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ABSTRACT 

Concurrency is touted as the route to faster, more responsive software, yet it continues to be one of the hardest 

things to master in programming today. As software gets distributed over multiple CPU cores, machines, and 

interacts with users in real-time, it is the developer who has to orchestrate the simultaneous execution of 

multiple tasks very skillfully to avoid tricky and unusual bugs. This paper examines the practical challenges 

developers face when implementing concurrency in Java and Python by first presenting a comparative analysis 

of two very popular programming languages, namely Java and Python. Both languages support concurrent 

programming, but they differ significantly in their models, tools, and limitations. Java through its 

comprehensive multithreading and concurrency API, and Python through its simpler syntax which however 

comes with a very serious limitation in the form of the GIL (Global Interpreter Lock). This comparison 

highlights how these architectural decisions profoundly affect the ways in which programmers interact with 

the language, how efficient the programs are, and how dependable they turn out. Our narrative revolves around 

concurrency-related mishaps such as race conditions, deadlocks, thread starvation, and inconsistent state 

management, which arise in distinctive ways in the two considered languages. Java programmers are 

confronted with the need to synchronize threads correctly and prevent over-engineering while Python 

developers have to find ways of circumventing constraints that hinder parallelism. By looking at examples of 

real-life concurrency dilemmas and the respective solutions that have emerged over time, the paper explains 

how minor oversights can result in massive outages.  

 

KEYWORDS 

Concurrency, Multithreading, Java, Python, Gil, Race Conditions, Deadlocks, Parallelism, Synchronization, 

Performance. 
 

 

 

 

 

 

 

 

http://creativecommons.org/licenses/by-sa/4.0/


 

 
ISSN: 3071-6357 

PP: 01-18. 
 

---------------- 
Concurrency is hard: Java vs Python pitfalls you can't ignore 

Madhurima Kommuru 

   2 

1. INTRODUCTION 

Concurrency is now a fundamental part of modern software development. One of the major 

factors contributing to this is the need to improve performance and responsiveness. Simply put, 

concurrency allows multiple activities to progress at the same time. This improves resource use and 

system responsiveness. Still, besides the advantages that it brings, concurrency also raises the level of 

difficulty by a factor that even experienced programmers often struggle with. In sequential 

programming, the main feature is that the sequence of execution is known and hence straightforward 

for a human mind. On the other hand, concurrent systems are working in situations where the time, 

the way the system divides different tasks, and the communication between tasks are all natural 

elements which make the whole setting unpredictable. Hence, aspects such as creating, coding, and 

equipping, and removing a system that is able to run concurrently are ways indicated more 

complicated.  

 

Languages like Java and Python, which are by far the two most popular programming 

languages on the planet, are actually quite different when it comes to concurrency. Java provides high-

level threading APIs,   fine-grained control over concurrency and a mature library ecosystem. On the 

other hand, Python emphasizes simplicity, but CPython includes the Global Interpreter Lock, which 

limits true parallel execution. Due to these differences, each language has its own unique set of 

challenges and trade-offs, so that if you want to get concurrency working properly in one of the 

languages, you really need to understand how concurrency is implemented there. The purpose of this 

article is to discuss the issues that most commonly cause developers difficulties, to identify the root 

cause, and to describe the reason for carrying out a comparison of Java and Python as far as concurrent 

programming is concerned.  

 

1.1. Challenges  

Concurrent programming gets complicated by its nature as it makes developers stop thinking 

about a program as a single line of execution only and start considering different processes working at 

the same time and even interacting with each other. For example, sharing resources securely is one of 

the most challenging issues. If there are a lot of threads or processes that access the same data, it is 

really difficult to keep things consistent and at the same time to have a good level of performance. That 

is why you have locks, semaphores, and monitors to be not only quite helpful but also dangerous since 

they bring along chances of deadlocks and contention. 

 

Another significant issue is the nondeterministic behavior. Due to thread scheduling and 

system load, the precise order of execution in concurrent systems is often unpredictable. As a result, a 

program could produce different outcomes in different runs, making it much more difficult to ensure 

its correctness compared to sequential programs. Programmers have to be able to deal with many 

different possible execution paths, which not only increases their mental effort but also makes it quite 

probable that they will uncover bugs which are very difficult to track down.  

 

Debugging concurrent applications is a real challenge. Most of the time, old-fashioned 

debugging methods don't even work because of how concurrency bugs, for example, race conditions, 
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may not always come up. That is why a piece of software can be flawlessly tested but it is prone to 

failure at production because of certain timing conditions. The messiness of this kind of thing makes 

the whole process of finding out and fixing these issues very lengthy and trying. 

 

Differences between platforms and languages complicate matters even more. For example, in 

terms of concurrency features, Java provides true multithreading with shared memory; on the other 

hand, the main implementation of Python restricts threads from running in parallel due to the GIL. 

Besides, a solution that is perfect in one language may be a complete failure in another one that is why 

the programmers have to adapt their methods. 

 

1.2. Problem Statement  

Even though there are excellent tools and frameworks available, most programmers still find 

concurrency challenging. One of the main reasons is the disconnect between theory and practice. 

Theoretical concepts such as threads, processes, and synchronization are usually taught well, but it 

may be difficult for lay persons to practice them correctly in an actual working environment. Most 

programmers get surprised by some behavior which they have not understood completely at the first 

time. 

 

Lots of people mistake concurrency for parallelism. As a matter of fact, concurrency is the 

ability to handle multiple items in progress over the same period of time. On the other hand, 

parallelism is the simultaneous running of multiple working units. Misinterpreting these terms can 

mislead programmers to choose the wrong models or tools and lead to unproductive or even wrong 

implementations.  

 

 

Language-specific problems make the issue even worse. For example, in Java, programmers 

have to deeply deal with threads, synchronization mechanisms, and how changes in threads become 

visible to each other. If they don't do it well, they may end up with very complicated code. On the other 

hand, Python programmers might get confused by the existence of the GIL, and they might think that 

threads give them real parallelism. However, if the tasks are heavily using CPU, they might not get 

any speedup at all. Therefore, they usually have to switch to multiprocessing or asynchronous 

programming, which have their own sets of difficulties. 

 

1.3. Motivation  

Studying concurrency, particularly in Java and Python, was motivated by a radical 

transformation in the hardware and software demands environments. In addition to the clock speed, 

the number of cores is now an essential factor in defining the performance of a modern processor. It is 

through concurrent execution of different operations that software can take advantage of such 

hardware power. Without effective concurrency approaches, a significant portion of hardware 

potentials will remain unutilized. 
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At the same time, demand for high-performing systems continues to rise. Today, besides 

handling vast volumes of data, apps are expected to offer real-time interaction and responsiveness even 

at high load. Concurrency is a fundamental component for achieving these capabilities. It enables a 

system to efficiently execute different jobs and also expand when there is a requirement for more user 

sessions.  

 

Concurrency gains immense importance if one considers the range of its implementation areas 

like web development, distributed systems, and artificial intelligence, among others. In fact, a web 

server may serve thousands of users simultaneously, a distributed system may cooperate to perform 

the given task on different computers, and AI could process large amounts of data at the same time. 

These examples clearly show that performance and reliability are major factors that make effective 

concurrency management a must. 

 

2. LITERATURE REVIEW 

The importance of concurrency in computer science cannot be overstated as it was discussed 

and researched in-depth for probably over a century. In fact, its basic concepts of processes, threads, 

synchronization, communication, etc., were introduced way back in the early days of computing. 

Pioneers like Dijkstra and Hoare gave us semaphores and monitors, as well as message passing, which 

still have a huge impact on the way we write programs today. Fundamentally, their work was focused 

on how to coordinate tasks that run independently to ensure the right results and avoid conflicts. In 

addition, the changes in hardware, especially multicore processors, have made concurrency not just an 

optimization but a requirement. Consequently, a vast number of papers have been written on both the 

theory and the practice of concurrent systems.  

 

Java has been widely researched for its in-built multithreading capabilities as well as the 

introduction of a wide variety of concurrency utilities over time. One of the important areas of research 

has been the Java Memory Model (JMM), which deals with how threads communicate through 

memory and provide visibility and ordering guarantees. Researchers and developers have looked at 

lower-level constructs like synchronized blocks, volatile variables as well as higher-level abstractions 

like the Executor framework, Fork/Join framework, and concurrent collections. The research points 

out that these tools not only make the management of threads easier but they might also add new kinds 

of complexities especially when it comes to their correct usage and performance tuning. Research has 

also illustrated typical problems in Java systems such as deadlocks caused by the wrong ordering of 

locks, race conditions due to lack of synchronization, and scalability problems caused by too much 

locking. Industry reports usually point out that although Java has very strong tools, the misuse or lack 

of proper understanding of these tools can result in brittle systems.  

 

Python's concurrency strategy has been examined in depth from different perspectives, mainly 

due to the presence of the Global Interpreter Lock (GIL) in the conventional CPython implementation. 

The researchers as well as the developers not only acknowledged that the GIL facilitates memory 

management and prevents certain bugs at the cost of limiting the parallel execution of CPU-bound 

operations. Therefore, the papers in the area typically compare various concurrency techniques in 
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Python, such as threading, multiprocessing, and asynchronous programming with asyncio.It has been 

shown that threading can be very effective for I/O-bound operations, while multiprocessing offers a 

path to parallelism by using separate memory spaces. On the other hand, asyncio provides an event-

driven model that allows highly concurrent operations to be handled efficiently without the need for 

multiple threads. In general, papers in this field focus on the pros and cons of these techniques, mainly 

from the perspectives of complexity, performance, and user-friendliness.  

 

Comparative studies of compiled languages like Java and interpreted ones such as Python bring 

to light more clearly the impact of language design on concurrency. Generally, compiled languages 

offer greater performance and, through their lower-level access to threads, enable parallel execution 

and fine-grained control over running. On the contrary, interpreted languages aim at making the life 

of programmers easier and their productivity at higher levels, quite often at the cost of performance. 

Results from studies show that Java tends to produce higher throughput for CPU-bound problems 

while Python can be a better choice due to its rapid development flow and nature of concurrency in 

I/O operations vs computation. Besides this, such comparisons also reveal differences in debugging 

methods, runtime efficiency, as well as community and third-party tooling that significantly influence 

programmers' approach towards concurrent programming.  

 

Much of the literature records the typical mistakes and issues both the academic experiments 

and real systems encounter. Among the very common problem race conditions is a situation where 

two or more threads are trying to access and change shared data concurrently and the result of the 

execution depends on the particular order in which the access takes place. Deadlocks, where two or 

more threads wait forever for the resources which each of them is holding, are another well-known 

issue. Other problems are livelocks, starvation, and the issues that arise from memory visibility and 

consistency. In Python, the misuse of threading caused by misunderstanding of the GIL is a common 

thread, whereas in Java, very complicated synchronization that leads to problems in maintainability 

and performance is often the case. Industrial case studies demonstrate how these problems may cause 

system failures, the performance degradation, and the occurrence of very difficult-to-diagnose bugs.  

 

There is still quite a few gaps despite lots of research being done on the topic. A lot of 

researchers concentrated only on single languages or types of concurrency models only; therefore, they 

did not present a perspective that integrates both theory and practice. Besides, performance metrics 

are most often the main focus leaving apart developer experience and usability issues. At the same 

time, new tools and libraries developing very fast, for example, reactive programming in Java or async 

patterns getting mature in Python, are not always accurately reflected in the classic scientific 

publications. Another big gap is insufficient availability of development-oriented unified concurrency 

strategy guidelines for language choice and application context.  

 

This paper aims to fill these gaps by offering a comparative picture that not centers on just the 

technicalities of concurrency in Java and Python but also highlights the real challenges developers face. 

Through literature review and analysis of the market trends, the paper has a goal to deliver a fair idea 

about concurrency problems and their effective solving in the current software    systems.  
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Direct Sources: 

Table 1: Literature Review Table 

Author(s) & Year Relevance to Present Study 

Van Rossum & De 

Boer (1991) 

Offers an early Python-based example of server interaction and network 

communication, supporting the discussion of Python’s suitability for I/O-bound 

concurrent workloads. 

Zhao et al. (2022) Supports the performance discussion by documenting real-world bottlenecks in open-

source systems, aligning with the article’s focus on concurrency-related inefficiencies. 

Langtangen (2006) Provides foundational context on Python in scientific computing, helping explain the 

constraints of Python in CPU-intensive concurrent workloads. 

Boccignone et al. 

(2022) 

Demonstrates Python’s effectiveness in real-time and asynchronous processing 

contexts, which is relevant to IO-heavy concurrency scenarios. 

Ravasi & 

Vasconcelos (2020) 

Illustrates the need for scalable computation frameworks in Python, making it relevant 

to concurrency strategies for scientific workloads. 

Bauer et al. (2016) Strengthens the case for concurrency as a requirement in scalable high-performance 

computing environments rather than a mere optimization. 

 

Supporting contexts: 

Table 2: Summary of Related Studies and Their Relevance to the Present Study 

Author(s) & Year Relevance to Present Study 

Hollings et al. 

(2018) 

Serves as contextual evidence for data-intensive and computationally demanding 

workloads, helping frame the scalability discussion, although it does not examine 

concurrency mechanisms in Java or Python directly. 

Wang et al. (2022) Provides indirect evidence of the maintenance and ecosystem complexity of Python 

projects, which is relevant to reliability, testing, and long-term support for concurrent 

applications. 

Rodriguez, Tonyan 

& Wilson (2018) 

Contributes a debugging and troubleshooting perspective that helps explain the 

operational complexity of concurrent and distributed systems. 

Slatkin (2019) Reinforces practical Python coding discipline and best practices, which are relevant to 

avoiding common concurrency implementation pitfalls. 

Kong, Siauw & 

Bayen (2020) 

Supports the evaluation of concurrency in computation-heavy Python applications by 

grounding the discussion in numerical and scientific programming. 

Julian (2017) Adds an operations-oriented perspective on monitoring and reliability, which is useful 

for understanding how concurrency failures surface in production. 

Zhou et al. (2022) Provides an example of computationally intensive processing at scale, supporting the 

broader argument that concurrency becomes important under heavy workload 

pressure. 

Zakria et al. (2022) Reinforces the need for parallel and concurrent processing in modern image-analysis 

pipelines, which contextualizes the article’s scalability discussion. 

Wang et al. (2020) Highlights dependency-management concerns in the Python ecosystem, which can 

affect reliability and maintainability in larger concurrent software systems. 
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3. PROPOSED METHODOLOGY 

3.1. Approach for Comparing Java and Python 

The study's methodology aims at offering an organized and efficient way to compare Java and 

Python capabilities in concurrency through a blend of theoretical and experimental work that seeks to 

show both the performance and the programming side. The main areas of comparison are language 

concurrency models, developer convenience, and workload performance effectiveness. 

 

The comparison focuses on how each language supports thread-based, process-based, and 

asynchronous concurrency models - both the languages can handle concurrency through different 

modes like thread-based execution, process-based parallelism, asynchronous/event-driven models 

etc. Java supports multithreaded programming with shared memory very well which means that 

multiple threads running inside the same process mass communicate through synchronization tools. 

For Python there are many options for concurrency but its global interpreter lock (GIL) very severely 

disables parallel threads especially for CPU intensive tasks.  

 

The comparison is done based on controlled experiments where the same programs are 

developed in both languages. These programs represent typical scenarios that involve multiple request 

handling, parallel calculations and I/O-heavy operations. The authors aim not only at measuring the 

performance level but also at assessing the accessibility and maintainability of concurrent solutions for 

developers. 

 

Also, qualitative analysis is involved by looking at the complexity of code, its readability and 

debugging effort. This guarantees that the methodology will not be focused only on performance 

indicators but also will take into account real practical challenges of development. Combining these 

two levels of understanding gives a comprehensive forum for a discussion of concurrency in Java and 

Python.  

 

 
Fig 1 - Event Loop-Based vs Thread-Based Concurrency Models 

 

3.2. Comparison Criteria 

In order to make a complete assessment the research work relies on four main criteria namely 

performance, ease of use, debugging complexity, and scalability. The judgement of each criterion is 

done by using quantitative benchmarks and qualitative observations simultaneously. 
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Table 3: Comparison of Java and Python Based on Concurrency Evaluation Criteria 

Criteria Java Python 

Performance High performance for CPU-bound tasks 

due to true multithreading 

Limited by GIL for threads; better with 

multiprocessing or asyncio 

Ease of Use More complex; requires understanding of 

threads and synchronization 

Simpler syntax; easier to start but tricky for 

advanced concurrency 

Debugging 

Complexity 

Difficult due to race conditions and 

memory visibility issues 

Easier for async tasks, but confusing when 

mixing models 

Scalability Highly scalable with thread pools and 

executors 

Scales well for I/O-bound tasks; less 

efficient for CPU-heavy workloads 

 

Performance evaluation is done by checking the execution run time, the number of operations 

that can be done in a given time (throughput), and how many system resources are being used. To find 

out which one is easier to use we study the length of the programs, how readable the code is, and how 

easy it is to learn the programming language. The level of difficulty of debugging is determined by 

how quickly and effectively concurrency-related bugs can be detected and fixed. Lastly, scalability 

looks at how well each programming language can continue to function when the number of tasks and 

workload increases. 

 

Such a comprehensive comparison makes it possible to have a fair evaluation of the two 

programming languages and also makes evident the compromises developers have to make when 

selecting a concurrency model.  

 

3.3. Tools, Frameworks, and Experimental Setup 

The experimental setup is crafted in a way that guards fairness and reproducibility. Java and 

Python program versions are run on identical hardware and software environments so that no external 

variability is present for elimination. 

 

3.3.1. Hardware Environment: 

• Multi-core processor (e.g., 8-core CPU) 

• Minimum 16 GB RAM 

• SSD storage for faster I/O operations 

 

3.3.2. Software Environment: 

• Java (JDK 17 or later) 

• Python (3.10 or later) 

• Linux-based operating system (preferred for consistency in scheduling behavior) 

 

3.3.3. Tools and Frameworks Used: 

● Java: ExecutorService, Fork/Join Framework, CompletableFuture 

● Python: threading, multiprocessing, asyncio 
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3.3.4. Benchmark scenarios are designed to reflect real-world applications: 

● CPU-bound tasks: mathematical computations, data processing 

● I/O-bound tasks: file handling, network requests 

● Mixed workloads: combination of computation and I/O operations 

 

Every scenario runs several times to consider the variability due to system load and scheduling 

changes. Besides execution time, we also record CPU and memory usage. The average of these metrics 

is taken. This way results can be trusted and can be compared between both languages.  

 

3.4. Types of Concurrency Models Analyzed 

The paper studies three major concurrency models, each of which is equivalent to a different 

style of exploiting the parallelism in multiple tasks. 

 

3.4.1. Thread-Based Model: 

This approach launches multiple threads inside one process concurrently and shares the 

memory along with other resources. Threads are relatively small and very efficient. Nevertheless, 

thread synchronization is very important to avoid problems such as race conditions and deadlocks. 

Because the threads problem is due to the fact that threads within a single process share the same 

memory space, allowing them to interact really naturally. On the other hand, this increases the risk of 

data inconsistencies. Most probably, Java fits better to this kind of model whereas Python's one is fairly 

restricted due to the existence of GIL.  

 

Table 4: Comparison of Thread Pool Execution in Java and Python 

Java — Thread Pool with ExecutorService Python — threading module 

ExecutorService pool = Executors.newFixedThreadPool(4); 

for (int i = 0; i < 10; i++) { 

    final int taskId = i; 

    pool.submit(() -> System.out.println("Task " + taskId + " on " 

+ Thread.currentThread().getName())); 

} 

pool.shutdown(); 

 

import threading 

 

def task(task_id): 

    print(f"Task {task_id} on 

{threading.current_thread().name}") 

 

threads = [threading.Thread(target=task, 

args=(i,)) for i in range(10)] 

for t in threads: t.start() 

for t in threads: t.join() 

 

 

3.4.2. Process-Based Model: 

Multiple processes run independently in separate memory spaces in this model.Consequently, 

there are no shared-memory issues, but the requirement of processes communication adds some 

overhead. In general, Python resorts to multiprocessing for true parallelism particularly when CPU-

intensive tasks are involved. Meanwhile, Java can execute multiple processes concurrently when 

needed.  
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3.4.3. Async/Event-Driven Model: 

This model handles concurrency by means of non-blocking operations and event loops and 

without the creation of multiple threads. Tasks are carried out cooperatively which enables the efficient 

management of a large number of I/O operations. Asynchronous programming makes very few 

synchronization issues happen because tasks do not really run in parallel but they yield the control at 

certain points. Python asyncio is a pretty good representative of this model, while Java has reactive 

and asynchronous APIs that support similar patterns.  

 

Table 5: Comparison of Asynchronous Programming Using Java CompletableFuture and Python 

asyncio 

Java — CompletableFuture Python — asyncio 

List<CompletableFuture<Void>> futures = IntStream.range(0, 5) 

.mapToObj(i -> CompletableFuture.runAsync(() -> { 

System.out.println("Request " + i + " completed"); 

})).collect(Collectors.toList()); 

CompletableFuture.allOf(futures.toArray(new 

CompletableFuture[0])).join(); 

 

import asyncio 

 

async def handle_request(req_id): 

print(f"Request {req_id} started") 

await asyncio.sleep(1)  # non-blocking I/O wait 

print(f"Request {req_id} completed") 

 

async def main(): 

await asyncio.gather(*[handle_request(i) for i in 

range(5)]) 

 

asyncio.run(main()) 

 

Analyzing these models in two languages, we capture the entire range of concurrency 

approaches. This helps us understand in depth their advantages, limitations, and which types of 

applications they are most appropriate for. 

 

4. CASE STUDY 

4.1. Real-World Scenario: Web Server Handling Concurrent Requests 

To get a clearer picture of concurrency, this study goes with a practical example of a web server 

that processes multiple client requests at the same time. Nowadays, a web server has to deal with 

thousands of incoming requests every second, do some computations, reuse data from the database, 

and send back responses as quickly as possible. 

 

The server in this example not only processes HTTP requests (mainly I/O) but also does 

computations with user data (CPU) and database interactions (I/O). The main aim is to see which 

language, Java or Python, is better at concurrency with almost equivalent workload. 

 

Workloads simulated are multiple client requests, coming all at once, and directed to the server. 

As a request performs reading, a slight calculation, and response, this arrangement is typical of 

backend systems like REST APIs or microservices. This case study investigates the languages' request 

processing performance, resource usage, and complexity of implementation.  
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4.2. Implementation in Java 

When it comes to concurrency programming, Java provides a structured approach to 

concurrency through mature multithreading APIs and synchronization mechanisms.  The Java version 

of the case study makes use of thread pools to handle the multiple incoming requests in an efficient 

manner. A fixed-size thread pool is employed to reuse the threads and also keep the resource usage in 

check. This is much better than creating a new thread for each request, which would be quite expensive. 

 

The Submission and execution of tasks were done using the ExecutorService framework. The 

incoming requests are converted into tasks and these tasks are well distributed among the threads of 

the pool. The major benefits of this method include enhanced scalability and lesser overhead created 

by the frequent creation and destruction of threads.  

 

Synchronization mechanisms are used for ensuring safe access to the shared resources like 

caches or database connections. Java comes with quite a few options for this, for example, synchronized 

blocks, locks and concurrent collections. In our implementation, we favor lightweight synchronization 

techniques that will reduce contention and improve throughput. 

 

On the other hand, this method brings in the problem of increased complexity. Developers have 

to very carefully design the interactions among threads so as not to allow race conditions or deadlocks. 

Moreover, determining the right size of thread pool is a must. A small number of threads might be a 

bottleneck in performance, meanwhile a large number might use up the system resources. Nonetheless, 

Java is well suited choice for providing strong control and delivering expected performance if 

implemented in the right way. 

 

Table 6: Java-Based Multithreaded Server Using a Fixed Thread Pool 

Java: 

ExecutorService executor = Executors.newFixedThreadPool(10); 

ServerSocket server = new ServerSocket(8080); 

 

while (true) { 

    Socket client = server.accept(); 

    executor.submit(() -> { 

        // Handle request safely with thread pool 

        handleRequest(client); 

    }); 

} 

 

  

4.3. Implementation in Python 

Python supports multiple concurrency approaches, including threading, multiprocessing, and 

asyncio.  
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Threading is a well-known technique, similar to how threads work in Java. But due to the 

Global Interpreter Lock (GIL), threads are prevented from running CPU-bound tasks in true parallel. 

Therefore, threading is most suitable for I/O-bound tasks like processing network requests. 

 

While the multiprocessing module executes in separate processes, each having its own memory 

space, ordering true parallel running. That is a good thing but that makes process creation and 

communication among processes overheads.  

 

The asyncio package introduces a different programming style, revolving around an event loop 

and asynchronous I/O operations. The asyncio approach doesn't involve running multiple threads; 

rather, it achieves concurrency through cooperative multitasking. The execution of each request 

corresponds to an asynchronous task that gives up control when it is, e.g., waiting for input/output 

operations. Such a method is very effective when it comes to managing a massive number of concurrent 

I/O-bound requests while at the same time making use of very few resources. 

 

On the other hand, the Python concurrency model is rather complex for a number of reasons. 

Programmers are faced with the dilemma of selecting one out of many work-based approaches or 

combining these models, which inevitably results in an increase in complexity.  

 

Table 7: Asynchronous Client-Server Communication Using Python Asyncio 

Python asyncio 

import asyncio 

 

async def handle_client(reader, writer): 

    data = await reader.read(1024) 

    response = process(data)       # compute 

    writer.write(response) 

    await writer.drain() 

    writer.close() 

 

async def main(): 

    server = await asyncio.start_server(handle_client, '0.0.0.0', 8080) 

    async with server: 

        await server.serve_forever() 

 

asyncio.run(main()) 

 

 

4.4. Code Structure Comparison and Observed Differences 

The difference in the arrangements of Java and Python implementations reflects their design 

philosophies. Java offers a more direct and organized approach with clear thread handling and 

synchronization methods. Python offers simpler syntax, but selecting the appropriate concurrency 

model requires careful judgment.   
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Table 8: Comparison of Code Structure and Concurrency Behavior in Java and Python 

Criteria Java Python 

Performance Strong for CPU-bound and mixed 

workloads because of true 

multithreading and mature concurrency 

tools. 

Better suited to IO-bound workloads; CPU-

bound threading is limited by the GIL, so 

multiprocessing or asyncio is often needed. 

Ease of Use More complex because developers must 

manage threads, synchronization, and 

memory visibility. 

Easier to learn and write initially, though 

choosing between threading, multiprocessing, 

and asyncio can add complexity. 

Debugging 

Complexity 

Challenging to debug due to race 

conditions, deadlocks, and 

synchronization issues. 

Async code can be manageable, but debugging 

becomes difficult when concurrency models 

are mixed. 

Scalability Scales well with thread pools, executors, 

and structured concurrency patterns. 

Scales well for IO-heavy systems, but less 

efficiently for CPU-intensive workloads under 

threading. 

 

Examining actual performance, it seems that Java maintains its speed almost equally well 

whether the workload is a CPU computation or a file I/O operation. This is largely due to Java's 

internal feature that allows it to make efficient use of multiple cores simultaneously. On the other hand, 

Python excels at I/O-bound tasks and if combined with asyncio, it is capable of handling a large 

number of parallel requests efficiently. However, for CPU-bound tasks, the threading model in Python 

is a bit restrictive while multiprocessing results in overheads that hamper performance. 

 

We can observe another major point of difference here is predictability. While Java through its 

structured concurrency model is predictable once the configuration is done properly, the flexibility of 

Python could lead to unpredictability in performance if the wrong concurrency model is selected. 

 

In conclusion, this study shows that although both programming languages can manage 

concurrent workloads, their performance is highly influenced by the kind of task and the concurrency 

approach selected.  

 

5. RESULTS AND DISCUSSION 

5.1. Performance Comparison (CPU Usage, Latency, Throughput) 

Comparing the performance of Java and Python when handling concurrent work reveals that 

they are quite different languages. Java's support for true multithreading on multiple cores makes it 

one of the most efficient languages in terms of CPU usage. Furthermore, it is capable of making the 

best use of the CPU continuously, especially when it comes to heavy computation tasks. That means, 

Java, in fact, has the lowest latency and highest throughput when it comes to computation-heavy 

tasks.Meanwhile, Python hardly uses the CPU efficiently in multi-threaded scenarios due to Global 

Interpreter Lock (GIL) that restricts the threads from running simultaneously. Consequently, latency 

increases and throughput decreases for CPU-bound tasks. However, for I/o-bound operations, Python 

is almost as good as the leader, especially with asyncio as the non-blocking execution model most often 

results in both low latency and high throughput. Multiprocess in Python also enhances CPU usage, but 
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the overhead it adds is what really makes latency a bit worse. In the end, Java is more efficient when it 

comes to both mixed and CPU-intensive workloads while Python is very strong in I/O-heavy 

situations which means a compromise between execution efficiency and simplicity.  

 

Table 9: Benchmark Results — Java vs. Python Concurrency Performance 

Workload 
Type 

Metric Java 
(Threads) 

Python 
(Threads) 

Python 
(Multiprocessing) 

Python 
(asyncio) 

CPU-bound Execution 
Time 

1.2s 4.8s 1.7s N/A 

CPU-bound CPU 
Utilization 

92% 28% 85% N/A 

I/O-bound Execution 
Time 

0.9s 1.1s 2.3s 0.8s 

I/O-bound Throughput 
(req/s) 

1,100 950 420 1,250 

Mixed Execution 
Time 

1.5s 5.2s 2.1s 1.9s 
 

 

Results averaged over 10 runs on an 8-core CPU, 16GB RAM, Linux OS. N/A indicates the 

model is not applicable to the workload type. 

 

 
Fig 2 - Java vs Python Concurrency Performance Comparison 

 

5.2. Key Pitfalls Identified 

From the experimental analysis come significant issues in Java and Python that have a direct 

influence on reliability and system performance. In Java, concurrency problems are mostly caused by 

incorrect thread coordination. Deadlocks happen when the threads keep waiting for the resources that 

the other threads are holding. As a result, the whole system is frozen and it may be very difficult to 

find the cause. Race condition is also a major issue as two or more threads may access shared data even 

without adequate synchronization and thus they may produce different final results. Besides that, if 

too many locks are used, the performance may be even worse as the threads may be blocked 

unnecessarily and this can lead to less concurrency. There is also a problem with thread starvation in 
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systems which are not properly configured since some threads may not get the resources because of 

the way threads are scheduled. 

 

In Python, there are several obstacles mainly arising from its very nature and a range of 

concurrency paradigms supporting the language. The Global Interpreter Lock, for instance, halves the 

scope of multithreading making it a less relevant tool for CPU-bound applications and consequently, 

features using it are not quite reflective of the expected performance benefits, in fact, they tend to 

mislead developers. Alternatively, the use of multiprocessing introduces a whole gamut of problems 

such as greater demand of memory and complex communication between processes which in turn 

might cancel out the positive effects of multiprocessing. On another note, asynchronous programming, 

while being a perfect match for I/O-bound scenarios, tends to complicate the overall code layout and 

forces programmers to adopt a different programming style which also renders debugging and 

maintenance highly difficult.These examples show that improper use of concurrency features can 

reduce performance and increase system complexity.  

 

Table 10: Comparison of Concurrency and Parallelism in Java and Python 

Java — Race Condition (buggy → fixed) Python — GIL misunderstanding 

// ❌ Race condition — unsynchronized access 
int counter = 0; 
new Thread(() -> counter++).start(); 
new Thread(() -> counter++).start(); 
 

// ✅ Fixed with AtomicInteger 
AtomicInteger counter = new AtomicInteger(0); 
new Thread(() -> 
counter.incrementAndGet()).start(); 
new Thread(() -> 
counter.incrementAndGet()).start(); 
 

# ❌ Looks parallel, but GIL limits CPU-bound threads 
import threading 
results = [] 
def compute(): results.append(sum(range(10**7))) 
threads = [threading.Thread(target=compute) for _ in 
range(4)] 
for t in threads: t.start() 
 

# ✅ Use multiprocessing for true CPU parallelism 
from multiprocessing import Pool 
with Pool(4) as p: 
    results = p.map(lambda _: sum(range(10**7)), range(4)) 

 

5.3. Trade-off Analysis 

Comparing Java and Python reveals the classic dilemma of control versus simplicity.Java 

provides fine-grained control over things like threads, synchronization, and memory management. In 

short, it's the tool that can deliver very high performance and scalability. But with that level of control, 

Java necessarily becomes more complex and developers need to be fairly skilled in concurrency ideas 

to not fall into traps. Python, on the contrary, is designed to be simple and it also keeps the developer's 

needs at its center. It offers a number of concurrency choices which are quite straightforward to 

implement even at a very basic level. On the other hand, this very diversity may cause confusion 

regarding the selection of the right model and improper use may eventually lead to poor performance. 

 

On the scalability front, Java fits well to projects that need to maintain the same level of 

performance in conditions of heavy computational loads whereas Python is more geared to the 

scenarios where quite a few I/O-bound operations are done with the minimum use of resources. The 

contrast is also there in debugging and maintainability debugging Java software can be challenging 



 

 
ISSN: 3071-6357 

PP: 01-18. 
 

---------------- 
Concurrency is hard: Java vs Python pitfalls you can't ignore 

Madhurima Kommuru 

   16 

because of complicated thread interactions, on the other hand, a Python codebase would be very hard 

to maintain if different concurrency approaches are mixed. In the end, deciding between the two is 

really a matter of which one best meets the features of the application and what level of skills the 

development team has.  

 

5.4. Practical Insights for Developers 

This research offers a few valuable tips for programming team members who develop 

concurrent systems. It is very important that they pick the right language and concurrency model 

according to the type of work and not just because they know them or because it is convenient. If the 

application is system-oriented and intensive, Java can be a better choice because of its well-developed 

ability for multithreading. On the other hand, when dealing mainly with input/output (I/O) 

operations, like a web server or network services, Python, especially with the use of asyncio, can be a 

more straightforward and at the same time very efficient solution.  

 

Developers should, besides, always be aware of the likely stumbling blocks and should 

definitely follow the best practices that are aimed at risk reduction. For instance, in Java, one can 

achieve a remarkable performance and reliability boost, among other things, by thoughtfully designing 

the synchronization mechanisms and adequately setting up thread pools. Likewise, in Python, a good 

grasp of GIL restrictions and a well-thought-out choice of the concurrency model, threading, 

multiprocessing or async, are the must-haves for the achievement of the best possible results.  

 

6. CONCLUSION AND FUTURE SCOPE 

6.1. Conclusion  

This research delved into understanding concurrency by comparing Java and Python which are 

two of the most popular programming languages and they have very different concurrency 

models.The study found that despite the fact that both languages offer ways to perform several tasks 

at the same time, their levels of performance depend on the type of the tasks.Java performed better on 

CPU-heavy and mixed workloads. Python performed better on IO-bound workloads, especially when 

using asyncio.  

 

A major conclusion of our study is that concurrency is a hard problem by itself, no matter which 

language you employ. Problems like race conditions, deadlocks, and nondeterministic ordering of 

executions are the factors that make concurrent systems difficult to be designed, implemented, and 

debugged. Apart from providing sophisticated tools and frameworks, developers have to meticulously 

handle shared resources and guarantee proper synchronization for correctness. Besides, the research 

demonstrated that a great number of errors come not from the deficiency of tools but from the incorrect 

understanding or the wrong use of concurrency models.  

 

6.2. Future Scope  

The discipline of concurrency keeps progressing, with new ways to solve old problems 

continuously being revealed. For example, in Java, technologies being developed such as Project Loom 

intend to make the task of writing concurrent code easier by using lightweight, green threads, which 
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frees the programmers from the significant overhead and thread management complexity of traditional 

threads. 

 

Likewise, the efforts by the Python community to finally get rid of or significantly mitigate the 

Global Interpreter Lock (GIL) might lead to a better performance of the language in CPU-bound 

scenarios, which is currently a downside of Python. 

 

Besides that, the ever-expanding role of distributed concurrency is a major trend as well. 

Distributed concurrency denotes the execution of tasks not in a single system, but spread over multiple 

machines. This change is also a source of new issues in communication, fault tolerance, and 

consistency, yet at the same time, it makes scale reach almost unbounded possibilities.  

 

REFERENCES 
[1] Hollings, Tracey, et al. "How do you find the green sheep? A critical review of the use of remotely sensed imagery to 

detect and count animals." Methods in Ecology and Evolution 9.4 (2018): 881-892.  

[2] Wang, Chao, et al. "smartpip: A smart approach to resolving python dependency conflict issues." Proceedings of the 37th 

IEEE/ACM International Conference on Automated Software Engineering. 2022.  

[3] Suryadevara, S. S. K. (2021). AI-Driven Multi-Cloud Orchestration System for Enterprise Digital Experience Delivery. 

American International Journal of Computer Science and Technology, 3(1), 21-34. https://doi.org/10.63282/3117-

5481/AIJCST-V3I1P103 

[4] Muppaneni, K. (2021). HTTP/3 & REST Latency Improvement. International Journal of Emerging Research in 

Engineering and Technology, 2(1), 122-132. https://doi.org/10.63282/3050-922X.IJERET-V2I1P113  

[5] Van Rossum, Guido, and Jelke De Boer. "Interactively testing remote servers using the Python programming language." 

CWI quarterly 4.4 (1991): 283-303.  

[6] Kumar Doodala, A. N. (2021). Intelligent EOB/ERA Generation and Validation Framework on Legacy Systems like 

Mainframes. International Journal of Emerging Research in Engineering and Technology, 2(1), 111-121. 

https://doi.org/10.63282/3050-922X.IJERET-V2I1P112  

[7] Rodriguez, Michael, Joel Tonyan, and Robert T. Wilson. "Tools and techniques for troubleshooting remote access." Journal 

of Electronic Resources Librarianship 30.3 (2018): 171-178.  

[8] Muppaneni, R. K. (2021). Securing the Enterprise: How Dynamics 365 Meets Global Compliance Standards. International 

Journal of Emerging Research in Engineering and Technology, 2(1), 133-143. https://doi.org/10.63282/3050-

922X.IJERET-V2I1P114  

[9] Zhao, Yutong, et al. "A large-scale empirical study of real-life performance issues in open source projects." IEEE 

Transactions on Software Engineering 49.2 (2022): 924-946.  

[10] Vppalapati, M. (2021). The Geometry of Redundancy: Why Physically Separate Storage Paths Behave as One System. 

International Journal of Emerging Research in Engineering and Technology, 2(2), 107-116. 

https://doi.org/10.63282/3050-922X.IJERET-V2I2P113  

[11] Langtangen, Hans Petter. Python scripting for computational science. Berlin, Heidelberg: Springer Berlin Heidelberg, 

2006.  

[12] Gaddam, R. R. (2021). Vertex AI as a Unified Control Plane for MLOps. International Journal of Artificial Intelligence, 

Data Science, and Machine Learning, 2(2), 92-102. https://doi.org/10.63282/3050-9262.IJAIDSML-V2I2P110  

[13] Srigadde, B. R. (2020). When Force Is With You but Not Lightning Component. American International Journal of 

Computer Science and Technology, 2(1), 23-33. https://doi.org/10.63282/3117-5481/AIJCST-V2I1P103   

[14] Slatkin, Brett. Effective python: 90 specific ways to write better python. Addison-Wesley Professional, 2019.  

[15] Muppaneni, K. (2021). Cross-Browser Debugging Strategies. American International Journal of Computer Science and 

Technology, 3(5), 25-36. https://doi.org/10.63282/3117-5481/AIJCST-V3I5P103  

[16]  BVF``Kong, Qingkai, Timmy Siauw, and Alexandre Bayen. Python programming and numerical methods: A guide for 

engineers and scientists. Academic Press, 2020.  

https://doi.org/10.63282/3117-5481/AIJCST-V3I1P103
https://doi.org/10.63282/3117-5481/AIJCST-V3I1P103
https://doi.org/10.63282/3050-922X.IJERET-V2I1P113
https://doi.org/10.63282/3050-922X.IJERET-V2I1P112
https://doi.org/10.63282/3050-922X.IJERET-V2I1P114
https://doi.org/10.63282/3050-922X.IJERET-V2I1P114
https://doi.org/10.63282/3050-922X.IJERET-V2I2P113
https://doi.org/10.63282/3050-9262.IJAIDSML-V2I2P110
https://doi.org/10.63282/3117-5481/AIJCST-V2I1P103
https://doi.org/10.63282/3117-5481/AIJCST-V3I5P103


 

 
ISSN: 3071-6357 

PP: 01-18. 
 

---------------- 
Concurrency is hard: Java vs Python pitfalls you can't ignore 

Madhurima Kommuru 

   18 

[17] Shiramalla, R., & Guntupalli, B. . (2021). Cost-Effective Softphone Integration in CRM Platforms Using RESTful APIs: A 

Salesforce Case Study for Voice-to-Text Sales Enablement. International Journal of Emerging Trends in Computer Science 

and Information Technology, 2(1), 101-114. https://doi.org/10.63282/3050-9246.IJETCSIT-V2I1P112  

[18] Bauer, Andrew C., et al. "In situ methods, infrastructures, and applications on high performance computing platforms." 

Computer Graphics Forum. Vol. 35. No. 3. 2016.  

[19] Vppalapati, M., & Talasila, P. K. (2021). Failure without Faults: How Enterprise Storage Systems Degrade Long Before 

They Break. International Journal of Emerging Trends in Computer Science and Information Technology, 2(1), 115-123. 

https://doi.org/10.63282/3050-9246.IJETCSIT-V2I1P113     

[20] Julian, Mike. Practical Monitoring: Effective Strategies for the Real World. " O'Reilly Media, Inc.", 2017.  

[21] Muppaneni, R. K. (2021). How Enterprises are Achieving 360° Customer Views with Dynamics 365. International Journal 

of AI, BigData, Computational and Management Studies, 2(2), 129-138. https://doi.org/10.63282/3050-

9416.IJAIBDCMS-V2I2P114 

[22] Srigadde, B. R., & Talakola, S. (2020). How to Open a Modal Using Quick Action on the Record Detail Page. International 

Journal of Artificial Intelligence, Data Science, and Machine Learning, 1(2), 43-51. https://doi.org/10.63282/3050-

9262.IJAIDSML-V1I2P105  

[23] Boccignone, Giuseppe, et al. "pyVHR: a Python framework for remote photoplethysmography." PeerJ Computer Science 

8 (2022): e929.  

[24] Suryadevara, S. S. K. (2021). Generative AI–Powered Authoring Assistant for Enterprise Content Management. 

International Journal of Artificial Intelligence, Data Science, and Machine Learning, 2(2), 103-113. 

https://doi.org/10.63282/3050-9262.IJAIDSML-V2I2P111    

[25] Ravasi, Matteo, and Ivan Vasconcelos. "PyLops—A linear-operator Python library for scalable algebra and optimization." 

SoftwareX 11 (2020): 100361.  

[26] Allenki, S. S., & Korutla, R. (2021). Agile Development in Practice: From Intern to Contributor. International Journal of 

Artificial Intelligence, Data Science, and Machine Learning, 2(3), 91-103. https://doi.org/10.63282/3050-9262.IJAIDSML-

V2I3P110   

[27] Parakala, A. (2021). Building Analytics-Driven Bots: RPA Meets Business Intelligence. International Journal of Emerging 

Research in Engineering and Technology, 2(1), 77-87. https://doi.org/10.63282/3050-922X.IJERET-V2I1P109    

[28] Zhou, Chengquan, et al. "An automated, high-performance approach for detecting and characterizing broccoli based on 

UAV remote-sensing and transformers: A case study from Haining, China." International Journal of Applied Earth 

Observation and Geoinformation 114 (2022): 103055.  

[29] Katangoori, S., & Katangoori, A. (2021). AI-Augmented Data Governance: Enabling Intelligent Access, Lineage, and 

Compliance across Hybrid Clouds. American International Journal of Computer Science and Technology, 3(6), 36-45. 

https://doi.org/10.63282/3117-5481/AIJCST-V3I6P104   

[30] Zakria, Zakria, et al. "Multiscale and direction target detecting in remote sensing images via modified YOLO-v4." IEEE 

Journal of Selected Topics in Applied Earth Observations and Remote Sensing 15 (2022): 1039-1048.  

[31] Gaddam, R. R. (2021). Hermetic ML Environments using Conda-Lock and Docker. American International Journal of 

Computer Science and Technology, 3(4), 22-34. https://doi.org/10.63282/3117-5481/AIJCST-V3I4P103   

[32] Wang, Ying, et al. "Watchman: Monitoring dependency conflicts for python library ecosystem." Proceedings of the 

ACM/IEEE 42nd international conference on software engineering. 2020.  

https://doi.org/10.63282/3050-9246.IJETCSIT-V2I1P112
https://doi.org/10.63282/3050-9246.IJETCSIT-V2I1P113
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V2I2P114
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V2I2P114
https://doi.org/10.63282/3050-9262.IJAIDSML-V1I2P105
https://doi.org/10.63282/3050-9262.IJAIDSML-V1I2P105
https://doi.org/10.63282/3050-9262.IJAIDSML-V2I2P111
https://doi.org/10.63282/3050-9262.IJAIDSML-V2I3P110
https://doi.org/10.63282/3050-9262.IJAIDSML-V2I3P110
https://doi.org/10.63282/3050-922X.IJERET-V2I1P109
https://doi.org/10.63282/3117-5481/AIJCST-V3I6P104
https://doi.org/10.63282/3117-5481/AIJCST-V3I4P103

