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Abstract: A key component of a modern operating systems is CPU scheduling, since it effectively controls the resources of the system and
optimizes performance. The classical scheduling algorithms either focus on the speed or priority which can create the starving- starving state
where There is never any response to the low priority processes. In order to address this issue, we use a scheduling algorithm called Priority-
Sorted Hybrid Round Robin (PSH-RR). which is a new multi-level hybrid algorithm to enhance efficiency and fairness. The processes in PSH-
RR model are classified into two, high-priority and low priority. High-priority queue has the Round Robin (RR) scheme which is pre-sorted
according to burst time in order to provide responsiveness whereas the Low priority queue has the Shortest Job First (SJF) strategy that
provides maximum throughput. The fairness of an integrated aging mechanism is provided through gradual boosting tasks from the low priority
queue to the high priority queue in order to minimize starvation. The algorithm was realized and tested using C++ based simulations, and
compared to traditional methods of scheduling. It is shown through experimental evidence that PSH-RR leads to more than the average waiting
time was decreased by 17-35%, and the average turnaround time for PSH-RR was improved by 13-27% over traditional Round Robin
scheduling. This offers an advantage of PSH-RR as a viable solution in cases where the balance between responsiveness, throughput, and
fairness is a key factor.

I. INTRODUCTION

Scheduling is the fundamental process and the centre of all operating systems, which aims at controlling process access to
the system resources. It facilitates such critical computing functionalities as multitasking (processing multiple processes at the
same time) and multiplexing (processes of processing several data streams at the same time) [1]. When there are multiple tasks
that must be completed, the scheduler arrives at the decision on which process to use the CPU. The most common types of
scheduling include First come, first served (FCFS), Round Robin (RR), Priority Based Scheduling, and Shortest Job First (SJF).
[2, 3, 4]. Most of the classic scheduling algorithms, however, are also limited in performance, and thus are not often seen in
operating systems that operate in real time, and Round Robin is no exception.
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This kind of assumption is commonly employed in CPU scheduling process [5, 6] and include: *The system’s resources
are the object of competition between the two processes. * The job pool holds a number of runnable processes that are waiting to
be pre-allocated resources. * The primary aim is to use scheduler to equitably schedule CPU assets to the processes with the view
to maximizing the total performance. The scheduler is therefore very significant in the sequence in which the processes are carried
out. Typically, there are three distinct kinds of schedulers common with the operating systems which include long-term, short-
term and medium-term, as depicted in the diagram 1.

This responsibility falls on the long-term scheduler for choosing which processes belong to the job pool and putting them
into the main memory in which they will be executed. However, the short-term scheduler is initiated by a significantly higher
frequency, and it allocates the CPU time to the ready and existing in main memory processes. Medium term scheduler deals with
processes swapping to secondary memory and main memory as they occur within the main memory as a process called swapping
[2]. The time quantum selected is very sensitive, which is based on how well the Round Robin (RR) scheduling algorithm works.
When the quantum time is excessive, the algorithm is the same as First Come, First Served (FCFS)., and is not very responsive.
However, when the quantum time is insufficient, then system has to undergo many context switches thus overhead will be high
and the overall efficiency of the CPU is reduced.

ILREVIEW OF PRIOR STUDIES

During the last few years, various CPU Scheduling algorithms that has been created in order to realize more predictable
and effective allocation of processors. The researchers have persistently reviewed the strengths of different algorithms and have
tried to integrate their significant strengths to develop optimized algorithms that suit different system needs.

The Improved Round Robin (IRR) algorithm has been introduced by Mishra as a better iteration of the classic Round
Robin (RR) scheduling algorithm. [7, 8]. This method optimizes RR by dynamically allocating processes using the CPU. From
the ready queue, the algorithm selects a process and assigns it to the CPU to use a maximum of one quantum. It analyses the
remaining time for the burst of the ongoing tasks after every implementation cycle. when the regular time quantum is exceeded by
the remaining CPU burst, the process is provided more CPU time on which to execute itself as well as the quantity of needless
context switches is reduced, which makes it more efficient.

Based on this, a scholar came up with a Modified Round Robin (MRR) algorithm which is a hybrid algorithm incorporating
the attractive cuts of shortest job first (SJF) and round robin (RR) scheduling algorithms [9].In this method, time quantum is a
burst time of the median tasks in a situation where there are an odd humber of processes; or the average time of burst all processes
is taken. This time of adaptive quantum aids in creating a compromise between fairness and efficiency.

In another research [10], authors suggested a scheming priority-based round robin (PRR) Scheduling algorithm, which
incorporates notion in priority scheduling and Round Robin with the idea of aging to dynamically change the priorities of the
processes [11]. Processes are preemptively rounded-off in the order by priorities and time quantum to the CPU. All tasks are
rearranged after every execution cycle, based on the amount of CPU’s Burst Time that remains in ascending order, the effect giving
smaller jobs more priority. This re-ranking mechanism guarantees fairness as well as performance improvements of real-time
operating systems through starvation prevention and overall responsiveness [12].

The algorithm presented by Abdulrahim et al. [13] handles major drawbacks of the classical round robin (RR) scheduling
technique. It still has the main benefit of RR not to starve, with the incorporation of the advantages of priority-based scheduling
that adds to the overall efficiency. Abdulrahim et al. in their work presented new improved round robin (NIRR) algorithm as an
extension of the previous improved round robin (IRR) model in [7]. The NIRR Algorithm has two distinct queues to work in; the
ARRIVE Queue, containing the processes according to the time they arrived, and the REQUEST Queue, which contains the
waiting processes until their due time to run on a CPU. Quantum Time (QT) is dynamically designated as the typical burst duration
of the processes in the REQUEST Queue and thus the scheduling becomes more dynamic to changing workloads.

Emilio developed a new scheduling strategy called the modulo-based round robin (MBRR) algorithm that improves the
Round Robin (RR) technique with the help of a smart and dynamic time quantum distribution [14]. This algorithm does not only
observe the Round Robin principle of scheduling, but also adds a system to provide priorities to processes according to a
mathematical calculation. MBRR algorithm starts with the computation of the mean CPU burst time for every process (P)It then
calculates the modulo value (M) of each process; indexed with the burst time modulo P. Then the processes are organized their
own assigned M values in ascending values such that tasks that have higher computed weight take priority. The quantum of time
(QT) to be executed is then adjusted to be equal to the mean burst time (P), and the scheduling is then dynamically adjusted to the
properties of the workload.

I11.SCHEDULING
3.1 Scheduling objectives
Optimize throughput: This can be done by serving the largest scheduler in order to maximize throughput rate of operations
per unit of time.
Do not permit an Infinite Blocking (or Starvation): The rule prohibits allowing an infinite blocking (or starvation) of a process,
either before or during operations.
Minimization Overhead: It refers to the efficient use of system resources in order to reduce system overhead (overhead is the
source of system resource waste), The system's performance is improved.
Enforcement of priorities: The scheduler will give high-priority processes a higher priority if a system is implemented in line
with process priorities.
Finding equilibrium between response and usage: The scheduler will ensure that system resources are not being idle
The aging process can help the scheduler avoid starvation and increase throughput, which encourages processes that can be
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completed quickly and have a lower burst time. Additionally, because other processes need to run, the scheduler will prioritize the
completion of these processes in order to meet goals as mentioned above.

IV.EXISTING CPU SCHEDULING ALGORITHM
First-come first-serve (FCFS) First come, first serve is a Non-preemptive Scheduling Algorithm. As the name implies the
processes are added into a single cube and are executed in the exact order in which they have arrived, but all shorter processes
must wait if a lengthy process is initiated first to make all the systems lower and increase waiting time.
Shortest-Job-First (SJF) The next process to execute is the one with the shortest CPU Burst Time, according to the algorithm's
prayer time process. In the real system it is impossible to know the process exactly CPU burst in advance.
Priority Scheduling The process with the lowest priority is at the back of the queue, while the process with the highest priority is
at the front. There is a priority value assigned to each process.
Standard Round Robin (RR) The algorithm is made especially for sharing time with systems it is an enhancement of FCFS that
prevents any single process from holding the CPU for two long time.

V.PERFORMANCE CONSTRAINTS OF ROUND ROBIN SCHEDULING
High Average Waiting Time: When using round robin scheduling, a process must wait in the ready queue before moving on to
the processor. The processes are forced to exit the processor and return to the Waiting state due to quantum time, which results in
a high average waiting time.
High Turnaround Time: The total time from a process submission to completion, or turnaround time, increases as waiting times
do.
Context Switching Overhead: The scheduler loads the date of the subsequent process and saves the content of the current process
after each time slice. This is referred to as context switching, which results in scheduler overhead and time waste.
Low Throughput: As we use context switching frequently the overall efficiency of system decreases, as the result throughput—
define as how many procedures are finished in a given amount of time becomes lower compared to other scheduling methods.
High Response Time: The response time is the interval of time between submitting a request and the first CPU response. Generally
speaking, Round Robin causes longer response times, which impair system efficiency. Cutting down on response time is essential
to achieving high performance.

VI.EFFICIENCY OF EXISTING APPROACHES

A good algorithm should allocate processes fairly and generate low Average turn around time and Waiting time. In relation
to the analysis of the underlying strategies, it is obvious that both of them have a major trade-off. FCFS is easy but inefficient with
convoy effect whereas SJF is theoretically the best but unfeasible. Important tasks are well served by priority scheduling which is
prone to starvation. Round robin turns out to be the most well balanced and commaon base algorithm. Nevertheless, it is essentially
ineffective as it depends on a fixed time quantum and has no knowledge of process properties. All major problems such as high
waiting times, overheads context switching and low throughput are all the products of this extreme limitation. The main bottleneck
in the different CPU scheduling algorithms is the challenge of identifying the best time quantum and an equitable process order.
It brings about the necessity of smarter and livelier algorithms that could be adjusted to the prevailing workload, and this is the
focal point of the comparative analysis in this paper.

VI1.PROPOSED ALGORITHM
Priority-Sorted Hybrid Round Robin (PSH-RR)

In an effort to overcome the shortcomings inherent in the standard Round Robin (RR) algorithm, A novel hybrid scheduling
algorithm is presented in this paper: the Priority and Shortest-Job-Hybrid Round Robin (PSH-RR).

This algorithm enhances performance by segregating processes into two queues based on their priority, with each queue
managed by a distinct scheduling policy. The essence of the PSH-RR algorithm lies in its two-queues structure: a High-Priority
Queue where Round Robin is applied and Low-Priority Queue where Shortest-Job-First (SJF) is applied.

Queue Segregation: Each process is put in one of the two queues when it arrives into the queue depending on a predefined priority
threshold. Those processes whose priority value exceeds that of the threshold are put in the High Priority Queue; others in the low-
priority queue.

High-Priority Queue (Round Robin): This queue is used to prioritize or time sensitive tasks. It is controlled by conventional
Round Robin (RR) algorithm. This guarantees fair and responsive allocation of the CPU to all high-priority processes so that no
particular critical task would have a monopoly on the computer processor. As long as the queue isn't empty, the scheduler will use
it to continuously run processes.

Low-Priority Queue (Shortest Job-First): This queue has the majority of the non-critical processes. It is controlled by non-
preemptive policy of Shortest-Job-First (SJF). This queue is not only processed by the scheduler when the High Priority Queue is
empty. SJF has proved to be very efficient in these processes because it clears off shorter jobs at the first instant and this saves the
overall average waiting time to a large extent.

Starvation Prevention through Aging: A major characteristic of PSH-RR is that processes in Low-Priority Queue are prevented
from being starved. When a task stays in the low priority queue, it is given a higher priority with a gradual increase depending on
the length of remain in the queue with low priority. Its priority will finally cross the threshold and it will be promoted to the high-
priority queue thus ensuring that it will be run.

This is a two level, hybrid solution that makes high priority tasks as responsive as Round Robin and the other tasks as
efficient as Shortest Job-First all without compromising the starvation avoidance capability.
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Diagram 2. PSH-RR flowchart

7.1PSH-RR Illustration by Example
To demonstrate the step-by-step logic of the PSH-RR algorithm, let's consider a set of 5 processes that arrive at time 0 but
have different priorities and burst times. Process Data & Parameters.

Process ID Burst Time Priority
(BT) (Highest =1)
P1 20 2
P2 5 1
P3 30 4
P4 12 5
P5 18 2

Scheduler Parameters:
» Primacy Threshold: 3 (Processes with priority 1, 2, or 3 go to the High-Priority Queue).
» Time Quantum (TQ): 4 ms (For the High-Priority RR Queue).
» Aging Limit: 50 ms (A low priority queue process will be promoted if it waits longer than this).
Initial Process Splitting (Time = 0) Based on the threshold, the scheduler instantly splits the processes:
 High-Priority (RR) Queue: P2 (Prio 1), P1 (Prio 2), P5 (Prio 2)
» Low-Priority (SJF) Queue: P3 (Prio 4, BT: 30), P4 (Prio 5, BT: 12)
The algorithm executes high priority queue first with Round Robin and lower priority next with SJF, when low priority
queue waits longer than aging limit, it is promoted to high priority queue (Detailed Gantt chart and pre cycle traces are omitted for
brevity, average waiting time and turn around time are analysed | section 7.2)

7.2 Performance Evaluation
The simulation environment surrounding the case studies that follow is the single processor one. In order to have a just
and straight forward comparison of the core scheduling logic, many presumptions are made on all the tested algorithms:
* Each process is independent of the other.
* The assumption is that processes will arrive simultaneously (Time = 0) and exist in the ready queue.
* Process attributes are known beforehand including Priority and Time of burst.
¢ Quantum Time is set in milliseconds (ms).
* In both case studies, the algorithms (Standard RR and PSH-RR) are run on the same set of processes and with the same base
Time Quantum in order to have a valid comparison.
» The most significant performance measures to be compared are average waiting time (Avg. WT) and Average Turn around Time
(Avg. TT).

7.3Experimental Analysis:

Illustration 1:

Processes with their burst times and priorities are displayed in Tabulation 1, assuming RR time quantum = 4. The Gantt chart was
produced using a basic Round-Robin algorithm as in Diagram 3.

Published By: Fifth Dimension Research Publication https://fdrpjournals.org/ 133|Page



A Novel Multi-Level Queue Scheduler with Aging to Mitigate Starvation using Priority, RR, and SJF

PID Priority(P) Burst Time (BT)
P1 1 5
P2 2 3
P3 2 6
P4 3 4
P5 3 8
P6 4 5
pP7 7 15
P8 8 20
Tabulation 1
Time Slot Process Remaining BT Notes
0-4 P1 20— 16 Run Q=4
4-7 P2 74 P2 Finishes
7-11 P3 6—2 Run Q=4
11-15 P4 4 -0 P4 Finishes
15-19 P5 8 —4 Run Q=4
19-23 P6 51 Run Q=4
23-27 P7 15 =11 Run Q=4
27-31 P8 20 —» 16 Run Q=4
31-32 P1 16 — 15 P1 Finishes
32-34 P3 2—0 P3 Finishes
34-38 P5 4—0 P5 Finishes
38-39 P6 1—0 P6 Finishes
39-43 P7 11 -7 Run Q=4
43-47 P8 16 — 12 Run Q=4
47-51 P7 7—-3 RunQ=4
51-55 P8 12 -8 Run Q=4
55-58 P7 350 P7 Finishes
58-62 P8 8 —4 RunQ=14
62-66 P8 4 -0 P8 Finishes
Total Time = 66

Diagram 3. Gantt chart for simple RR

Total average waiting time = 27.88
Total average turnaround time = 36.13
According to simple PSH-RR Algorithm the Gantt chart obtained as in Diagram 4.
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Time Slot Process Remaining | Run Type Notes
0-26 High Priority RR Cycles Iil' RR HPQ sorted by burst time, TQ
0-3 P2 350 RR P2 Finishe_sléBT <TQ)
3-7 P4 4—-0 RR P4 Finishes (BT = TQ)
7-11 P1 5—1 RR RunQ =4
11-15 P3 6—2 RR RunQ =4
15-19 P5 8§ —4 RR RunQ =4
19-20 P1 1—-0 RR P1 Finishes
20-22 P3 2—-0 RR P3 Finishes
22-26 P5 4—-0 RR P5 Finishes
26—66 Low Priority SJF — SJF End of Cycle 1, HPQ empty,
LPQ runs
26—31 P6 550 SJF P6 Finishes
31-46 P7 15— 0 SIF P7 Finishes
46-66 P8 200 SJF P8 Finishes

Diagram 4. Gantt chart for PSH-RR algorithm

Total average waiting time = 18.00
Total average turnaround time = 26.25
The results are summarized in Tabulation 2.,

Scheduler Avg Turnaround Time Avg Waiting Time
RR 36.13 27.18
PSH-RR 26.25 18.00
Tabulation 2: RR vs PSH-RR

Illustration 2:
Assuming that the RR time quantum is 4 ms, Tabulation 3 displays an additional set of processes along with their priorities
and burst times.

PID Priority (P) Burst Time (BT)
P1 1 20
P2 2 18
P3 3 25
P4 7 10
P5 8 12
P6 9 15
Tabulation 3

The resulting Average waiting time and average turn around time are summarized below:

Scheduler Avg Turnaround Time | Avg Waiting Time
RR 82.17 65.50

PSH-RR 70.83 54.17

(Detailed Gantt Chart are omitted for brevity, process execution followed the same scheduling order as in illustration 1)
Illustration 3:
Comparison of PSH-RR with all other algorithms
o Illustration 3.1

Assuming that the RR time quantum is 4 ms, Tabulation 4 displays an additional set of processes along with their priorities
and burst times.
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PID Priority (P) Burst Time (BT)
P1 1 18

P2 2 22

P3 3 3

P4 4 1

P5 5 2

P6 6 40

Tabulation 4

The resulting Average waiting time and average turn around time are summarized below:

e |llustration 3.2

Scheduler Avg Turnaround Time Avg Waiting Time
RR 59.67 45.33
IRR/MRR/MBRR ~ 54 — 58 ~40-44
PRR ~56-60 ~42-46
PSH-RR 45.67 31.33

Assuming that the RR time quantum is 4 ms, Tabulation 5 displays an additional set of processes along with their priorities

and burst times.

PID Priority (P) Burst Time
(BT)
P1 1 4
P2 2 4
P3 3 8
P4 4 10
P5 5 10
P6 6 60
Tabulation 5

The resulting Average waiting time and average turn around time are summarized below:

Scheduler Avg Turnaround Time Avg Waiting Time
RR 73.33 57.33
IRR/MRR/MBRR ~68-72 ~52-56
PRR ~71-76 ~55-60
PSH-RR 53.33 37.33

VII1.CONCLUSION
The discussion of the Priority-Sorted Hybrid Round Robin (PSH-RR) scheduling algorithm confirms its superiority over
simple Round Robin (RR) in terms of mitigating the primary drawbacks of the latter giant average waiting and turnaround time.
The algorithm is able to optimize the utilisation of resources in the system by prioritising the ready queue and RR to the
high priority tasks and Shortest Job First (SJF) to the low-priority tasks.

Efficiency Improvement: In the two distinct case studies, a PSH-RR algorithm reported high performance improvements as
compared to the Standard RR:
Case 1 (Favourable Split): PSH-RR showed improvement of 35.44% in the average waiting time (WT) and 27.34% in the
average Turn around time (TAT) over the Standard RR.
( ~27.88 —18.00

= 0. ~ 35.449
- 03544) 35.44%

36.13 — 26.25

Case 2 (Unfavourable Split): In cases where it was a bad priority-to-burst-time correlation that put large jobs into the queue

of the RR, PSH-RR still offered an improvement of 17.38% in the average waiting time and 13.80% in the average turn around
time.

( . 65.50 — 54.17

=~ 0. ~ 17.389
6550 01738) 17.38%
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( 8217 — 70.83 01380) 13.80%
8217 TR

The PSH-RR hybrid solution's strong performance suggests that it is a workable option to the realization of reduced

turnaround and waiting times on average than a plain RR algorithm.

Future Work: To carry on working in the future, we will explore operating PSH-RR algorithm on a hardware architecture serving
as Field Programmable Gate Arrays (FPGAs). The hardware accelerators will then be largely utilized by optimizing the process
sorting in ready state queue because it is the most computationally intensive part of the Algorithm. Besides this, Real-time system
determinism and latency will be improved by the usage of Hybrid scheduler like PSH-RR run in hardware [15].
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