be 
called directly by using method syntax instead of 
query syntax. [22] 

Query syntax and method syntax are semantically 
identical, but query syntax is often simpler and easier 
to read. Some queries must be expressed as method 
calls (in method syntax). For example, a method call 
(method syntax) must be used to express a query that 
retrieves the number of elements that match a 
specified condition. A method call (method syntax) 
must also be used for a query that retrieves the 
element that has the maximum value in a source 
sequence. [22] 
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In the C# application, several LINQ queries were 
used that utilize the clauses from, where, group, 
orderby, and select and that are written by using both 
query syntax and method syntax. 

 
5. C# Application that Performs Word Frequency 

Analysis by Using LINQ Queries and without 
Using LINQ Queries 
 
The C# application, the Linguistic Analyzer of 

english-written works of literary classics, was created 
in C# language and built in the Microsoft Visual 
Studio 2019 Enterprise development environment. It 
is able to connect to a web application accessible at 
the domain address [2], which offers many works of 
literary classics written in the English language and 
can perform a user-selected linguistic analysis of the 
work.The analyser provides the user with many 
functionalities for linguistic analysis of these works 
of literary classics, including word frequency 
analysis of these works or the analyser’s log files, 
which can be relatively large, e.g., they can be 536 
MB in size and can contain up to 95 million words. 

The C# application, the analyser, was created as 
Windows Forms application for the Microsoft 
Windows 10 and 11 operating systems, and for the 
.NET Framework 4. The event handler methods of 
the respective C# application controls are able to 
perform, with and without the use of LINQ queries, 
word frequency analysis of the disk files selected by 
the user, to measure its execution time, to display the 
results of the analysis with its execution time in the 
application’s text box, and also to write them to the 
application’s freqAnalysesLogs.txt log file. The C# 
application source code contains two classes: 

 

• MainForm - this class is derived from the 
System.Windows.Forms.Form class. This system 
class represents a main window that makes up an 
application’s user interface. The MainForm class 
includes event handler methods of all controls of 
the user interface of the C# application, and helper 
methods. 

• MUWord - nested class in the MainForm class. 
Objects of this class contain in the instance 
variables word and wordsCount the data of 1 word 
found by word frequency analysis, i.e. the found 
word itself and the number of its occurrences in 
the document being searched. The MUWord class 
also contains 2 constructors, parametric and 
parameterless, static member methods, and a non-
static default comparer (Figure 1).  

 
 
 
 
 
 

public class MUWord : IComparable<MUWord>  { 
 public string word { get; set; }        public MUWord ()  { } 
 public long wordsCount { get; set; } 
 public MUWord (string word_f, long wordsCount_f) 
{ this.word = word_f;  this.wordsCount = wordsCount_f;} 
 
 private static int Compare_w(MUWord a, MUWord b) { 
  if (a.wordsCount > b.wordsCount) return 1; 
  if (a.wordsCount < b.wordsCount) return -1;  return 0; } 
 
 private static void Exch(ref int[] Ix, int ix, int jx)   
 {  int t = Ix[ix];    Ix[ix] = Ix[jx];    Ix[jx] = t;  } 
 
// This m. uses the quicksort algorithm with index sorting 
 public static void QuickS_indexSortL(List<MUWord>  
                                    data, ref int[] I, int left, int right)  { 
  if (left < right)  {   int i = left, j = right; 
   MUWord p = data[I[(left + right) / 2]]; 
   do  {  while (Compare_w(data[I[i]], p) > 0) i++; 
             while (Compare_w(p, data[I[j]]) > 0) j--; 
             if (i <= j)  {  Exch(ref I, i, j);    i++;    j--;  } 
   } while (i <= j); 
   QuickS_indexSortL(data, ref I, left, j); 
   QuickS_indexSortL(data, ref I, i, right);   }   } 
 
/* This method is called by the  
'GetCountMUWsSeqWithoutLINQ_IndexSort' and  
'GetCountMUWsSeqWithoutLINQ_SortLINQ' methods*/ 
 public static void GetCountMUWs_WithoutLINQ  
 (string[] wordsf, ref List<MUWord> muWord_f,  
  ref List<String> srchdWsf, ref int i_f)  {   try  { 
  foreach (string w in wordsf)  { 
if (w.Length > lenghtOfWs && !srchdWsf.Contains(w)) { 
long numWords = wordsf.LongCount(p => p.Equals(w)); 
         muWord_f.Add(new MUWord (w, numWords)); 
         srchdWsf.Add(w);    i_f++;   }   }   } 
  catch (Exception ex)  {     .  .  .     return;  }  } 
 
 // This method is called by the 'Parallel.Invoke' static m. 
 public static void GetCountMUWs_WithoutLINQP  
 (string[] wordsL_f, int startIndex, int endIndex, 
  ref List<MUWord> muWord_f, ref List<String>  
  srchdWsf, ref int i_f)  {   try  { 
  string[] words = new string[(endIndex - startIndex)+1]; 
   int dx = 0; 
   for (int z = startIndex; z <= endIndex; z++, dx++) 
    words[dx] = wordsL_f[z]; 
   foreach (string w in words)  { 
if (w.Length > lenghtOfWs && !srchdWsf.Contains(w)) { 
 long numWords = words.LongCount(p => p.Equals(w)); 
     muWord_f.Add(new MUWord(w, numWords)); 
     srchdWsf.Add(w);   i_f++;   }   }   } 
  catch (Exception ex)  {     .  .  .     return;   }   } 
 
 // Default comparer for 'MUWord' type. 
 public int CompareTo(MUWord Obj)  { 
 // A null value means that 'this' object is greater. 
  if (this == null)    return 1;      else 
return Obj.wordsCount.CompareTo(this.wordsCount); }} 

 

Figure 1. The definition of the ‘MUWord’ class 
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5.1. Event Handler Methods of the MainForm Class that 
Perform Word Frequency Analysis Using LINQ 
Queries 

 
The intention was to create an event handler 

method that searches for, counts, and sorts the most 
frequently used words in the analysed document 
using a LINQ query with maximum execution 
efficiency. Therefore, 2 event handler methods 
GetCountSortMUWs_Seq_LINQ_QueryS and 
GetCountSortMUWs_Seq_LINQ_MethS were 
created, which search, count and sort the most used 
words using a LINQ query sequentially, and 3 event 
handler methods GetCountSortMUWs_PAR 
_LINQ_MethS, GetCountMUWsPAR_LINQ_MethS 
_SortNLINQ and GetCountMUWsPAR_LINQ 
_MethS_SortIM were created, which perform the 
same operations using a LINQ query, but in parallel. 
By comparing the execution times of these 5 event 
handler methods, it was examined which of them is 
the most execution efficient. 

As it was mentioned above, a LINQ query can be 
written using query syntax or method syntax. The C# 
compiler first transforms a LINQ query written using 
query syntax into method syntax, and only then 
compiles it in this form. Therefore, it is assumed that 
a LINQ query written using method syntax could be 
slightly more execution-efficient. To verify this 
assumption, 2 sequential event handler methods 
were created: The GetCountSortMUWs_Seq_LINQ 
_QueryS method (Figure 2), written using query 
syntax, and the GetCountSortMUWs_Seq_LINQ 
_MethS method (Figure 2), written using method 
syntax. 

Three parallel event handler methods using 
LINQ queries were created: GetCountSortMUWs 
_PAR_LINQ_MethS (Figure 3), GetCountMUWsPAR 
_LINQ_MethS_SortNLINQ (Figure 4), and 
GetCountMUWsPAR_LINQ_MethS_SortIM (Figure 
5), each of which uses a different way of sorting the 
most frequently used words found in a given 
document, for the purpose of examining whether 
these methods are more execution efficient than the 
sequential methods using LINQ queries, 
GetCountSortMUWs_Seq_LINQ_QueryS and 
GetCountSortMUWs_Seq_LINQ_MethS. These three 
parallel methods were also used to examine the 
impact of the way of sorting found the most 
frequently used words according to their number of 
occurrences on the execution efficiency of these 
methods. 

 
 
 
 
 
 

private void GetCountSortMUWs_Seq_LINQ_QueryS(  
                     object sender, EventArgs e) 
/ private void GetCountSortMUWs_Seq_LINQ_MethS( 
                     object sender, EventArgs e)  {            .  .  . 
 // Obtain the data source from the file for a LINQ query. 
 // Other methods use the same 3 following statements  
 // to obtain the data source. 
 // The 'File.ReadAllText' static method opens a text file,  
 // reads all the text in the file, and then closes the file. 
 // This method returns a string containing all the text in  
 // the file.  
 string AllWordsInHist = File.ReadAllText(path_m); 
 string[] separators = { " ", "\r\n", ".", ",", ";", ":", "—", "!",  
 "?", "[_",  "_.]", "_]", "._]", "_", "._", "_.", ",_", "_,", "“", "”"}; 
 // The 'Split' method splits a string into substrings  
 // based on the strings in the 'separators' array. 
 string[] wordsLocal = AllWordsInHist.Split(separators,  
                      StringSplitOptions.RemoveEmptyEntries); 
 
 Stopwatch stopWatch = new Stopwatch(); 
 stopWatch.Reset(); // Stops time interval measurement  
                             // and resets the elapsed time to zero. 
 stopWatch.Start(); // Starts, or resumes, measuring  
                               // elapsed time for an interval. 
 var frequencyOrder = from word in wordsLocal 
            where word.Length > lenghtOfWs 
            group word by word into newGrp 
            orderby newGrp.Count() descending 
            // the 'new' operator creates an anonymous type 
            select new { WordsKey = newGrp.Key,  
                           WordsCountInGrp = newGrp.Count() }; 
 / var frequencyOrder = wordsLocal 
      .Where(word => word.Length > lenghtOfWs) 
      .GroupBy(word => word)  
      .OrderByDescending(newGrp => newGrp.Count()) 
      .Select(newGrp => new { WordsKey = newGrp.Key,  
                          WordsCountInGrp = newGrp.Count() }); 
 stopWatch.Stop(); // Stops measuring elapsed time for  
                               // an interval. 
                                      .  .  . 
 // The 'Take' method returns a specified number of  
 // contiguous elements from the start of a sequence. 
 var usedWordsLtd = frequencyOrder.Take(50); 
 
 // Query execution. 
 foreach (var wsGr in usedWordsLtd)  { 
  if (Char.IsLetter(wsGr.WordsKey[1]) &&  
      Char.IsLetter(wsGr.WordsKey[2]) 
      && Char.IsUpper(wsGr.WordsKey[1]) &&  
            Char.IsUpper(wsGr.WordsKey[2])) 
    MUWs_counts += wsGr.WordsKey + "\t(" +  
  wsGr.WordsCountInGrp + ")" + Environment.NewLine; 
  else 
   MUWs_counts += wsGr.WordsKey + "\t                  (" + 
wsGr.WordsCountInGrp + ")" + Environment.NewLine; } 
                                      .  .  .  } 

 

Figure 2. The main parts of the source codes of the 
‘GetCountSortMUWs_Seq_LINQ_QueryS’ and 

‘GetCountSortMUWs_Seq_LINQ_MethS’ methods 
(Differences in the 

‘GetCountSortMUWs_Seq_LINQ_MethS’ method source 
code are written by blue) 
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private void GetCountSortMUWs_PAR_LINQ_MethS( 
                      object sender, EventArgs e)  {            .  .  . 
 // This method uses the same 3 statements as methods  
 // in Figure 2 to obtain the data source from the file  
 // for a LINQ query. 
 
 Stopwatch stopWatch = new Stopwatch(); 
 stopWatch.Reset();        stopWatch.Start(); 
// The 'AsParallel' m. enables parallelization of a query. 
 var allResults = wordsLocal.AsParallel() 
      .Where(word => word.Length > lenghtOfWs) 
      .GroupBy(word => word) 
      .OrderByDescending(newGrp => newGrp.Count()) 
      .Select(newGrp => new { WordsKey = newGrp.Key,  
                          WordsCountInGrp = newGrp.Count() }); 
 stopWatch.Stop(); 
                                      .  .  . 
 var usedWordsLtd = allResults.Take(50); 
 // Query execution. 
 // This method uses the same 'foreach' statement in  
 // this section as methods in Figure 2. 
                                      .  .  .  } 

 

Figure 3. The main parts of the source code of the 
‘GetCountSortMUWs_PAR_LINQ_MethS’ method 

 
private void GetCountMUWsPAR_LINQ_MethS_ 
SortNLINQ(object sender, EventArgs e)  {               .  .  . 
 // This method uses the same 3 statements as methods  
 // in Figure 2 to obtain the data source from the file  
 // for a LINQ query. 
 
 Stopwatch stopWatch = new Stopwatch(); 
 stopWatch.Reset();        stopWatch.Start(); 
 // searching for and counting the most frequently used  
 // words (MUWs) by using the 1st. LINQ query 
 var results = wordsLocal.AsParallel() 
      .Where(word => word.Length > lenghtOfWs) 
      .GroupBy(word => word) 
      .Select(newGrp => new { WordsKey = newGrp.Key,  
                          WordsCountInGrp = newGrp.Count() }); 
 // sorting found MUWs by using the 2nd. LINQ query 
 var resultsOrdered = results 
        .GroupBy(word => word.WordsCountInGrp) 
        .OrderByDescending(newGrp => newGrp.Key); 
 stopWatch.Stop(); 
                                      .  .  . 
 var usedWordsLtd = resultsOrdered.Take(50); 
 foreach (var wsGroup in usedWordsLtd)  { 
   foreach (var item in wsGroup)  { 
    if (Char.IsLetter(item.WordsKey[1]) &&  
        Char.IsLetter(item.WordsKey[2])  
        && Char.IsUpper(item.WordsKey[1]) &&  
              Char.IsUpper(item.WordsKey[2])) 
        MUWs_counts += item.WordsKey + "\t(" +  
    item.WordsCountInGrp + ")" + Environment.NewLine; 
    else 
      MUWs_counts += item.WordsKey + "\t                (" + 
    item.WordsCountInGrp + ")" + Environment.NewLine; 
 }             .  .  .   } 

 

Figure 4. The main parts of the source code of the 
‘GetCountMUWsPAR_LINQ_MethS_SortNLINQ’ method 
 
 

private void GetCountMUWsPAR_LINQ_MethS_ 
SortIM(object sender, EventArgs e)  {                      .  .  . 
// This method uses the same 3 statements as methods  
 // in Figure 2 to obtain the data source from the file  
 // for a LINQ query. 
 
 Stopwatch stopWatch = new Stopwatch(); 
 stopWatch.Reset();        stopWatch.Start(); 
 // searching for and counting the most frequently used  
 // words (MUWs) by using a LINQ query 
 var results = (wordsLocal.AsParallel()  
      .Where(word => word.Length > lenghtOfWs) 
      .GroupBy(word => word)  
      .Select(newGrp => new { WordsKey = newGrp.Key,  
            WordsCountInGrp = newGrp.Count() })).ToList(); 
 
 List<MUWord> resultsCopy = new List<MUWord>(); 
 
 // adding elements of the 'results' list into the  
 // 'resultsCopy' list an element by an element 
 foreach (var itm in results)  { 
 resultsCopy.Add(new MUWord (itm.WordsKey, 
                                                itm.WordsCountInGrp));  } 
 
 // The 'Sort' method sorts the elements in the entire list 
 // 'resultsCopy' using the default comparer, which is 
 // defined in the 'MUWord' class. 
 resultsCopy.Sort(); 
 stopWatch.Stop(); 
                                      .  .  . 
 var usedWordsLtd = resultsCopy.Take(50); 
 foreach (MUWord i in usedWordsLtd)  { 
  if (Char.IsLetter(i.word[1]) && Char.IsLetter(i.word[2]) 
&& Char.IsUpper(i.word[1]) && Char.IsUpper(i.word[2])) 
    MUWs_counts += i.word + "\t(" + i.wordsCount + ")" + 
                                                     Environment.NewLine; 
  else 
    MUWs_counts += i.word + "\t                (" +  
                    i.wordsCount + ")" + Environment.NewLine; 
 }             .  .  .   } 

 

Figure 5. The main parts of the source code of the 
‘GetCountMUWsPAR_LINQ_MethS_SortIM’ method 
 

5.2. Event Handler Methods of the MainForm Class that 
Perform Word Frequency Analysis without Using 
LINQ Queries 

 
The intention of this study was to find out 

whether using LINQ queries in word frequency 
analysis, especially of larger files, is more execution 
efficient than performing such an analysis with 
methods that do not use LINQ queries, therefore, 
such event handler methods were created. The most 
execution efficient method among them was also 
sought, therefore, 2 sequential event handler 
methods, GetCountMUWsSeqWithoutLINQ 
_IndexSort and GetCountMUWsSeqWithoutLINQ 
_SortLINQ, and 1 parallel event handler method, 
GetCountMUWsPARwithoutLINQ_SortIM, were 
created. 
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The GetCountMUWsSeqWithoutLINQ_IndexSort 
sequential method (Figure 6) searches for and 
counts the most frequently used words in a given text 
document by calling the MUWord.GetCountMUWs 
_WithoutLINQ static member method of the 
MUWord class and then sorts them by calling another 
the MUWord.QuickS_indexSortL static member 
method of the same class. The second sequential 
method GetCountMUWsSeqWithoutLINQ_SortLINQ 
(Figure 7) searches for and counts the most 
frequently used words in a given text document by 
calling the same MUWord.GetCountMUWs 
_WithoutLINQ static member method of the 
MUWord class and then sorts them using a LINQ 
query. 

 
private void GetCountMUWsSeqWithoutLINQ_ 
IndexSort(object sender, EventArgs e)  {              .  .  . 
 // This method uses the same 3 statements as methods  
 // in Figure 2 to obtain the data source from the file. 
 
 // the list for storing the data of found the most  
 // frequently used words (MUWs): MUWs + their counts 
 List<MUWord> MUWordsL = new List<MUWord>(); 
 // the list for storing the first occurrences of found  
 //MUWs longer than 'lenghtOfWs' (default: > 6 charact.) 
 List<String> searchedWordsL = new List<string>(); 
 
 string str_sw = "";     int i = 0; 
// initialize array of indices by values 0, 1, 2, 3,...,999999 
 for (int kx = 0; kx < 1000000; kx++)    I_objArr[kx] = kx; 
 
 Stopwatch stopWatch = new Stopwatch(); 
 stopWatch.Reset();        stopWatch.Start(); 
 // searching for and counting MUWs by the called static  
 // method of the 'MUWord' class  
 MUWord.GetCountMUWs_WithoutLINQ(wordsLocal,  
                     ref MUWordsL, ref searchedWordsL, ref i); 
 // sorting found MUWs by the called static method of 
 // the 'MUWord' class 
 MUWord.QuickS_indexSortL(MUWordsL,  
                                                ref I_objArr, 0, i - 1); 
 stopWatch.Stop(); 
                                      .  .  . 
 // storing of found MUWs into the 'str_sw' string 
 for (int z = 0; z < i && z < 50; z++)  {  
  if (Char.IsLetter(MUWordsL[I_objArr[z]].word[1]) &&  
      Char.IsLetter(MUWordsL [I_objArr[z]].word[2]) &&  
      Char.IsUpper(MUWordsL[I_objArr[z]].word[1]) &&  
      Char.IsUpper(MUWordsL[I_objArr[z]].word[2])) 
   str_sw += MUWordsL[I_objArr[z]].word + "\t(" +  
    MUWordsL[I_objArr[z]].wordsCount.ToString() + ")" + 
                                                    Environment.NewLine; 
  else 
   str_sw += MUWordsL[I_objArr[z]].word + "\t      (" + 
    MUWordsL[I_objArr[z]].wordsCount.ToString() + ")" +  
                                        Environment.NewLine; 
}             .  .  .   } 

 

Figure 6. The main parts of the source code of the 
‘GetCountMUWsSeqWithoutLINQ_IndexSort’ sequential 

method 
 

private void GetCountMUWsSeqWithoutLINQ_ 
SortLINQ(object sender, EventArgs e)  {            .  .  . 
 // This method uses the same 3 statements as methods  
 // in Figure 2 to obtain the data source from the file. 
 
 // the list for storing the data of found the most  
 // frequently used words (MUWs): MUWs + their counts 
 List<MUWord> MUWordsL = new List<MUWord>(); 
 
 string str_sw = "";     int i = 0; 
 Stopwatch stopWatch = new Stopwatch(); 
 stopWatch.Reset();        stopWatch.Start(); 
 // searching for and counting MUWs by the called static  
 // method of the 'MUWord' class  
 MUWord.GetCountMUWs_WithoutLINQ(wordsLocal,  
                     ref MUWordsL, ref searchedWordsL, ref i); 
 // sorting found MUWs by a LINQ query 
 var orderedResults = from word in MUWordsL 
           group word by word.wordsCount into newGroup 
           orderby newGroup.Key descending 
           select newGroup; 
 stopWatch.Stop(); 
                                      .  .  . 
 var usedWordsLtd = orderedResults.Take(50); 
 // storing of found MUWs into the 'str_sw' string 
 foreach (var nameGroup in usedWordsLtd)  { 
  foreach (var it in nameGroup)  { 
   if(Char.IsLetter(it.word[1]) && Char.IsLetter(it.word[2]) 
    &&  
    Char.IsUpper(it.word[1]) && Char.IsUpper(it.word[2])) 
    str_sw += item.word + "\t(" + it.wordsCount.ToString() 
                                          + ")" + Environment.NewLine; 
   else 
    str_sw += it.word + "\t                (" +  
  it.wordsCount.ToString() + ")" + Environment.NewLine; 
}             .  .  .   } 

 

Figure 7. The main parts of the source code of the 
‘GetCountMUWsSeqWithoutLINQ_SortLINQ’ sequential 

method 
 

The GetCountMUWsPARwithoutLINQ_SortIM 
parallel event handler method (Figure 8) splits all 
words in a given document being analysed into 4 
groups, then performs a search and count of the most 
frequently used words in each of these groups in 
parallel using the Parallel.Invoke static member 
method, which calls the MUWord.GetCountMUWs 
_WithoutLINQP static member method of the 
MUWord class (Figure 1) in each lambda expression. 
When the parallel search and count of the most 
frequently used words in each of these 4 groups is 
completed, the event handler method merges the 4 
results of these parallel searches and counts into 1 
result, into a single list, which is an object of the 
List<T> generic class. The objects of the MUWord 
class stored in this list contain in their instance 
variables the found words with their occurrence 
counts. Then the event handler method sorts these 
objects according to the number of occurrences of 
individual words using the Sort instance method, 
which uses the default comparer defined in the 
MUWord class (Figure 1). The Sort method is an 
instance method of the results_MUWs_4 object of 
the List<T> generic class. 
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private void GetCountMUWsPARwithoutLINQ_ 
SortIM(object sender, EventArgs e)  {                      .  .  . 
// This method uses the same 3 statements as methods  
// in Figure 2 to obtain the data source from the file. 
 
// the lists for storing found the most freq. used words 
// (MUWs) on the thread 1, thread 2, thread 3, thread 4 
List<MUWord> MUWs1 = new List<MUWord>(); 
List<MUWord> MUWs2 = new List<MUWord>(); 
List<MUWord> MUWs3 = new List<MUWord>(); 
List<MUWord> MUWs4 = new List<MUWord>(); 
 
//the resulting list composed from 'MUWs1'+...+'MUWs4' 
List<MUWord> result = new List<MUWord>(); 
 
int count1 = 0, count2 = 0, count3 = 0, count4 = 0; 
 
// the lists for to storing the first occurrences of found  
// MUWs longer than 'lenghtOfWs' on individual threads 
List<String> sWords1 = new List<string>(); 
List<String> sWords2 = new List<string>(); 
List<String> sWords3 = new List<string>(); 
List<String> sWords4 = new List<string>(); 
 
int numbOfElements_wordsLocal = wordsLocal.Count(); 
int intr = numbOfElements_wordsLocal / 4; 
int rem = numbOfElements_wordsLocal % 4; 
 
 Stopwatch stopWatch = new Stopwatch(); 
 stopWatch.Reset();        stopWatch.Start(); 
// parallel searching for and counting MUWs 
Parallel.Invoke( 
() => 
{ MUWord.GetCountMUWs_WithoutLINQP(wordsLocal,  
           0, intr - 1, ref MUWs1, ref sWords1, ref count1);}, 
() => 
{ MUWord.GetCountMUWs_WithoutLINQP(wordsLocal,  
intr, (2 * intr) - 1, ref MUWs2, ref sWords2, ref count2);}, 
() => 
{ MUWord.GetCountMUWs_WithoutLINQP(wordsLocal,  
2*intr, (3*intr)-1, ref MUWs3, ref sWords3, ref count3);}, 
() => 
{ MUWord.GetCountMUWs_WithoutLINQP(wordsLocal,  
3*intr, ((4 * intr) - 1) + rem, ref MUWs4, ref sWords4, ref 
count4);} // close fourth Action  
); // close the 'Parallel.Invoke' static method 
 
// composing the resulting list 
result.AddRange(MUWs1);   result.AddRange(MUWs2); 
result.AddRange(MUWs3);   result.AddRange(MUWs4); 
 
List<MUWord> result_toSort = new List<MUWord>(); 
List<String> searchedWords = new List<string>(); 

 

Figure 8 a). The main parts of the source code of the 
‘GetCountMUWsPARwithoutLINQ_SortIM’ parallel 

method (Part 1) 
 
 
 
 
 
 
 

// „connecting“ the same multiple found word by multiple  
// threads of the 'Parallel.Invoke' method into ONE find 
foreach (MUWord itemX in result)  { 
 long numberWords = result.LongCount(p => p.word ==  
                                                                     itemX.word); 
 if (numberWords == 1 && itemX.wordsCount == 1) 
  {  result_toSort.Add(itemX);  } 
 else if (numberWords == 1 && itemX.wordsCount > 1) 
  {  result_toSort.Add(itemX);  } 
 else if (numberWords > 1 &&  
            !searchedWords.Contains(itemX.word))  { 
  long occurrTotal = 0; 
 
 // The 'wordx' elements of the current List<T> are  
 // individually passed to the Predicate<T> delegate 
 int indx = result.FindIndex(0, result.Count - 1, delegate 
 (MUWord wordx) {return wordx.word == itemX.word;} ); 
 
  occurrTotal += result[indx].wordsCount; 
  for (int kx = 0; kx < numberWords &&  
         (indx + 1) < (result.Count - 1); kx++)  { 
   if (kx == numberWords - 1 &&  
       result[result.Count - 1].word == itemX.word) 
     occurrTotal += result[result.Count - 1].wordsCount; 
   else 
    indx = result.FindIndex(indx + 1, (result.Count - 1) -  
                             (indx + 1), delegate (MUWord wordx) 
    {  return wordx.word == itemX.word;  }  ); 
 
   if (indx != -1) 
     occurrTotal += result[indx].wordsCount;  } 
 
  itemX.wordsCount = occurrTotal; 
  result_toSort.Add(itemX); 
  searchedWords.Add(itemX.word);   }   } 
 
 // sorting found MUWs by the 'Sort' instance method 
 result_toSort.Sort(); 
 stopWatch.Stop(); 
                                      .  .  . 
 string str_sw = ""; 
 // storing of found MUWs into the 'str_sw' string 
 for (int z = 0; z < result_toSort.Count && z < 50; z++)  { 
  if (Char.IsLetter(result_toSort[z].word[1]) &&  
      Char.IsLetter(result_toSort[z].word[2]) 
      && Char.IsUpper(result_toSort[z].word[1]) &&  
            Char.IsUpper(result_toSort[z].word[2])) 
      str_sw += result_toSort[z].word + "\t(" +  
                 result_toSort[z].wordsCount.ToString() + ")" + 
                                                     Environment.NewLine; 
  else 
     str_sw += result_toSort[z].word + "\t                (" + 
           result_toSort[z].wordsCount.ToString() + ")" +  
                                    Environment.NewLine;  }  .  .  .   } 

 

Figure 8 b). The main parts of the source code of the 
‘GetCountMUWsPARwithoutLINQ_SortIM’ parallel 

method (Part 2) 
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The execution times of these 3 event handler 
methods that performed word frequency analysis of 
several text disk files without using LINQ queries 
were then compared with the execution times of the 5 
event handler methods mentioned above that 
performed the same analysis of the same text disk 
files but using LINQ queries. The details of this 
experiment, its results, and their brief evaluation are 
presented in the following section. 

 
6. Experiment, its Results and their Brief 

Analysis 
 
It is assumed that the event handler methods of 

the C# application, which perform word frequency 
analysis of text disk files using LINQ queries, should 
be more execution efficient, especially when 
analysing relatively large files, e.g., a 536 MB file 
that can contain up to 95 million words, than the 
event handler methods of this C# application, which 
perform the same analysis of the same disk files, but 
without using LINQ queries. 

To verify this main hypothesis, an experiment 
was performed using the C# application. Five event 
handler methods of the C# application using LINQ 
queries, GetCountSortMUWs_Seq_LINQ_QueryS, 
GetCountSortMUWs_Seq_LINQ_MethS, GetCount 
SortMUWs_PAR_LINQ_MethS, GetCountMUWs 
PAR_LINQ_MethS_SortNLINQ, and GetCount 
MUWsPAR_LINQ_MethS_SortIM, and 3 event 
handler methods of this application not using LINQ 
queries, GetCountMUWsSeqWithoutLINQ_Index 
Sort, GetCountMUWsSeqWithoutLINQ_SortLINQ, 
and GetCountMUWsPARwithoutLINQ_SortIM 
performed word frequency analyses of the same disk 
files. Each of these methods measured the execution 
time of its word frequency analysis and stored it 
together with the results of this analysis into the 
freqAnalysesLogs.txt disk log file. By comparing 
these execution times, the main hypothesis will be 
confirmed or refuted. 

If the main hypothesis is confirmed, a further 
comparison of the execution times of the respective 
event handler methods will be performed to identify 
the most execution-efficient method among the 5 
methods using LINQ queries. A research was 
conducted to determine whether the parallel methods 
using LINQ queries, GetCountSortMUWs_PAR 
_LINQ_MethS, GetCount MUWsPAR_LINQ_MethS 
_SortNLINQ, and GetCountMUWsPAR_LINQ 
_MethS_SortIM, will be more execution efficient 
than the sequential methods using LINQ queries, 
GetCountSortMUWs_Seq_LINQ_QueryS and 
GetCountSortMUWs_Seq_LINQ_MethS, and also 
how the way of sorting found the most frequently 
used words according to their number of occurrences 
affects the execution efficiency of the parallel 
methods. 

The research was also conducted to determine 
whether creating a LINQ query using method syntax 
will improve its execution efficiency compared with 
a version of that LINQ query created using query 
syntax. The impact of the length of search words on 
the execution times of event handler methods using 
LINQ queries and event handler methods not using 
LINQ queries that perform word frequency analyses 
was also examined. 

Above mentioned 8 event handler methods 
performed a frequency analysis of words with 
lengths greater than 3 and 6 characters on the 
following text disk files: 

 

• searchedClss33MB.txt - the size 33.1 MB, the file 
contains 709499 lines and 5915972 words 

• searchedClss46MB.txt - the size 46.3 MB, 989941 
lines, and 8253547 words 

• searchedClss66MB.txt - the size 66.3 MB, 
1418999 lines, and 11830330 words 

• searchedClss132MB.txt - the size 132 MB, 
2806249 lines, and 23585709 words 

• searchedClss268MB.txt - the size 268 MB, 
5693215 lines, and 47781547 words 

• searchedClss536MB.txt - the size 536 MB, 
11386433 lines, and 95563112 words 
 

The following event handler methods not using 
LINQ queries, did not perform word frequency 
analysis of these larger files: 

 

• the GetCountMUWsSeqWithoutLINQ_IndexSort 
and GetCountMUWsSeqWithoutLINQ_SortLINQ 
methods did not perform a frequency analysis of 
words longer than 6 characters on the 
searchedClss132MB.txt, searchedClss268MB.txt, 
and searchedClss536MB.txt files, 

• the GetCountMUWsPARwithoutLINQ_SortIM 
method did not perform a frequency analysis of 
words longer than 6 characters on the 
searchedClss268MB.txt and searchedClss536 
MB.txt files, and 

• the GetCountMUWsSeqWithoutLINQ_IndexSort, 
GetCountMUWsSeqWithoutLINQ_SortLINQ, and 
GetCountMUWsPARwithoutLINQ_SortIM 
methods did not perform a frequency analysis of 
words longer than 3 characters on the 
searchedClss66MB.txt, searchedClss132MB.txt, 
searchedClss268MB.txt and searchedClss536 
MB.txt files, 
 

because their estimated execution times can be 
greater than 20 minutes, which is very long and 
unusable time for the user. 

The execution times of all word frequency 
analyses performed by 5 sequential and parallel event 
handler methods of the C# application using LINQ 
queries and 3 sequential and parallel event handler 
methods of this C# application not using LINQ 
queries on the 6 text disk files mentioned above are 
shown in Figure 9 and Figure 10. 
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(a) 

(b) 

(c)   
Figure 9. a) Execution times of ALL methods searching for, counting, and sorting the most frequently used words 

(MUWs) longer than 6 characters using LINQ queries and without using LINQ queries; b) Execution times of methods 
searching for, counting, and sorting the most frequently used words (MUWs) longer than 6 characters using ONLY LINQ 

queries; c) Execution times of the fastest methods (without the GetCountMUWsPAR_LINQ_MethS_SortIM method) 
searching for, counting, and sorting the most frequently used words (MUWs) longer than 6 charactersusing ONLY LINQ 

queries. 
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(a) 

 
(b) 

 
(c) 

Figure 10. a) Execution times of ALL methods searching for, counting, and sorting the most frequently used words 
(MUWs) longer than 3 characters using LINQ queries and without using LINQ queries; b) Execution times of methods 

searching for, counting, and sorting the most frequently used words (MUWs) longer than 3 characters using ONLY LINQ 
queries; c) Execution times of the fastest methods (without the GetCountMUWsPAR_LINQ_MethS_SortIM method) 

searching for, counting, and sorting the most frequently used words (MUWs) longer than 3 characters using ONLY LINQ 
queries 



TEM Journal. Volume 15, Issue 2, pages 991-1006, ISSN 2217-8309, DOI: 10.18421/TEM152-04, May 2026. 
 

1002                                                                                                                           TEM Journal – Volume 15 / Number 2 / 2026. 

 
As part of the word frequency analysis, each of 

eight event handler methods mentioned above 
performed on each of the above-mentioned files 
following: 

 

• Searching for the most frequently used words of 
the user-selected length, 

• Finding out their number, 
• Sorting the most frequently occurring words 

according to their number of occurrences, and 
• Displaying the first 50 found and sorted words 

into the output text box of the C# application and 
writing them, with the execution time of this word 
frequency analysis, into the freqAnalysesLogs.txt 
disk log file. 
 

The C# application was running on the computer 
with the following basic hardware configuration: 
AMD Ryzen 9 5900HX Processor (L2 Cache: 4 MB, 
L3 Cache: 16 MB, 3.3 GHz (Processor Base 
Frequency), 4.6 GHz (Max. Frequency)), 8 Cores, 16 
Threads, RAM: 32 GB. The Microsoft Windows 11 
Home, 64-bit operating system and the Microsoft 
.NET Framework 4 were installed on this computer. 

One of the outputs of the C# application, which 
contains the results of word frequency analysis of the 
searchedClss536MB.txt file with the size of 536 MB, 
is shown in Figure 11. The C# application also wrote 
this output into the freqAnalysesLogs.txt log file. 

 
The 'searchedClss536MB.txt' file contains a history of  
           ALL searches. (10/5/2025 6:33:01 PM) 
 Properties of the 'searchedClss536MB.txt' file: 
- the file size:   562278222 B 
       (536,230298995972 MB / 0,523662401363254 GB) 
- the number of lines:  11386433 
- the number of words:  95563112 
------------------------------------------------------------------------- 
Execution time: 00:00:00.0000068 (0.0068 ms)  
The most freq. used words (MUWs) with the lenght > '3' 
ch. in 'searchedClss536MB.txt' (30126) are (the first 50) 
(MUWs were SEARCHED, COUNTED, and SORTED 
by a LINQ query written using METHOD syntax): 
[word]      [count] 
 
I’ll                 (934962) 
that                 (854450) 
with                 (702376) 
thou                 (683908) 
have                 (579110) 
your                 (577374) 
this                 (497128) 
’tis                 (386854) 
thee                 (364118) 
’Tis                 (348298) 
will                 (334698) 
That                 (300630) 

 

Figure 11. The part of the output of the C# application 
showing the results of word frequency analysis of the 

‘searchedClss536MB.txt’ file 

6.1. Brief Results Analysis 
 
Several facts emerge from a comparison of the 

execution times of event handler methods of the C# 
application that performed a frequency analysis of 
words longer than 6 characters and longer than 3 
characters on text disk files of various sizes using 
LINQ queries sequentially and in parallel, and 
without using LINQ queries sequentially and in 
parallel: 

 

• the event handler methods GetCountSortMUWs 
_Seq_LINQ_QueryS, GetCountSortMUWs_Seq 
_LINQ_MethS, GetCountSortMUWs_PAR_LINQ 
_MethS, GetCountMUWsPAR_LINQ_MethS 
_SortNLINQ, and GetCountMUWsPAR_LINQ 
_MethS_SortIM, which use LINQ queries, are 
multiple times faster in execution than the 
event handler methods GetCountMUWsSeq 
WithoutLINQ_IndexSort, GetCountMUWsSeq 
WithoutLINQ_SortLINQ, and GetCountMUWs 
PARwithoutLINQ_SortIM, which do not use 
LINQ queries (Figure 9a) and Figure 10a)). This 
confirmed the main hypothesis: methods that 
perform word frequency analysis using LINQ 
queries are more execution-efficient, especially 
when analysing relatively large files, e.g., a 536 
MB file that can contain up to 95 million words, 
than methods that perform this analysis without 
using LINQ queries. 
The execution times of the three event handler 
methods mentioned above that do not use LINQ 
queries and that perform a frequency analysis of 
words longer than 6 characters on 66.3 MB and 
132 MB files (searchedClss66MB.txt and 
searchedClss132MB.txt) (Figure 9a)), and their 
execution times of performing a frequency 
analysis of words longer than 3 characters on 33.1 
MB and 46.3 MB files (searchedClss33MB.txt 
and searchedClss46MB .txt) (Figure 10a)) are 
very large, reaching approximately 15, 16, and 20 
minutes, which are unusable times for the user. 
For this reason, the execution times of the two 
sequential event handler methods 
GetCountMUWsSeqWithout LINQ_IndexSort and 
GetCountMUWsSeq WithoutLINQ_SortLINQ 
were not measured when performing the 
frequency analysis of words longer than 6 
characters on the larger 132, 268 and 536 MB 
files (searchedClss132MB.txt, 
searchedClss268MB.txt and searchedClss536MB 
.txt), and the execution times of the Get 
CountMUWsPARwithoutLINQ_SortIM parallel 
event handler method were not measured when 
performing the frequency analysis of words 
longer than 6 characters on the larger 268 and 536 
MB files (searchedClss268MB.txt and 
searchedClss536MB.txt), because their estimated 
execution times exceeded 20 minutes.  
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For the same reason, the execution times of these 
2 sequential methods and this parallel method 
were not measured when performing a frequency 
analysis of words longer than 3 characters on the 
larger 66.3, 132, 268 and 536 MB files 
(searchedClss66MB.txt, searchedClss132MB.txt, 
searchedClss268MB.txt, and searchedClss 
536MB.txt), because their estimated execution 
times exceeded 20 minutes. 
In contrast to it, the execution times of event 
handler methods using LINQ queries, 
GetCountSortMUWs_Seq_LINQ_QueryS, Get 
CountSortMUWs_Seq_LINQ_MethS, GetCount 
SortMUWs_PAR_LINQ_MethS, GetCountMUWs 
PAR_LINQ_MethS_SortNLINQ, and GetCount 
MUWsPAR_LINQ_MethS_SortIM, (Figure 9b) 
and Figure 10b)) which perform a frequency 
analyses of words longer than 6 characters and 
longer than 3 characters on larger files, e.g., on 
132 MB, 268 MB and 536 MB files 
(searchedClss132MB.txt, searchedClss268MB 
.txt, and searchedClss536MB.txt), are very small, 
their values ranging between 0.0063 ms to 
1952.1715 ms. 

• If the execution efficiency of event handler 
methods that use LINQ queries is examined 
(Figure 9b), Figure 10b)), the least efficient 
method among them is the GetCountMUWsPAR 
_LINQ_MethS_SortIM method, which searches 
for and counts the most frequently used words in 
parallel using a LINQ query. The event handler 
method sorts found the most frequently used 
words according to their number of occurrences 
by calling the Sort instance method. So, the event 
handler method does not perform all three tasks of 
word frequency analysis, searching for, counting, 
and sorting the most used words using a LINQ 
query. The execution efficiency of this method 
deteriorates as the size of the analysed file 
increases. These findings confirm authors’ 
assumption that the most execution-efficient 
search for the most used words can be performed 
using a LINQ query that performs all three tasks 
of word frequency analysis: searching, counting, 
and sorting these words. 

• the event handler methods GetCountSort 
MUWs_Seq_LINQ_QueryS, GetCountSortMUWs 
_Seq_LINQ_MethS, GetCountSortMUWs_PAR 
_LINQ_MethS, and GetCountMUWsPAR_LINQ 
_MethS_SortNLINQ (Figure 9c) and Figure 10c)), 
which perform all three tasks of word frequency 
analysis, searching for, counting, and sorting the 
most used words using only a LINQ query or 
LINQ queries, are the most execution efficient. 
The least efficient of these fastest event handler 
methods is the GetCountMUWsPAR 
_LINQ_MethS_SortNLINQ parallel method, 
which searches for and counts the most used 
words using one LINQ query in parallel and sorts 
them using another LINQ query sequentially. 

The GetCountSortMUWs_PAR_LINQ_MethS 
parallel event handler method and the sequential 
event handler methods GetCountSortMUWs_Seq 
_LINQ_QueryS, GetCountSortMUWs_Seq_LINQ 
_MethS, which search for, count, and sort the 
most frequently used words using one LINQ 
query, are slightly more execution-efficient, than 
the GetCountMUWsPAR_LINQ_MethS_Sort 
NLINQ parallel method, which performs the first 
two tasks using one LINQ query and sorting 
found the most frequently used words according 
to their number of occurrences using the second 
LINQ query. Thus, it can be concluded that the 
way of sorting found the most frequently used 
words according to their number of occurrences 
affects the execution efficiency of sequential and 
parallel methods that use LINQ queries. 

• the fastest parallel event handler methods 
GetCountSortMUWs_PAR_LINQ_MethS and 
GetCountMUWsPAR_LINQ_MethS_SortNLINQ 
using LINQ queries do not perform word 
frequency analyses of larger files in a more 
execution-efficient manner than the sequential 
event handler methods GetCountSortMUWs 
_Seq_LINQ_MethS and GetCountSortMUWs 
_Seq_LINQ_QueryS using LINQ queries (Figure 
9c) and Figure 10c)). Conversely, sequential event 
handler methods are slightly more execution-
efficient than parallel event handler methods. 
Thus, parallelizing event handler methods that 
use LINQ queries did not improve their 
execution efficiency. 

• The GetCountSortMUWs_Seq_LINQ_MethS 
event handler method using a LINQ query, which 
is written using method syntax, has very slightly 
different execution times, 0.0011 ms (the 
maximum difference when analysing the 
frequency of words longer than 6 characters) and 
0.001033333 ms (the maximum difference when 
analysing the frequency of words longer than 3 
characters), compared to the 
GetCountSortMUWs_Seq_LINQ_QueryS event 
handler method using a LINQ query, which is 
written using query syntax(Figure 9c) and Figure 
10c)). Therefore, creating a LINQ query using 
method syntax did not significantly improve its 
execution efficiency compared with a LINQ 
query created using query syntax. 

• the length of the most frequently used words 
being searched significantly affects the execution 
times of the event handler methods 
GetCountMUWsSeqWithoutLINQ_IndexSort and 
GetCountMUWsSeqWithoutLINQ_SortLINQ and 
GetCountMUWsPARwithoutLINQ_SortIM not 
using LINQ queries.  
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The execution times of the frequency analysis of 
words longer than 6 characters performed by these 
methods on 66.3 and 132 MB files were 
approximately 14 and 16 minutes, while the 
execution times of the frequency analysis of 
words longer than 3 characters performed by these 
methods on a 46.3 MB file were approximately 20 
minutes (Figure 9a) and Figure 10a)). 
The length of the most frequently used words 
being searched does not significantly affect the 
execution times of the event handler methods 
GetCountSortMUWs_Seq_LINQ_QueryS, Get 
CountSortMUWs_Seq_LINQ_MethS, GetCount 
SortMUWs_PAR_LINQ_MethS, GetCountMUWs 
PAR_LINQ_MethS_SortNLINQ, and GetCount 
MUWsPAR_LINQ_MethS_SortIM, using LINQ 
queries that performed frequency analyses of 
words longer than 6 characters and longer than 3 
characters on relatively large, e.g., on 132, 268, 
and 536 MB files (Figure 9a) and Figure 10a)). 

• The most execution efficient event handler 
methods that perform the frequency analysis of 
words longer than 6 characters and longer than 3 
characters on relatively large, e.g., on 132, 268 
and 536 MB files, are two sequential methods 
using one LINQ query to search for, count and 
sort the most frequently used words: 
the GetCountSortMUWs_Seq_LINQ_MethS 
method, whose LINQ query is written using 
method syntax, and 
the GetCountSortMUWs_Seq_LINQ_QueryS 
method, whose LINQ query is written using query 
syntax. 
These two event handler methods have almost 
identical execution times when performing the 
aforementioned word frequency analyses of such 
relatively large files. When performing the 
frequency analyses of words longer than 6 
characters, the maximum difference between their 
execution times is 0.0011 ms, and when 
performing the frequency analyses of words 
longer than 3 characters, the maximum difference 
between their execution times is 0.0008 ms 
(Figure 9c) and Figure 10c)). For this reason, both 
the GetCountSortMUWs_Seq_LINQ _MethS and 
GetCountSortMUWs_Seq_LINQ _QueryS 
methods can be considered the most execution 
efficient. This comparison of the execution times 
of these two event handler methods also 
confirmed authors’ finding that creating a LINQ 
query using method syntax did not significantly 
improve its execution efficiency compared to a 
LINQ query created using query syntax. 
 
 
 
 

7. Conclusion 
 
The intention was to create an execution-efficient 

and usable event handler methods for performing 
word frequency analysis, which will be a part of the 
Linguistic Analyser of english-written works of 
literary classics created in C#. In the experiment, it 
was examined whether the event handler methods of 
the C# application using LINQ queries when 
performing word frequency analysis on relatively 
large text disk files are more execution efficient than 
the event handler methods of the same C# application 
performing the same word frequency analysis on the 
same files, but without using LINQ queries. The 
previous sentence more freely formulates the main 
hypothesis: The event handler methods of the C# 
application, which perform word frequency analysis 
of text disk files using LINQ queries, should be more 
execution efficient, especially when analysing 
relatively large files, e.g., a 536 MB file that can 
contain up to 95 million words, than the event 
handler methods of this C# application, which 
perform the same analysis of the same disk files, but 
without using LINQ queries. The results of the 
experiment confirmed the truth of the main 
hypothesis: The event handler methods of the C# 
application GetCountSortMUWs_Seq_LINQ_QueryS, 
GetCountSortMUWs_Seq_LINQ_MethS, GetCount 
SortMUWs_PAR_LINQ_MethS, GetCountMUWs 
PAR_LINQ_MethS_SortNLINQ, and GetCount 
MUWsPAR_LINQ_MethS_SortIM, which use LINQ 
queries when performing word frequency analysis of 
relatively large text files, e.g., a 536 MB file that can 
contain up to 95 million words, are even multiple 
times more execution-efficient than the event 
handler methods of this C# application 
GetCountMUWsSeqWithoutLINQ_IndexSort, Get 
CountMUWsSeqWithoutLINQ_SortLINQ and Get 
CountMUWsPARwithoutLINQ_SortIM, which do 
not use LINQ queries when performing the same 
word frequency analysis of the same text files. 

Next, this experiment was used to identify the 
most execution-efficient method among the 5 
methods using LINQ queries. A research was 
conducted to determine whether the fastest parallel 
methods using LINQ queries, GetCountSortMUWs 
_PAR_LINQ_MethS and GetCountMUWsPAR_LINQ 
_MethS_SortNLINQ, will be more execution efficient 
than sequential methods using LINQ queries, 
GetCountSortMUWs_Seq_LINQ_QueryS and 
GetCountSortMUWs_Seq_LINQ_MethS, and also 
how the way of sorting found the most frequently 
used words according to their number of occurrences 
affects the execution efficiency of the parallel 
methods. 
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The research was also conducted to determine 
whether creating a LINQ query using method syntax 
would improve its execution efficiency compared 
with a version of that LINQ query created using 
query syntax. 

The impact of the length of search words on the 
execution times of event handler methods using 
LINQ queries and event handler methods not using 
LINQ queries that perform word frequency analyses 
was also examined. 

The results of the experiment show that the most 
execution efficient event handler methods that 
perform the frequency analysis of words longer than 
6 characters and longer than 3 characters on 
relatively large, e.g., 132, 268 and 536 MB files, are 
two sequential methods using one LINQ query to 
search for, count and sort the most frequently used 
words: 

The GetCountSortMUWs_Seq_LINQ_MethS 
method, whose LINQ query is written using method 
syntax, and  

The GetCountSortMUWs_Seq_LINQ_QueryS 
method, whose LINQ query is written using query 
syntax. 

These two event handler methods have almost 
identical execution times when performing the word 
frequency analyses of such relatively large files. 

The experiment results also show that these two 
sequential event handler methods using LINQ 
queries are slightly more execution efficient than the 
fastest parallel event handler methods GetCount 
SortMUWs_PAR_LINQ_MethS and GetCount 
MUWsPAR_LINQ_MethS_SortNLINQ using LINQ 
queries. So parallelizing event handler methods that 
use LINQ queries did not improve their execution 
efficiency. 

The experiment results also show that the most 
execution-efficient search for the most used words 
can be performed using a LINQ query that performs 
all three tasks of word frequency analysis: Searching 
for, counting, and sorting these words. If an event 
handler method performing word frequency analysis 
using a LINQ query performs sorts found the most 
frequently used words according to their number of 
occurrences by calling the Sort instance method, it 
significantly degrades the execution efficiency of this 
event handler method. 

The results of the experiment also show that: 
 

• Creating a LINQ query using method syntax 
did not significantly improve its execution 
efficiency compared to the version of this query 
created using query syntax, and 

• The length of the most frequently used words 
being searched significantly affects the 
execution times of event handler methods not 
using LINQ queries and does not significantly 
affect the execution times of event handler 
methods using LINQ queries that performed 
word frequency analyses of relatively large, e.g., 
132, 268 and 536 MB files. 

The conclusion is that to create an execution-
efficient event handler method of a C# application 
that performs word frequency analysis of relatively 
large text disk files, e.g., a 536 MB file that may 
contain up to 95 million words, it is necessary to use 
one sequential LINQ query written using a method 
or query syntax in this method. This method must 
perform all three tasks of word frequency 
analysis, searching, counting, and sorting the most 
frequently used words. A LINQ query written in this 
way provides the most efficient execution of word 
frequency analysis of relatively large text disk files. 

If, in accordance with this recommendation, an 
event handler method of a C# application is created 
to perform word frequency analysis of relatively 
large text disk files, i.e., the method uses one 
sequential LINQ query written using a method or 
query syntax and performs all three tasks of word 
frequency analysis, searching, counting, and sorting 
the most frequently used words, then this method can 
significantly speed up such word frequency analysis 
performed by this an application. 

Such an event handler method can be used, for 
example, in a Linguistic Analyser of english-written 
works of literary classics, where highly efficient 
word frequency analysis of large text files is 
required. 
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