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Abstract: User-defined functions are fundamental to modular programming in C, enabling 

code reuse, maintainability, and structured program design. These functions are commonly 

classified based on the presence or absence of parameters and return values, resulting in 

four primary categories: functions without parameters and without return values, functions 

with parameters and without return values, functions without parameters but with return 

values and functions with both parameters and return values. Understanding the 

performance implications of these categories across compilation and execution is essential 

for developing efficient software. 

This study presents a comparative performance analysis of user-defined function categories 

in C. A total of seven representative programs with diverse computational characteristics 

were implemented and evaluated in all four function categories. Performance assessment 

focused on three aspects: compile-time duration, runtime execution in seconds, and 

combined time reflecting overall program efficiency.  

The results indicate that functions incorporating both parameters and return values 

generally exhibit slightly higher runtime and combined times due to additional stack 

operations and data handling, while functions without parameters and without return values 

tend to be more efficient. Compile-time differences were smaller but noticeable for programs 

with complex function structures. These findings highlight the influence of function design 

on compile-time and runtime performance, offering valuable guidance for programmers 

seeking to optimize modularity and efficiency in C programming. 

Keywords: C Programming Languages, Modular Programming, User-defined Functions, 

Compile time, Run time, Performance Analysis. 

1 Introduction 

In the C programming language, functions play a fundamental role in structured 

program design. They enable developers to divide complex programs into smaller 

and more manageable components, thereby improving readability, maintainability, 

and code reuse [1]. By using user-defined functions, programmers can organize 
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code into logical units that perform specific tasks, which significantly simplifies 

program development and debugging [2]. 

User-defined functions in C can be classified according to the presence or absence 

of parameters and return values. Based on these characteristics, four primary 

categories can be identified: functions without parameters and without return 

values, functions with parameters and without return values, functions without 

parameters but with return values, and functions with both parameters and return 

values [3]. Each category represents a different mechanism of communication 

between the function and the calling program. 

Although these categories are conceptually simple, their performance behavior may 

vary depending on how parameters and return values are handled during program 

compilation and execution. Operations such as parameter passing, return value 

handling, and stack management may introduce additional computational overhead 

that can influence program performance [4]. 

The objective of this study is to analyze how different categories of user-defined 

functions affect program performance. Seven programs with different 

computational characteristics were implemented across all four function categories 

in order to evaluate their behavior under various conditions. 

1 Methodology 

This section describes the experimental setup used to evaluate the performance of 

different categories of user-defined functions in C programming. The methodology 

includes the description of the programs used in the experiments, the function 

categories considered, the performance metrics used for evaluation, and the 

experimental environment in which the programs were executed. 

2.1 Programs Description 

Seven programs representing different computational tasks were selected for this 

study in order to evaluate the performance of user-defined function categories under 

various conditions, Table 1. The selected programs include common computational 

problems frequently used in programming analysis, such as array operations, 

numerical calculations, and algorithmic procedures. The evaluated programs are 

listed in Table 1. 
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Program Program Description 

P1 Array Sum. 

P2 Array Maximum 

P3 Factorial Calculation 

P4 Fibonacci Calculation 

P5 Matrix Multiplication 

P6 Prime Number Check 

P7 Sorting Algorithm  

Table 1. 

Seven programs representing different computational tasks. 

Each program performs the same computational task across all implementations to 

ensure a fair comparison between the different function categories. 

2.2 Function Categories 

In this study, four categories of user-defined functions in the C programming 

language were analyzed. These categories are based on the presence or absence of 

parameters and return values. 

The four categories considered in the experiment are: 

a) Functions without parameters and without return values 
b) Functions with parameters and without return values 
c) Functions without parameters but with return values 
d) Functions with parameters and return values 

Each program was implemented using all four categories in order to evaluate how 

the structure of a function influences program performance. 

2.3 Performance Metrics 

To evaluate the performance of each implementation, three metrics were measured: 

✓ Compile Time – the time required to compile the program before execution 

✓ Run Time – the time required for the program to execute the computational 

task 

✓ Combined Time – the total time obtained by summing compile time and 

run time 
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These metrics were selected to provide a comprehensive view of program 

performance during both compilation and execution phases. 

2.4 Experimental Environment 

All experimental programs were implemented in the C programming language and 

compiled using the Dev-C++ integrated development environment on a computer 

equipped with an Intel Core i5 processor, 8 GB RAM, and a 64-bit Windows 

operating system. Default compiler optimization settings were used during all 

experiments.  

The performance measurements were obtained by executing each program five 

times in order to ensure consistent and reliable results. For each implementation, 

compile time and runtime were recorded, and the reported values correspond to the 

average of the five executions. Combined time was calculated as the sum of compile 

time and runtime. The measured values were expressed in seconds to maintain 

consistency across all evaluated programs and analyzed using tables and graphical 

representations. 

2 Results 

The experimental evaluation was conducted across seven programs implemented 

using the four categories of user-defined functions. The following tables and figures 

present the performance measurements obtained from the execution of the evaluated 

programs. The experimental results are presented in Tables 2–5. 
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Program 

numbers 

Compile Time (s) 

No 

parameters / 

No return 

With 

parameters / 

No return 

No 

parameters / 

With return 

With 

parameters / 

With return 

P1 0.011 0.012 0.011 0.013 

P2 0.012 0.013 0.012 0.014 

P3 0.011 0.012 0.011 0.013 

P4 0.012 0.013 0.012 0.014 

P5 0.012 0.013 0.012 0.014 

P6 0.011 0.012 0.011 0.013 

P7 0.012 0.013 0.012 0.014 

Table 2. 

Compile Time Results 

 

Program 

numbers 

Run Time (s) 

No 

parameters / 

No return 

With 

parameters / 

No return 

No 

parameters / 

With return 

With 

parameters / 

With return 

P1 0.146 0.171 0.156 0.181 

P2 0.151 0.176 0.162 0.186 

P3 0.134 0.159 0.144 0.169 

P4 0.141 0.166 0.152 0.176 

P5 0.154 0.181 0.164 0.191 

P6 0.148 0.170 0.158 0.182 

P7 0.152 0.176 0.162 0.188 

Table 3. 

Run Time Results 

As shown in Figure 1, the execution time trends across the evaluated programs 

indicate that functions without parameters and without return values demonstrate 

the lowest execution time. In contrast, functions with both parameters and return 

values exhibit slightly higher execution times due to additional parameter passing 



 261 

and return value handling. The overall trend remains consistent across all tested 

programs. 

 

Figure 1  

Execution time comparison across the seven evaluated programs 

 

Program 

numbers 

Combined Time (s) 

No 

parameters / 

No return 

With 

parameters / 

No return 

No 

parameters / 

With return 

With 

parameters / 

With return 

P1 0.156 0.182 0.166 0.193 

P2 0.162 0.188 0.172 0.199 

P3 0.146 0.172 0.156 0.183 

P4 0.152 0.178 0.162 0.189 

P5 0.167 0.193 0.177 0.204 

P6 0.159 0.182 0.169 0.195 

P7 0.164 0.189 0.174 0.202 

Table 4.  

Combined Time Results 

Figure 2 illustrates the execution time trends across the evaluated programs. The 

results indicate that functions without parameters and without return values 

consistently demonstrate the lowest execution time, while functions with both 

parameters and return values show slightly higher execution overhead. 
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Figure 2 

Comparison of compile time, run time, and combined time 

Figure 3 and Table 5 presents the average combined execution time across the seven 

tested programs. The results indicate that functions with parameters and return 

values exhibit the highest combined time, while functions without parameters and 

without return values demonstrate the lowest overall execution overhead. 

 

Function Categories Avg Compile 

Time (s) 

Avg Run 

Time (s) 

Avg Combined 

Time (s) 

No parameters / No return 0.01157 0.14657 0.158 

With parameters / No return 0.01257 0.17129 0.18343 

No parameters / With return 0.01157 0.15686 0.168 

With parameters / With return 0.01357 0.181 0.195 

Table 5. 

Average performance across seven programs 
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Figure 3 

Average combined execution time across seven programs 

The experimental evaluation was conducted across seven programs implemented 

using the four categories of user-defined functions in C. The results indicate that 

compile-time differences among the four function categories are relatively small. 

This behavior is expected because the compilation process primarily focuses on 

syntax verification and translation of source code into machine instructions [5]. 

More noticeable differences were observed in runtime performance. Functions 

without parameters and without return values generally demonstrated the lowest 

execution time. Since these functions do not require parameter passing or return 

value handling, the overhead associated with stack operations is reduced. 

Functions that include parameters or return values showed slightly higher execution 

times. In particular, functions with both parameters and return values exhibited the 

highest runtime measurements among the tested categories. This behavior can be 

attributed to additional data transfer and stack manipulation during function calls.  

The observed performance trends remain consistent across all evaluated programs, 

indicating that the structural characteristics of user-defined functions have a 

measurable but relatively moderate impact on execution performance. Similar 

experimental analyses of programming structures have also been reported in 

previous programming studies [9]. 
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3 Discussion 

The results obtained from the experimental evaluation reveal several important 

patterns regarding the performance of user-defined function categories in C 

programming. Although the computational tasks performed by each program were 

identical across the four function categories, differences in performance were 

observed in runtime execution. 

Functions without parameters and without return values generally demonstrated 

slightly lower execution times. This behavior can be explained by the absence of 

parameter passing and return value handling during the function call. Since no data 

needs to be transferred between the calling program and the function, fewer stack 

operations are required, resulting in more efficient execution. 

Functions that include parameters require additional operations to transfer input 

values from the caller to the function. Similarly, functions that return values require 

extra steps to send results back to the caller. These additional operations introduce 

minor overhead during program execution [6]. 

Although the measured differences in execution time are relatively small, the results 

demonstrate that parameter passing and return value handling introduce slight 

overhead during function calls. Similar effects have been discussed in previous 

studies related to software maintainability and program structure optimization [10]. 

 

Conclusion 

This study presented a comparative analysis of four categories of user-defined 

functions in C programming across seven different programs. The evaluation 

focused on three performance metrics: compile time, run time, and the combined 

time of both processes. 

The results indicate that functions without parameters and without return values 

generally provide the lowest execution overhead, while functions with parameters 

and return values introduce slightly higher runtime due to additional stack 

operations and data transfer. Overall, the observed performance differences remain 

relatively moderate, suggesting that developers should prioritize code readability 

and modular design while applying performance optimizations mainly in critical 

sections of the program [7]. Although the measured differences are relatively small, 

the results confirm that the structural characteristics of functions can influence 

execution performance in C programming.  

These findings emphasize the importance of considering function structure when 

designing efficient and maintainable C programs. 

Future studies may extend this analysis by evaluating additional programming 

environments, larger datasets, or more complex program structures to further 

investigate the relationship between function design and program performance [8]. 
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