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Abstract - The aim of this research paper is to conduct a 

comprehensive analysis of Rust and C, with the objective 

of assessing whether Rust can finally replace C as a 

preferred programming language. The analysis 

encompasses various aspects such as performance 

benchmarks, memory management, error handling 

mechanisms, security vulnerabilities, language syntax 

and readability, type safety and memory management, 

tooling and libraries support, development workflows, 

learning curve and community support, the Rust 

ecosystem, adoption in various industries, case studies of 

successful Rust projects, and a comparison of industry 

trends and language preferences. The findings and 

analysis highlight the strengths and considerations of 

each language, providing insights into the potential of 

Rust to replace C in different domains. 
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I.  INTRODUCTION 

The programming landscape is constantly evolving, 

with new languages emerging and established 

languages undergoing advancements. One such 

evolution has been the rise of Rust, a systems 

programming language known for its focus on safety, 

performance, and concurrency. Rust has garnered 

attention as a potential alternative to C, a widely used 

language renowned for its efficiency and low-level 

control. In this research paper, we delve into the 

question: Can Rust finally replace C? 

A. Background and Significance of the Topic: 

C has been the language of choice for systems 

programming, embedded systems, and other domains 

that require fine-grained control and high-performance 

code. However, C's manual memory management and 

weak type checking make it susceptible to memory-

related vulnerabilities and runtime errors. The need for 

a safer and more reliable alternative led to the 

development of Rust. 

 

Rust addresses the shortcomings of C by introducing a 

unique ownership system and borrow checker that 

guarantee memory safety without sacrificing 

performance. This innovative approach has attracted 

attention from developers and organisations seeking to 

build secure and efficient software systems. Rust's 

features and ecosystem have grown rapidly, making it 

a potential candidate to replace C in various 

industries.[1] 

 

B. Research Objectives: 

The primary objective of this research paper is to 

conduct a qualitative and quantitative analysis of Rust 

and C, assessing Rust's potential to replace C as a 

preferred programming language. To achieve this 

objective, we will explore and evaluate various 

aspects, including performance benchmarks, memory 

management techniques, error handling mechanisms, 

security vulnerabilities, language syntax and 

readability, type safety and memory management, 

tooling and libraries support, development workflows, 

learning curve and community support, the Rust 

ecosystem, adoption in various industries, case studies 

of successful Rust projects, and a comparison of 

industry trends and language preferences. 

 

C. Scope and Methodology: 

The scope of this research paper encompasses an in-

depth analysis of Rust and C, focusing on their 

strengths, considerations, and applicability in different 

domains. The analysis will be conducted through a 

combination of qualitative research, such as literature 
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review and case studies, and quantitative analysis, 

including performance benchmarking and 

comparative studies. Relevant industry trends, 

language preferences, and community feedback will 

be considered to provide a comprehensive assessment 

of Rust's potential to replace C. 

By examining these various aspects, we aim to 

contribute to the understanding of Rust's capabilities 

and assess its suitability as a replacement for C. The 

findings and analysis presented in this research paper 

will serve as a valuable resource for developers, 

organisations, and technology enthusiasts who are 

evaluating the adoption of Rust or seeking insights 

into the evolving programming landscape. 

 

II. ANALYSIS OF PERFORMANCE 

BENCHMARKS 

 

A. What is benchmarking? 

Benchmarking is a process of evaluating the 

performance, efficiency, or quality of a system, 

product, or process by comparing it against a set of 

established standards or benchmarks. It involves 

measuring and analysing the performance metrics of 

the subject under test and comparing them to the 

metrics of other similar systems or industry best 

practices. 

 

The primary goal of benchmarking is to provide a 

standardised and objective way to assess the 

performance of a system or process. It helps identify 

areas for improvement, gauge competitiveness, and 

make informed decisions for optimization or 

comparison purposes. 

 

B. What are the parameters used for the tests? 

Each program is run as a child-process of a Python 

script using Popen. 

 

i) secs: 

Measurement: The time is measured using the 

time.time() function. 

Timeframe: It represents the total time taken from 

before forking the child process until after the child 

process exits. 

Inclusion: It includes the processing done by the 

measurement script itself and any other activities that 

occur on the idle isolated test machine during that 

time. 

Scope: It encompasses all activities related to the 

measurement script and the test environment, not 

specifically limited to the child process. 

 

ii) cpu secs: 

Measurement: The time is measured using the 

os.wait3 function, specifically recording the user (usr) 

and system (sys) time for the child process. 

Timeframe: It represents the actual CPU time 

consumed by the child process. 

Inclusion: It includes only the processing time of the 

child process and does not take into account other 

activities outside the child process. 

Limitations: In multiprocess programs, it may not 

capture all processing done by the program. In such 

cases, it may provide an estimate of busy time instead 

of the complete processing time. 

 

iii) mem: 

The script child-process maximum resident set size is 

recorded using os.wait3. 

This is not the maximum resident set size of the 

process tree and may underestimate the memory use of 

multi process programs. 

 

iv) gz:  

We start with the source-code markup you can see, 

remove comments, remove duplicate whitespace 

characters, and then apply minimum GZip 

compression. The measurement is the size in bytes of 

that GZip compressed source-code file. 

 

v) cpu load: 

It is measured using the psutil.cpu_percent before 

forking the child-process and after the child-process 

exits. This will include processing done by the 

measurement script, and whatever else happens on the 

idle isolated test machine. 

 

C: Running the tests and collecting data: 

The following data has been measured on a quad-core 

3.0GHz Intel® i5-3330® with 15.8 GiB of RAM and 

2TB SATA disk drive; using Ubuntu™ 22.10 x86_64 

GNU/Linux 5.19.0-29-generic. 
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The benchmarking programs utilised have been crowd 

sourced, contributed to the project “benchmarksgame-

team”.[2] 

 

Versions: 

Rust (1.67.0) (fc594f156 2023-01-24) 

LLVM version: 15.0.6 

C clang 

Ubuntu clang version 15.0.2-1 

source secs N mem gz cpu 

secs 

cpu load 

binary-

trees 

0.02 7 11,020 751 0.00 0% 0% 

0% 0% 

n-body 5.63                 50,000,

000 

 

11,068 

 

1480 

 

5.63 100% 0% 

0% 0% 

regex-

redux #3 

0.21                   

 

500,000 79,264 719 0.22 56% 9% 

33% 9% 

fannkuch

-redux  
#6 

3.51 

 

12 11,036 1253 13.9

3 

99% 99% 

99% 99% 

 

Table 1.1: Data collected for Rust[3] 

 

ii) Data collected for C 

source secs N mem gz cpu 

secs 

cpu load 

binary-
trees 

0.00 7 11,192 654 0.00 0% 0% 
0% 0% 

n-body 5.98                50,000,
000 

 

11,392 
 

1173 
 

5.98 
  

0% 0% 
0% 100% 

regex-

redux #3 

0.23                  

 

500,000 14,688 1266 0.70 78% 73% 

72% 76% 

fannkuc

h-redux  

#6 

2.05 

 

12 11,236 1576 8.13 99% 99% 

98% 99% 

Table 1.1: Data collected for C[4] 

D. Analysing the obtained data 

Let us begin by examining the processing time of the 

programs. With the exception of the fannkuch-redux 

program, Rust consistently exhibits lower CPU 

execution times compared to C. Furthermore, it is 

noteworthy that Rust demonstrates faster program 

startup times in the majority of cases. 

 

Moving on to the comparison of main memory 

utilisation between Rust and C, we find that, apart 

from the regex-redux program, Rust requires 

significantly less memory for processing. 

 

We now turn our attention to an often overlooked 

metric: the amount of storage a program occupies on 

the hard disk. In two out of four scenarios, Rust 

demonstrates a notable advantage by requiring 

significantly less storage than C. However, in the 

remaining two cases, C exhibits a substantial reduction 

in hard disk usage compared to Rust. Upon closer 

observation, we find that for larger tasks, C programs 

tend to occupy significantly more storage space. On 

the other hand, for smaller tasks, C performs 

admirably without imposing a heavy burden on the 

hard disk. 

 

As for CPU load, we note that the load on each core in 

every case is almost similar in both cases, however, in 

the case of regex-redux, we notice that Rust performs 

much better but also occupies much more memory. 

 

Hence, with just benchmarking tests alone, we cannot 

come to any conclusion. Benchmarking tests often 

focus on specific aspects of performance, potentially 

overlooking other important factors such as 

maintainability, readability, and ecosystem support. 

Additionally, benchmarks might not accurately reflect 

real-world workloads and can sometimes produce 

misleading or biassed results if not carefully designed 

and executed. 

 

III. EVALUATION OF MEMORY 

MANAGEMENT TECHNIQUES 

When evaluating memory management techniques, 

several factors should be considered: 

i) Memory Safety: Rust's ownership system and 

compile-time checks provide strong guarantees of 

memory safety, reducing the likelihood of memory-

related bugs. C, on the other hand, places the 

responsibility of memory safety on the programmer, 
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making it more prone to errors if not handled 

meticulously. 

ii) Runtime Overhead: Rust's memory management 

techniques incur a certain degree of runtime overhead 

due to the enforcement of ownership rules and lifetime 

checks. However, the Rust compiler's optimization 

capabilities aim to minimise this overhead and achieve 

performance comparable to C, especially for compute-

intensive tasks. 

 

iii) Development Productivity: Rust's memory 

management model can sometimes require additional 

effort to satisfy the borrowing and ownership rules. 

This may lead to a steeper learning curve for 

developers transitioning from languages with different 

memory management paradigms. In contrast, C's 

manual memory management allows more freedom 

but requires careful attention and expertise to ensure 

memory safety. 

iv) Memory Efficiency: Rust's ownership model 

enables efficient memory utilisation by minimising 

unnecessary allocations and deallocations. C's manual 

memory management provides developers with fine-

grained control over memory usage, allowing for 

optimizations tailored to specific requirements. 

v) Trade-offs: The choice between Rust and C for 

memory management depends on the specific project 

requirements. Rust's emphasis on safety and 

concurrency makes it well-suited for systems where 

memory safety and thread safety are critical. C's low-

level control and flexibility make it preferable for 

scenarios that demand explicit memory management 

or interactions with existing C libraries. 

By evaluating the memory management techniques 

employed by Rust and C, we can better understand 

their impact on performance, reliability, and developer 

productivity. These evaluations help in selecting the 

appropriate language based on the specific 

requirements and constraints of the project at hand. 

IV: MEMORY SAFETY ANALYSIS 

When comparing the memory safety analysis of Rust 

and C, the following conclusions can be drawn: 

A. Rust's memory safety features, enforced by the 

compiler at compile-time, provide strong guarantees 

against memory-related bugs. Rust's ownership 

system, borrowing rules, and static analysis 

significantly reduce the risk of common issues like 

null pointer dereferences, use-after-free, and data 

races. Rust's memory safety analysis contributes to 

improved code reliability and security.[5] 

B. C's memory safety heavily relies on the diligence 

and expertise of the developer. While defensive 

programming practices can help mitigate memory-

related bugs, the lack of built-in memory safety 

mechanisms exposes C programs to a higher risk of 

memory-related issues if not implemented 

meticulously. 

 

Overall, Rust's memory safety analysis surpasses that 

of C, as it provides a comprehensive and enforced 

approach to memory safety. By leveraging compile-

time checks and ownership tracking, Rust minimises 

the likelihood of memory-related bugs, enhancing the 

overall reliability and security of systems 

programming code. [6] 

 

V. DEVELOPER PRODUCTIVITY ANALYSIS 

When comparing the syntax and readability of Rust 

and C, the following conclusions can be drawn: 

A. Rust's syntax is designed to be expressive, 

ergonomic, and modern. It promotes code readability 

through its emphasis on code documentation, 

formatting conventions, and expressive constructs like 

pattern matching and closures. Rust's ownership 

system, although initially challenging, contributes to 

safer concurrency and error handling, once 

understood. 
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B. C's syntax is straightforward, familiar, and 

minimalistic. Its procedural nature and lack of higher-

level abstractions make it easy to read and understand 

for developers with imperative programming 

experience. However, C's lack of built-in safety 

features and modern language constructs may lead to 

more verbose code and potential readability 

challenges in certain scenarios. 

 

Overall, Rust's syntax and readability surpass that of C 

in terms of expressiveness, modernity, and safety-

oriented design. Rust's focus on code documentation, 

expressive constructs, and strong tooling for 

formatting and style enforcement contributes to 

enhanced code readability and maintainability. 

 

VI. SUMMARY OF FINDINGS AND ANALYSIS 

Throughout this report, we conducted a qualitative and 

quantitative analysis of Rust and C, aiming to assess 

whether Rust can finally replace C. We explored 

various aspects, including background and 

significance, performance benchmarks, memory 

management, error handling mechanisms, security 

vulnerabilities, language syntax and readability, type 

safety and memory management, tooling and libraries 

support, development workflows, learning curve and 

community support, the Rust ecosystem, adoption in 

various industries, case studies of successful Rust 

projects, and a comparison of industry trends and 

language preferences. Based on our analysis, the 

following key findings can be summarised: 

 

A. Performance and Memory Management 

Rust's performance benchmarks often rival or surpass 

those of C, thanks to its low-level control and memory 

safety guarantees. 

Rust's ownership system and borrow checker 

eliminate common memory-related vulnerabilities, 

such as use-after-free and null pointer dereferences. 

 

B. Error Handling and Safety: 

Rust's approach to error handling using Result and 

Option types promotes robust error management and 

reduces the likelihood of runtime errors. 

Rust's strong type system and pattern matching 

capabilities catch many errors at compile-time, 

enhancing code reliability and safety. 

 

C. Security and Vulnerabilities: 

Rust's memory safety features significantly mitigate 

common security vulnerabilities like buffer overflows 

and data races. 

C, on the other hand, is more prone to memory-related 

vulnerabilities due to manual memory management 

and weak type checking. 

 

D. Development Productivity and Tooling: 

Rust's ecosystem, led by the Cargo package manager, 

provides a modern and efficient development 

experience, simplifying dependency management and 

build processes. 

C, being a mature language, has a vast ecosystem of 

tools and libraries built over the years, supporting a 

wide range of development requirements. 

 

E. Industry Adoption: 

Rust's adoption is growing across diverse industries 

such as systems programming, web development, 

game development, cryptography, IoT, and financial 

technology. 

C remains prevalent in industries that prioritise low-

level control, embedded systems, networking, and 

hardware-related development. [7] 

 

F. Learning Curve and Community Support: 

Rust has a steeper learning curve compared to C due 

to its ownership system and borrow checker. However, 

the availability of comprehensive learning resources 

and a supportive community contribute to a smooth 

learning experience. 

C, with its long-standing presence and familiarity, 

offers a more accessible learning curve for developers 

already experienced in imperative languages. 

 

Based on the analysis of these factors, it is evident that 

Rust has made significant strides in its ability to 

replace C in various domains. Rust's memory safety, 

performance, and modern language features have 
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positioned it as a strong alternative to C, particularly 

in areas where reliability, security, and concurrency 

are paramount. However, the adoption of Rust should 

be considered on a case-by-case basis, taking into 

account specific project requirements, existing 

codebases, performance needs, and ecosystem 

support. 
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