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ABSTRACT

This paper dives into Round Robin, a straightforward and fair CPU scheduling algorithm. Round Robin works by giving each process an equal slice of CPU time in a
repeating cycle, ensuring that all tasks get regular access to processing power. While effective, its performance can vary depending on factors like the chosen time slice
(or quantum) and the specific needs of each task. Here, we explore how the algorithm works, its strengths and limitations, and ways to optimize it for better efficiency.
We also discuss its use in today’s computing environments and look ahead to potential future developments that could make Round Robin even more adaptable in a
constantly advancing tech landscape.
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Introduction to CPU Scheduling and the Round Robin Approach

Most impressive about computers is how well they can multitask. Activities such as streaming video, performing background updates, or running multiple
browser tabs are all controlled by the processor of a computer, more aptly referred to as the CPU. But what techniques does the CPU use to determine priority
between these tasks? In what way does it ensure each one receives an equal share of processing time so that the entire system functions uninterruptedly? This
is the basic principle behind the concept of CPU scheduling.

Generally speaking, scheduling can be viewed as an assignment of processing time for tasks by the CPU. As the CPU typically executes only one process at a
time in most systems, it has to share its available time between several of its tasks. One of the easiest, yet fair, scheduling algorithms that can be found in
computing is Round Robin (RR). For example, if you have ever seen children playing a game in which players must wait in line to take turns, you can
understand the basic idea of Round Robin. Just like the game, every "player” in the Round Robin scheduling algorithm is given a certain amount of time to
use up the CPU. That is, such a task is placed at the back of a queue if it hasn't been done by the end of its round; it allows the next task to be progressed. This
continues until the completion of all tasks.

A major advantage of the Round Robin method is the equitable nature; it allows each job to execute without allowing any one job to monopolize the entire
CPU. This principle of fairness makes it highly applicable in environments requiring concurrent operation of multiple users or applications, that is, the operating
systems found on personal computers and mobile devices.

Beginning with the definition of operational mechanisms for Round Robin scheduling, in addition to its significance and applications, this paper attempts to
discuss how practical instances would define the advantages and disadvantages of that certain scheduling method, and strategies for optimization. About a
rather simple and accessible manner, this study shall investigate the role that the Round Robin scheduling plays with regard to maintaining responsiveness,
balance, and efficiency of our devices.

2. How Round Robin Scheduling Works: Breaking Down the Basics

Imagine an individual standing in a bank, waiting their turn to visit with a teller. Each customer is afforded a short amount of time with the teller, and if their
transaction isn't finalized, they return to the back of the line and waits their turn once again. The Round Robin form of scheduling works similarly.


http://www.ijrpr.com/

International Journal of Research Publication and Reviews, Vol 5, no 11, pp 3756-3762 November 2024 3757

Each individual task, referred to as a “process,” within the system is allocated a predetermined duration of time, termed a time quantum, for CPU utilization.
Upon the expiration of this allotted time, the CPU transitions to the subsequent task awaiting execution. Should a task remain incomplete, it is repositioned at
the end of the queue to await another opportunity for processing.

This methodology guarantees that all processes get a fair share of CPU times, thus keeping the system balanced and responsive. It advances the CPU persistently
in rotation among the processes, forwards to the next, then to another, until completion of each individual process.

Let’s Look at an Example

Imagine an individual operating a laptop, simultaneously watching a video, accessing a document, and loading an e-mail. Each of these activities requires a
piece of CPU processing time to operate. Using a Round Robin type of scheduling, the CPU devotes a short period of time to each task in a predictable
sequence.

Therefore, the video should be shown for a little while before switching to the task of editing your document, then allowing a little time to handle your email.
This rapid task-switching occurs at such a speed that it feels like everything is being done concurrently without lag.

This approach is often described as preemptive scheduling, as the CPU can "preempt" or interrupt a specific process once its assigned time has passed and
move on to the next process. Each operation will get its fair amount of CPU time so that some application does not use all resources available. This makes it
especially useful for situations where users expect fast performance when performing multiple tasks, such as on PCs and cell phones.

3. Significance of the Time Quantum

The time quantum is the critical part of Round Robin scheduling. It is more or less the assigned time for which each job is granted control of the CPU before
it hands over the CPU to the next waiting job. If the time quantum is too short, then the CPU will be pre-empted frequently, causing even average performance
because of the extra time being wasted in context switching.

Conversely, too long a time quantum in the Round Robin scheduling algorithm entails a loss of its inherent “fairness," thus some jobs might experience longer
waiting periods before their turn to execute.

The choice of time quantum is a trade-off between being long enough for each task to achieve some reasonable progress yet not so long that the system does
not respond..

@)

4. Round Robin Scheduling: Advantages towards Fairness, Simplistic Implementation, and Responsiveness

Round Robin scheduling is an excellent method that also presents numerous significant advantages making it a favorable choice within operating systems,
particularly those requiring the management of multiple users or applications at once. The following details some of the key benefits:

1. Justifiability

One of the important advantages of Round Robin is its inherent fairness in operation. This facility acts as a guard against favoritism as it gives an equal time
slice to every process in each round, so each process, irrespective of priority or size, gets equal access to the CPU. This characteristic is superb in systems in
which several users or applications need to share resources but are not dominated by bigger or more complex tasks.

For example, imagine you’re running a background download, a word processor, and a video call at the same time. Round Robin ensures that none of these
tasks completely takes over. Each application gets just enough CPU time to stay active, which helps keep your system balanced.

2. Ease of implementation

Compared to the other scheduling algorithms, Round Robin is fairly simple to implement: give every process its time slice, then loop round them. This does
not require discussion of any complex priority levels or calculations and instead essentially is a pretty straightforward, fair turn for each task. That makes one
strong reason that Round Robin commonly comes up as one of the first scheduling algorithms computer science students learn.

3. Effective Responsiveness in Interactive Systems

The Round Robin algorithm is very effective for those systems where promptness plays a vital role, such as desktop computers, smartphones, and so forth.
Since in every system each process awaits a time quantum of only one instance before it resumes its execution, tasks do not face long waits. This property
makes the system more responsive and minimizes chances that one task may monopolize the CPU for a long time, which is vital for maximizing user's
satisfaction levels.
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For example, in an operating system where an individual concurrently views a video, surfs the internet, and edits a document, the Round Robin scheduling
algorithm can switch amongst these processes fast enough that each application stays interactive to the user.

5. Disadvantages and Limitations of Round Robin Scheduling

While Round Robin scheduling has some benefits, it has its incapabilities too. Although it's simple and very fair, there are scenarios where Round
Robin is probably not the best or optimal choice. There follow several disadvantages:

1. Ineffectiveness with Lengthy Procedures

A major drawback of the Round Robin scheduling algorithm is that it might not be the best fit for those processes that require more CPU time compared to
their peers. In such scenarios where a process needs just some extra time above what the allocated time quantum allows to complete its work, that process has
to  waitforthe  nextturn, although it could possibly finish up in ~ just few extra seconds. ~ This may lead to wasted =~ CPU  time because the
process is always interrupted before it has a chance to complete its work.

For example, let’s say you’re running a large file compression task, which could take several minutes. In a Round Robin system, the task gets interrupted after
each time quantum and has to wait for the next cycle to resume. If the time quantum is set too short, this could create unnecessary delays, especially when
dealing with longer processes that don’t fit neatly into the fixed time slots.

2. Overhead Associated with Context Switching

Round Robin scheduling necessitates that the CPU repeatedly alternates among various processes. With each transition from one task to another, the CPU is
obligated to preserve the state of the current task—a procedure known as context switching—while simultaneously loading the state of the subsequent task.
This process of switching incurs both time and resource expenditure. When a considerable number of processes are operational, the overhead associated with
continuous context switching may aggregate, resulting in a deceleration of the system and thereby causing inefficiencies.

In other words, it can be said that the situation is somewhat like juggling multiple responsibilities. For every instance of shifting from one responsibility to the
next, recollection of the previous context is needed, thus taking more time and energy. Such a burden may cause loss in system efficiency overall with respect
to situations that involve a large number of processes.

3. Inadequate for Real-Time Systems

In the context of real-time systems necessitating the completion of designated tasks within stringent temporal boundaries, such as in the operation of aircraft
systems or the administration of heart rate monitoring devices in medical facilities, the Round Robin scheduling algorithm is often inadequate. This algorithm
fails to prioritize tasks effectively, thereby preventing assurance that essential tasks will receive sufficient CPU resources to fulfill their deadlines.
Consequently, alternative scheduling algorithms, including Rate-Monotonic and Earliest Deadline First, which inherently prioritize critical tasks, are more
appropriately aligned with the requirements of such systems.

4. Performance Problems with Small Time Quanta

When the time quantum is made too small, the CPU more than proportionally consumes its time doing context switching instead of actual processing. This
might result in thrashing which is the scenario where the system does many context switches and very few executions of the intended tasks. On the other hand,
if the time quantum is set far too large, then the Round Robin scheduling algorithm acts like an FCFS scheduler as well which means that smaller processes
might wait longer in the queue.

Practical Implementations of Round Robin Scheduling

In practice, despite lots of limitations Round Robin algorithm is widely used in many real systems due to simplicity and fairness of allocation resources.
Let's proceed with a couple of practical applications of the Round Robin algorithm.

1. Operating Systems

The Round Robin scheduling is widely used in general-purpose operating systems, like Windows, Linux, and macOS. These are anticipated to support multiples
of applications at the same time and are generally used for more than one person, hence forcing the Round Robin scheduling algorithm within the system so
that it can be responsive even when different programs are running at the same time.

For instance, if you’re running a web browser, music player, and a word processor at the same time, Round Robin ensures that all of these tasks can continue
to function without one program monopolizing the CPU. Each gets a slice of time, and they cycle through, making it appear as though everything is running
simultaneously.

2. Multi-Tasking and Multi-User Systems
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In multitasking environments and multi-users, the Round Robin scheduling algorithm excels. For example, in a computer system like mainframe or cloud
provider, many users would want simultaneous access to the CPU. The Round Robin ensures that all users get equal opportunities to use the resources systems
were given so no one gets a bad experience in the system.

In multi-tasking environments, in which background processes such as system updates, antivirus scans, and file transfers operate concurrently with active
applications, Round Robin scheduling facilitates an equitable allocation of CPU resources among these tasks, preventing any single process from monopolizing
the system's capabilities.

3. Networking and Communication Systems

The Round Robin method is also applied in networking systems, especially regarding the management of network traffic. Whenever several devices or
applications attempt to communicate over a shared network, the Round Robin technique can be used to distribute bandwidth equitably among them. This
ensures that every device gets a chance to transmit and receive data and thus prevents network congestion or a scenario where one device dominates the
bandwidth alone.

For instance, consider a server that accommodates several clients. It is imperative that each client is capable of both transmitting and receiving data; however,
in the absence of Round Robin scheduling, the server could potentially favor one client over the others, resulting in latency and disrupted connections.
Implementing Round Robin allows the server to equitably rotate through the clients, thereby guaranteeing that each client receives adequate time for data
exchange.

4. Printers and Other Shared Resources

Another practical application of Round Robin scheduling exists in the shared resources of printers and other peripherals. An office with many employees could
plausibly have everyone printing documents at once. Applying Round Robin scheduling to ensure that everyone gets an equal share of print time becomes
possible when only one printer is available. Next, an individual is given a certain time frame for submittance of the printing tasks and these tasks get processed
one after another.

5. Cloud Computing

In cloud computing environments, where many users share computing resources, Round Robin also assists in distributing the workload evenly among different
servers. For example, when a cloud service requires allocating computing tasks to a set of servers, it can use Round Robin to assign jobs one by one round-
robin fashion.

A fair, round-robin approach ensures no single server has to bear excessive workload, thus providing uniform performance for all.
Optimizing Round Robin Scheduling for Different Scenarios

Round Robin scheduling is a reliable and fair method; however, it needs to be optimized at times or tailored for specific use cases and scenarios to make it
more efficient. Here's how Round Robin can be fine-tuned in accordance with different environments, tasks, or system requirements.

1. Adjusting the Time Quantum

As mentioned above, we discussed how the time quantum is a critical element which decides the efficiency of Round Robin scheduling. Too small a time
quantum forces too many context switches. Conversely, too large a quantum for any process leads to inefficient management of tasks.

In order for Round Robin optimization to be efficient, time quantum ought to be dynamically adjusted according to the nature of the processes. For example,

* In interactive systems, when jobs are typically short and have to be finished in a hurry (such as web browsers or word processing), it can be kept small
because this will keep the system responsive.

« In batch processing systems, the jobs may take longer to complete (video rendering or scientific simulations). In such cases, a longer time quantum would be
more effective because it lets more work complete before a process switch.

Such modern systems dynamically tend to change the time quantum according to the interaction of processes, which automatically brings balance and
responsiveness to the system.

2. Multi-Level Feedback Queue Scheduling

Probably, the most favourite optimization of Round Robin is the process of combination of Round Robin with multi-level feedback queue scheduling technique.
Here, the processes are placed into different queues depending upon their behavior and CPU requirement.

*» Marks small tasks that are known to often complete in one time quantum with a smaller time quantum.

* Longer jobs that need more CPU time are placed on a queue with greater time quantum.
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It helps to solve that problem where the processes that demand longer time-ticks, for example, video rendering, are not repeatedly interrupted while those short
tasks like user input get a faster response.

In MLFQ, processes can also move between queues. For instance, if a process isn't completing within its time quantum, the system may promote it to a lower-
priority queue with a longer time quantum for completion. Thus, in this manner, all tasks are always executed optimally and without wasting CPU cycles.

3. Hybrid Scheduling Methods
In other systems, Round Robin is combined with other scheduling algorithms to constitute a hybrid design. For example:

Priority-based Round Robin: In such systems where some jobs are of more importance than others, like in operating systems or for real-time systems, priority
scheduling can be combined with Round Robin. Higher-priority jobs can get more frequent turns, while less significant jobs are assigned to the standard Round
Robin cycle.

* Real-time and Round Robin: For real time, along with priority scheduling or Earliest Deadline First (EDF) algorithms, Round Robin ensures critical tasks
meet deadlines without unwarranted fairness to non-critical tasks.

Hybrid approaches take the best from Round Robin and avoid some of its worst weaknesses, especially with complex systems that have diverse needs.
4. Round Robin in Cloud and Distributed Systems

In distributed and cloud environments, resources are spread across various servers; thus, the primary advantage of Round Robin scheduling is that it better
optimizes between all the machines by distributing the load appropriately. Instead of having one server handling all tasks, the load is shared evenly between
each machine, so that each machine gets its equal share of work. This prevents overloading a single server but also leads to efficient use of all resources at the
same time.

For example, in cloud computing, round robin can be used to deliver incoming network traffic across multiple servers. This helps to maintain the systems'
performance as a whole, especially over peak periods when several users might be accessing the system at the same time.

5. Hybrid Load Balancing and Round Robin

In a server environment, especially when working with several clients or tasks, the use of Round Robin combined with the algorithms of load balancing has
much better performance. The idea is to spread tasks or client requests across all available resources under the problem of prohibiting any single process or
server to be overloaded by it.

For instance, round robin might be used for client requests in a web server. Load balancing algorithms ensure each of the servers is given approximately the
same number of requests so that it maintains consistent performance and minimizes response times.

Future of round robin scheduling and new trends.

Although Round Robin is one of the most employed time-tested schedulers for CPUs, it is not fault-free. The world of computing evolves with new technologies
and demands arising. Let's look at what the future holds for Round Robin scheduling, CPU scheduling trends into the future, and how Round Robin may adapt
or change in years to come.

1. Adaptive Scheduling Algorithms

One of the most exciting directions for the future of scheduling algorithms is adaptive scheduling. Adaptive algorithms can change their behavior based on the
current load, system requirements, and task priorities. With Round Robin scheduling, we’ve already seen dynamic adjustments to time quantum in some
advanced systems. However, the future may see even more sophisticated forms of adaptive scheduling. For instance, it might predict with its machine learning
what tasks need more CPU time and update the scheduling algorithm at run time to appropriately allocate resources. This can optimize Round Robin scheduling
when tasks have unpredictable processing times, such as cloud computing, where user demand affects the variation in workload.

2. Scheduling Practice and the Impact of Quantum Computing

With quantum computing becoming more feasible, it may be time to reevaluate traditional scheduling algorithms, such as Round Robin. Quantum computers
process information very differently from classical computers, meaning that totally different strategies for CPU scheduling might apply.

We are still at the very beginning stage of quantum computing, but we should recognize that quantum systems might demand radically different scheduling
techniques. Future scheduling algorithms should take into account the specific properties of quantum processors, such as quantum entanglement and
superposition. None of these exist in conventional computers.
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With the advancement of quantum computing technology, hybrid scheduling systems could certainly appear to integrate both classical and quantum resources,
where Round Robin must be one crucial method for overseeing the classical tasks in such hybrid contexts.

3. Al and Machine Learning in Scheduling

Artificial Intelligence and Machine Learning are increasingly getting embedded into modern systems that provide the potential to revolutionize CPU
scheduling. While instead of the static round of algorithms, for example, Round Robin, tomorrow's systems perhaps use Artificial Intelligence to evaluate task
behaviour and adjust their scheduling policies accordingly.

An artificial intelligence system could determine which tasks require higher CPU resources, which require minimal processing capabilities, and which to
prioritize. It could then, based on such insights, adaptively allocate CPU time for a variety of tasks, serving as an alternative or a complement to scheduling
algorithms. Such a methodology would therefore enable more complex scheduling practices while improving overall performance for complex systems, which
involve very varied demands for tasks.

4. Real-time operating systems and predictive scheduling

For RTOS, strict deadlines are of utmost importance. While Round Robin scheduling has been used for particular contexts in RTOS, the most recent trends
signify that predictive scheduling may be introduced to ensure that tasks of real-time would be given precedence. Predictive scheduling bases its presumptions
on previous records of task execution and system analytics to predict the duration for which each task may run and readjust the cycles accordingly.

For example, take a system in charge of medical equipment in a health care institution. Predictive scheduling will scrutinize the past task durations and other
performance indicators to predict the expected duration for each task. It will then adjust the time allocation or scheduling strategy with an assurance that
relevant tasks are undertaken within the stipulated constraints of time.

5. Energy Efficiency in Scheduling Practices:

With the trends in energy consumption turning out to be a threat, especially in data centers and in mobile applications, energy-efficient scheduling becomes
significant. Power consumption impacts the lifespan of the battery in mobile and embedded systems, making it a viable candidate for optimization regarding
energy efficiency for Round Robin.

As such, future revisions of Round Robin scheduling could attain a balance in performance improvement and energy efficiency if the frequency and power of
the CPU were to be modulated according to the demand of the tasks. Much like the dynamic overclocking techniques used in today's processors, low-priority
tasks might be directed toward a processor running at low frequencies, saving power but having a minimal effect on the overall system performance.

6. Cloud Computing and Virtualization

With the advent of cloud computing and virtualization, where resources are spread across hundreds and thousands of servers, Round Robin scheduling needs
to be adapted for VMs or containers. With growth in the scale of cloud service providers, an increasingly critical need will emerge for more advanced scheduling
methodologies to effectively manage large quantities of virtualized resources.

The Round Robin scheduling method may be effectively utilized alongside cloud-native capabilities, such as auto-scaling, to facilitate the equitable distribution
of workloads among servers while simultaneously adapting in real-time according to varying demand levels. Furthermore, container orchestration frameworks,
including Kubernetes, have already implemented Round Robin techniques to allocate containers across clusters of machines, thereby promoting high
availability and efficient load balancing.
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