International Journal of Computer Applications (0975 — 8887)
Volume 98 — No.21, July 2014

Calculating Dynamic Time Quantum for Round Robin
Process Scheduling Algorithm

Aashna Bisht
Department of Computer
Science, Jamia Hamdard

New Delhi, India

ABSTRACT

Process scheduling using Round Robin Algorithm makes use
of a fixed amount of time quantum that is assigned to each
process to complete its execution. If the process is able to
complete its execution within this time period, it is discarded
from the ready queue otherwise it goes back to the rear of the
ready queue and waits for its next turn. In this paper we have
presented amelioration to the conventional round robin
algorithm by evaluating the time quantum on the basis of the
burst times of the various processes waiting in the ready
queue. The allocation of dynamic time quantum to various
processes will have a direct impact on various performance
parameters like turnaround time, waiting time, response time
and the number of context switches. Further we are increasing
the time quantum for the processes which require a fractional
more time to complete their execution than the allocated time
quantum cycle(s).
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1. INTRODUCTION

Process scheduling may be defined as the policies and
mechanism to allocate CPU to various processes [11], [12].
The fundamental aim of the operating system is to discharge
the task of process management and its performance can be
construed in terms of how well it administers different jobs
coming to the CPU for execution [11], [12], [14]. A good
scheduling policy ensures that the most crucial job(s) gets the
intended resource (CPU time)[11], [12], [13]. The
effectiveness of a processor can be inspected using the
following parameters [11], [12], [13], [14].

1.1  Turnaround Time

It is defined as the time taken by the processes since their
commencement till they execute completely [11], [17].

1.2 Wait Time
It is defined as the time consumed by the processes waiting in
ready queue till the CPU is allocated to them [11], [12].

1.3 Throughput
It is defined as the rate of execution of the total number of
processes [11], [12], [17].

1.4  Context switches
It is defined as the swapping of CPU between the processes
[11], [22], [14], 1[7].

15 Response time
It is the total time since the acceptance for a request of the
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CPU until the first reaction [11], [12].

Few common Scheduling Algorithms include First Come First
Serve (FCFS), Shortest Job First (SJF) and Round Robin (RR)
algorithms [11], [12], [13], [14], [15], [17]. FCFS algorithm
gives the CPU to the job that arrives first at the CPU for
execution. The job is not preempted until it completes its
execution [11], [12], [13], [17]. Shortest Job First algorithm
gives the CPU to the process with the minimal burst time first,
here also the job is not preempted until it completes its
execution [11],[12], [13], [17]. Round Robin algorithm is
philosophically similar to the FCFS algorithm however in this
algorithm every job is assigned a fixed time quantum to
complete its execution [11] [12], [13], [15], [17].

2. PRELIMINARIES

Round robin scheduling algorithm is one of the most
researched algorithms of process scheduling. The Researchers
of [1] have proposed a new NK algorithm which calculates
the time quantum using the average of the burst times of the
processes. The authors of [2] introduced a pipelining concept
which improves the efficiency of CPU. Their philosophy was
to divide a process into sub processes and each will execute in
conjunction with other sub processes. The researchers of [3]
have talked about the extension to time quantum only for
those processes whose remaining time is equal to or less than
the assigned threshold value . Here threshold value is taken as
quarter of time quantum. The Novelists of [4] have figured
out improvement in the average waiting time with the help of
proposed SJRR CPU scheduling algorithm. The authors of [5]
highlighted the problem with conventional round robin
algorithm that jobs are preempted even if small amount of
execution time is left for a job, and they have proposed a
modification based on the harmonic mean concept. The
novelists of [6] have suggested to divide the processes in
ready queue into two catagories .Time quantum will be
modified for the process in first category and the process in
second category will be processed and executed same as
conventional round robin algorithm. The authors of [7]
proposed a modification in conventional round robin
algorithm for real time and embedded systems. They have
calculated an intelligent time slice in their approach. The
researchers of [8] proposed a modified round robin approach
using the concept of fuzzy logic. The novelists of [9]
proposed a median based approach to find the modified value
of time quantum. The authors of [17] calculated the mean of
the burst times of the processes and then find the difference
between the individual burst time and the calculated mean.
Finally they allocated the process with the largest difference
to the CPU. The Novelists of [18] talked about fuzzy rule
based round robin scheduling algorithm wherein they made
use of three priority queues and user defined priorities. They
also made use of the ratio of the remaining time to the burst
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time of the processes. The authors of [19] compared various
proposals on improving the conventional round robin
algorithm.

3. PROPOSED APPROACH

In our approach we are finding the optimum value of the time
quantum on the basis of the burst times of the jobs waiting in
the ready queue. The primary difference of our approach from
the conventional round robin algorithm is that the time
quantum is prefixed in the conventional algorithm but in our
approach we are dynamically calculating the value of the time
quantum. The figure given below represents the philosophy of
our proposed approach. The various abbreviations used in our
Proposed Approach are: TQ: Time Quantum, NQC: Number
of Quantum cycle, BT: Burst Time, RT: Remaining Time

r

Input: N: The total number of jobs to be
schedule
Input: BT [J;]: The burst times of all the jobs

Calculate the following

Max = Maximum value of the burst times of the jobs
Min = Minimum value of the burst times of the job
C = [(Max -Min) /2)]

z=[> @71/

x=[Z/70]

Calculate TQ as follows

IQ=C, when C =2

And TQ = Z, when C=2Z

RT=BT [Jj] % TQ

NQC [J] =[BT/, TQ]

TQ=0TQ

Count [Ji]=1
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Y * Step 1
Till the ready queue is not null
For each job “J” in the ready queue do

|

If BT [J]] < 0)
NO

Y

Assign CPU to the Job J; and
remove it from the ready queue
after it completes its execution

YES

If (BT [J;] % TQ==0)

X

Assign CPU to the Job J;
And do

BT [J]=BT [J]-TQ
Count [J;] ++

Insert Job J;to the end of the queue

¥

Go to Step 1
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If (NQC [J] - 1) = Count [J])
&&

RT[}] =K)

F

Reassign TQ as

TQ=TQ+K Assign CPU to the Job J;

Assign CPU to the Job J; and do And do

BT [J] =BT [J]-TQ BT [J] =BT [J]-TQ

TQ = 0TQ Count [J] ++

Count [Jj] ++ Insert Job J; to the end of the queue

l

‘ Go to step 1 ‘ ‘ Go to Step 1 ‘

Fig 1: Proposed Approach

4. HYPOTHETICAL EXAMPLES

This section provides few hypothetical examples to show the
working of the proposed approach as well as its comparison
with the conventional round robin approach

41 Examplel

Table 1: Jobs Table with burst times for Conventional
Round Robin Approach

Time Quantum (TQ) =5
Job Name (P)) Burst Time BT[Pi]
P1 19
P2 09
P3 23
P4 15
P5 16

[P [P2[P3[P4 [P5]P1L [P2 [P3 [P4 [P5 ]|
0 5 10 15 20 25 30 34 39 44 49

[P1 [P3 P4 [P5 [P1 [P3 |[P5 [P3 |
49 54 59 64 69 73 78 79 82

Fig 2: Gantt chart using Conventional Round Robin
Algorithm

4.1.1 Calculations using the Classical Round
Robin Algorithm:

Average Turnaround Time

= (73+34+82+64+79)/5

=66.4

Average Wait Time

= ((73-19) + (34-09) + (82-23) + (64-15) + (79-16) )/5
= ( 54+25+59+49+63 )/5

=50

Number of Context switches = 17.
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4.1.2 Calculation using the proposed Approach

Calculation of TQ:

Max (BT) = 23

Min (BT) = 09

c=[ (Max(BT)-Min(BT)]/2)]|
=[(23-09) /2]

=[14/2]

=7

Z=|>(BT[Pi])/N) | =16

AsC<Z,

Therefore TQ=7
Calculation of K

K=|z/TQ]
=[16/7]
=2
Table 2: Jobs Table with burst times for Proposed
Approach
Time Quantum (TQ) =7
Job Burst Remaining Time NuCn;EIeegof
Name Time RT[Pi]= NQC[P] =
P; BT[Pi] BT[Pi]%TQ (BT 1/TQ]
P1 19 5 3
P2 09 2 2
P3 23 2 4
P4 15 1 3
P5 16 2 3

Now as per the proposed approach we will modify the time
quantum for those processes for which the remaining time is
less than or equal to K. Other processes will be executed as
per the conventional round robin algorithm with the original
time quantum value. Here, those processes are P2, P3, P4, and
P5 only. However, their time quantum will be increased only
in the last but one CPU cycle. The figure given below depicts
the Gantt chart using the proposed approach.

|P1|P2|P3|P4|P5|P1|P3|P4|PS|P1|P3|
0 7 16 23 30 37 44 51 59 68 73 82

Fig 3: Gantt chart using Proposed Approach

Average Turnaround Time
= (73+16+82+59+68) / 5
=59.6

Average Wait Time

=((73-19) + (16-09) + (82-23) + (59-15) + (68-16)) / 5
= (54+7+59+44+52) | 5

=432

Number of Context switches = 10.

4.2 Example 2

Table 3: Jobs Table with burst times for Conventional
Round Robin Approach
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Time Quantum(TQ) =12

Job Name (P;) Burst Time BTI[Pi]
P1 21
P2 16
P3 29
P4 44
P5 30

[P [P2 [P3 [P4 [P5 [P1[P2 [P3 [P4 [P5 |
0 12 24 36 48 60 69 73 85 97 109

'P3 | P4 |[P5 [P4 |
109 114 126 132 140

Fig 4: Gantt chart using Conventional Round Robin
Algorithm

4.2.1 Calculations as per Classical Round
Robin Algorithm:

Average Turnaround Time

= (69+73+114+140+132) / 5

=528/5

=105.6

Average Wait Time

= ((69-21) + (73-16) + (114-29) + (140-44) + (132-30))/5
=388/5

=776

Number of Context switches = 13.

Time Quantum =4
Process Name (P;) Burst Time (BT[P;])
P1 19
P2 14
P3 21
P4 26
P5 14

4.2.2  Calculation as per proposed Approach

Max(BT) = 44
Min(BT) = 16

C=[ ([Max(BT)-Min(BT)]/2)|
=[(44-16)/2]
=[28/2]
=14
Z=[(Z@BT[P]/N)|=28
AsC<Z,
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Time Quantum (TQ) = 14
. ) Number of
Job Burst Remaining Time Cycles
Name Time RT[Pil= NQC[P|] =
- H !
P; BT[Pi] BT[Pi]%TQ [BT[P1/TQ]
P1 21 7 :
P2 16 2 2
P3 29 1 3
P4 44 2 4
P5 30 2 3

Therefore TQ =14
Calculation of K
K=|z/TQ]
= |28/14]
=2
Table 4: Jobs Table with burst times for Proposed
Approach

‘P1|P2 |P3 |P4 |P5 |P1 ‘PS |P4 |P5 |P4 |
0 14 30 44 58 72 79 94 108 124 140

Fig 5: Gantt chart using Proposed Approach

Average Turnaround Time

= (79+30+94+140+124) / 5

=467/ 5

=934

Average Wait Time

= ((79-21) + (30-16) + (94-29) + (140-44) + (124-30) ) / 5
= (58+14+65+96+94) / 5

=65.4

Number of Context switches = 9.

4.3  Example 3
Table 5: Jobs Table with burst times for Conventional
Round Robin Algorithm

|P1\P2 |P3 |P4 |Ps |P1 |P2 |P3 |P4 |Ps |
0 4 8 12 16 20 24 28 32 36 40

[P1 [P2 [P3 [P4 [P5 [P1 [P2 [P3 [P4 |P5 |
40 44 48 52 56 60 64 66 70 74 76

[P1 [P3 [P4 [P3 [P4 |
76 79 83 87 88 94

Fig 6: Gantt chart using Conventional Round Robin
Algorithm

4.3.1 Calculations as per Classical Round
Robin Algorithm:

Average Turnaround Time
= (79 +66+88+94+76 )/ 5
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=403/5
=80.6

Average Wait Time
= ((79-19) + (66-14)+ (88-21) + (94-26)+ (76 -14) )/ 5
= (60 + 52+ 67+ 68+ 62)/ 5

=309/5
=618

Number of Context switches= 24.

43.2

Calculation of TQ:

Max(BT) = 26
Min(BT) = 14

C=[ (Max(BT)-Min(BT)]/2)]

=[(26-14)/ 2]

=[12/2]
=6

Z=|X(BT[Pi])/N) | =18

AsC<Z,

Therefore TQ =6

Calculation of K

Calculations as per proposed approach

K=|Z/TQ]
= [18/6]
=3
Table 6: Jobs Table with burst times for Proposed
Approach
Comparison Conventional | Proposed | Improvement
Parameter )
N Round Robin | Approach observed
ame
Average .
Turnaround 66.4 59.6 (tsi-r?w:?at\ie%f
Time (TAT)
Average .
Waiting Time 50 432 %ﬁ]e“;‘;fegf
(WT)
Number of 7 number of
Context 17 10 context switch
Switches(CS) reduced

‘P]‘PZ |P3 ‘P4 ‘PS |P1 ‘PZ |P3 ‘P4 ‘PS |

0 6 12

18 24 30

(71 [®s [ ]

64 71 80

94

36 44

50 56

Fig 7: Gantt chart using Proposed Approach

Average Turnaround Time
= (71+44+ 80+94+64)/ 5

=353/5
=70.6

Average Wait Time
= ((71-19) + (44 — 14) + (80 — 21) + (94-26) +(64-14) ) /5
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= (52 +30 + 59 + 68+ 50)/ 5

= 259/5

=51.8

Number of Context switches = 12.

5. RESULTS

In our proposal we are improving the conventional round
robin algorithm in two ways, first by dynamically calculating
the time quantum by sensing the burst times of the processes
and secondly by further increasing the time quantum for the
processes which need a fractional greater time than the
allocated time quantum cycle(s) to complete their execution.
The graphs and tables presented below provide a comparison
between the proposed approach and the conventional round
robin approach.

Table 7: Comparison table as per Example 1

Time Quantum (TQ) =6
. . Number of
Job Burst Remaining Time Cycles
Name Time RTI[Pi]= NQC[P]] =
. - 1
P, BT[Pi] BT[Pi]%TQ [BTIP1/TQ]
P1 19 1 4
P2 14 2 3
P3 21 3 4
P4 26 2 5
P5 14 2 3
66.4
70 59.6
60 50
50 43.2
40
30
17
10
0
Average Average Number of
Turnaround Waiting Time Context
Time (TAT) (WT) Switches (CS)

® Conventional Round Robin ™ Proposed Approach

Fig 8: Comparison graph for Example 1

Table 8: Comparison table as per Example 2
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Cpoansg);lgtsgrn Conventional | Proposed | Improvement
N Round Robin | Approach observed
ame
Average .
Turnaround 105.6 034 | 122 unitsof
Time (TAT)
Average .
Waiting Time 776 65.4 15[7218“5';525’“
(WT)
Number of 4 number of
Context 13 9 context switch
Switches(CS) reduced
120 105.6
934
100 76
0 654
60
40
13
20
0
Average Average Number of
Turnaround Waiting Time Context
Time (TAT) (WT) Switches
(C8)

® Conventional Round Robin

m Proposed Approach

Fig 9: Comparison graph for Example 2

Table 9: Comparison table as per Example 3

Comparison Conventional Proposed | Improvement
Parameter .
N Round Robin | Approach observed
ame
Average .
Turnaround 80.6 70.6 %i?mlejrs}g\ie?jf
Time (TAT)
Average .
Waiting Time 61.8 51.8 %ﬁngzgjg
(WT)
Number of 12 number of
Context 24 12 context switch
Switches(CS) saved
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80.6
70.6
61.8
51.8
24
12
Average Average Number of

Turnaround Waiting Time Context
Time (TAT) (WT) Switches (CS)

H Conventional Round Robin ~ ®Proposed Approach

Fig 10: Comparison graph for Example 3

CONCLUSIONS

From the above results it can be concluded that the proposed
approach shows a clear edge over the conventional round
robin algorithm. The approach can be further refined using the
concept of fuzzy logic in order to calculate the dynamic time
quantum.
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