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1. Objective 

The main objective of this project is to evaluate the impact of multithreading on performance in 

multi-core technology. The program will be modified such that the program would calculate the cube 

sum of array elements along with the time taken by each thread for its operation, whether the thread is 

running in one core, two cores, four cores, six cores, or eight cores. 

2. Introduction 

Multi-core processors allow the computer to run different applications simultaneously, thus 

making their execution faster. Multithreading involves breaking up the program into different parts 

and executing them simultaneously. 

The program used in this case is developed using Java language. Changes are made in this 

program to determine any improvement brought about by multithreading. In this code, the sum of 

numbers within an array is computed using different threads. As per the guidelines provided above, 

the squares have been calculated and added instead of adding the digits themselves. In order to test the 

code, this was done for one thread, two, four, six, and eight threads. 

The next thing that we need to find is the execution time and speedup obtained. 

3. Methodology 

This phase entails modifying the initially created program code to achieve concurrency and 

measuring its performance. The array elements will be evenly divided into segments and assigned to 

individual threads. 

Performance is determined by measuring execution time and speedup and percentage 

improvement.The program divides the input array into equal segments based on the number of 

threads. The computation of the cube sums by each individual thread takes place in this phase. The 

sum results of all the threads once completed are added together to give the final answer. 

The following modifications were implemented: 

●​ The computation was changed from summation to sum of cubes 

●​ Array values were restricted to integers less than 100 
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●​ Support was added for multiple thread configurations (1, 2, 4, 6, and 8 threads) 

●​ Execution time was measured for each configuration 

This approach allows multiple threads to execute concurrently, improving performance when 

system resources are effectively utilized. 

4. Experimental Setup 

The experiments were conducted on the following system: 

●​ Processor: Apple M2 

●​ Number of cores: 8 

●​ RAM: 8 GB 

●​ Operating System: macOS Tahoe 

26.3.1 

●​ Java Version: OpenJDK 25 LTS 

(Temurin) 

Each configuration was executed multiple times, and the results were averaged to ensure accuracy 

and consistency. 

5. Results 

5.1 Summary of Results 

Threads Execution Time (ms) Speedup % Improvement 

1 3.921 1.00 0.00 

2 4.560 0.86 -16.30 

4 3.022 1.30 22.94 

6 0.747 5.25 80.96 

8 0.537 7.30 86.31 
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5.2 Performance Graphs 

5.2.1 Execution Time vs. Number of Threads 

 

Explanation: Overall, the majority of multithreaded processes i.e. threads 4,6,8 result in reduced execution 
time in ms, relative to the baseline of a heavyweight single-threaded process.. Additionally, a correlation is 
consistently being established between reduced execution time (ms) and the increase in the number of the threads 
within a process, where a significant drop of approximately 3ms was observed as the thread number increased to 6 
and 8. However, a major tradeoff can be highlighted regarding dual-threaded process models. Its execution time 
(ms) revealed a noticeable increase, where thread 1 resulted in an execution time of 3.921ms while thread 2 resulted 
in an execution time of 4.560ms. This had occurred as a result of the pure overhead caused by the creation, 
scheduling and synchronization of the thread that outweighed its light workload. 

 

5.2.2 Speedup vs. Number of Threads 

 

Explanation: From this figure, it can be highlighted that the speedup often increases as the number of 
threads increases. However, due to thread overhead, at 2 threads the speedup becomes slightly below 1, which 
means that its performance is downgraded in comparison to the single threaded case. In contrast,  the speedup 
improves significantly with the remaining multi-threaded processes i.e 4,6,8 threads because the workload is 
distributed better across CPU cores. 
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5.2.3 Percentage Improvement vs. Number of Threads 

 

Explanation: with 2 threads, the percentage enhancement is negative, signifying poorer performance.This is 
probably because of thread overhead. The higher number of threads leads to much better performance. It can be 
seen that the load balance for all threads improves, and the task to use the CPU resources more effectively also 
becomes easier. However, the most notable improvements have been noted when the number of threads used was 
equal to 8. 

5.3 Explanation of Metrics 

These results have been interpreted with regard to three important parameters, which include 

execution time, speedup, and percentage improvement. 

1.​ Execution Time (ms): Execution time is the time required to complete the computation 

process. The lesser the value of execution time, the better is the efficiency of the performance. 

2.​ Speedup: The term speedup refers to the measure that is used to compare the two programs’ 

efficiency. The equation for computing the speedup factor is represented as follows:  

a.​ Speedup = Time taken by one thread ÷ Time taken by N threads 

b.​ Assuming that there are 8 threads, Speedup = 3.921 ÷ 0.537 = 7.30 

As a result of the computation above, it can be seen that the application will execute seven times 

faster than the application executing using one thread. 
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3.​ Percentage Improvement: It gives us information regarding the percentage improvement in 

comparison with the baseline algorithm. 

a.​ % Improvement = (T₁ − T�) ÷ T₁ × 100 

where: 

●​ T₁ = execution time with 1 thread 

●​ T� = execution time with N threads 

5.4 Interpretation of Results 

The negative percentage improvement observed at 2 threads (-16.30%) indicates that performance 

has degraded compared to the single-threaded execution. 

This occurs because: 

-​ The overhead of creating and managing threads exceeds the benefit of parallel execution. 

-​ Additional costs such as context switching and synchronization reduce efficiency. 

-​ The workload required is too small to gain any benefits from parallelization in this example. 

That is why there is an increase in the time of execution from 3.921 ms (1 thread) to 4.560 ms (2 

threads) leading to a negative improvement ratio. 

However, the benefits of a positive kind gained for 4, 6, and 8 threads prove that parallelization is 

more beneficial than not. 

Here is how these improvements manifest themselves: 

-​ An improvement of 22.94% for 4 threads suggests relatively good efficiency; 

-​ An improvement of 80.96% for 6 threads means a significant boost; 

-​ And an improvement of 86.31% for 8 threads indicates almost optimal use of the system 

resources. 
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5.4.1 Results Table 

 

 

5.4.2 Sample Execution Output 
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6. Performance Analysis 

Performance analysis clearly shows that multithreading greatly affects performance, but this is 

possible only if the number of threads is adequate for the computer's capacities. 

Firstly, when using one thread, sequential execution is provided, and thus, there is maximum 

execution time. It should be seen as a basis of comparison. 

Using two threads will affect performance negatively because managing threads entails some 

other tasks like creating and switching between threads. So, the benefits associated with using 

multiple threads will not be achieved. 

With regards to four threads, we observe improved performance because of equal distribution of 

tasks among all the threads. Thus, it provides good performance because of effective usage of CPU 

resources. 

A noticeable improvement is provided by the use of six threads since the load becomes well 

balanced and multithreading becomes efficient. Thus, its advantages exceed the disadvantages. 

In conclusion, it would be appropriate to state that the highest performance could be delivered by 

eight threads. This is because there are eight cores on the computer. 

7. Maximum Effective Thread Count 

Performance was optimal when the eight threads were used, a number that equates to the number 

of CPU cores available. 

From this experiment, one can learn that optimal performance is attained by using threads whose 

number equals the number of cores. More threads will reduce the efficiency since there will be more 

scheduling and overhead costs incurred in such an attempt. 

8. Conclusion 

From this project, one can realize how important multithreading is to improve the efficiency of 

applications when dealing with multi-core processors. Multithreading helps to minimize the 

computation time for the tasks performed.However, the findings of the test also indicate that 

multithreading should be implemented in a strategic manner. An abundance of threads may also cause 

overhead, reducing efficiency levels. 
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In the end, it becomes evident from the test that the highest efficiency is achieved when the 

number of threads used equals the number of CPU cores present in the machine. 
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