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ABSTRACT
In time sharing systems, many processes reside in the
ready queue and compete for execution by the
processor. Therefore, scheduling these processes on
CPU as it can run only one process at a time is
needed. In this paper, a modified version of RoundRobin (RR) called proportional weighted round robin
(PWRR) is proposed. The proposed scheduler is a
proportional share scheduler designed explicitly for
time sharing systems. The proposed scheduler
improves some scheduling criteria by minimizing
turnaround times, waiting times, and context switches
for the running processes. A threshold is considered
to determine whether the system cannot take away
the CPU from the process until it finishes or the
process is interrupted due to the expiration of its time
slice assigned by the RR policy. According to
evaluation results, the proposed scheduler minimizes
some scheduling criteria (turnaround times, waiting
times, and context switches in this context)..
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1 INTRODUCTION
1.1 Overview
Allowing multiple processes to run concurrently
in a system and share resources (e.g., CPU time)
is a recent architectural technique that improves
resource utilization. Such kind of systems is
called time sharing systems, in which, multiple
processes in memory, all compete for execution.
The main objective of time sharing is to switch
the CPU among processes so frequently that
users can interact with each program while it is
running. CPU utilization is an important concern
that arose due to time sharing. So, the issue is to
schedule the processes such that CPU does not
sit idle. Since CPU can run a single process at a
time, other processes must wait. When multiple
processes are running on a single CPU, CPU
time needs to be shared among all these

processes. However, it seems difficult to manage
this time among all the processes manually. The
software that selects the processes to be
scheduled according to a specific algorithm is
called scheduler [1]. The scheduler that selects a
process from the ready queue and dispatches to
the CPU is called short term scheduler. Short
term scheduler is very frequent; the process
stopped temporarily from execution and is sent
to the queue and competes again for execution
[13].
1.2 Motivation
The behavior of a system may depend on various
general criteria such as waiting time, the total
time spent in the ready queue by a process,
turnaround time, the time since the process was
submitted to the time of completion, and so on
[14]. The behavior of the system must be
optimized. Different CPU-scheduling algorithms
have different properties, and the choice of a
particular algorithm may favor one class of
processes over another. Choosing which
scheduling algorithm is used for a specific
system depends on which characteristics are
used for comparison between CPU-scheduling
algorithms. Many criteria have been suggested
for comparing CPU-scheduling algorithms. The
CPU scheduler is designed to allocate the
resources, CPU time in this context, to all
processes. The scheduling problem can be stated
shortly as: which process should be moved
when, to where and for how long it will run [2,
3, 4].
In general form, scheduling algorithms have
been found to be NP-complete (i.e., it is believed
that there is no optimal polynomial-time
algorithm for them [4, 5]). Good scheduling
performance may lead to a give-and-take
situation, such that improving performance in
one trend hurts performance in another [2]. The
proposed work in this paper improves the system
performance
by
minimizing
user-based
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scheduling criteria (i.e., waiting time, turnaround
time, and context switches). There are many
different CPU scheduling algorithms. First Come
First served (FCFS) algorithm is the simplest
one. The policy of FCFS is managed with a First
In First Out (FIFO) queue. Shortest Job First
(SJF) is a different approach to CPU scheduling.
The CPU is assigned to the process that has the
smallest next CPU burst time. Another algorithm
called Round-Robin (RR) is designed especially
for time sharing systems. It is similar to FCFS
scheduling, but preemption is added by defining
a small unit of time, called time slice, to enable
the system to switch between processes.
Efficiency and effectiveness of RR are arising
from its low scheduling overhead of O(1), which
means scheduling the next process takes a
constant time [6, 7, 8].

results show that the proposed scheduler can
minimize the scheduling criteria.
The rest of this paper is structured as follows:
section 2 presents the related research. Section 3
discusses the proposed scheduler PWRR. The
experimental results are given in section 4.
Section 5 presents the conclusion.
2 RELATED RESEARCHES
Various scheduling algorithms are discussed in
this section.
2.1 Burst Round Robin Algorithm:
Burst Round Robin (BRR) [10] is a weighting
algorithm based on burst times of processes. The
higher weight, the more time slice. Short
processes will leave the CPU earlier because it
will be given more CPU time.

1.3 Problem Statement
The most important issue in RR policy is
choosing the time slice. The size of time slice
affects the performance of the system [15]. If the
size of the time slice is too long, this will cause
convoy effect (i.e., processes wait for the one big
process to get off the CPU). On the other hand, if
the size of the time slice is too short, more
context switches occurs. Context switch time is
pure overhead, because the system does no
useful work while switching. Hence, the
performance of the system will be degraded [9].
Allowing short processes to get more CPU time
gives a share in decreasing context switches
overhead. It can be concluded that the time slice
must be selected in a balanced range (i.e., not be
as too short or too large).
1.4 Research Contribution of this Paper
In this paper, a proportional share CPU
scheduler is proposed to optimize the
performance of the system by reducing some
user based scheduling criteria. In this paper, the
time slice assigned to a process will be
proportional to its burst time, and under a
predefined condition short process will gain
more CPU time. In this work, a modification is
implemented to RR. The modification is based
on changing the time slice of each process
depending on its burst time. The improvement of
the proposed scheduler over RR scheduling is
experimentally demonstrated, and experimental

2.2 Changeable Time Quantum
CTQ algorithm [2] finds a value of time slice
that gives the minimum waiting time. Depending
on the burst times of running processes, the
value of time slice changes in each round.
2.3 Enhanced Round Robin Algorithm
Tajwar et al., [11] proposed a dynamic round
robin algorithm. In every round, the proposed
algorithm assigns a new time slice equals to the
mean burst time of all running processes.
2.4 Dynamic Average Burst Round Robin
DABRR [12] is a dynamic scheduling algorithm
based on RR. The processes are sorted in an
ascending order based on burst times.
3 THE PROPOSED ALGORITHM
3.1 PWRR Definitions
PWRR is a proportional CPU scheduler that
assigns a time slice to each process proportional
to its burst time. The terminology list used in this
work is defined in Table i.
PID
n
BT[i]
BT[i][r]
W[i][r]
RR_TQ

Table i. List of terminology.
Process identification
Number of processes
Original burst time of process i
Burst time of process i in round r
Weight of process i in round r
Time quantum assigned by RR policy
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NTQ[i][r]
TSH
WT[i]
TAT[i]
AVGWT
AVGTAT
CS[i]

New time quantum of process i in round r
Predefined threshold
Waiting time of process i
Turnaround time of process i
Average waiting time
Average turnaround time
Context switches

a. Under RR
The following Gantt chart shows the result under
RR (RR_TQ = 10ms). The scheduling criteria
calculated are shown in Table iii.

The design issues with the functioning of PWRR
are discussed as following:
i. The queue is a FIFO queue.
ii. The weight of the process equals the
process's burst time divided by summation of
all burst times in the queue:
(1)
iii. The process's time slice:

Table iii. The scheduling criteria under RR.
Process BT[i] WT[i]
TAT[i]
CS[i]
21
39
60
2
P1
20
36
56
1
P2
6
20
26
0
P3
13
46
59
1
P4
AVGWT AVGTAT
No. CS
=
=
=
35.25 ms
50.25 ms
4

b. Under PWRR
(2)

iv. The burst time:

In this work, the threshold is taken to be TSH =
0.3 × RR_TQ. Table iv shows the weight of
the processes and the time slice for each process.

(3)
v. The burst time of the selected process to be
executed is compared with time slice
assigned by the RR policy under a predefined
threshold (the value of the threshold is an
implementation choice).
vi. If the condition in (v) is true, this short
process will complete execution until
termination.
vii. If the condition in (v) is false, the running
process will be interrupted by the expiration
of time slice obtained from (iii) and is placed
back at the tail of the ready queue.

Table iv. Processes, their weights and time slices under
PWRR in first round.
PID BT[i] BT[i][1]
W[i][1]
NTQ[i][1]
P1
21
21
0.35
6.5
P2
20
20
0.333333333 6.666666667
P3
6
6
0.1
9
P4
13
13
0.216666667
13
sum
60

Process P4 achieves the condition in v, then it
will continue execution until termination. The
following Gantt chart shows the result under
proposed scheduler:

Figure 1shows the flow chart of the proposed
scheduler.
3.2 Illustrative Example
The following example simplifies the proposed
consideration. Four processes arrive at the
same time, each with burst time given in
milliseconds (Table ii).
Table ii. Set of processes with different CPU burst times.
PID
BT[i]
P1
21
P2
20
P3
6
P4
13

Table v shows the burst times in the second
round and the time slices assigned for each
process.
Table v. Processes, their weights and time slices under
PWRR in second round.
PID BT[i]
BT[i][2]
W[i][2]
NTQ[i][2]
P1
21
14.5
0.241667
7.58333
P2
20
13.3333
0.222222
13.3333
P3
6
Terminated
P4
13
Terminated
sum
60

Process P2 achieves the condition in v, then it
will continue execution until termination.
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4 EXPERIMENTAL RESULTS

Table vi shows the burst times and the time
slices in the third round.
Table vi. Processes, their weights and time slices under
PWRR in third round.
PID BT[i]
BT[i][3]
W[i][3]
NTQ[i][3]
P1
21
6.91667
0.115278
6.91667
P2
20
Terminated
P3
6
Terminated
P4
13
Terminated
sum
60

The scheduling criteria calculated are shown in
Table vii.
Table vii. The scheduling criteria under PWRR.
Process
BT[i]
WT[i]
TAT[i]
CS[i]
21
39
60
2
P1
20
33.0833
53.0833
1
P2
6
13.1667
19.1667
0
P3
13
19.1667
32.1667
0
P4
AVGWT
AVGTAT
No. CS
=
=
=
26.1042
41.1042
3
ms
ms

To demonstrate the effectiveness of PWRR,
some
experimental
data
quantitatively
comparing PWRR performance against RR
considered on different combinations of number
of processes in two scenarios. In the first
scenario, the processes arrive at the same time.
In the second scenario, the processes arrive at
different times. The experiments were repeated
many times for each scenario. In each scenario,
there are two cases. In the first case, the
processes are running in the order they come.
The scheduler is called US_PWRR. In the
second case, the processes are sorted in an
ascending order. The process sets were generated
by process generator routine. Each process has
its id, arrival time, and burst time. The process
arrival was modeled as a Poisson random
process. The scheduler is called S_PWRR. The
results show a significant improvement in terms
of minimizing scheduling criteria (average
waiting time, average turnaround time, and
number of context switches). Figures 2, 3 and 4
show the average waiting times, turnaround
times and number of context switches
comparisons respectively in first scenario.
Figures 5, 6 and 7 show the average waiting
times, turnaround times and number of context
switches comparisons in second scenario
respectively.

Figure 2: Average waiting times comparison in first
scenario.

Figure 1.Proposed scheduler flow chart.
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Figure 3: Average turnaround times comparison in first
scenario.

Figure 6: Average turnaround times comparison in second
scenario.

Figure 4: Number of context switches comparison in first
scenario.

Figure 7: Number of context switches comparison in
second scenario.

CONCLUSION
In this paper, a novel CPU scheduler has been
proposed to benefit from low scheduling
overhead of RR algorithm. The proposed
scheduler based on RR scheduler because RR is
designed especially for time sharing systems.
The proposed algorithm assigns new time slice
to each process proportional to its burst time.
Short process will be given a chance to get more
CPU time. The results show a significant
improvement in terms of minimizing scheduling
criteria. The simulation study showed that the
performance of the proposed algorithm is higher
than RR in general time sharing systems.
Figure 5: Average waiting times comparison in second
scenario.
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