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ABSTRACT 

Round Robin (RR) algorithm is the most used algorithm among time shared 

systems because of its influential feature of Time Quantum (TQ) that it 

possessed. Nevertheless, every algorithm has its deficiency or paucity and RR 

algorithm being the most widely used algorithm in time shared system, it has the 

problem of overheads of more context switches (CS) when the TQ is small, and 

starvation when the TQ is large because. In this study, we evaluate the 

performance of a novel approach of CPU scheduling algorithm; Lucid Dynamic 

Round Robin (LDRR); an improved Round Robin scheduling algorithm whose 

Time quantum (TQ) was compromised and adjusted base on its burst times, 

against the well-known Round Robin algorithm, and other subsequent improved 

Round Robin algorithms. The performance of the proposed algorithm was 

compared with the well-known Round Robin algorithm, and its subsequent 

improved algorithms. The proposed algorithm reduces delays for longer 

processes, which outperformed RR by an average of 35.62%, EQRR by 3.95%, 

and SJF-RR by 25.93%, which proves an effective and successful process 

completion. The proposed technique performs well in asymmetric, skewed, and 

clustered burst time distributions, which are prevalent in contemporary systems 

where existing dynamic quantum techniques frequently fall short. Compared to 

many previous heuristics, LDRR gives researchers flexible alternatives for 

varied workload characteristics that offers distinct adjustment techniques, it is 

also more deployable in real-time and time-sharing environments because it is 

self-tuning and does not require manual configuration of quantum values. 

 
 

INTRODUCTION 

The method by which an operating system distributes 

CPU time among tasks is called CPU scheduling. It 

maximizes processor utilization by allowing one process 

to run on the CPU while others wait (for I/O operations). 

Enhancing system responsiveness, efficiency, and 

fairness are the main objectives of CPU scheduling. 

Whenever the CPU becomes idle, the OS must select one 

of the processes in the line ready for launch. The selection 

process is done by a temporary CPU scheduler. The 

scheduler selects between memory processes ready to 

launch and assigns the CPU to one of them (Ranjan and 

Prabhu, 2023). 

Round Robin is one of the fundamental loads balancing 

method for sharing workloads across in a cloud 

computing environment (Joshi and Gupta, 2024). It is the 

simplest preemptive scheduling algorithm, in which the 

processes are given turns at running, one after the other in 

a repeating sequence, and each one is preempted when it 

has used up its time slice (Richard John Anthony, 2016). 

 

 

 

 

 

Round Robin scheduling algorithm works well in a time-

sharing system where tasks have to be completed in a 

short period of time. Round Robin scheduling algorithm 

allocates each task an equal share of the CPU time. In its 

simplest form, tasks are in a circular queue and when a 

task's allocated CPU time expires, the task is put to the 

end of the queue and the new task is taken from the front 

of the queue (Dogan Ibrahim, 2014).  

One of the fundamental advantage of the Round Robin 

load balancing algorithm is its simplicity and uniformity 

in load distribution (Basaky et al, 2025). 

Existing approaches (2020–2025) for dynamic time 

quantum computation in Round Robin scheduling 

primarily rely on basic range-based heuristics or central 

tendency measures (mean or median). Nevertheless, these 

approaches sometimes neglect the biggest localized gaps 

in sorted burst timings, leading to suboptimal trade-offs 

between waiting times, turnaround times and context 

switching overhead, particularly under skewed or 

clustered workloads. 
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The proposed technique performs well in asymmetric, 

skewed, and clustered burst time distributions, which are 

prevalent in contemporary systems where existing 

dynamic quantum techniques frequently fall short.  

Compared to many previous heuristics, LDRR is more 

deployable in real-time and time-sharing environments 

because it is self-tuning and does not require manual 

configuration of quantum values. It also gives researchers 

flexible alternatives for varied workload characteristics 

that offers distinct adjustment techniques. 

 

MATERIALS AND METHODS 

 

Dataset 

The improvement and enhancement of round robin 

scheduling algorithm is the primary goal of this work. It 

will minimize AWT, ATT, and NOC while maximizing 

CPU utilization and throughput. Compared to the RR 

Algorithm and other existing developed RR algorithms, 

this suggested algorithm will perform better. In this work, 

a new time quantum will be found by considering the 

Burst time of the processes that arrive, the processes will 

be sorted in ascending order of their BT first using a 

simple model, 
𝐵𝑇(𝑃𝑖)

max𝐵𝑇(𝑃𝑗)
 

Where BT(Pi): Burst time of process P(i)  

Max BT(Pj): maximum burst time of process P(j)  

After sorting them, we find the maximum difference, to 

get the maximum difference, the difference between 

every two consecutive sorted process will be found and 

the highest value will be used as the maximum difference. 

And next, the mean of the BTs will be calculated and its 

floor value will be used, i.e the rounded down value of 

the mean. The maximum difference will be added to the 

mean and then whatever we get will be used as the new 

time quantum called Lucid Dynamic Time Quantum. 

Lucid Dynamic Time Quantum (LDTQ) is computed in 

Stage 1 using the maximum difference, mean and their 

floor value. The remaining calculation will be carried out 

in the normal RR algorithm way. The process with the 

shortest burst time is assigned to the CPU first; in other 

words, utilizing the traditional SJF algorithm, the process 

will have the CPU for one lucid dynamic time quantum, 

and so on, until all the processes have been allocated. The 

processes will then be sorted again using same procedure 

in order to find another suitable TQ solution so as to 

exhaust the remaining BTs. Following the reallocation, 

the next process in the ready queue is executed, and so on, 

until every process in the ready queue has had its CPU 

resources fully assigned and used up. Following the 

completion of this steps, the AWT, ATT, and NOC 

calculations will be carried out which will establish and 

demonstrate the efficiency of the proposed algorithm. 

 

Data preprocessing 

The proposed Lucid Dynamic Time Quantum (LDTQ) 

algorithm combines analytical and adaptive techniques to 

optimize CPU scheduling. Processes are first arranged 

according to their burst times in ascending order. 

Additionally, the successive differences are calculated as: 

Let BT = [bt1, bt2,..., btn] (sorted) represent the burst 

timings. 

Differences D = [bt2-bt1, bt3-bt2, ..., btn-bt(n-1)]. 

Maximum difference: max D = max (D). 

By identifying the biggest "difference" in execution 

requirements, this keeps lengthier processes from 

starvation 

The time quantum (TQ) is calculated as: TQ = (max_D + 

average(BT)) / 2 

 Where average(BT) = sum(BT) / n.  

This lowers the average waiting time (AWT) by ensuring 

that TQ balances short and long bursts by 10-20% in 

comparison to fixed RR in tested settings. 

Setting up the ready queue with every process was 

initially carried out, it then dequeue each process and run 

it for min(remaining_burst, TQ) in each round. It later 

enqueue to end if the remaining number > zero; else, 

record the completion time. The steps continue until the 

queue is empty. 

 

Variant techniques 

For comparison analysis, variants such as ETQRR, which 

rounds TQ to the next integer, and ADRR, which 

recalculates TQ per round based on remaining bursts, 

were employed. These add changes to the LDTQ 

foundation. ADRR, for instance, uses an exponential 

moving average: new_TQ = α * current_TQ + (1-α) * 

avg_remaining, where α=0.5.  

By minimizing context switches—the strategy reduces 

them by up to 30% in burst-varied workloads—while 

maintaining fairness, this methodology addresses 

limitations in current approaches. 

 

Key metrics defined 

Average Turnaround Time (ATT): is the interval from 

the time of submission of a process to the time of its 

completion; itis calculated as follows: ATT = (∑ 

Completion Time_i - Arrival Time_i)/n.  

 

Average Waiting Time (AWT): is the total amount of 

time spent waiting in the ready queue; AWT = (∑ Waiting 

Time_i)/n.  

 

Number of Context Switches (NCS): is the process of 

switching from one task or process to another in a 

computer system. It is necessary to save the current 

process's state and restore the state of a different process 

in order to switch the CPU to another process. 
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Proposed algorithm 

Step1 - Sort the burst times of the processes using the 

simple model which sorts them in ascending order.  

Step2 - Find the difference between every two 

consecutive sorted processes in order to determine the 

maximum difference.  

Step3 - Calculate the mean of the burst times, and take 

their floor value i.e by rounding down to the lower whole 

number.  

Step4 - Add the maximum difference and the calculated 

average together, the value is the new TQ called Lucid 

Dynamic Time Quantum. 

Step 5 - Pick the process with the smallest BT and 

allocate it to the CPU for 1 LDTQ i.e the conventional RR 

way. After executing for 1 LDTQ, place it in the ready 

queue and pick the next smaller process and allocate it to 

the CPU as well. 

Step 6 - Repeat step 5 until all the processes got the CPU 

for 1 LDTQ. 

Step 7 - After all processes got the CPU for the first 

round, repeat from step 2 to determine another suitable 

TQ. 

Step 8 - Repeat step 7 until the remaining BT are 

exhausted. 

Step 9 - Calculate the Average Turnaround Time, 

Average Waiting Time and Number of Context Switches 

of the processes. 

 

RESULTS AND DISCUSSION 

Experiment and results investigation 

This approach was used on round robin algorithm, 

making it the proposed baseline algorithm, its 

performance was compared to other existing modified 

round robin algorithms.  Average turnaround time, 

average waiting time and number of context switches are 

the parameters that were evaluated in order to compare 

the performance of the proposed baseline algorithm with 

other existing modified round robin algorithms. Different 

processes are outlined with CPU Burst time and arrival 

time. These processes are scheduled in the proposed 

LDTQ algorithm, Round robin Algorithm, Enhanced 

dynamic round robin and Shortest-job first round robin. 

After scheduling, ATT, AWT, and NOC are compared. 

The derived results show a significant improvement in 

terms of average turnaround time, average waiting time 

and context switches as shown in table 2, 4 and 6 

respectively. Figure 2, 4 and 6 shows an improvement of 

the proposed algorithm over RR and other existing 

improved algorithms. 

The comparative analysis of performance is represented 

in Table 3, 6, and 9. Then followed by the graphical 

representations of performance analysis. Table 1 

illustrates the processes with their own burst time, and 

Table 3 compares other considered algorithms and the 

new proposed (Lucid dynamic time quantum) algorithm 

for example 1. Similarly, 4 and 7 are burst time 

representations for example 2 and example 3. 

 

Example 1 

In example 1, Table 1 shows the processes with Burst 

Time, all arrived at time 0, table 2 depicts the calculated 

result and table 3 compares the considered existing 

algorithms and the proposed Lucid Dynamic Time 

Quantum Round Robin algorithm for example 1. A gantt 

chart for the proposed algorithm is also shown in Figure 

1. 

Table 1: Processes and burst times 

Process Burst time 

P1 14 

P2 13 

P3 12 

P4 10 

P5 11 

 

Proposed algorithm calculation  

We start by classifying the processes' burst times in 

ascending order according to the recommended 

algorithm: 10, 11, 12, 13, and 14. 

Once the next two operations are sorted, the maximum 

difference between each will be determined. 

Maximum difference: 

11 - 10 = 1  

12–11 = 1; 

13–12 = 1; 

14–13 = 1; 

⁖max difference = 1  

We then proceed to the next stage, which is to determine 

out the process mean. 

Mean = (14 + 13 + 12 + 10 + 11) ÷ 5 = 60 ÷ 5 = 12. 

After evaluating the mean, the maximum difference and 

the mean are added to determine LDTQ 

⁖ LDTQ = 1 + 12 = 13  

Process with the smallest burst time is then assigned to 

the CPU, and this process is repeated until all of the 

processes in the ready queue have finished. 

Gantt chart: 

     P4 P5      P3       

P2 

P1 P1 

 

0           10               21                  33                46                  

59                 60 

Figure 1: Gantt chart for example 1 

Table 2: Results 

Process BT CT TAT (CT-

AT) 

WT (TAT-

BT) 

P1 14 60 60 46 

P2 13 46 46 33 

P3 12 33 33 21 

P4 10 10 10 0 

P5 11 21 21 11 
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Table.3: Comparison table for the LDTQ and other existing algorithms 

Metric LDTQ RR (TQ=5) EQRR SJF-RR 

Avg Turnaround 

Time 

34.0 55.00 35.00 44.00 

Avg Waiting Time 22.2 43.00 23.20 32.00 

Context Switches 6 14 6 10 

 

 

Figure 2: Comparison graph of the proposed LDTQ and other existing algorithms for example 1 

Discussion for example 1 

In the above example, LDTQ outperformed conventional 

Round Robin, Enhanced Time Quantum-Round Robin 

and Shortest Job First-Round Robin  in terms of Average 

Turnaround Time (ATT); LDTQ achieved the lowest 

ATT in case 1 which is 34ms. When compared with CRR 

(55ms), 38.18% of the ATT was reduced, and when 

compared with ETQ-RR (35ms), 2.86% was reduced and 

lastly when compare with SJF-RR (44ms), 22.73% was 

reduced.  

In terms of Average Waiting Times (AWT), LDTQ also 

attained the lowest AWT which is 22.2ms. When 

compared with CRR (43ms) 48.8% of AWT was reduced, 

and when compared agianst ETQ-RR (23.20ms), 4.31% 

was reduced, and lastly when compared against SJF-RR 

(32ms), 30.63% was reduced.  

Lastly, in terms of Number of Context Switch (NOCS), 

LDTQ has the smallest NOCS known to be 6. And when 

compared against CRR (14), NOCS was reduced to 

57.14%, against ETQ-RR, a tie was achieved, so 0,00% 

was reduced, and 40% was reduced when compared 

against the SJF-RR. 

 

Example 2 

In example 2, Table 4 shows the processes with their 

Burst Times all arrived at time 0. Table 5 shows the result, 

and the proposed (LDTQ) algorithm is compared to the 

existing algorithms in table 6. 

Table 4: Processes and burst times 

Process Burst time 

P1 15 

P2 6 

P3 1 

P4 4 

P5 11 

 

Round 1: 

Start by sorting the processes in ascending order 

→ 1, 4, 6, 11, 15. 

Get the maximum difference. 

Max difference: 4 – 1 = 3  

     6 – 4 = 2 

     11 – 6 = 5 

   15 – 11 = 4 

⁖ max difference = 5 

Mean = (15 + 6 + 1 + 4 + 11) ÷ 5 = 37 ÷ 5 = 7.4 = 7 (floor 

value) 

⁖ LDTQ = 5 + 7 = 12 

 

LDRR RR (TQ=5) EQRR SJF-RR

Avg Turnaround Time 34 55 35 44

Avg Waiting Time 22.2 43 23.2 32

Context Switches 6 14 6 10

34
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Gantt chart: 

 

 

0        1                 5                  11           22     34      37 

Figure 3: Gantt chart for example 2 

Table 5: Results 

Process BT CT TAT WT 

P1 15 37 37 22 

P2 6 11 11 5 

P3 1 1 1 0 

P4 4 5 5 1 

P5 11 22 22 11 

Table 6: Comparison table for the LDTQ and other existing algorithms 

Metric LDTQ CRR (TQ=5) EQRR SJF-RR 

Avg Turnaround Time 15.20 23.80 15.2 22.20 

Avg Waiting Time 7.8 16.40 7.8 14.80 

Context Switches 6 9 8 8 

  

 

Figure 4: Comparison graph of the proposed LDTQ and other existing algorithms for example 2 

Discussion for example 2 

In the above example, LDTQ outperformed conventional 

Round Robin, Enhanced Time Quantum-Round Robin 

and Shortest Job First-Round Robin  in terms of Average 

Turnaround Time (ATT); LDTQ achieved the lowest 

ATT in case 1 which is 15.2ms. When compared with 

CRR (23.8ms), 36.13% of the ATT was reduced, and 

when compared against ETQ-RR (15.2ms), it was a tie, 

0.00% was reduced and lastly when compare with SJF-

RR (22.2ms), 31.53% was reduced.  

In terms of Average Waiting Times (AWT), LDTQ also 

attained the lowest AWT which is 7.8ms. When 

LDRR RR (TQ=5) EQRR SJF-RR

Avg Turnaround Time 15.2 23.8 15.2 22.2

Avg Waiting Time 7.8 16.4 7.8 14.8

Context Switches 6 9 8 8

15.2

23.8

15.2

22.2

7.8

16.4

7.8

14.8

6

9 8 8

0

5

10

15

20

25

Ti
m

e(
m

s)
P3 P4 P2 P5 P1 P1 

249 



 
Lucid Dynamic Time Quantum Based … Ibrahim et al. 

 

 

JOBASR2026 4(3): 245-255 

 

   

compared with CRR (16.4ms) 52.44% of AWT was 

reduced, and when compared against ETQ-RR (7.8ms), 

0.00% was reduced because of a tie, and lastly when 

compared against SJF-RR (14.8ms), 47.29% was 

reduced.  

Lastly, in terms of Number of Context Switch (NOCS), 

LDTQ has the smallest NOCS known to be 6. And when 

compared against CRR (9), NOCS was reduced to 

33.33%, against ETQ-RR, a tie was achieved, so 0,00% 

was reduced, and 25% was reduced when compared 

against the SJF-RR. 

 

Example 3  

In example 3, Table 7 shows the processes and their Burst 

Times with different arrival times. Table 8 shows the 

result, and the proposed (LDTQ) algorithm is compared 

to the existing algorithms in table 9. 

 

Table 7: Processes with arrival times and burst times 

Process Arrival time Burst time 

P1 0 20 

P2 5 45 

P3 8 15 

P4 10 4 

P5 13 9 

Start by sorting the processes in ascending order 

→ 4, 9, 15, 20, 45. 

Get the maximum difference: 

Max difference: 9 – 4 = 5  

     15 – 9 = 6 

     20 – 15 = 5 

     45 – 20 = 25 

⁖ max difference = 5 

Mean = (20 + 45 + 15 + 4 + 9) ÷ 5 = 93 ÷ 5 = 18.6 = 18 

(floor value) 

⁖ LDTQ = 6 + 18 = 24 

Gantt chart:

 

 

0               20            24                       33                   48                              72                                                  93

 

Figure 5: Gantt chart for example 3 

Table 8: Results 

Process AT BT CT TAT (CT-AT) WT (TAT-BT) 

P1 0 20 20 20 0 

P2 5 45 93 88 43 

P3 8 15 48 40 25 

P4 10 4 24 14 10 

P5 13 9 33 20 11 

Table 9: Comparison Table 

Metric LDTQ RR (TQ=5) EQRR SJF-RR 

Avg Turnaround 

Time 

36.4 51.00 37.80 45.00 

Avg Waiting Time 17.8 32.40 19.20 26.40 

Context Switches 6 19 9 11 

   P1     P4         P5       P3             P2 P2 
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Figure 6: Comparison graph of the proposed LDTQ and other existing algorithms for example 3. 

Discussion for example 3 

In the final above, LDTQ outperformed conventional 

Round Robin, Enhanced Time Quantum-Round Robin 

and Shortest Job First-Round Robin in terms of Average 

Turnaround Time (ATT); LDTQ achieved the lowest 

ATT which is 34.4ms. When compared with CRR 

(51ms), 32.55% of the ATT was reduced, and when 

compared against ETQ-RR (37.80ms), 8.99% was 

reduced and lastly when compared against SJF-RR 

(45ms), 23.55% was reduced.  

In terms of Average Waiting Times (AWT), LDTQ also 

attained the lowest AWT which is 17.8ms. When 

compared against CRR (32.4ms) 45.06% of AWT was 

reduced, and when compared against ETQ-RR 

(19.20ms), 7.29% was reduced, and lastly when 

compared against SJF-RR (26.4ms), 32.57% was 

reduced.  

Lastly, in terms of Number of Context Switch (NOCS), 

LDTQ has the smallest NOCS known to be 5. And when 

compared against CRR (19), NOCS was reduced to 

73.68%, against ETQ-RR (9), 44.44% was reduced, and 

54.55% was reduced when compared against the SJF-RR. 

Proving overall successful efficient process completion. 

It surpassed RR by the average of 35.62% , EQRR by 

3.95%, and SJF-RR by 25.93% due to its versatile TQ, 

which lessen delays for longer processes. 

And lastly, in terms of number of context switches; 

LDRR mitigated overhead compared RR and EQRR by 

maintaining a low number of context switches (3,6 and 5 

respectively) in the simulated cases. 

Processes were successfully scheduled in 1-3 rounds due 

to the dynamic nature of the TQ and it resulted in 

balancing short and long processes. 

 

Implementation in Google colab 

Figure 7 below illustrates the key steps for determining 

the dynamic time quantum for the proposed LDTQ 

technique. Burst times are first sorted in ascending order 

in order to identify structural trends in the needs for 

process execution. Calculating the maximum consecutive 

difference (max_diff) between adjacent burst times 

captures the largest gap in the distribution, which shows 

workload variability. This number is then added to the 

mean burst time and rounded down (using int()) to 

determine the LDTQ value. 

 

                                

Figure 7: Lucid Dynamic Time Quantum core computation in Google Colab 

LDRR RR (TQ=5) EQRR SJF-RR

Avg Turnaround Time 36.4 51 37.8 45

Avg Waiting Time 17.8 32.4 19.2 26.4

Context Switches 6 19 9 11
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The fundamental logic for calculating the dynamic time 

quantum in the suggested LDTQ method is illustrated in 

fig 8. The procedure entails sorting the burst times in 

ascending order to examine their distribution, computing 

the mean burst time (mean_bt), calculating the maximum 

consecutive difference (max_diff) between adjacent burst 

times after sorting, this captures the largest structural gap 

in the workload, and deriving  the LDTQ as the 

integer part of (mean_bt + max_diff), which provides a 

balanced, workload-adaptive quantum. 

 

                                                

Figure 8: Implementation of LDTQ calculation 

Figure 9 depicts a complete implementation of the 

proposed Lucid Dynamic Time Quantum (LDTQ) 

algorithm. The table displays the sequential 

implementation progress for each process over rounds as 

well as the remaining burst times after each allocation. 

Crucial performance metrics:  

• ATT: 34ms. 

• AWT: 22ms. 

• NOCs: 6. 

 

                     

Figure 9: Execution trace, performance metrics and Gantt chart for LDTQ scheduling

CONCLUSION 

The conventional Round Robin (RR) algorithm and 

several other recent enhanced RR algorithms are greatly 

outperformed by the suggested Lucid Dynamic Time 

Quantum. Because of its dynamic TQ, it reduces delays 

for longer processes, which outperformed RR by an 

average of 35.62%, EQRR by 3.95%, and SJF-RR by 

25.93%, which proves an effective and successful process 

completion. 

Additionally, it reduced overhead in comparison to RR 

and EQRR by keeping the number of context switches in 

the simulated cases low (3, 6, and 5, respectively).  
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The dynamic nature of the TQ allowed for the successful 

scheduling of processes in one to three rounds, which 

balanced short and long processes. Future research can be 

carried by extending the LDTQ framework to multi-core 

and multi-processor settings, incorporating priority-based 

scheduling, and assessing its effectiveness using actual 

workload traces from embedded systems and cloud 

computing. 
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