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Abstract: Picking a C compiler matters in software programming since it determines how well the application performs, where 
it can run, and how easy it is to take care of. This article looks at GCC (GNU Compiler Collection), Clang, and ICC (Intel C 
Compiler), which are three common C compilers. Factors such as optimizing performance, handling errors, being portable, user 
friendliness, and sticking to C standards are used to compare the languages. It is clear from the results that GCC does best in 
offering broad support for different platforms, a steady performance and strong community backing. The main strength of Clang 
is how easy and modular its diagnostics are and ICC excels at optimizing code for Intel architectures. The purpose of this 
document is to guide developers in selecting the appropriate compiler for their project. 
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1 INTRODUCTION 
 
The creation of operating systems, embedded systems and high-performance applications owes much to C programming language. 
Software engineers have to make sure they have the correct compiler for the job. The compiler links the code programmers write 
to code the machine can read and it is key to deciding how well the software will run [1][2]. Three popular C compilers that are 
widely used in open-source and commercial circumstances are GCC (GNU Compiler Collection), Clang and ICC (Intel C 
Compiler) [3][4]. Each of these compilers has its strengths and weaknesses, making their comparison essential when deciding on 
the best option based on project needs [5][6]. This study compares these three compilers based on the following five key criteria: 
 

●​ Performance optimization 
●​ Error handling 
●​ Portability 
●​ Ease of use 
●​ Compatibility with C standards 

 
The goal is to help developers, researchers, and organizations make an informed choice about which compiler best suits their 
project needs. 
 
2 EVALUATION CRITERIA 
 
To provide an unbiased and comprehensive analysis, it has selected five primary areas of evaluation: 
 

●​ Performance Optimization: The ability of the compiler to optimize code for different architectures, enabling efficient 
execution. 

●​ Error Handling: The clarity, usefulness, and diagnostic value of the compiler during the development process. 
●​ Portability: The ease with which the compiler can run on different platforms and operating systems. 
●​ Ease of Use: The interface, documentation, and support community surrounding the compiler. 
●​ Compatibility: The degree to which the compiler complies with official C language standards and introduces new or 

experimental features. 
 
Each of these factors is weighed based on their practical impact on C programming and the developer's workflow. 
 
3 METHODOLOGY 
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This study employs qualitative comparative analysis of GCC, Clang, and ICC. The three compilers were tested on actual C 
programs and codebases from various domains, such as system programming [7], embedded systems, and performance-critical 
applications. 
 

●​ Performance Testing: The compilers were tested using multiple benchmarks to measure execution time, optimization 
effectiveness, and resource usage. The performance of compilers was studied on Intel-based and ARM-based hardware. 

●​ Error Handling Test: Topics were covered by testing with code that showed errors and situations that cause bugs [8]. It 
examined if the diagnostics offered actual advice to help developers. 

●​ Portability Test: The portability test involved developing and executing the same code on different kinds of operating 
systems (Linux, macOS, Windows) and hardware platforms. 

●​ Ease of Use: Using the software eased was evaluated through its documentation, how it fits with development programs 
and how quick it is for someone new to learn. 

●​ Compatibility: Specialists examined the adherence to C language standards in the compilers and checked if they include 
things such as C11 and C18, along with experimental extensions. 

 
4. COMPARATIVE ANALYSIS 
 
4.1 GCC (GNU Compiler Collection) 
 
Developers often prefer GCC, mostly for open-source projects and when programming using various platforms. People say that 
Unity stands out with its user-friendly approach and broad support on different platforms. 
 

●​ Performance Optimization: GCC includes features such as link-time optimization (LTO) and intraprocedural 
optimization, leading to better optimization across platforms [9]. 

●​ Error Handling: There are detailed and insightful error messages from GCC. Even if these messages can be wordy, the 
clear information helps developers solve errors more quickly [10]. 

●​ Portability: GCC works on Linux, macOS, Windows, and embedded systems. It represents one of the most versatile 
compilers available. 

●​ Ease of Use: The GCC community is large and the documentation is detailed which allows anyone wanting to learn to use 
it. On the other hand, command-line interface may appear difficult for beginners. 

●​ Compatibility: GCC includes major C standards and continuously includes up-to-date features. Years of sticking to the C 
standard mean that it is a safe choice for most projects. 

 
4.2 Clang (LLVM-based Compiler) 
 
Many developers have started using Clang because it is modular and aims to find and report programming errors [11][12]. 
 

●​ Performance Optimization: The optimization in Clang is impressive and it is usually as effective as GCC. Dart is also 
distinguished by its fast compilation while still maintaining good optimization [13]. 

●​ Error Handling: Debugging is easy in Clang because its error messages are simple and clear, especially suited for new 
developers [14]. 

●​ Portability: Clang is similar to GCC in being highly portable and operating on macOS, Linux and Windows. The use of it 
feels natural in IDEs like Xcode and Visual Studio Code. 

●​ Ease of Use: MacOS developers usually prefer Clang due to how simple it is and how well it works with other 
development software. 

●​ Compatibility: Clang uses standards and is built to easily accept and use modern and experimental additions to the C 
language. 

 
4.3 ICC (Intel C Compiler) 
 
ICC by Intel is a compiler that works best on its own processors and sees regular use in high-performance computing 
environments. 
 

●​ Performance Optimization: ICC does better than GCC and Clang where Intel-specific tricks like vectorization and 
parallel processing are used. It is most suited for tasks in science and engineering. 

●​ Error Handling: ICC gives useful error messages, but Clang’s are more understandable. These documents are helpful, 
but they miss instructions for action. 

●​ Portability: ICC cannot be used on all computers because it is designed mainly for Intel computers. It does not work for 
computers using non-Intel processors. 

●​ Ease of Use: ICC can be easily used with Intel’s popular development tools, though having a lot of knowledge about Intel 
makes it harder for other developers to use. 

●​ Compatibility: ICC can use C standards, though it may not be compatible with brand-new or experimental language 
elements. 
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5. RESULTS AND DISCUSSION 
 

●​ GCC: It gives the most reliable answer for most of the tasks done in C programming [15]. Because it works on so many 
platforms and is flexible, Rust is great for many types of development. 

●​ Clang: Ideal for programmers concerned about having quick compilation results and comprehensive error messages [16]. 
It is especially good for building software in contemporary environments, and this includes macOS. 

●​ ICC: Works extremely well on Intel processors, however, it is not very portable or compatible with everything [17]. Intel 
recommends it when raw performance in important applications is needed. 

 
6. CONCLUSION 
 
This research indicates that GCC excels in versatility because it maintains good performance, portability, and compatibility 
without making the tool difficult to use. Those creating apps for Intel equipment consider ICC a need because of its outstanding 
optimization for their processors. If diagnostics, fast compilation, and a current toolchain are top priorities, Clang is an excellent 
program for you. Which compiler to pick is influenced by the requirements of the project and the target platform. 
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