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ABSTRACT

This paper deals with a comparative study of performance measures of CPU scheduling policies .We have
considered the CPU burst time fuzzy in nature. An attempt has been made to explore the best scheduling
policy for real-time operating system under fuzzy uncertainty which minimizes the average waiting and
average turnaround time of the processes in a queue that in turn maximizes the CPU throughput. The
study is helpful for the designer in selecting the right scheduling algorithm at high abstraction levels
which saves him from error prone priority assignments at the final stage of system design.
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INTRODUCTION

An operating system is said to be real-time when it is intended for applications with fixed-deadlines.
When a computer is multi-programmed, it has multiple processes competing for the CPU simultaneously.
If only one CPU is available, a choice has to be made which process to run next . The part of the operating
system that makes the choice is called the scheduler and the process is termed as scheduling or can also
be called as CPU scheduling. When an external event is detected, it is the responsibility of a scheduler to
schedule the processes in such a way that all deadlines are met. In this paper, 20 homogenous processes
are considered that executes the quick sort algorithm with different number of elements and are lined-up
in a Ready queue (in FIFO fashion).The CPU Burst Time of these processes was considered in fuzzy due
to the fact that the processing time taken by the CPU to execute the processes is never the exact value
which is provided by the user. It is due to the reason that the CPU gets involved in register transfers,
interrupts handling, advanced technologies such as power gating, speed step, Turbo boost etc. So the
processing time of a process gets non-exact moving to uncertain or fuzzy behavior. The fuzzy CPU Burst
Time is then defuzzified using Yager’s Average High Ranking formula with triangular membership
function and Average Graded Mean formula with trapezoidal membership function. The defuzzified burst
time is then used to calculate the average waiting and average turnaround time using different scheduling
algorithms namely Round Robin, Non-preemptive priority scheduling, First Come First Serve and
Shortest Job First algorithm.

Liu and Leyland (1973) for the first time studied priority driven algorithm in multiprogramming hard
real-time environment. A survey of Fuzzy Scheduling algorithms was made by Casey (2007) over Real-
Time systems. Tannenbaum et al., (2003) designed two techniques used in servers; one is pre-emption of
request and second is re-ordering of request in order to improve the average quality of service provided
by a server. Yashuwanth et al., (2010) developed a modified Round Robin algorithm. Scheduling
decision for embedded software plays an important role on system performance. The designer should
select the right scheduling algorithm at high abstraction levels in order to save him from error-prone and
time consuming task or task priority assignments at the final stage of system design. Recently, Garg and
Singh (2010) developed a simulator for performance evaluation of CPU scheduling policies for real time
operating systems in crisp set under stochastic environment. Kadhim et al., (2010) designed and evaluated
a Fuzzy-based CPU Scheduling algorithm and concluded that several CPU scheduling algorithms have
different characteristics and no single one is ideal absolutely for every application. Fuzzy Better Job First
scheduling algorithm was designed by Vandana & Pandey (2011) in which arrival time, CPU burst time
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and priorities were considered as linguistic variables. Mehdi, Neshat et al., (2012) proposed an algorithm
which optimizes the average waiting and response time for system process and compared the performance
of this algorithm with classical scheduling algorithms under non-fuzzy environment. Raheja and Supriya
(2012) introduced the concept of time quantum using linguistic synthesis for round robin CPU scheduling
algorithm. Singh et al., (2013) developed a heuristic algorithm for general priority job scheduling in fuzzy
environment and obtained optimal solution to the general machine scheduling problem. Recently, Sachin
et al., (2014) extended the work of earlier researchers by considering the parameters in triangular and
trapezoidal fuzzy environment. This work is further an extension of the work done by the earlier
researchers in the sense that a comparative study of performance measure of CPU scheduling policies has
been studied in which CPU burst time are considered in trapezoidal fuzzy nature and an attempt has been
made to explore the best scheduling policy for embedded system work on real time operating system
when the environment is fuzzy.

This paper is mainly an extension of earlier researchers using some new concepts, figures and
modifications that proved to be more significant. We can draw more conclusions by using the
enhancements made in this paper. The brief summary of this paper includes the following:

1. Both triangular and trapezoidal membership functions are used with processes executing quick sort
algorithm.

2. The new mechanism to calculate the time quanta is also implemented in Round Robin algorithm.

3. The comparison of scheduling algorithms is also done when processes in the ready queue possesses
burst time in ascending, descending or random order.

4. Finally, the average waiting and turnaround time of algorithms are analyzed using Fuzzy Inference
System.

Calculation of CPU Burst Time

Table 1: Execution Time Using (Triangular Membership Function)

SN N Clocks Execution Time Exexcution Time(Nanoseconds)
<a b ¢ <T(a) T (b) T (c)> <T (a)-ns T (b)-ns T (c)-ns>

1 500 0O 0 1 0 0 1.16E-08 0 0 11.641

2 1000 0 1 3 0 1.16E-08 3.49E-08 O 11.641 34.924

3 2000 1 2 4 116E-08 233E-08 4.66E-08 11.641 23.283 46.566

4 3000 3 4 6 349E-08 4.66E-08 6.98E-08 34.924 46.566 69.849

5 4000 4 5 7 4.66E-08 5.82E-08 8.15E-08  46.566 58.207 81.49

6 5000 6 7 9 6.98E-08 8.15E-08 1.05E-07 69.849 81.49 104.774

7 6000 8 9 11 9.31E-08 1.05E-07 1.28E-07 93.132 104.774  128.057

8 7000 10 11 13 1.16E-07 1.28E-07 1.51E-07 116.415 128.057 151.34

©

8000 12 13 15 1.40E-07 151E-07 1.75E-07 139.698 151.34 174.623
10 9000 14 15 17 1.63E-07 1.75E-07 1.98E-07 162.981 174.623 197.906
11 10000 16 18 22 1.86E-07 2.10E-07 2.56E-07 186.265 209.548 256.114
12 11000 18 20 24 2.10E-07 2.33E-07 2.79E-07 209.548 232.831 279.397
13 12000 20 22 26 2.33E-07 256E-07 3.03E-07 232831 256.114 302.68

14 13000 21 23 27 244E-07 2.68E-07 3.14E-07 244472 267.755 314.321
15 14000 23 25 29 2.68E-07 291E-07 3.38E-07 267.755 291.038 337.604
16 15000 24 26 30 2.79E-07 3.03E-07 3.49E-07 279.397 302.68 349.246
17 18000 30 32 36 3.49E-07 3.73E-07 4.19E-07 349.246 372529 419.095
18 20000 36 38 42 4.19E-07 4.42E-07 4.89E-07 419.095 442.378 488.944
19 25000 44 48 56 5.12E-07 559E-07 6.52E-07 512.227 558.794 651.926
20 30000 54 58 66 6.29E-07 6.75E-07 7.68E-07 628.643 675.209 768.341
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Table 2: CPU Burst Time (Triangular Membership Function)

S.No. N Exexcution Time(Nanoseconds) Final Values(Nanoseconds)

<T (a)-ns T (b)-ns T (¢)-ns> CPU BURST(TRIANGULAR)
1 500 0 0 11.641 3.880333333
2 1000 0 11.641 34.924 23.28233333
3 2000 11.641 23.283 46.566 34.92466667
4 3000 34.924 46.566 69.849 58.20766667
5 4000 46.566 58.207 81.49 69.84833333
6 5000 69.849 81.49 104.774 93.13166667
7 6000 93.132 104.774 128.057 116.4156667
8 7000 116.415 128.057 151.34 139.6986667
9 8000 139.698 151.34 174.623 162.9816667
10 9000 162.981 174.623 197.906 186.2646667
11 10000  186.265 209.548 256.114 232.831
12 11000  209.548 232.831 279.397 256.114
13 12000  232.831 256.114 302.68 279.397
14 13000  244.472 267.755 314.321 291.038
15 14000  267.755 291.038 337.604 314.321
16 15000  279.397 302.68 349.246 325.963
17 18000  349.246 372.529 419.095 395.812
18 20000  419.095 442.378 488.944 465.661
19 25000  512.227 558.794 651.926 605.3603333
20 30000  628.643 675.209 768.341 721.775
Table 3: Execution Time (Trapezoidal Membership Function)
S.No. N Clocks Execution Time

<a b c d> <T(a) T (b) T(c) T (d)>
1 500 0 0 0 1 0 0 0 1.16415E-08
2 1000 0 1 2 3 0 1.16415E-08 2.32831E-08 3.49246E-08
3 2000 1 2 3 4 1.16415E-08 2.32831E-08 3.49246E-08 4.65661E-08
4 3000 3 4 5 6 3.49246E-08 4.65661E-08 5.82077E-08 6.98492E-08
5 4000 4 5 6 7 4.65661E-08 5.82077E-08 6.98492E-08 8.14907E-08
6 5000 6 7 8 9 6.98492E-08 8.14907E-08 9.31323E-08 1.04774E-07
7 6000 8 9 10 11 9.31323E-08 1.04774E-07 1.16415E-07 1.28057E-07
8 7000 10 11 12 13 1.16415E-07 1.28057E-07 1.39698E-07 1.5134E-07
9 8000 12 13 14 15 1.39698E-07 1.5134E-07 1.62981E-07 1.74623E-07
10 9000 14 15 16 17 1.62981E-07 1.74623E-07 1.86265E-07 1.97906E-07
11 10000 16 18 20 22 1.86265E-07 2.09548E-07 2.32831E-07 2.56114E-07
12 11000 18 20 22 24 2.09548E-07 2.32831E-07 2.56114E-07 2.79397E-07
13 12000 20 22 24 26 2.32831E-07 2.56114E-07 2.79397E-07 3.0268E-07
14 13000 21 23 25 27 2.44472E-07 2.67755E-07 2.91038E-07 3.14321E-07
15 14000 23 25 27 29 2.67755E-07 2.91038E-07 3.14321E-07 3.37604E-07
16 15000 24 26 28 30 2.79397E-07 3.0268E-07  3.25963E-07 3.49246E-07
17 18000 30 32 34 36 3.49246E-07 3.72529E-07 3.95812E-07 4.19095E-07
18 20000 36 38 40 42 4.19095E-07 4.42378E-07 4.65661E-07 4.88944E-07
19 25000 44 48 52 56 5.12227E-07 5.58794E-07 6.0536E-07  6.51926E-07
20 30000 54 58 62 66 6.28643E-07 6.75209E-07 7.21775E-07 7.68341E-07
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Two parameters namely clocks and Clocks per Second are used CPU Burst Time calculation using the
formulae:

Start=clock ();

End=clock ( );

Clock Ticks Consumed=End-Start;

Execution Time= Clock Ticks Consumed/CLOCKS_PER_SECOND®;
("*CLOCKS_PER_SEC is a constant parameter of every processor)

Table 4: CPU Burst Time (TRAPEZOIDAL Membership Function)

S.NO. N Exexcution Time(Nanoseconds) Final Values(Nanoseconds)
<T()-ns T()-ns T()ns T(d)-ns> CPUBURST(TRAPEZOIDAL)

1 500 0 0 0 11.641 1.940166667

2 1000 0 11.641 23.283 34.924 17.462

3 2000 11.641 23.283 34.924 46.566 29.1035

4 3000 34.924 46.566 58.207 69.849 52.3865

5 4000 46.566 58.207 69.849 81.49 64.028

6 5000 69.849 81.49 93.132 104.774  87.31116667

7 6000 93.132 104.774  116.415  128.057 110.5945

8 7000 116.415  128.057  139.698  151.34 133.8775

9 8000 139.698  151.34 162.981  174.623  157.1605

10 9000 162.981 174.623  186.265 197.906  180.4438333
11 10000 186.265 209.548 232.831 256.114  221.1895

12 11000 209.548 232.831 256.114  279.397  244.4725

13 12000 232.831  256.114  279.397  302.68 267.7555

14 13000 244.472  267.755  291.038  314.321  279.3965

15 14000 267.755 291.038 314.321 337.604  302.6795

16 15000 279.397  302.68 325.963  349.246  314.3215

17 18000 349.246 372529  395.812 419.095 384.1705

18 20000 419.095 442378  465.661  488.944  454.0195

19 25000 512.227 558.794  605.36 651.926  582.0768333
20 30000 628.643 675.209 721.775 768.341  698.492

CPU Burst Time Arrangement

The average waiting and turnaround time for various scheduling algorithms are calculated and compared
by assuming the 20 processes in queue with three different arrangements of CPU Burst Time. Keeping
CPU Burst Time same, their priorities have been numbered in ascending, descending or random order
w.r.to their burst times.

1. Burst Time in Ascending Order: The list of 20 processes with their burst arranged in ascending order is
shown in Table 5.

2. Burst Time in Random Order: The list of 20 processes with their burst arranged in random order has
been shown in Table 6. There can be many other combinations of the processes in random order that can
be arranged in queue.

3. Burst Time in Descending Order: The processes can be arranged in the decreasing order of their burst
time in the queue keeping the longest process at the first position and moving towards the process with
shortest burst time as shown in Table 7. The difference in the behavior of scheduling algorithms is
observed by changing the order of burst time of the processes in the queue.
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Table 5: Ascending Order

Priority No. N MF

TRI TRAP
1 500 3.880333 1.940167
2 1000 23.28233 17.462
3 2000 34.92467 29.1035
4 3000 58.20767 52.3865
5 4000 69.84833 64.028
6 5000 93.13167 87.31117
7 6000 116.4157 110.5945
8 7000 139.6987 133.8775
9 8000 162.9817 157.1605
10 9000 186.2647 180.4438
11 10000 232.831 221.1895
12 11000 256.114 244.4725
13 12000 279.397 267.7555
14 13000 291.038 279.3965
15 14000 314.321 302.6795
16 15000 325.963 314.3215
17 18000 395.812 384.1705
18 20000 465.661 454.0195
19 25000 605.3603 582.0768
20 30000 721.775 698.492
Table 6: Random Order
Priority No. N MF

TRI TRAP
3 2000 34.92466667 29.1035
5 4000 69.84833333 64.028
15 14000 314.321 302.6795
19 25000 605.3603333 582.0768333
2 1000 23.28233333 17.462
1 500 3.880333333 1.940166667
12 11000 256.114 244.4725
9 8000 162.9816667 157.1605
11 10000 232.831 221.1895
7 6000 116.4156667 110.5945
16 15000 325.963 314.3215
13 12000 279.397 267.7555
8 7000 139.6986667 133.8775
14 13000 291.038 279.3965
20 30000 721.775 698.492
4 3000 58.20766667 52.3865
17 18000 395.812 384.1705
18 20000 465.661 454.0195
6 5000 93.13166667 87.31116667
10 9000 186.2646667 180.4438333
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Table 7: Descending Order

S.N N MF

TRI TRAP
20 30000 721.775 698.492
19 25000 605.3603 582.0768
18 20000 465.661 454.0195
17 18000 395.812 384.1705
16 15000 325.963 314.3215
15 14000 314.321 302.6795
14 13000 291.038 279.3965
13 12000 279.397 267.7555
12 11000 256.114 244.4725
11 10000 232.831 221.1895
10 9000 186.2647 180.4438
9 8000 162.9817 157.1605
8 7000 139.6987 133.8775
7 6000 116.4157 110.5945
6 5000 93.13167 87.31117
5 4000 69.84833 64.028
4 3000 58.20767 52.3865
3 2000 34.92467 29.1035
2 1000 23.28233 17.462
1 500 3.880333 1.940167

Selecting Time Quanta for Round Robin

The new mechanism has been adopted to select the time guantum for Round Robin scheduling algorithm
so as to achieve the minimum number of context switches and also to prevent the processes from
starvation or long-wait. The average waiting and turnaround times are then calculated using that quantum
for Round Robin algorithm. The algorithm adopted to calculate the quanta is as following:

Selection of a time quantum: The time quantum (Qy) selected for Round Robin was based on the
following algorithm.

STEP 1: If the CPU Burst time of first process is greater than 100

Then Q=100

Else

Find the turnaround time using Shortest Job First (SJF) algorithm of the processes until their Average
Turnaround Time (ATT) satisfies the following condition:

10 <ATT < 100

STEP 2: Now select the maximum value out of all the values that satisfies the above condition.

Qi=max (10 < ATT < 100)

Where: ATT= Turn Around Time

The value of time quantum obtained through above algorithm minimizes the number of context switches
to large extent. This algorithm is thus selected as it can minimize the average waiting and turnaround time
of a process by the appropriate value of quanta and moreover the processes will not undergo starvation.
On applying this algorithm; the results time quanta along with the number of context switches required to
execute the process are shown in the Table 8.
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Table 8: Time Quantum Selected for Round Robin with Context Switches

N S COND YN T "N AscenpInG RANDOM  DESCENDING
ST ES BURSTS BURSTS BURSTS
TRAPEZOIDAL 96/48 82156 100/46
TRIANGULAR 98/49 75/64 100/48

We observe that maximum of 3 context switches are required on an average for each process if the time
guanta calculated through the new mechanism is used. Thus the context switches can be minimized and
the time saved can be utilized by the processor in other processes and hence no process undergoes
starvation.

Assumptions

All the processes are considered to be arrived at the same time in the queue, the arrival time of processes
are taken to be zero.

Comparison of Scheduling Algorithms

Round Robin, Priority scheduling algorithms, First Come First Serve (FCFS) and Shortest Job First (SJF)
have been implemented and the comparative study is made and in this paper we have discussed the
benchmarks among these algorithms and the concluding remarks are made on that basis. The results
obtained after comparison of these algorithms are shown in Tables 9-14 taking the Time Quanta as
discussed above for Round Robin algorithm. The analyses are done for both triangular and trapezoidal
membership functions for the defuzzified values of burst time.

Table 9: Comparison of Avg. Waiting &Turnaround Time in Triangular Fuzzy Environment
Total Processes=20 (ASCENDINGLY SORTED CPU BURST)

O/P Parameters F!rst Come Shortest Job Round _ Robin Non Pre_emptive
First Serve First Scheduling(TQ=98ns) Scheduling

Average Walting 1533 g3 1084.499 2012.131 1167.741

Time(ns)

Average

Turnaround 1471.876 1297.927 2250.976 1396.885

Time(ns)

Table 10: Comparison of Avg. Waiting &Turnaround Time in Triangular Fuzzy Environment
Total Processes=20 (RANDOM CPU BURST)

O/P Parameters F!rst Come Shortest Job Round _ Robin Non Prgemptive
First Serve First Scheduling(TQ=75ns) Scheduling

Average Waiting - 515 537 1084.499 2402.001 1719.065

Time(ns)

Average

Turnaround 2254.382 1297.927 2640.846 1948.209

Time(ns)

Table 11: Comparison of Avg. Waiting &Turnaround Time in Triangular Fuzzy Environment
Total Processes=20 (DESCENDINGLY SORTED CPU BURST)

O/P Parameters F!rst Come Shortest Job Round_ Robin Non Pr_eemptive
First Serve First Scheduling(TQ=100ns) Scheduling

Average Waiting 555 131 1084.499 2873.179 2822.648

Time(ns)

Average

Turnaround 3543.876 1297.927 3112.024 2945.792

Time(ns)
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Table 12: Comparison of Avg. Waiting &Turnaround Time in Trapezoidal Fuzzy Environment
Total Processes=20 (ASCENDINGLY SORTED CPU BURST)

First Come Shortest Job Round Robin Non Preemptive
O/P Parameters First Serve First Scheduling(TQ=96ns) Scheduling
Average Waiting
Time(ns) 1167.741 1024.759 1930.941 1167.741
Average
Turnaround 1396.885 1229.201 2160.085 1396.885
Time(ns)

Table 13: Comparison of Avg. Waiting &Turnaround Time in Trapezoidal Fuzzy Environment

Total Processes=20 (RANDOM CPU BURST)

First Come Shortest Job Round Robin Non Preemptive
OfP Parameters o cisorve  First Scheduling(TQ=82ns)  Scheduling
Average Waiting
Time(ns) 1924.538 1024.759 2249.937 1719.065
Average
Turnaround 2153.682 1229.201 2479.081 1948.209
Time(ns)

Table 14: Comparison of Avg. Waiting &Turnaround Time in Trapezoidal Fuzzy Environment
Total Processes=20 (DESCENDINGLY SORTED CPU BURST)

O/P Parameters First Come Shortest Job Round Robin Efer;m tive
First Serve First Scheduling(TQ=100ns) Pt
Scheduling
Average Wailing 4 g5 996 1024.759 2801.918 2716.648
Time(ns)
Average
Turnaround 3415.140 1229.201 3031.062 2945.792
Time(ns)

Input Parameters

i. ALGORITHM

Analysis of Scheduling Algorithms in Fuzzy
The different CPU scheduling algorithms are analyzed through Fuzzy Inference System where following
parameters are taken:

Range: [0, 1]

Values: FCFS [0-0.25], RR [0.25-0.5], SJF [0.5-0.75], NPP (Non Preemptive Priority) [0.75-1]

MF (MEMBERSHIP FUNCTION)

Range: [0, 1]

Values: TRI (Triangular) [0-0.5], TRAP (Trapezoidal) [0.5-1]

SORTING
Range: [0, 1]

Values: ASCEND (Ascending) [0-0.35], RD (Random) [0.35-0.65], DESCEND (Descending) [0.65-1]

Output Parameters
i.,AWT (Average Waiting Time)
Range: [0-4000]

Values: SMALL [0-1000], MEDIUM [1000-2000], LARGE [2000-3000], VERY LARGE [3000-

4000]

ii.ATAT (Average Turnaround Time)
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Range: [0-4000]
Values: SMALL [0-1000], MEDIUM [1000-2000], LARGE [2000-3000], VERY LARGE [3000-
4000]
Processing Model
Mamdani Model is used as a processing model to generate the inference rules for Fuzzy Inference System
(FIS). Mamdani-type inference expects the output membership functions to be fuzzy sets. After the
aggregation process, there is a fuzzy set for each output variable that needs defuzzification.
The fuzzy model designed for the comparison of CPU scheduling algorithms is depicted in the following
from figures 1-4.

Figurel: FIS showing 1/O Parameters of the model
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Figure 2: Inference Rules using Mamdani Model
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Figure 4: Surface View (ii) for Average Waiting Time

Concluding Remarks

The above analysis done for various algorithms through Fuzzy Inference System proves that the average
waiting time of First Come First Serve algorithm(FCFS), priority scheduling (non-preemptive) gradually
increases from the value of 1000 ns (1ps) to 3500ns (3.5us) which is the maximum value depicted
through the FIS model. This shows that FCFS algorithm highly depends upon the order of the burst time
of processes that are lined-up in a queue. This implies that if a special hardware is attached to the CPU to
sort the processes on the basis of their burst time in ascending order then FCFS can give the best results.
The average waiting time of Round Robin algorithm seems to vary between 2000ns (2 ps) to 3200ns (3.2
ps) which proves to be large value but due to appropriate value of time quantum it does not exceeds to
very high value of average waiting time. The new algorithm avoids the starving of processes.
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Shortest Job First gives a constant value of average waiting and turnaround time ranging between 1000ns
(1ps) to 1500ns (1.5 ps) with both triangular and trapezoidal membership functions with any type of
sorting order of burst time which seems to be the best out of all five algorithms observed so far. This
algorithm minimizes the average waiting and turnaround time of the processes in a queue that in turn
maximizes the CPU throughput, minimizes waiting and turnaround time.
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