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Abstract. Scheduling algorithm is an important part of CPU work and plays a key role in the program
system. Successful scheduling algorithms can effectively improve system efficiency and stability.
This paper aims to analyze the characteristics of several scheduling algorithms comparatively
through some general criteria to help determine the applicable algorithms in different situations. This
paper first introduces the important role of scheduling algorithms. It then discusses and analyzes in
detail the complexity of scheduling algorithms, allocation methods, average waiting time, and
starvation. Finally, it draws the advantages and disadvantages of different scheduling algorithms
through comparison. The types of scheduling algorithms applicable to batch systems and real-
time/interactive systems respectively are concluded. The study results provide a theoretical basis for
system designers to achieve the optimal utilization of CPU resources in the system. By analyzing
and comparing the advantages and disadvantages of different scheduling algorithms, this paper lays
a solid foundation for the future research with more scheduling methods.
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1. Introduction

Scheduling is one of the core functions of an operating system, which directly affects the
performance of the central processing unit (CPU) and the utilization of system resources. The design
and implementation of scheduling algorithms determines the efficiency of the flow of processes
through the system. How to manage the processes in the ready queue, to improve the system
throughput and minimize the average waiting time while ensuring the fairness of the processing are
all factors that need to be considered comprehensively in the scheduling strategy. During the
scheduling process, task execution may be interrupted due to both the need for I/0O operations and
time slice expiration. Interruption mechanisms such as these ensure that other processes in the queue
have access to processing opportunities, thereby improving system fairness and resource utilization
efficiency. In a multi-process environment, processes are diverse, for example, they are categorized
as time-sharing processes and cooperative processes. These processes exist in different forms in the
computer system, each with unique characteristics and needs. A time-sharing process means that
multiple processes share CPU time by occupying CPU resources for a period of time and then
switching to other processes. Cooperative processes refer to multiple processes that work together by
sharing resources or data, and therefore require reasonable synchronization and mutual exclusion to
make the system work properly. The CPU must efficiently manage the computational tasks and data
flows of all these different types of processes through appropriate scheduling algorithms. Efficient
scheduling ensures optimal utilization of system resources and is effective in preventing bottlenecks
and reducing idle time.

The rapid growth in computational demands due to technological advances and increased
application complexity has further exacerbated the need for powerful and efficient scheduling
algorithms. The application of Very Large Scale Integrated Circuit (VLSI) technology has enabled
the creation of high-performance processors, further emphasizing the importance of complex
scheduling mechanisms. In such advanced and complex computing environments, achieving high
CPU utilization and maintaining system stability are key objectives in the design of current
scheduling algorithms.
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In addition, modern computing environments often involve real-time applications and interactive
systems where delays and inefficiencies can lead to significant performance problems and response
issues. Effective scheduling algorithms are essential to meet real-time demands, ensuring that high-
priority tasks are handled in a timely manner while balancing the demands of other processes. This
balance is essential to maintain high system performance and good user satisfaction.

Currently, common CPU scheduling algorithms include First-Come-First-Served (FCFS),
Shortest-Job-First (SJF), Multi-Level Feedback Queuing (MLFQ), and Polled Scheduling (RR). Each
of these algorithms has its characteristics but is also deficient in different aspects. For example, FCFS
algorithm is simple and easy to implement but may lead to long waiting time, SJF algorithm optimizes
the average waiting time but it is difficult to predict the task length accurately, Multi-Level Feedback
Queuing (MLFQ) scheduling is prone to starvation problem, and RR algorithm needs to set a suitable
time slice to balance the efficiency and response time. In addition to scheduling algorithms, operating
systems rely on different types of schedulers to manage processes. Schedulers in the operating system
can be categorized into long-term schedulers, medium-term schedulers, and short-term schedulers,
each responsible for different phases of process management and scheduling tasks, thus forming a
complex process management system. The long-term scheduler decides which processes can enter
the ready queue, the medium-term scheduler is responsible for the exchange of processes between
main memory and secondary memory, and the short-term scheduler decides which specific process
will be executed on the CPU. The scheduling algorithm used by each scheduler may also vary.

This paper aims to analyze and compare these basic CPU scheduling algorithms in depth to select
the most suitable scheduling strategy based on specific workloads and system requirements. By
comparing the performance of different algorithms and applicable scenarios, this paper will provide
a comprehensive view to help readers understand the advantages and limitations of each algorithm.
The next part of this paper will introduce scheduling standards, various scheduling strategies in turn,
and at the end, we will rely on related work to compare and analyze these strategies to provide
theoretical support and guidance for practical system design.

2. Introduction to the fundamentals of scheduling algorithms

There is a wide variety of scheduling algorithms, and some common and modern evaluation
criteria are usually needed to quantitatively compare various scheduling algorithms. Evaluating and
recognizing the characteristics of different scheduling algorithms can help you choose the right
algorithm.

2.1. Common Criteria for Measuring Scheduling Algorithms

When evaluating the performance of scheduling algorithms, several key criteria are commonly
considered:

First, CPU utilization is an important metric, which refers to the proportion of the time the CPU
spends executing instructions in a given time period. Systems typically want to maintain a high CPU
utilization to ensure system resources are fully utilized, thereby improving overall performance.

Second, throughput is also a key criterion, which refers to the number of tasks accomplished per
unit of time. A higher throughput means that the system is able to handle more tasks in a shorter
period of time, which reflects the ability and efficiency of the system to handle the tasks.

Then, turnaround time is the time experienced from when a process is submitted to its completion.
Turnaround time includes wait time and execution time, and possibly 1/O time. In non-1/O systems,
turnaround time is usually equal to completion time minus arrival time. A shorter turnaround time
means that processes can complete more quickly, resulting in increased user satisfaction and system
efficiency.

Wait time is the sum of the time a process spends in the ready queue waiting to be scheduled by
the CPU. The wait time is usually equal to the completion time minus the arrival time minus the
turnaround time. The system usually wants to keep the average wait time as low as possible to
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minimize the amount of time a process waits in the ready queue and thus increase system
responsiveness.

Response time is the time that elapses from when a process submits to when it first receives a
response from the system. In batch systems, the response time requirement is usually low, whereas
in interactive systems, response time is a very important metric because the user expects the system
to respond quickly to his/her request.

Finally, fairness refers to the balanced allocation of CPU resources. This includes modes such as
balanced allocation to each process and allocation to each user. Fairness ensures that all processes or
users receive a reasonable amount of CPU time, thus preventing certain processes or users from being
denied resources for long periods and avoiding starvation problems.

In summary, these criteria together form an important basis for evaluating the performance of
scheduling algorithms, helping system designers to select and optimize scheduling strategies suitable
for specific application scenarios.

2.2. Common Scheduling Algorithm Strategies

Scheduling strategy refers to the rules and methods that the operating system uses to manage and
allocate CPU resources in a multitasking environment. Different scheduling strategies have an
important impact on system performance, resource utilization and user experience. Common
scheduling strategies are mainly categorized into three types, the third of which is formed by
combining the first two types.

First, non-preemptive scheduling is a scheduling strategy in which once a CPU resource is
allocated to a process, the process will not be interrupted unless the process has finished or explicitly
declared to relinquish the occupied CPU resource. This means that nonpreemptive scheduling does
not involve context switches during process execution, and the process can run continuously until it
finishes. The advantage of this strategy is that it is simple to implement and has low overhead, but
the disadvantage is that it may cause some processes to occupy CPU resources for a long period of
time, thus affecting the response time and fairness of the system.

Second, preemptive scheduling is a scheduling strategy that allows the system to interrupt the
current process and allocate CPU to other processes under certain conditions. In preemptive
scheduling, the operating system can decide when to interrupt the current process and switch to
another process based on priority, time slice, and other factors. The advantage of this strategy is that
it can improve the system's response speed and resource utilization, especially in multitasking and
interactive systems. However, preemptive scheduling is more complex to implement, and frequent
context switches increase system overhead.

Finally, hybrid scheduling is a scheduling method that adapts specific policies to system
requirements. Hybrid scheduling combines the advantages of non-preemptive scheduling and
preemptive scheduling, and flexibly applies different scheduling strategies in different situations. For
example, non-preemptive scheduling can be used to reduce context switching overhead when the
system load is light, while preemptive scheduling is used when the system load is heavy or fast
response is required. This strategy can provide better performance and user experience in different
application scenarios.

To summarize, non-preemptive, preemptive, and hybrid scheduling are common scheduling
strategies, each with unique advantages and applicable scenarios. Choosing the right scheduling
strategy is crucial for optimizing system performance and improving user satisfaction.

2.3. Common Scheduling Algorithms

Scheduling algorithms are further based on the scheduling policy to determine how to determine
how to allocate resources for processes. Specific scheduling algorithms have a greater impact on the
allocation of resources and scheduling details for processes than scheduling policies. For example,
common scheduling algorithms include first-come-first-served, shortest-job-first, polling, multi-level
feedback queuing, and priority scheduling.
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FCFS is an algorithm that allocates CPU resources in order processes arrive. It is generally realized
by maintaining a ready queue, which is a FIFO queue. Processes in the queue can only leave the
queue and use the resources when the process that is occupying the CPU finishes execution or
voluntarily gives up CPU resources. This scheduling algorithm is the simplest to implement, but there
are a number of problems associated with it. For example, suppose the CPU is currently occupied by
a long process or an 1/O-heavy process. In that case, the short process in the ready queue will be
forced to wait for the process to finish occupying it, resulting in a very long average system wait time.
Therefore, this scheduling algorithm is suitable for situations where the task length variability is not
large and the CPU is busy.

SJF is to prioritize the scheduling of processes with the shortest expected execution time. A variety
of data structures such as minimal heap, sorted linked list, balanced binary search tree and hash table
can implement it. The shortest job prioritization scheduling algorithm can be preemptive or non-
preemptive. This algorithm is theoretically the best choice for reducing the average waiting time and
turnaround time of processes. The biggest problem with the shortest job-first algorithm is that in
practice it is almost impossible to accurately predict the time required for a process to execute to
completion. In addition, for some specific cases such as continuous addition of short processes in the
queue can lead to starvation of long processes by not scheduling them for a long time.

RR is a scheduling algorithm that assigns a fixed time slice to each process, and all processes in
the ready queue are scheduled in a sequential loop. The polling scheduling algorithm is relatively
simple to implement and can be realized using data structures such as double-ended queues and
circular lists. This scheduling algorithm allows all processes to get a response within a short period,
which is helpful in reducing the average response time of system processes, so it is suitable for
interactive systems. The relative disadvantage is that the choice of time slice can greatly affect the
actual use of scheduling. Too large a time slice can close the polling scheduling algorithm to a first-
come-first-served scheduling algorithm, which is difficult to function in the face of large job length
variability. Too small a time slice will result in frequent context switches, leading to wasted CPU
resources and slow advancement of the process queue. Choosing the right time slice size is very
demanding for programmers.

MLFQ is a complex and flexible scheduling algorithm that uses multiple queues to manage and
accomplish scheduling. These queues are generally of different priorities, and the time slices within
each queue may differ. Various other scheduling algorithms can be used for scheduling in the consent
queue, such as first-come-first-served, polling, etc. Newly arriving processes are first entered into the
highest priority queue, and after obtaining a certain amount of scheduling according to the queue
scheduling algorithm if the process has not completed, it is moved into a lower level queue. The time
slice length of the lower queue is usually designed to be longer. By dynamically adjusting the process
priority, the response time and throughput can be effectively balanced to adapt to more process types
to a greater extent. However, the multilevel feedback queue scheduling algorithm also has a similar
problem to the shortest job priority scheduling, i.e., if a high priority process is continuously added
to the system, it will lead to starvation of the remaining processes in its priority queue.

3. Comparative study of scheduling algorithms

By using common measures of scheduling algorithms, the performance of various scheduling
algorithms in various aspects can be judged more quantitatively. In this paper, we conduct a
comparative analysis of four scheduling algorithms: first-come-first-served, shortest job first, polling,
and multilevel feedback queuing.

3.1. Complexity Comparison

The FCFS scheduling algorithm is the simplest and its implementation only requires queues to
complete the entry and exit of tasks [1]. The obvious example is the restaurant pickup queue. In
contrast, the SJF algorithm is more complex and needs to be implemented through data structures
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such as a minimal heap or a sorted linked list. This sorting requirement significantly increases the
complexity of the algorithm.The complexity of the RR algorithm, on the other hand, depends on the
size of the time slice. If the time slice is too large, the complexity is close to FCFS, whereas if the
time slice is too small, the complexity is increased by frequent context switching [2]. Choosing the
right time slice size keeps the complexity of the polling algorithm low. Though higher, the complexity
of the MLFQ algorithm is also affected by the time slice size as its implementation is similar to RR.

3.2. Comparison of allocation methods

The FCFS algorithm allocates processes in the order of their arrival, the process that arrives first
has priority to use the CPU, and later processes must wait until the current process is no longer
occupied before they can start to occupy the CPU resources.The SJF algorithm allocates based on the
priority that has the lowest demand for CPU resources, and compared to FCFS, SJF increases the
selectivity of the invocation, and is no longer called purely according to the order of arrival.The RR
algorithm divides the CPU time into fixed sized time slices TQ and allocates them cyclically
according to a certain logic [3], by which all processes have a chance to get a response in a shorter
period of time.The MLFQ algorithm allocates based on inter-queue rules and intra-queue rules, where
inter-queue rules refer to the priority differentiation of the different queues, and intra-queue rules
refer to the potentially different sizes of time slices within each level of the queue, scheduling rules,
demotion rules, etc [4].

3.3. Comparison of average waiting time

The FCFS algorithm has a high average waiting time, especially when there is a large difference
in job lengths. The main reason for this is the phenomenon of queue head blocking, where short
processes in the queue are forced to wait for the completion of the currently executing long process,
significantly increasing the average waiting time. In contrast, the SJF algorithm usually provides the
shortest average waiting time, and is designed to effectively reduce the average waiting time by
prioritizing the completion of shorter processes to ensure that head blocking caused by longer
processes does not occur.H. Arora, D. Arora, B. Goel and P. Jain et al. show that SJF is very effective
in reducing the average waiting time compared to FCFS. average waiting time. In their computational
case the average waiting time of FCFS is 14.33ms while SJF takes only 4ms.The average waiting
time of RR algorithm is time slice size dependent but is usually higher. The main purpose of the
polling algorithm is not to reduce the average waiting time, which is higher when the time slice is
small because a large amount of time is spent on context switching; when the time slice is large, the
performance is close to FCFS [5]. The study of the role of time slice in round robin algorithms by
Sakshi, Chetan Sharma et al. proves this point. In addition, the average scheduling time of polled
scheduling algorithms is usually long. the average waiting time of MLFQ algorithms is usually low
and adaptive. mIfg combines the advantages of sjf and rr to deal with short process tasks in a timely
manner through high-priority queues while taking care of the response time and throughput issues.

3.4. Comparison of starvation problem

The FCFS algorithm does not lead to the starvation problem because the algorithm does not
schedule with reference to priorities, and all processes must be able to obtain CPU resources after a
finite amount of time [6]. In contrast, the SJF algorithm may lead to the starvation problem, in which
if short processes keep joining the queue, the long processes will be starved and will never get the
chance to execute, or even when they get the CPU resources, they have lost the point of executing
[7].The RR algorithm, on the other hand, does not lead to starvation problem, because each process
can get the chance to execute cyclically [8]. The MLFQ algorithm may lead to the starvation problem
by a mechanism similar to SJF, as a variant of SJF, where low priority processes will not be scheduled
for a long period of time or execution no longer makes sense by the time the required resources are
available if processes keep entering the high priority queue [9].The study by McCann, C., Vaswani
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et al. points out the application of dynamic processor allocation policies in a multi-channel program
environment, revealing that the starvation problem that multilevel feedback queues can cause.

3.5. Summary of Advantages and Disadvantages

The advantages of the FCFS algorithm are its simple implementation and relative fairness,
especially in the case of small variability in process time lengths, making it more suitable for stable
batch systems. However, the main disadvantage of this algorithm is its long average waiting time,
especially in the case of large variability in process time lengths which is prone to queue-head
blocking, and hence it is not suitable for use in real-time systems.The advantages of the FCFS
algorithm for batch systems and its limitations in real-time systems are pointed out in the study by A
Pant et al. [10]. Comparatively, the SJF algorithm can minimize the average waiting time. However,
in practice, it is difficult to accurately estimate the time required for process execution, which limits
its application in real-time systems and may also lead to starvation problems.These drawbacks have
been pointed out in the literature by Pemasinghe et al [11].The RR algorithm is better suited for real-
time and interactive systems by equitably distributing the time slices to ensure that each process is
responded to in a shorter finite period of time. However, the disadvantages of this algorithm are the
relatively high average waiting time and average turnaround time, and the high overhead of context
switching, whose performance actually depends on the size of the time slice. The MLFQ algorithm is
more flexible and adaptive, and can effectively balance the response time and throughput. However,
the disadvantage is that it also faces the problem of starvation, which is difficult to implement and
requires the programmer to adjust the parameters and method details according to the actual situation,
which is more demanding for the programmer.

4. Conclusion

This paper focuses on various scheduling algorithms (FCFS, SJF, RR, MLFQ) and their
advantages, disadvantages and applicability scenarios in operating system resource allocation.

The paper concludes that by comparing and analyzing the scheduling algorithms using common
measures of scheduling algorithms, it can be seen that different scheduling algorithms have their
advantages and disadvantages in terms of complexity, allocation method, average waiting time and
starvation problem. The selection and application of these scheduling algorithms depends on the
requirements of the system and the environment in which they are used. FCFS may be a suitable
choice for stable batch systems because of its simple and relatively fair implementation. However,
multilevel feedback queues or RRs may be more appropriate for real-time and interactive systems
because they ensure that each process is responded to quickly and can effectively balance response
time and throughput.

Directions for future work may include further research and optimization of existing scheduling
algorithms, as well as exploring new scheduling algorithms to adapt to changing system requirements.
For example, combining different kinds of scheduling algorithms could be considered to adjust the
priority and allocation of processes more accurately. In addition, research can be done on how to
implement scheduling algorithms more efficiently in multi-core processors and multi-tasking
operating systems to improve the overall performance and throughput of the system.

Finally, it is worth noting that the selection and application of scheduling algorithms is not isolated;
it also requires synergy and cooperation with other system components and strategies. For example,
in memory management, there is a close connection between the page replacement algorithm and the
scheduling algorithm. Therefore, in future research, all aspects of the system can be considered more
comprehensively to achieve more efficient and stable system performance.
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