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Abstract:In recent literature, researchers have often compared the performance of different programming 

languages, all in favour of finding optimal solutions to various problems. Dynamic programming is one of the 

most popular programming paradigms when it comes to the implementation of optimization algorithms. It 

focuses on fragmenting the main problem into sub-problems, and relies on the fact that the optimal solution for 

the main problem correlates with the optimal solutions of its sub-problems. This paper provides an analysis on 

how various C# programming language environment versions perform regarding three of the most common 

optimization problems: the Fibonacci sequence, the longest increasing subsequence, and the knapsack problem. 

The results obtained from this research identify the most efficient and reliable Visual Studio version. 
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1. INTRODUCTION 

A programming language can be defined as a computer language that programmers use to give 

instructions to a computer in a language the computer understands [1]. It is used to develop all kinds 

of software programs (desktop, web, and mobile apps), scripts, or other sets of instructions for 

computers to execute [2]. In the past decades, thousands of distinct programming languages have been 

developed, and more are being developed every year. Despite the fact that many languages have 

similar structures, each has its own syntax. The most popular and most in-demand programming 

languages today are JavaScript, Python, Java, C#, C++, PHP, etc. 

A comparison of the performance of programming languages can be found in a large number of 

papers. Stein et al. [3] performed a comparison of five programming languages in a graph clustering 

scenario. Stefanoski et al. [4] compared the performance of C++ and JavaScript. Ilic et al. [5] 

analyzed and compared C#, Java, and Python performance using different sorting algorithms. Abbade 

et al. [6] did a performance comparison of the most popular programming languages on Stack 

Overflow for Internet of Things middleware. Pereira et al. [7] investigated the runtime, memory 

usage, and energy consumption of twenty-seven well-known programming languages. 

Dynamic programming (DP) is a method that solves optimization problems that involve a 

sequence of decisions so that each individual decision determines a sub-problem that, as a fragment of 

the whole problem, can be solved much easier, and it follows that the optimal solution of the original 

problem would be interwoven with solutions of individual sub-problems [8]. DP has been 

implemented in various fields like computer science, operations research, the economy, and several 

other areas. The implementation of DP for solving optimization problems can also be utilized in more 

modern topics like energy-efficient cloud computing [9], energy management [10], 5G networking 

[11], signal processing [12], and circular economy [13]. Since the concept of DP was introduced in 

the 1950s it is not surprising that the literature on this topic has much to offer. DP was introduced 

mainly to address multi-stage or sequential choice problems. However, DP is equally relevant for 

solving decision problems in which the sequential feature is generated exclusively for the sake of 

computing efficiency. It also saves time and effort compared to exhaustive enumeration when 

determining the optimum combination of options, especially for complex tasks. In terms of computer 

science, DP is an algorithmic technique that may be used to solve a variety of different optimization 

problems. 
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There are many papers dealing with the optimization of DP algorithms for solving most known 

problems like the longest common subsequence, edit distance, the longest increasing subsequence, the 

knapsack problem, and many other problems. Pferschy et al. [14] introduced an improved DP 

knapsack problem with setups.  Kociumaka et al. [15] present an enhanced DP algorithm for the 

longest increasing subsequence. Hajiaghayi et al. [16] developed a novel parallel algorithm for edit 

distance and longest common subsequence. Furini et al. [17] present an effective DP algorithm for the 

minimum-cost maximal knapsack packing problem. Suvarna et al. [18] proposed an enhanced matrix 

chain multiplication algorithm. 

In this paper, a C# performance analysis was performed in Visual Studio 2017, 2019, and 2022 

using three well-known DP problems: the Fibonacci sequence, the longest increasing subsequence, 

and the knapsack problem. 

2. C# PROGRAMMING LANGUAGE 

C# belongs to the C family of programming languages. It is a simple, general-purpose, object-

oriented programming language developed by Microsoft Corporation [19]. Anders Hejlsberg designed 

this programming language in 2000, and the most recent version is C# 10.0, which was released in 

2021. C# runs on the .NET Framework, and it is used to develop all kinds of applications including 

desktop apps, web apps, mobile apps, games, and others. In recent years, C# has become one of the 

most popular programming languages. 

3. VISUAL STUDIO 

Visual Studio is an integrated development environment that can be used for editing, debugging, 

and building code [20]. It was developed by the Microsoft Corporation and is used to develop 

desktop, web, and mobile apps, games, web services, business intelligence solutions, etc [21]. Visual 

Studio supports a wide range of programming languages, including C#, C++, Visual Basic, F#, and 

Python. Visual Studio 97 was the initial edition of this development tool, and it was released on 

March 3, 1997. The most recent version is Visual Studio 2022, which was released on February 15, 

2022. Visual Studio is probably the most advanced integrated development environment available to 

developers today [22]. 

4. DYNAMIC PROGRAMMING PROBLEMS 

To analyze the performance of the C# programming language, the following problems of DP 

were chosen: The Fibonacci sequence, the longest increasing subsequence, and the knapsack problem. 

4.1. The Fibonacci sequence 

The Fibonacci sequence is one of the most important problems in mathematics and real life. It is 

also widely used in computer science. It can be described as a sequence in which every number is the 

sum of the previous two numbers appearing in the series [23]. Fibonacci sequences are a valuable 

source for one of the simplest non-trivial recurrence relations. They can conveniently be utilized to 

show the effect of memorization in the form of a simple recursive function that computes their run 

values in exponential time. The only concern with this seemingly easy problem is that the numbers 

expand exponentially, and their values swiftly pass beyond the scope of typical integer variables in 

most programming languages. Even if we implement this solution in a programming language that 

allows us to utilize highly precise values, the size of these numbers is important for determining the 

time complexity of the optimization algorithm. 

4.2. The longest increasing subsequence 

The longest increasing subsequence is an old and classic problem in computer science. In this 

problem, a sequence of size n is given as input, and the longest increasing subsequence of the 

sequence is defined as the largest subset of the elements whose values are strictly increasing in the 
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order of their indices [24]. The longest increasing subsequence is often utilized as a reference measure 

to determine how close an input array is to the complete sorting of its elements. Optimal solutions to 

this problem can allow us to dynamically maintain the sorting of the sequence, at a time when it is 

subjected to modifications. The sorting property of elements, in this case, can be useful in practical 

applications that require approximately sorted elements of sequences, where it would allow us to 

quickly and efficiently check whether there is a need for further sorting of sequence elements, or 

indicate that the sequence itself is close to the desired order. 

4.3. The knapsack problem 

The knapsack problem has been extensively studied in operations and computing research. Items to be 

packed into a predetermined capacity of a knapsack are chosen from a list of items of known weights 

and values. The ultimate aim is to increase the absolute reward, dependent upon capacity constraints 

[25]. Therefore, this problem is both static and deterministic because, at some point, all objects are 

taken into account, and their weights and values are already known in advance. From empirical 

experience, it is known that many large-scale cases can be optimized and solved within an acceptable 

time by applying this method. 

5. RESULTS AND DISCUSSION 

Algorithms for solving the Fibonacci sequence, the longest increasing subsequence, and the 

knapsack problem were implemented one by one in C# programming language in three different 

Visual Studio versions: 2017, 2019, and 2022. After that, the execution time of these algorithms was 

recorded in order to measure the performance of the C# programming language in these three versions 

of Visual Studio. 

This test was performed on a computer running the Windows 10 Pro 64-bit operating system, 

with an Intel i7-9700K processor, 32 GB of RAM, and an SSD with a capacity of 512 GB (read speed 

of 3500 MB/s and write speed of 2300 MB). 

The algorithm for the Fibonacci sequence was first used for testing. The printing of a Fibonacci 

sequence with 30000 components was used as a test case. As a second algorithm, the longest 

increasing subsequence was used, where the result was obtained on a sequence of 20000 randomly 

generated numbers with a range of 1 to 100. The knapsack problem algorithm was used third. As an 

example for testing, 10000 items of different weights and values were taken, which needed to be 

placed in a knapsack the size of 15000 kg. 

The results of the execution time of all three algorithms in all three versions of Visual Studio are 

shown in Figure 1. Because the execution time of the same code might differ [26],algorithms were 

tested several times before having their average execution time computed and displayed as the final 

result. The execution time of algorithms in Figure 1 is displayed in milliseconds. 

 

Figure 1–C# execution time in Visual Studio 2017, 2019, and 2022 
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As can be seen from Figure 1, it takes the least amount of time to execute all three algorithms in 

Visual Studio 2017, while Visual Studio 2019 is in second place, and Visual Studio 2022 is in third 

place. According to these results, the C# programming language is the fastest in Visual Studio 2017, 

in comparison with the other two versions, because it performed better in all three cases: the 

Fibonacci sequence, the longest increasing subsequence, and the knapsack problem. 

6. CONCLUSION 

In this paper, an analysis of the C# programming language performance in three different Visual 

Studio versions (2017, 2019, and 2022) was performed. Three well-known DP problems were used 

for this experiment: the Fibonacci sequence, the longest increasing subsequence, and the knapsack 

problem. The algorithms for solving these three problems were implemented in C#, in the mentioned 

Visual Studio versions, and tested. To make the results as reliable as possible, the same computer 

system configuration was used for testing algorithms in all three versions of Visual Studio, and also, 

taking into account the variation in execution time that can occur when running the same code, each 

algorithm was tested several times to determine its average execution time. The obtained results 

suggest that, under these conditions, the C# programming language is the fastest and most efficient in 

Visual Studio 2017, with Visual Studio 2019 coming in second and Visual Studio 2022 coming in 

third place. 
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