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Abstract: Process scheduling algorithms make multiprogramming more 

productive by optimizing the utilization of the CPU. It is a very crucial 

task of scheduling algorithms that the CPU should not ideal if processes 

are in ready queue. We developed a unique algorithm for improving the 

process execution in real-time systems by utilizing the modified round 

robin (RR) algorithm variations that utilizes the use of the degree of 

multiprogramming. The developed algorithm removes the issue of 

starvation as compared with traditional priority scheduling algorithms. 

We also proposed an intuitionistic fuzzy inference system based 

MMFNP model to calculate the new priority that plays a key role for the 

execution of urgent tasks. Maximum value of New Priority represents 

the uppermost priority. The proposed algorithm increases the throughput 

of the system and reduces the average response time, average waiting 

time and average turnaround time. For the performance evaluation of the 

suggested algorithm, we also compared the results with RR algorithm 

and priority-based RR algorithm. 

Keywords: Intuitionistic fuzzy inference system (IFIS), new priority 

(NP), mathematical model for new priority (MMFNP), starvation, real 

time system. 
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1. Introduction 

 

Process scheduling is an important aspect in operating system (OS)1, as it 

dictates that how the process schedular fetches the processes from storage or 

from the job pool and assigned to the ready queue. A process is a program in 

execution. A process is carried out by one or more threads, each of them has 

its own set of program code and activity. The OS generated a new process 

from the execution of a program. The execution of a process involves 

numerous states, including "New," "Running," "Waiting," "Ready," and 

"Terminated," and all are finished by the process scheduling. Process 

scheduling make multiprogramming2 more productive by maximizing the 

CPU utilization and controlling the degree of multiprogramming. According 

to the process scheduling, there are several processes in queue that are 

available. The management of process scheduling is done by process 

schedular3. There are different types of process schedulers for the process 

scheduling and out of these each performed its task in the form of a decision 

maker. Long terms schedular- It picked the processes from the pool 

(secondary memory) and retain them in the ready queue. Medium term 

scheduler- Medium term scheduler take care of the swapped-out processes. 

Short term scheduler- It fetched the processes from ready queue and allocate 

to the CPU for the execution.  Schedular used the scheduling algorithms for 

the decision making in selection of processes for execution.  Scheduling 

algorithms are played a key role to performs this task4. Preemptive and Non-

Preemptive are only two types of scheduling algorithms. Preemptive 

scheduling; When a process shifts from the running or waiting to the ready 

states, it is said to be preemptive scheduling5. Priority plays an important role 

in switching processes. Preemptive scheduling permits a scheduler to preempt 

a running low-priority process at any time when a high-priority process 

reached the ready state. Non-Preemptive scheduling; Non-preemptive 

Scheduling6 is a technique for CPU scheduling in which a process takes a 

resource and holds it, until the ends or switches to the waiting condition. It 

doesn't change the process's state from running to ready. Numerous 

preemptive and non-preemptive algorithms are existed for the execution of 

process on CPU. Some of them are: First Come First Serve (FCFS) 

scheduling; In this scheduling, execution of processes are based on the first 

in first out (FIFO) queue7. Processes are assigned to the CPU for execution 

as per their arrival in ready state. Interruption of a process cannot be done by 

another process during the execution. It is non-preemptive in nature. Shortest 

Job First (SJF) scheduling; in this scheduling, schedular decide the selection 

of processes for execution as per their burst time. Minimum burst time process 
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is executed first other than the highest burst time process8. It has two versions; 

one is preemptive in nature and other is non-preemptive. Priority scheduling; 

it is most popular scheduling technic in batch systems9. Each process is 

executed as per their arrival time, less arrival time process is executed first 

but if the two or more process have same arrival time, then execution of 

process is done by their assigned priorities. It is also preemptive and non-

preemptive in nature. Multilevel Feedback Queue Scheduling10; this 

scheduling is based on the strategy to use the multiple queues to assign the 

process as per their burst time. Higher burst time processes are placed in lower 

priority queue and lower burst time processes are placed in higher priority 

queue but if a process waiting for long time in lower priority queue, then it 

will transfer into higher priority queue. It is starvation free scheduling. Round 

robin scheduling11; It is based on the principal of “Round robin” in which a 

time quantum is equally distributed to all processes to run on CPU. CPU is 

allocated to each process as per their distributed time quantum (TQ) for 

execution, if a process has higher burst time compare to assigned time 

quantum, then it will be pre-empted and move in waiting queue for the next 

cycle. Selection of TQ length is main challenge in this scheduling.  It is 

similar as FCFS with TQ. Fuzzy round robin scheduling12; Fuzzy technic is 

used to find the appropriate length of TQ. Fuzzy rules are used with 

knowledge base system to calculate the TQ. B. Alam et al13 used the fuzzy 

inference system (FIS) to find the dynamic priority. FIS take three inputs as, 

static priority, remaining time, waiting time and produce the dynamic priority 

(dp) as output. The proposed approach improved traditional Priority 

Scheduling in terms of throughput and waiting time. P. Ajmani et al14 

proposed a fuzzy logic-based algorithm. To calculate the dynamic priority 

(dp), burst time (bt), static priority (sp) and arrival time (at) as input to FIS. 

For the evaluation of the membership function of priority µ𝑝 =
𝑠𝑝 max(𝑠𝑝) + 1⁄   and for burst time µ𝑏 = 1 − (𝑏𝑡 max(𝑏𝑡) + 1⁄  are used.  

calculation of dp is based on: process with smallest priority used dp = (µp +
µb) otherwise used dp = max(µp, µb). “Design and Implementation of 

Modified Fuzzy based CPU Scheduling Algorithm” has been designed to 

improve the average waiting time (AWT) and average turnaround time 

(ATAT). A. Kumari et al 15 designed new fuzzy rules with two membership 

function have used to calculate the value of new priority. Execution of process 

as per new priority increase system performance. X.Z. Gao et al 16 described 

advanced Fuzzy Based CPU Scheduling (AFCS) algorithm uses an ideal time 

slice to execute processes and avoids process starvation using the deadline 

notion. B. Granam et al 17 presented a new approach to classified the priority 

dynamically using the FIS. Proposed approach decided the execution of 
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process with an effective manner. R. Sharma et al 18 proposed a modified 

round robin algorithms using the approach fuzzy logic. FIS take two inputs 

as number of process and average burst time to calculate the optimal value of 

time quantum. Implementation of proposed algorithm got increased the 

throughput of system. M.A. Butt et al 19 proposed a novel intuitionistic fuzzy 

rule-based decision-making system based on IFS. Nice value (nv) and bt,     

two inputs intuitionistically fuzzified and triggered the fuzzy rule from rule 

base to calculate the fuzzy dynamic priority (dp). To defuzzfied the fuzzy dp  

𝑥 =
∑ 𝑥𝑗((1−𝜋𝐴)µ𝐴𝑗

+µ
𝐴𝑗
𝜋
𝐴𝑗
)𝑀

𝑗=1

∑ ((1−𝜋𝐴)µ𝐴𝑗+µ𝐴𝑗𝜋𝐴𝑗)
𝑀
𝑗=1

  method is used. S. Raheja et al 20 introduced a 

new framework for the scheduling policy based on intuitionistic fuzzy sets. 

Intuitionistic fuzzy-based RR scheduler (IFRR) integrates the hybrid RR 

approach and IFIS. Dynamic time slice is produced by IFIS to prove the 

efficiency of scheduler. There are some limitations of Priority Round Robin 

scheduling algorithm, defined as follows: 

I. It is not appropriate for real-time systems due to its high context 

switching. 

II. Allocation of suitable priority for urgent tasks.   

III. Large response time, turnaround time and waiting time. 

IV. Uncertainty is only reflected by the membership function. 

V. Starvation is also issue in this scheduling.    

To resolve these issues of Priority Round Robin scheduling, we proposed a 

new algorithm. The proposed policy removes the drawback of priority based 

round robin algorithm. This policy used the MMFNP model to calculate the 

new priorities which increase the performance of system. This strategy strikes 

a balance between fairness and efficiency, allowing the system to give priority 

to important operations while making sure every process receives an equal 

share of CPU time. This enables the system to concentrate on urgent or 

important activities and guarantee their quick and efficient completion. 

The present research work is splitted into six segments. In the first 

segment, we gave the primary introduction, related work and limitations of 

proposed policy. Second segment explained the basics of Intuitionistic fuzzy 

set and Intuitionistic Fuzzy Inference Systems. We designed a new MMFNP 

model for calculating the new priority in third segment. In fourth segment, 

we proposed the basic structure of proposed algorithm, IFIS with its 

component, defuzzification process and final output. In fifth segment, we 

mentioned numerical computation and performance evaluation of algorithm. 

Result comparison of proposed algorithm with existing policy is also the part 

of this segment. Conclusion of entire work and future plan of the proposed 

work algorithm is also given in the sixth segment of the manuscript. 
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2. Intuitionistic fuzzy set (IFS) 

  

Sets with elements that having varying degrees of membership and 

non-membership are referred to as intuitionistic fuzzy sets. Actually, the 

IFS is an extension of the fuzzy set described by Zadeh. In a conventional 

fuzzy inference system (FIS), using intuitionistic fuzzy set (IFS) should 

make it possible to handle more uncertainty. IFS contains the degrees of 

membership, hesitation, and non-membership. The degree of hesitation is 

a component of membership, non-membership, or both. 

 Let X be a non-empty set. An IFS M in X is defined as an object of 

the following form 

𝑀 = {(𝑥, µ𝐴(𝑥), 𝑣𝐴(𝑥)): 𝑥𝜖𝑋} 

where the function µ𝐴(𝑥):𝑋 → [0,1] is the degree of membership and 

𝑣𝐴(𝑥):𝑋 → [0,1] is the degree of non-membership of the element 𝑥𝜖𝑋 to 

the set M and for every element 𝑥𝜖𝑋: 

0 ≤ {µ𝐴(𝑥) + 𝑣𝐴(𝑥) ≤ 1} 

As for the 𝜋𝐴(𝑥) = {1 − µ𝐴(𝑥) − 𝑣𝐴(𝑥)} is called the degree of 

indetermacy or hesitation margin of the element 𝑥𝜖𝑋 and 𝜋𝐴(𝑥) → [0,1]. 
𝜋𝐴(𝑥) shows ignorance on whether or not 𝑥 is a member of IFS. 

2.1. Intuitionistic Fuzzy Inference Systems (IFIS) 

IFIS is also known as Intuitionistic Fuzzy-rule-based system7, one of the 

most widely used computing frameworks that uses fuzzy rules. The IFIS 

takes the crisp input, fuzzify it, processes it with a knowledge base to 

produce the fuzzy output, and then defuzzifies the result to produce the 

final crisp output. The process of mapping deterministic numerical data 

and qualitative description into IFS is called fuzzification. As an 

intuitionistic fuzzy set 𝑍̃  with a membership function of µ𝑍̃(p), a non-

membership function of 𝛾𝑍̃(p), and an IF-index of 𝜋𝑍̃(p), Fuzzifier 

executes interpretations of the rules. Output of an IFIS is possibly can be 

determined as follows  

𝛼𝜎= (1-𝜋𝑍̃(p)) * 𝛼ᶯ + 𝜋𝑍̃(p) 𝛼𝛾 

where 𝛼ᶯ  is the output of 𝐹𝐼𝑆ᶯ  using the membership function of µ𝑍̃(p) 

and 𝛼𝛾 is the output of 𝐹𝐼𝑆𝛾 using the non-membership function 𝛾𝑍̃(p). 

 

3. Mathematical model for new priority (MMFNP) 
 

Let p1, p2, p3…….pn are the static priorities of the processes which are 

arranged as per arrival time in queue and b1, b2, b3…….bn are expected 
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average burst time (ABT) of processes. Z is the new priority for individual 

process to run on CPU. All are given in triangular intuitionistic fuzzy 

numbers. Membership function of priority p = < e, f, g >; e< f < g ∈ R and 

non-membership function of priority p*= < 𝑒′, 𝑓′, 𝑔′ >; 𝑒′< 𝑓′<𝑔′ ∈ R. Then 

membership function of priority 𝑃1= < 𝑒1, 𝑓1, 𝑔1 >; 𝑒1 < 𝑓1 < 𝑔1 ∈ R 

𝑃1(𝛾) =

{
 
 

 
 
𝛾 − 𝑒1
𝑓1 − 𝑒1

 𝑖𝑓 𝑒1  ≤ 𝛾 < 𝑓1

𝑔1 − 𝛾

𝑔1 − 𝑓1
 𝑖𝑓 𝑓1 ≤ 𝛾 ≤ 𝑔1

0                         𝑒𝑙𝑠𝑒

 

and non-membership function of priority 𝑃1
∗= < 𝑒1

′ , 𝑓1
′, 𝑔1

′>;  𝑒1
′  < 𝑓1

′ < 𝑔1
′ ∈ 𝑅 

𝑃1
∗(𝛾′) =

{
 
 

 
 
𝛾′ − 𝑒1

′

𝑓1
′ − 𝑒1

′  𝑖𝑓 𝑒1
′  ≤ 𝛾′ < 𝑓1

′

𝑔1
′ − 𝛾′

𝑔1
′ − 𝑓1

′  𝑖𝑓 𝑓1
′ ≤ 𝛾′  ≤ 𝑔1

′

0                        𝑒𝑙𝑠𝑒

 

Membership function of priority 𝑃2= < 𝑒2, 𝑓2, 𝑔2 >; 𝑒2 < 𝑓2 < 𝑔2 ∈ R 

𝑃2(𝛾) =

{
 
 

 
 
𝛾 − 𝑒2
𝑓2 − 𝑒2

 𝑖𝑓 𝑒2  ≤ 𝛾 < 𝑓2

𝑔2 − 𝛾

𝑔2 − 𝑓2
 𝑖𝑓 𝑓2 ≤ 𝛾 ≤ 𝑔2

0                        𝑒𝑙𝑠𝑒

 

and non-membership function of priority 𝑃2
∗= < 𝑒2

′ , 𝑓2
′, 𝑔2

′>;  𝑒2
′  < 𝑓2

′ < 𝑔2
′ ∈ R  

𝑃2
∗(𝛾′) =

{
 
 

 
 
𝛾′ − 𝑒2

′

𝑓2
′ − 𝑒2

′  𝑖𝑓 𝑒2
′  ≤ 𝛾′ < 𝑓2

′

𝑔2
′ − 𝛾′

𝑔2
′ − 𝑓2

′  𝑖𝑓 𝑓2
′ ≤ 𝛾′  ≤ 𝑔2

′

0                        𝑒𝑙𝑠𝑒

 

Similarly for the nth process we have   

Membership function of priority 𝑃𝑛= < 𝑒n, 𝑓n, 𝑔n >; 𝑒n < 𝑓n < 𝑔n ∈ R 

𝑃n(𝛾) =

{
 
 

 
 
𝛾 − 𝑒n
𝑓n − 𝑒n

 𝑖𝑓 𝑒n  ≤ 𝛾 < 𝑓n

𝑔n − 𝛾

𝑔n − 𝑓n
 𝑖𝑓 𝑓n ≤ 𝛾 ≤ 𝑔n

0                        𝑒𝑙𝑠𝑒
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and non-membership function of priority 𝑃n

∗= < 𝑒n
′ , 𝑓n

′, 𝑔n
′ >;  𝑒n

′  < 𝑓n
′ < 𝑔n

′ ∈ R  

𝑃n
∗(𝛾′) =

{
 
 

 
 
𝛾′ − 𝑒n

′

𝑓n′ − 𝑒n′
 𝑖𝑓 𝑒n

′  ≤ 𝛾′ < 𝑓n
′

𝑔n
′ − 𝛾′

𝑔n′ − 𝑓n′
 𝑖𝑓 𝑓n

′ ≤ 𝛾′  ≤ 𝑔n
′

0                        𝑒𝑙𝑠𝑒

 

Membership function of ABT b = < m, n, o >; m < n < o  ∈ R, and non-

membership function of priority b*= < 𝑚′, 𝑛′, 𝑜′ >; 𝑚′< 𝑛′<𝑜′ ∈ R. Then 

Membership function of ABT b1 = < 𝑚1, 𝑛1, 𝑜1>;  𝑚1< 𝑛1< 𝑜1 ∈ R 

𝑏1(𝛾) =

{
 
 

 
 
𝛾 −𝑚1

𝑛1 −𝑚1
 𝑖𝑓 𝑚1  ≤ 𝛾 < 𝑛1

𝑜1 − 𝛾

𝑜1 − 𝑛1
 𝑖𝑓 𝑛1 ≤ 𝛾 ≤ 𝑜1

0                               𝑒𝑙𝑠𝑒

 

And non-membership function of priority 𝑏1
∗= <𝑚1

′ , 𝑛1
′ , 𝑜1

′>; 𝑚1
′<𝑛1

′  < 𝑜1
′  ∈ R 

𝑏1
∗(𝛾′) =

{
 
 

 
 
𝛾′ −𝑚1

′

𝑛1
′ −𝑚1

′  𝑖𝑓 𝑚1
′  ≤ 𝛾′ < 𝑛1

′

𝑜1
′ − 𝛾′

𝑜1
′ − 𝑛1

′  𝑖𝑓 𝑛1
′ ≤ 𝛾′  ≤ 𝑜1

′

0                         𝑒𝑙𝑠𝑒

 

Membership function of ABT b2 = < 𝑚2, 𝑛2, 𝑜2>;  𝑚2< 𝑛2< 𝑜2 ∈ R 

𝑏2(𝛾) =

{
 
 

 
 
𝛾 −𝑚2

𝑛2 −𝑚2
 𝑖𝑓 𝑚2  ≤ 𝛾 < 𝑛2

𝑜2 − 𝛾

𝑜2 − 𝑛2
 𝑖𝑓 𝑛2 ≤ 𝛾 ≤ 𝑜2

0                               𝑒𝑙𝑠𝑒

 

And non-membership function of priority 𝑏2
∗= <𝑚2

′ , 𝑛2
′ ,𝑜2

′>;  𝑚2
′ <𝑛2

′ < 𝑜2
′  ∈ R 

𝑏2
∗(𝛾′) =

{
 
 

 
 
𝛾′ −𝑚2

′

𝑛2
′ −𝑚2

′  𝑖𝑓 𝑚2
′  ≤ 𝛾′ < 𝑛2

′

𝑜2
′ − 𝛾′

𝑜2
′ − 𝑛2

′  𝑖𝑓 𝑛2
′ ≤ 𝛾′  ≤ 𝑜2

′

0                         𝑒𝑙𝑠𝑒

 

Similarly for the nth average burst time we have   

Membership function of ABT 𝑏n = < 𝑚n, 𝑛n, 𝑜n>;  𝑚n< 𝑛n< 𝑜n ∈ R 



 

204       Rajeev sharma, Atul Kumar Goel, Dharamvir Singh and Mukesh Kumar Sharma 

 

𝑏n(𝛾) =

{
 
 

 
 
𝛾 −𝑚n

𝑛n −𝑚n
 𝑖𝑓 𝑚n  ≤ 𝛾 < 𝑛n

𝑜n − 𝛾

𝑜n − 𝑛n
 𝑖𝑓 𝑛n ≤ 𝛾 ≤ 𝑜𝑛

0                               𝑒𝑙𝑠𝑒

 

And non-membership function of priority 𝑏n
∗= <𝑚n

′ , 𝑛n
′ ,𝑜n

′>; 𝑚n
′ <𝑛n

′ < 𝑜n
′  ∈ R 

𝑏n
∗(𝛾′) =

{
 
 

 
 
𝛾′ −𝑚n

′

𝑛n′ −𝑚n
′
 𝑖𝑓 𝑚n

′  ≤ 𝛾′ < 𝑛n
′

𝑜n
′ − 𝛾′

𝑜n′ − 𝑛n′
 𝑖𝑓 𝑛n

′ ≤ 𝛾′  ≤ 𝑜n
′

0                         𝑒𝑙𝑠𝑒

 

If 𝐼1 is 𝑃1 and 𝐼2 is 𝑏1 then 𝑦1 is 𝑍1 

If 𝐼1 is 𝑃1
∗ and 𝐼2 is 𝑏1

∗ then 𝑦1 is 𝑍1
∗ 

If 𝐼1 is 𝑃2 and 𝐼2 is 𝑏2 then 𝑦2 is 𝑍2 

If 𝐼1 is 𝑃2
∗ and 𝐼2 is 𝑏2

∗ then 𝑦1 is 𝑍2
∗ 

If 𝐼1 is 𝑃3 and 𝐼2 is 𝑏3 then 𝑦3 is 𝑍3 

If 𝐼1 is 𝑃3
∗ and 𝐼2 is 𝑏3

∗ then 𝑦1 is 𝑍3
∗ 

For nth process, we have the fuzzy rule as 

If 𝐼1 is 𝑃𝑛 and 𝐼2 is 𝑏𝑛 then 𝑦𝑛 is 𝑍𝑛 

If 𝐼1 is 𝑃n
∗ and 𝐼2 is 𝑏n

∗  then 𝑦1 is 𝑍𝑛
∗  

Here 𝐼1 = static priority, given to 𝑃𝑖  
𝐼2= ABT, given to 𝑏𝑖 
New priority (Z) = {low, medium, high} 

Membership function of 𝑍𝑙𝑜𝑤 = < α1, α2, α3>; α1< α2 < α3  ∈ R 

𝑍𝑙𝑜𝑤(𝛾) =

{
 
 

 
 
𝛾 − 𝛼1
𝛼2 − 𝛼1

 𝑖𝑓 𝛼1  ≤ 𝛾 < 𝛼2

𝛼3 − 𝛾

𝛼3 − 𝛼2
 𝑖𝑓𝛼2 ≤ 𝛾 ≤ 𝛼3

0               𝑒𝑙𝑠𝑒

 

And non-membership function of 𝑍𝑙𝑜𝑤
∗ = < 𝛼1

′ , 𝛼2
′ , 𝛼3

′  >;  𝛼1
′  < 𝛼2

′  < 𝛼3
′

 ∈ R 

𝑍𝑙𝑜𝑤
∗ (𝛾′) =

{
 
 

 
 
𝛾′ − 𝛼1

′

𝛼1
′ − 𝛼2

′  𝑖𝑓 𝛼1
′  ≤ 𝛾′ < 𝛼2

′

𝛼3
′ − 𝛾′

𝛼3
′ − 𝛼2

′  𝑖𝑓 𝛼2
′ ≤ 𝛾′  ≤ 𝛼3

′

0                          𝑒𝑙𝑠𝑒

 

Membership function of 𝑍𝑚𝑖𝑑 = < α4, α5, α6 >; α4< α5 < α6   ∈ R 
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𝑍𝑚𝑖𝑑(𝛾) =

{
 
 

 
 
𝛾 − 𝛼4
𝛼5 − 𝛼4

 𝑖𝑓 𝛼4  ≤ 𝛾 < 𝛼5

𝛼6 − 𝛾

𝛼6 − 𝛼5
 𝑖𝑓𝛼5 ≤ 𝛾 ≤ 𝛼6

0                      𝑒𝑙𝑠𝑒

 

And non-membership function of 𝑍𝑚𝑖𝑑
∗ = <𝛼4

′ , 𝛼5
′ , 𝛼6

′>;  𝛼4
′  < 𝛼5

′  < 𝛼6
′

 ∈ R 

𝑍𝑚𝑖𝑑
∗ (𝛾′) =

{
 
 

 
 
𝛾′ − 𝛼4

′

𝛼5
′ − 𝛼4

′  𝑖𝑓 𝛼4
′  ≤ 𝛾′ < 𝛼5

′

𝛼6
′ − 𝛾′

𝛼6
′ − 𝛼5

′  𝑖𝑓 𝛼5
′ ≤ 𝛾′  ≤ 𝛼6

′

0                          𝑒𝑙𝑠𝑒

 

Membership function of 𝑍ℎ𝑖𝑔ℎ= < α7, α8, α9>; α7< α8 < α9 ∈ R 

𝑍ℎ𝑖𝑔ℎ(𝛾) =

{
 
 

 
 
𝛾 − 𝛼7
𝛼8 − 𝛼7

 𝑖𝑓 𝛼7  ≤ 𝛾 < 𝛼8

𝛼9 − 𝛾

𝛼9 − 𝛼8
 𝑖𝑓𝛼8 ≤ 𝛾 ≤ 𝛼9

0                      𝑒𝑙𝑠𝑒

 

And non-membership function of 𝑍ℎ𝑖𝑔ℎ
∗ = <𝛼7

′ , 𝛼8
′ ,𝛼9

′  >;  𝛼7
′  < 𝛼8

′  < 𝛼9
′

 ∈ R 

𝑍ℎ𝑖𝑔ℎ
∗ (𝛾′) =

{
 
 

 
 
𝛾′ − 𝛼7

′

𝛼8
′ − 𝛼7

′  𝑖𝑓 𝛼7
′  ≤ 𝛾′ < 𝛼8

′

𝛼9
′ − 𝛾′

𝛼9
′ − 𝛼8

′  𝑖𝑓 𝛼8
′ ≤ 𝛾′  ≤ 𝛼9

′

0                          𝑒𝑙𝑠𝑒

 

Let 𝑄1 = defuzzifed value (Z1) and 𝑄1
∗= defuzzifed value (𝑍1

∗) 

𝑄2 = defuzzifed value (Z2) and 𝑄2
∗= defuzzifed value (𝑍2

∗) 

𝑄3 = defuzzifed value (Z3) and 𝑄3
∗= defuzzifed value (𝑍3

∗) 

𝑄4 = defuzzifed value (Z4) and 𝑄4
∗= defuzzifed value (𝑍4

∗) 

The nth defuzzifed value (Zn) and (𝑍𝑛
∗), we have 

𝑄𝑛= defuzzifed value (Zn) and 𝑄𝑛
∗= defuzzifed value (𝑍𝑛

∗ ) 

So  𝑦1 = (1 − 𝜋) ∗ 𝑄1 + 𝜋 ∗ 𝑄1
∗ 

𝑦2 = (1 − 𝜋) ∗ 𝑄2 + 𝜋 ∗ 𝑄2
∗ 

𝑦3 = (1 − 𝜋) ∗ 𝑄3+ 𝜋 ∗ 𝑄3
∗ 

𝑦4 = (1 − 𝜋) ∗ 𝑄4+ 𝜋 ∗ 𝑄4
∗ 

Similarly, for 𝑦𝑛 , we have 

𝑦𝑛 = (1 − 𝜋) ∗ 𝑄𝑛 + 𝜋 ∗ 𝑄𝑛
∗  

New priority =
𝑦1 + 𝑦2 + 𝑦3 + 𝑦4………… . . 𝑦𝑛

𝑛
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4. Basic structure and algorithm 

 

The basic structure of our proposed algorithm is described in Figure-1. 

Two inputs (priority and ABT) are intuitionistically fuzzified. The rules in the 

rule base are then activated by these two input values for each process, and as 

a result, we obtain the defuzzified new priority for each process.  

 
Figure 1: structure of fuzzification and defuzzification 

Algorithm 

1.) Design the Intuitionistic fuzzy inference system (IFIS) and use the 

MMFNP model to generate the new priority. 

2.)  Initialize n process with new priority, burst time and arrival time (AT). 

3.)  Assigned the processes to ready queue.  

4.)  If (AT== 0) ∀ process. 

      Go to step 5 otherwise go to step 6 

5.) Choose the process from RQ with the highest NP and execute as:  

       While ( 
𝑃𝑖

𝑛
== 1),  for i=1,2,3,4……n, where p =process and n= total no. 

of process  

       { 

𝑖𝑓 (𝐵𝑇𝑖 ≤ 𝑇𝑄) 
{ 

𝑇𝑄 = 𝐵𝑇𝑖 
𝐵𝑇𝑛𝑒𝑤(𝑃𝑖) = 𝐵𝑇𝑖 − 𝑇𝑄 and terminate the process. 

} 

Else 

{ 

𝐵𝑇𝑛𝑒𝑤(𝑃) = {
0,          𝑖𝑓  𝐵𝑇 − 𝑇𝑄 < 0
𝐵𝑇 − 𝑇𝑄,       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

𝑁𝑃𝑛𝑒𝑤 = {
𝑁𝑃 − 1,         𝑖𝑓   𝑁𝑃 > 1
𝑁𝑃,                   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Priorit

y 

ABT 

Input’s Intuitionistic 

Fuzzifier 

Intuitionist

ic Fuzzy 

Inference 

System 

Intuitionistic 

Defuzzifier 
Output 

NP 
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        } 

              Select the next process from RQ.  

     } 

6.)  Select the process according to minimum AT form RQ and execute as per 

step 5. 

7.)  Now check, if (AT ∀ process <TQ) then repeat the step 5 otherwise repeat 

the step 6. 

8.)  Repeat the steps from 4 to 7. 

4.1. Components of IFIS for fuzzification and defuzzification 

The system consists of three primary components: an intuitionistic fuzzifier; 

an intuitionistic fuzzy rule base and an intuitionistic defuzzifier (ID)22, played 

a pivot role in fuzzification and defuzzification for the new priority. We used 

Mamdani method in our proposed IFIS for find the new priority to execute 

the process on processor.  

4.1.(a) intuitionistic fuzzifier 

intuitionistic fuzzifier is used to fuzzification of priority and burst time of the 

processes to calculate the NP so we divided the priority into three linguistic 

terms as “low”, “medium”, “high” and for burst time; “short”, “mid”, “long”, 

with triangular membership and non-membership function. The priority and 

burst time are the two inputs used in this component, and both are converted 

to intuitionistic fuzzy values by determining the membership and non-

membership function23. Figures-2 show the membership function (MF), non-

membership function (NMF), respectively for a process' priority and process 

burst time. 

 
Figure 2: MF and NMF for priority, burst time. 
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Output (NP) is also categorised into “low”, “medium”, “high” linguistic terms 

with triangular membership and non-membership function. The output 

parameter of our intuitionistic decision-making system is depicted in Figures-

3 with the MF and NMF. New priority is the output of decision-making 

system.  
 

 
Figure 3: MF and NMF for new priority 

4.1.(b) Intuitionistic fuzzy rule base 

This component used the IF-THEN rules with knowledge base. In this, we 

have taken two input and one output based on intuitionistic fuzzy rules. The 

rules are made according to expert knowledge. To manage the antecedent part 

of the rules, AND operator is used and consequent part is represented the NP. 

Nine rules are used for rule base: 

𝑅1: if (priority is low) and (burst time is short) then (NP is high) 

𝑅2: if (priority is medium) and (burst time is short) then (NP is high) 

𝑅3: if (priority is high) and (burst time is short) then (NP is high) 

𝑅4: if (priority is low) and (burst time is mid) then (NP is medium) 

𝑅5: if (priority is medium) and (burst time is mid) then (NP is medium) 

𝑅6: if (priority is high) and (burst time is mid) then (NP is medium) 

𝑅7: if (priority is low) and (burst time is long) then (NP is low) 

𝑅8: if (priority is medium) and (burst time is long) then (NP is low) 

𝑅9: if (priority is high) and (burst time is long) then (NP is medium) 

4.1.(c) Defuzzifier 

The defuzzifier element take the fuzzy NP of each input and defuzzified it 

into the crisp new priority for membership and non-membership function. We 

have used the area of centroid method for defuzzification24 process  
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µ∗ =
∑ 𝐴𝑖 ∗
𝑛
𝑖=1 𝑥𝑖
∑ 𝐴𝑖
𝑛
𝑖=1

 

where 𝐴𝑖 represent the distributed area of aggregated consequent part of fuzzy 

rules for membership function. 

Similarly, we can define the method for non-membership function  

𝑣∗ =
∑ 𝐴𝑖̅
𝑛
𝑖=1 ∗  𝑥𝑖̅
∑ 𝐴𝑖̅
𝑛
𝑖=1

 

Where 𝐴𝑖̅ represent the distributed area of aggregated consequent part of 

fuzzy rules for non-membership function. 

4.1.(d) Final output 

The final output of can be IFIS can be calculated by the following expression  

𝑦 = (1 − 𝜋) ∗ µ(𝐴)
∗ + 𝜋 ∗ 𝑣𝑛

∗ 

where µ(𝐴)
∗  represent the defuzzified value of membership function and 𝑣𝑛

∗  

represent the defuzzified value of membership function (both are calculated 

from previous step). 

 

5. Numerical computations and performance of modified priority 

round robin algorithm 
 

We created the MMFNP model to provide the appropriate value of new 

priority. Intuitionistic Fuzzy Inference Systems is used priority and burst time 

as inputs and new priority as the output. To assess the efficiency and 

effectiveness of an intuitionistic fuzzy-based scheduling method, we taken 

diverse case studies and comparison some scheduling algorithms like Priority 

algorithm, priority based round robin and proposed intuitionistic fuzzy based 

scheduling algorithm.  

5.1. Numerical Computation 1 

In this study, we have used priority and burst time as inputs in MMFNP 

model to produce the new priority. Table-1 is displaying the process, arrival 

time, burst time, priority and new priority (outcome of MMFNP).  

Table-1: data set-1 

Process 𝑗1 𝑗2 𝑗3 𝑗4 𝑗5 

Arrival time 0 2 0 4 5 

Burst time 16 9 12 26 29 

Priority 6 1 5 7 4 

New priority 4.6 7.9 5.1 1.9 1.6 
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We have applied the proposed algorithm on data in the table. The proposed 

algorithm used NP and fixed TQ = 17 to execute the processes. Gantt chart-1 

shows the execution procedure of processes. Table-2 compared the 

performance of proposed algorithm with traditional round robin and priority-

based round robin. The performance of algorithms is evaluated based on 

average response time (ART), ATAT and AWT. 

Gantt chart 1 for execution of processes 

𝑗1 𝑗2 𝑗3 𝑗4 𝑗5 𝑗4 𝑗5 

0          16             25             37            54             71            80           92 

Table-2: Comparison of scheduling policy’s 

Scheduling policy’s ART ATAT AWT 

Round Robin 24.8 48.4 30 

Priority based Round Robin 29 58.6 40.2 

Proposed scheme 24.2 47.8 29.2 
 

 
Figure 4: Performance evaluation of various algorithms 

 

The proposed method performed well than the earlier algorithms in terms of 

response time, turnaround time, and waiting durations, as shown in figure 4.0. 

5.2. Numerical Computation 2 

In numerical computation 2, the arrival time of all processes = 0 and the TQ 

= 3. Table-3 contained the five different processes with different burst time, 

priority and new priority. Here new priority is the outcome of MMFNP 
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model. After applied the proposed algorithm, we got ART= 6, ATAT= 

28.2 and AWT= 18.2 which are less compare to priority based round robin 

and traditional round robin. The suggested algorithm's performance is 

compared in the table 4 with the results of traditional round robin and 

priority-based round robin. Gantt chart 2 show the execution of processes. 

Table 3: data set-2 

Process 𝑗1 𝑗2 𝑗3 𝑗4 𝑗5 

Burst time 3 24 6 9 8 

Priority 6 5 1 4 2 

New priority 8.5 4.8 4.8 7.9 8.1 

Gant chart 2 for execution of processes 

𝑗1 𝑗5 𝑗4 𝑗2 𝑗3 𝑗5 𝑗4 𝑗2 𝑗3 𝑗5 𝑗4 𝑗2 𝑗2 𝑗2 𝑗2 𝑗2 𝑗2 

0    3     6     9    12  15    18   21  24    27   29   32   35   38  41   44  47  50 

Table 4: Comparison of scheduling policy’s 

Scheduling policy’s ART ATAT AWT 

Round Robin 6 28.9 18.8 

Priority based Round Robin 6 29.6 19.6 

Proposed scheme 6 28.2 18.2 
 

 
Figure 5: Performance evaluation of various algorithms 

 

So, the proposed approach performs better than the previous algorithms in 

terms of response time, turnaround time, and waiting durations, as shown in 

Figure 5. 
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6. Conclusion and Future Work 

 

The proposed algorithm combined the Round Robin scheduling and 

Priority scheduling techniques. The proposed algorithm used the MMFNP 

model to produce the new priority. MMFNP model is based on 

intuitionistic fuzzy sets.  New priority is assigned to each process for the 

execution which guarantees that the crucial processes are finished quickly 

and in accordance with deadlines. The proposed algorithm assists the 

system to increase the throughput of the system. Full study of this research 

work is illustrated by following points: 

1) We have used the MMFNP model to calculate the new priority. 

2) IFIS play a key role to form the MMFNP model. 

3) Implementation of proposed algorithm, decrease the response time, 

turnaround time and waiting time.    

4) Starvation is very crucial issue in priority-based algorithms but proposed 

algorithm removes the starvation. 

5) Proposed algorithm can also be used in real time systems. 

6) Comparison result of this algorithm more batter than the other 

scheduling algorithms.  

Our proposed algorithm can be better in future by calculating the dynamic TQ 

for each execution cycle. For more appropriate value of priority, we can use 

the neuro fuzzy inference system. In a nutshell we can say the proposed 

algorithm creates new path merging it with other algorithms. 
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