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ABSTRACT
The priority based CPU scheduling algorithm (i.e. Shortest Job First (SJF) or Priority Scheduling

(PS)) is a kind of scheduling algorithm that assigns the CPU to processes based on the priority of
each process. The shortcoming of both of these algorithms is starvation (i.e. starvation of
processes with longer burst times in the case of SJF and starvation of processes with lower
priorities in the case of PS). This dissertation proposes a new algorithm that introduces the
concept of EFFICIENCY FACTOR which uses three properties which are priority, burst time
and arrival time to compute one factor which is used to schedule processes in the case of the
proposed Priority algorithm instead of only one factor that priority is in the case of traditional
Priority algorithm and two properties which are burst time and arrival time to compute one factor
which is used to schedule processes in the case of proposed Shortest Job First algorithm instead
only one factor that is burst time in the case of traditional Shortest Job First algorithm. This
proposed algorithm was implemented and benchmarked against SJF, PS and the Optimum
Service Time Concept for Round Robin Algorithm (OSTRR) by Saxena and Agarwal (2012)
using three different statistical distributions (namely Normal, Uniform and Exponential
Distributions) to generate the burst times of the processes, two different statistical distributions
(namely Uniform and Exponential Distributions) to generate the priorities of the processes and
also, uses Poisson Distribution to generate the arrival times of processes. It is observed that in the
SJF category, the traditional SJF produced better Average Waiting Time (AWT), Average
Turnaround Time (ATAT), Average Response Time (ART) and Waiting Time Variance
Deviation (WTVD) compared with the proposed SJF. But they both produced the same Number
of Context Switches (NCS). The proposed SJF produced better results compared with OSTRR
with respect to AWT, ATAT, ART, NCS and WTVD. While in the PS category, the proposed

Priority produced better AWT, ATAT, ART and WTVD compared to the traditional Priority

Vi



scheduling algorithm. But they both produced the same NCS. The proposed Priority algorithm
produced better results which means the proposed priority algorithm produced lesser NCS and
smaller value of WTVD when compared to OSTRR by Saxena and Agarwal (2012) and OSTRR
by Saxena and Agarwal (2012) produced minimal AWT and ATAT than the proposed Priority
algorithm although the values are almost identical in all categories of the statistical distributions
used. Based on these results, the proposed Priority algorithm should be preferred over the
traditional Priority algorithm. This is because, starvation has been minimized by reducing the
average waiting time, average turnaround time, average response time and waiting time variance
deviation in the case of the 500 processes that were considered and the burst time of processes
ranging between 1 and 100ms and a quantum time of 10ms used by OSTRR by Saxena and

Agarwal (2012).
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CHAPTER ONE: INTRODUCTION
This chapter discusses the introductory part of this dissertation which comprises the background
of the study, research motivation and goals which stipulate the research questions for which the
dissertation provides answers, the aims and objectives of the research work, the methodology

that is followed in the research and the contribution which the dissertation makes to knowledge.

1.1 Background of the Study

The Central Processing Unit (CPU) is an important component of the computer system; hence it
must be utilized efficiently. This can be achieved through what is called CPU scheduling
(Oyetunji and Oluleye, 2009). CPU Scheduling refers to a set of policies and mechanisms to
control the order of work to be performed by a computer system. The CPU scheduling is one of
the most important tasks of the operating system (Mehdi et al, 2012). The need for a scheduling
algorithm to achieve the efficiency of the CPU arises from the requirement for most modern
systems to perform multitasking (execute more than one process at a time) and multiplexing
(transmit multiple flows simultaneously). The basic idea is to keep the CPU busy as much as
possible by executing a user process or job until it must wait for an event, and then switch to
another process. In multiprogramming systems, when there is more than one runnable process
(that is ready to run on the CPU), the operating system must decide which one to activate as
shown in Figure 1.1. The decision is made by the part of the operating system called the

scheduler, using a scheduling algorithm (Suri and Sumit, 2012).



admitted interrupt exit

scheduler dispatch

Figurel.1l: The Traditional Process State Diagram (Silberschatz,et al. 2006)

IO or event completion /0 or event wail

1.2 Research Motivation and Goals

Priority based CPU Scheduling Algorithms such as Shortest Job First Algorithm which assigns
CPU to processes according to their burst times and Priority CPU Scheduling Algorithm which
assigns CPU to processes according to their priorities suffer from the problem of starvation.

They are not fair as they are biased to processes of high priorities (Saxena and Agarwal 2012).

Consequently the goal of this work is to minimize starvation in the priority based CPU
scheduling algorithms that is Shortest Job First and Priority scheduling algorithms thereby
reducing the average waiting time, average turnaround time, average response time, number of

context switches and waiting time variance deviation.

1.3 Research Aim and Objectives

The aim of this dissertation is to develop an algorithm that minimizes starvation in priority based
CPU scheduling algorithms. This has been done by modifying the optimum priority in Saxena

and Agarwal (2012) and applying it to the priority based CPU scheduling algorithms in order to



reduce average waiting time, average turnaround time, average response time and waiting time

variance deviation. This is achieved with the following objectives:

1. Develop a new algorithm based on OSTRR by Saxena and Agarwal (2012)

2. Implement the algorithm using Java programming language

3. Assess the algorithm side-by-side traditional Shortest Job First algorithm, traditional
Priority algorithm and OSTRR by Saxena and Agarwal (2012)

1.4 Research Methodology

The research was conducted in two stages as follows:

In the first stage, the following steps were taken

i.  Values were assigned for process number, burst time, arrival time and priority randomly.
ii.  The values assigned in i were used to calculate EFFICIENCY FACTORS for the
processes both in the SJF and Priority categories.
iii.  The processes were scheduled based on their EFFICIENCY FACTORS values.
iv.  Compared the results for the proposed algorithm against the traditional priority based
CPU scheduling algorithms and OSTRR by Saxena and Agarwal (2012) by the use of

Gantt charts

In the second stage,

i.  Developed an algorithm to reduce starvation in priority based CPU scheduling algorithms
ii.  The data to be used was generated randomly using three different experiments as follows:
a. In the first experiment, the arrival time is generated using Poisson Distribution

(because it is a probability distribution of a discrete random variable that stands



for the number (count) of statistically independent events, occurring within a unit
of time or space Letkowski (2012)); while the burst time is generated using
Normal/Gaussian Distribution (because it is the most widely known and used of
all distributions. And also, it approximates many natural phenomena so well, it
has developed into a standard of reference for many probability problems
(https://math.berkeley.edu/~scanlon/m16bs04/In/16b2lec31.pdf)) and the priority
is generated using Exponential Distribution (because it is used to model the
behavior of units that have a constant failure rate
(http://reliawiki.org/index.php/The_Exponential_Distribution)).

b. In the second experiment, the arrival time is generated using Poisson Distribution,
the burst time is generated using Uniform Distribution (because it defines equal
probability over a given range for a continuous distribution. For this reason, it is
important as a reference distribution. It is also used in the generation of random
numbers. That is, almost all random number generators generate random numbers
on the (0,1) interval. For other distributions, some transformation is applied to the
uniform random numbers
(http://www.itl.nist.gov/div898/handbook/eda/section3/eda3662.htm)) and the
priority is generated using Exponential Distribution

iii.  In the third experiment, the arrival time is generated using Poisson Distribution, the burst
time is generated using Exponential Distribution and the priority is generated using

Uniform Distribution.


https://math.berkeley.edu/~scanlon/m16bs04/ln/16b2lec31.pdf
http://reliawiki.org/index.php/The_Exponential_Distribution
http://www.itl.nist.gov/div898/handbook/eda/section3/eda3662.htm

lii Simulated the algorithm developed in step i against the traditional priority based CPU
scheduling algorithms and Optimum Service Time for Round Robin Algorithm(OSTRR) by

Saxena and Agarwal (2012) using Java programming language,

iv.  The comparison is done based on average waiting time, average turnaround time, average
response time, number of context switches and waiting time variance deviation for the
three different experiments on the priority based CPU scheduling algorithms and OSTRR
by Saxena and Agarwal (2012)

1.5 Contribution to knowledge

The dissertation contributed to knowledge by optimizing the traditional priority CPU scheduling
algorithms thereby reducing starvation using Efficiency Factor which makes use of three metrics
that is arrival time, waiting time and priority of processes to obtain one optimal value to schedule
each process instead of using only one metric that is the priority of a process to schedule the

process in the case of traditional Priority algorithm.



CHAPTER TWO: LITERATURE REVIEW

2.1 INTRODUCTION

This chapter discusses the importance of the operating system as regards CPU scheduling,
process state, CPU scheduling algorithms, performance criteria and waiting time variance. It also
reviews some of the most important researches in the literature pertaining to the priority based

scheduling algorithms, and use of waiting time variance in analyzing scheduling algorithms.

2.2 OPERATING SYSTEM

An introduction to operating system as an area of study will lay better foundations to our
research as Galvin et al, (2005) defined Operating system as a program that manages the
computer hardware. Operating system provides foundations and serves as intermediary between
the computer system hardware and the user. (Stallings, 2001)

Operating system can also be looked at to perform three (3) principal functions which are

(Abdullahi, 2012):-

1. Allocating and assigning of system resources such as 1/O devices, software, Central
Processing Units (CPU), memory etc.

2. Scheduling: - The function that coordinates resources and jobs using some selected
algorithms.

3. Monitoring: - The function that monitors and keep tracks of activities in the computer

system.

Generally, one of the major goals of the operating system is the maximization of the CPU utility
and to achieve this, the concept of multiprogramming was conceived (Abdullahi, 2012) as

illustrated in Figure 2.1



Operating System

Job1

Job 2

Job 3

Job4

Job 5

Figure2.1: Memory Layouts in Multiprocessing System

2.2.1 The Process State

There are three possible process states: running state (process is running on the CPU), ready state
(process is ready to run but not actually running on the CPU) and waiting state (process is
waiting for some event like 1/0 to happen). The CPU chooses (schedules) which process to run

when any of the following occurs (Silberschatz ,et al. 2006):

1.  When process switches from running to waiting. This could be as a result of 1/0 request,
waiting for child to terminate, or waiting for synchronization operation to complete.

2. When process switches from running to ready. This could be as a result of completion of
interrupt handler. If scheduler switches processes in this case, it has preempted the
running process.

3. When process switches from waiting to ready state (on completion of 1/0).

4. When a process terminates.

A number of basic assumptions are often being made in CPU scheduling. These are as follows:

1. There is a pool of runnable processes contending for the CPU.

2. The processes are independent and compete for resources.



The job of the scheduler is to distribute the scarce resources of the CPU to the different processes
fairly (according to some definition of fairness) and in a way that optimizes some performance

criteria (Silberschatz, et al. 2006).

2.2.2 CPU Scheduling Algorithms
CPU Scheduling is the act of selecting the next process for the CPU to service, once the current
process leaves the CPU idle. Some basic CPU scheduling algorithms are listed below:

1. First-Come First-Serve (FCFS)
By far the simplest CPU-scheduling algorithm is the first-come, first-served (FCFS) scheduling
algorithm. With this algorithm, processes are assigned the CPU in the order they request it.
Basically, there is a single queue of ready processes. Relative importance of jobs measured only
by arrival time (poor choice). The implementation of the FCFS policy is easily managed with a
FIFO queue. When a process enters the ready queue, its PCB is linked onto the tail of the queue.
The average waiting time under the FCFS policy, however, is often quite long
(http://siber.cankaya.edu.tr/OperatingSystems/ceng328/node122.html).A long CPU-bound job

may dominate the CPU and may force shorter jobs to wait for prolonged periods.

2. Shortest-Job-First (SJF)
This is a priority based algorithm which associates with each process the length of the process's
next CPU burst. When the CPU is available, it is assigned to the process that has the smallest
next CPU burst. If the next CPU bursts of two processes are the same, FCFS scheduling is used.
The SJF scheduling algorithm gives the minimum average waiting time for a given set of
processes. Moving a short process before a long one, decreases the waiting time of the short

process more than it increases the waiting time of the long process. Consequently, the average


http://siber.cankaya.edu.tr/OperatingSystems/ceng328/node122.html

waiting time decreases. The real difficulty with the SJF algorithm is knowing the length of the
next CPU request. For long-term (job) scheduling in a batch system, we can use as the length the
process time limit that a user specifies when he submits the job. Although the SJF algorithm is
optimal, it cannot be implemented at the level of short-term CPU scheduling. There is no way to
know the length of the next CPU burst. We may not know the length of the next CPU burst, but
we may be able to predict its value. We expect that the next CPU burst will be similar in length
to the previous ones. Also, long running jobs may starve for the CPU when there is a steady
supply of short jobs (http://siber.cankaya.edu.tr/OperatingSystems/ceng328/node123.html). The
SJF is a priority based scheduling algorithm which assigns higher priority to shorter jobs

(https://www.it.uu.se/edu/course/.../scheduling_algorithms/handout.pdf).

1
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i= 1 to n,where n is the number of processes, | is the i process

3. Priority Scheduling (PS)
A priority number is associated with each process. The CPU is allocated to the process with the
highest priority. If there are multiple processes with same priority, then FCFS is used to allocate
the CPU. A variation of this scheme allows preemption of the current process whenever a higher
priority process arrives. Another variation of the policy adds an aging scheme, where the priority

of a process increases as it remains in the ready queue (Silberschatz,et al. 2006).

4. Round-Robin Scheduling (RR)


http://siber.cankaya.edu.tr/OperatingSystems/ceng328/node123.html
https://www.it.uu.se/edu/course/.../scheduling_algorithms/handout.pdf

This algorithm is especially designed for time-sharing systems; each process gets a small unit of
CPU time. This algorithm allows the first process in the queue to run until it expires its time, and
then runs the next process in the queue. In a situation where the process needs more time, the
process runs for the full length of the time quantum and then it is preempted and then added to

the tail of the queue (Silberschatz,et al. 2006).

2.2.3 Performance Criteria

The various CPU scheduling algorithms have different properties, and the choice of a particular
algorithm may favor one class of processes over another. For selection of an algorithm for a
particular situation, we must consider properties of various algorithms. The scheduling criteria

include the following (Silberschatz et al, 2006):

1. Context Switch: A context switch is process of storing and restoring context (state) of a
preempted process, so that execution can be resumed from same point at a later time.
Context switching is usually computationally intensive, leads to wastage of time and
memory, which in turn increases the overhead of the scheduler, so the design of operating
system is to optimize only these switches.

2. Throughput: Throughput is defined as number of processes completed per unit time.
Throughput is low in round robin scheduling implementation. Context switching and
throughput are inversely proportional to each other.

3. CPU Utilization: This is a measure of how much busy the CPU is. Usually, the goal is to

maximize the CPU utilization.
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4.

Turnaround Time: Turnaround time refers to the total time which is spent to complete the
process and is how long it takes the CPU to execute that process. The time interval from
the time of submission of a process to the time of completion is the turnaround time.
Waiting Time: Waiting time is the total time a process has been waiting in ready queue.
Response Time: In an interactive system, turnaround time may not be best measure.
Often, a process can produce some output fairly early and can continue computing new
results while previous results are being produced to the user. Thus, response time is the
time from the submission of a request until the first response is produced that means time
when the task is submitted until the first response is received. So the response time

should be low for best scheduling.

So it can be concluded that a good scheduling algorithm for real time and time sharing systems

must possess the following characteristics (Silberschatz,et al. 2006):

1.

2.

6.

Minimum context switches.
Maximum CPU utilization.
Maximum throughput.
Minimum turnaround time.
Minimum waiting time.

Minimum response time.

2.3 Waiting Time Variance

Variance is a statistical word, which is the measurement of the spread between numbers in a data

set. It measures how far each number in the set is from the mean. It is calculated by taking the

differences between each number in the set and the mean, squaring the differences (to make them

positive) and dividing the sum of the squares by the number of values in the set.
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where o2 is the variance, N is the number of processes, i the i*" process
and u is the mean( that is the average) of the processes

Since variance measures the variability from an average or mean. A variance value of zero
indicates that all values within a set of numbers are identical; all variances that are non-zero are
assigned positive numbers. A large variance indicates that numbers in the set are far from the
mean and each other, while a small variance indicates the opposite (http://www.merriam-
webster.com/dictionary/variance). The waiting time variance is the measure of how far the
waiting time of processes are from the mean of the processes waiting times. This implies that

waiting time variance of processes should be minimized (Nong et al, 2005).
2.4 CPU Scheduling

The operating system is the most important program needed for starting up and using the
hardware. The hardware has different managing tasks each of which is performed by one of the
management units of the operating system. The process management, as one of these
management units, allocates processor to the processes (Abdulrazaqg et al, 2014).

A process is a program in execution. The process needs certain resources-including CPU time,
memory, files, and 1/O devices-to accomplish its task. These resources are either allocated to the
process when it is created or allocated to it while it is running. The objective of
multiprogramming is to have some process running at all times, to maximize CPU utilization.
The objective of time sharing is to switch the CPU among processes so frequently that user can

interact with each program while it is running. To meet these objectives, the process
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management uses several CPU scheduling algorithms to select an available process (possibly
from a set of several available processes) for program execution on the CPU (Abdulrazaq et al,
2014).

2.4.1 The importance of priority in CPU Scheduling

A CPU scheduling algorithm should focus on maximizing throughput and CPU utilization and
minimizing turnaround time, waiting time and response time. Apart from these parameters there
are other factors to consider like number of context switches, fairness etc. Existing scheduling
techniques based on priority of the process are not fair and responsive and suffer from the
problem of starvation (Saxena and Agarwal 2012). Scheduling the processes is one of the
primary job of an operating system. The main goal of the scheduling is the maximization of CPU
utilization, throughput and minimization of response time, waiting time and turnaround time.
The scheduling is used in the real time applications like routing of data packets in computer
networking, controlling traffic in airways, roadways and railways etc. Existing non-preemptive
algorithms use only one of the basic parameters such as arrival time (FCFS), user priority (PS)

and burst time (SJF) (Rakeshet al., 2011).

2.5 Review of Priority Based CPU Scheduling Algorithms

Kleinrock (1970) developed an algorithm known as Selfish Round Robin (SRR) Scheduling
Algorithm. This algorithm takes into consideration two queues; the waiting and service queue.
The waiting queue is where the customers are assembled on entering the system while the
service queue is where the customers are being picked for processor assignment. In both queues,
each customer is assigned a priority on entering the queue. For the waiting queue, the priority of

the customer increases from zero (upon entry) at a rate a; similarly, when the customer is in
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service queue (typically with other customers sharing the service facility simultaneously with

him as in a processor shared system) the priority changes at a rate f3.

The service queue has a maximum number of customers it can take. The customer with the
highest priority is picked for the processor assignment. It is allowed to run until its time quantum
expires, and then the next customer with the highest priority in the service queue is allowed to
run. In a situation where the customer needs more time, the customer runs for the full length of
the time quantum and then it is preempted and then added to the tail of the service queue. New
customer can only enter the service queue, if a customer in the service finishes his execution and
leaves the system. The customer to be moved from the waiting queue to the service queue is the
customer with the highest priority. The priority of customers in the waiting queue a, increases at
a faster rate than the priority of customers in the service queue 3, who selfishly want to hold on

to the processor.

Brinch (1977) proposed an algorithm named Highest Response Ratio Next (HRRN) CPU
scheduling algorithm to address the shortcomings of the Shortest Job First (SJF) and Shortest Job
Next (SJIN) CPU Scheduling algorithms which are starvation and lack of fairness to longer burst
time processes. It does this by using the following formula to calculate the Response Ratio of

processes

WaitingTime + ServiceTime

ResponseRatio = (2.3)

ServiceTime

It allocates the CPU to the process with the Highest Response Ratio and it also takes care of the
problem of determining the next burst time of processes in SJF. Its disadvantage is that it is

computationally intensive and its limitation is that it does not address user priority.
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Soraj and Roy (n.d) presented a new algorithm called “Adaptive Round Robin Scheduling using
Shortest Burst Approach Based on Smart Time Slice”, which was discussed in detail, tested and
verified. This algorithm gives the better result compared to Simple Round Robin Scheduling
Algorithm. That is, it reduces the average waiting time, context switches, turnaround time, and
increases throughput of simple Round Robin Scheduling algorithm. The algorithm is a Priority
Driven scheduling algorithm based on burst time of processes. First of all, it arranges the
processes according to the execution time/burst time in increasing order that is the smaller the
burst time, the higher the priority of the running process. The next idea of this approach is to
choose the smart time slice (STS), which is mainly dependant on the number of processes. The
smart time slice is equal to the burst time of the mid process, when the number of processes is
odd. If the number of processes is even, then the smart time slice (STS) will be the average of the
CPU burst of all running processes. Based on the experiments and calculations, the algorithm
radically solves the fixed time quantum problem which is considered a challenge for Round
Robin scheduling algorithm. This algorithm assumes that all processes arrive at the same time in

the ready queue.

Rakesh et al., (2011) proposed a new variant of Round Robin Scheduling algorithm by executing
the processes according to a new calculated fit factor F and using the concept of dynamic time
qguantum. They then compared the performance of their proposed Fittest Job First Dynamic
Round Robin Algorithm with the Priority Based Static Round Robin (PBSRR) Algorithm. The
experiments they conducted showed that their proposed algorithm performed better than the
PBSRR in terms of the number of context switches, average waiting time, and average
turnaround time. Generally with every process three factors are associated. These factors are

user priority, burst time and arrival time. Above factors play an important role to decide in which
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sequence the processes will be executed. Sorting according to the importance of these factors,
user priority comes first, then the burst time and at last the arrival time of the processes. In
FCFS, SJF and Priority algorithms, only one among the three factors are taken into
consideration. If all three factors are mixed up to calculate a new factor that is Fit Factor “f”
which will decide the order of execution then average waiting time, average turnaround time and
number of context switches will be decreased. But FCFS, SJF and Priority scheduling algorithms
are non-preemptive in nature and they can’t be used in time sharing systems. So to increase the
responsiveness of the system, RR algorithm should be used. Generally in RR algorithm,
processes are taken from the ready queue in FCFS manner for execution. But in our algorithm,
“f” is calculated for each process. The process having the lowest “f” value will be scheduled
first. The two important criteria that decide the early execution of processes are — higher user
priority and shorter burst time. As user priority has higher importance than other factors, so it is
given a weight age of 60% and burst time is given 40%, assuming that all the processes have
same arrival time i.e. arrival time = 0. Let the User Priority = UP, User Priority Weight = UW,
Shorter Burst time Priority = SP, Burst time Priority Weight = BW. Then Fit Factor “f” can be

calculated as

f =UP « UW + SP » BW (2.4)

Dynamic time quantum is used in order to overcome the limitations of static RR. To get the

optimal time quantum, median of the remaining burst time is taken as the time quantum.

Saxena and Agarwal (2012) designed an algorithm known as Design and Performance

Evaluation of Optimum Service Time Concept for Round Robin Algorithm (OSTRR). The
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performance of this algorithm was compared with that of Behera et al (2010) known as A New
Proposed Dynamic Quantum with Re-Adjusted Round Robin (DQRRR) Scheduling Algorithm
and Its Performance Analysis. The performance of OSTRR is better than that of DQRRR in
terms of minimizing average waiting time, average turnaround time and number of context
switches. Generally, with every process, three factors are associated. These factors are user
priority, burst time and arrival time. These factors play an important role to decide in which
sequence the processes will be executed. Since the algorithm is a priority based system, the
concept of Optimum Priority was employed, which combines user defined priority, effect of
shorter burst time and effect of arrival time in a way so as to achieve better turnaround time and
average waiting time. A weight of 0.5 is assigned to user or system defined priority, a weight of
0.3 to burst time and 0.2 to arrival time. This ensures that user defined priority; burst time; and
arrival time get consideration while deciding order of execution of processes. A higher priority
process gets a higher number; a shorter process also gets a higher number; and a process that
arrived earlier also gets a higher number in the numbering scheme. An Optimum Priority ‘OP’ is

given as:

OP =[0.5%P + 0.3 *BT + 0.2 * AT] (2.5)

Where P is user or system defined priority; BT is priority number assigned according to shorter
burst time; and AT is priority number assigned according to early arrival of the process. A time
guantum was selected while taking into account the same considerations that is taken while
selecting time quantum for RR algorithm. The Optimum service time ‘OST’ for each process is

given by:
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Where OST; is the service time of process with Optimumpriority OP;. qis the decided time
quantum. All the processes are placed in a priority queue. After calculating the service time of
each process, CPU is assigned to the process with highest optimum service time. In case of
conflict, the process with shorter burst time is given preference. If conflict still persists the
process that arrived early is given preference. The process decided executes for a period that is
equal to optimum service time of the process OST; or itsburst time whichever is smallest. In case
a process or the setof process with same value of OP, which so ever isapplicable, finish
execution after a single round, the value of OSTis redistributed removing the value of OSTof

finished process and redistributing the value of OSTaccordingly.

2.6 Observations on the Review Literatures Showing the Knowledge Gap Addressed by the
Dissertation
Brinch (1977) used an algorithm that is computationally intensive that is its time complexity is of

order O(n®) while this dissertation proposes an algorithm that is of order O(n?) to address the
starvation problem of SJF algorithm. Also, Brinch (1977) does not address the problem of user

priority which is addressed by the proposed algorithm in this dissertation.

Rakesh et al., (2011) used only two factors which are burst time and user priority to calculate the
Fit factor “f” which they used in scheduling processes in their proposed algorithm while the
Efficiency factor used in this dissertation considers three factors which are arrival time, burst

time and user priority to schedule processes.

Saxena and Agarwal (2012) after calculating the optimum priority, assigned the CPU to the
process with the highest value of the optimum priority while the proposed algorithm in this
dissertation allocates the CPU to the process having the least Efficiency factor value. Also, both

Rakesh et al., (2011) and Saxena and Agarwal (2012) applied their algorithm to Round Robin
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algorithm while the proposed algorithm in this dissertation is applied to priority based CPU

scheduling algorithms

2.7 Waiting Time Variance (WTV):

Nong et al (2007) in their paper titled “Job scheduling methods for reducing waiting time
variance” developed two heuristic job scheduling methods: Balanced Spiral (BS) and Verified
Spiral (VS) which made improvements on the algorithm by Eilon and Chowdhury (1977). These
scheduling methods were compared with four other scheduling methods (First-In-First-Out
(FIFO), Shortest Processing Time (SPT), Eilon and Chowdhury (1977) 1.1 and Eilon and
Chowdhury (1977) 1.2 based on waiting time variance. It was observed that Verified Spiral gives
the best performance for the scheduling methods but with a very high computation cost.
Balanced Spiral produces comparable results, but at less computational cost. In VS, jobs in a
pool are rearranged in a manner that the CPU will be assigned to them. The job with the longest
service time is placed in the last position, likewise the job with the second longest service time is
placed in the last-but-one position. The job with third longest service time is placed in the first
position and the job with the shortest service time is placed in the second position. The position
to be occupied by the remaining jobs is determined by computing the waiting time variance of
the jobs and comparing them with the waiting time variance of the job with shortest service time
(i.e. job occupying the second position). The job with the shortest waiting time variance comes
first. The computation of the waiting time variance of every job makes this method
computational expensive. BS method replaces the calculation of waiting time variance of jobs
during the placement selection in order to reduce the computational cost of VS. In BS, the

balance of the total servicing time of jobs in the left (L) and right (R) side of the sequence is
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maintained, while rearranging the jobs. If the sum of the service times of jobs at the left side is
less than the sum of service times of jobs at the right side, the shortest job in the queue is

appended at the last position else it is added to the first position. (Nong et al., 2007).
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CHAPTER THREE: MATERIALS AND METHOD
3.1 Introduction

This chapter discusses the methodology used in implementing the proposed algorithm.

3.2 Assumption

This dissertation investigates five performance criteria: average waiting time, average turnaround
time, average response time, number of context switches and waiting time variance deviation.
Because if this criteria are minimized, it proves that starvation has been minimized too which is
the main aim of the dissertation. The evaluation is done using a simulation by generating 500
processes randomly with Exponential, Uniform or Normal statistical distributions to generate
burst times of the processes. The simulation was done in two different categories; in the first
category (i.e. the Shortest Job First (SJF)) consisting of: SJF, the new SJF and Optimum Service
Time Round Robin CPU Scheduling algorithms and in the second category (i.e. the Priority
Scheduling (PS)) consisting of: PS, the new PS and Optimum Service Time Round Robin CPU
Scheduling algorithms to observe these criteria. The simulation environment where all the
experiments were performed was a single processor environment and all the processes are
independent and CPU bound, no process was 1/0 bound. The system was also assumed to have
no context switch cost i.e. the context switching time is equal to zero which means there was no

context switch overhead incurred in transferring from one process to another.

3.3 Efficiency Factor

Efficiency factor values for the processes are calculated as follows:

For the first category that is the Shortest Job First (SJF) category, the first process to arrive the
arrival queue is scheduled first since it is the only process in the system then and it is allocated

the CPU to execute for the period of its burst time. By the time it has finished executing, some
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processes will have arrived the arrival queue their efficiency values are calculated by finding the
Burst Time Weight (BTW) for all the processes that arrived within this period so that the
processes with the least burst time is given a BTW of 1. All other processes are given BTW in
ascending order of their burst times. Also each process is given Waiting Time Weight (WW),
according to their arrival times so that the first process to arrive is given a WW of 1. Because it
has the least waiting time value since it is the first process to arrive the system. All other
processes under consideration are given WW of 2,3... until all processes under consideration are
given WW. Then the sum of BTW and WW are obtained for each process which is the
Efficiency-value for that process and the process with the lowest E-value is scheduled first
followed by the process with next lower E-value until all processes that arrive the system have

finished executing.

Similarly, for the priority (PS) category, the same method as in the case of SJF is employed but
with the inclusion of the Priority Weight (PW), which is calculated based on the priority values
of the processes in which the process with the highest priority is given a priority weight of 1 and
all other processes are given PW of 2,3...until all processes under consideration are given PW.
The sum of WW, BTW and PW are calculated for all the processes under consideration which
gives the E-values for the processes they are scheduled based on their E-values such that the
process with the least E-value is scheduled first and all other processes are scheduled
respectively. This process of determination of E-values and scheduling of processes is performed
as explained from the beginning of Section 3.3 until there is no process remaining in the arrival

and ready queues respectively.
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3.4 The pseudo code of the Proposed Priority Based CPU Scheduling Algorithms
This pseudo code illustrates how the priority based CPU scheduling algorithms work i.e. the

Priority and Shortest Job First CPU scheduling algorithms.

Step 1: Start

INPUT: Number of Processes (N), Burst Time (BT) of processes, Arrival Time (AT) of

processes, Priority (PRIO) of processes, Queue READY, Queue ARRIVAL

OUTPUT: Number of Context Switches (NCS), Average Waiting Time (AWT), Average
Turnaround Time (ATAT), Waiting Time Variance Deviation (WTVD) and Average Response

Time (ART)

Step 2: NCS = 0;

AWT = 0;
ATAT = 0;
ART = 0;
WTVD = 0;
BT = Exponential (rate) or Uniform (a, b) or Normal ();
AT = Poisson (rate);
PRIO = Exponential (rate) or Uniform (a, b);

Last Point = 0;

Step3:Fori=1ton
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ef ficiency factor; = 0; /lefficiency factor

END For

Step &WHILE (ARRIVAL! = NULL)

Step 5: WHILE (READY! = NULL)
Step6:Fori =1ton

REQUEST « Process;/IFill the ready queue according to Arrival Time

/IAssign priority weight, burst time weight and arrival weight using the generated
values based on the proposed algorithm

END For
Step7:Fori=1ton
if algorithm == SJF
efficiency factor; = BTW + WW
else if algorithm == priority

ef ficiency factor; = PW + BTW + WW

END if
END For

Min = ef ficiency factor[1]
Step8:For(i=1ton—1)

If ef ficiency factor; < Minl//sort processes according to lowest efficiency factor

Min = ef ficiency factor;
ef ficiency factor; = ef ficiency factor;, 4

ef ficiency factor;,; = Min
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END if

END For
Step 9: For (i = 1 ton ) // TAT = Turnaround Time, WT = Waiting Time, RT = Response Time
Last Point = Last Point + BT;
TAT; = Last Point — AT;
WT; = TAT; — BT;
RT = TAT; — BT,
BT; =0

NCS; = NCS; + 1

END For
END WHILE
END WHILE

Step 10: Uniform (a, b) { // generate random values using Uniform Distribution
a+rand(0,1) * (b — a)
} a = upper bound for Uniform Distribution
b = lower bound

Step 11: Poisson (rate) { // generate random values using Poisson Distribution
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p =p*rand(0,1)
twhile(p = 1)
k=k-1
returnk

} k= poison parameter

Step 12: Exponential (rate) { // generate random values using Exponential Distribution

—log(1 —rand(0,1))
rate

return

Step 13: Normal () { // generate random values using Normal Distribution

do {
x =rand(—1,1)
y =rand(—1,1)
r=x%+y?

Ywhile (r = 1 ||r == 0)

logr
return (x * |—2* " )

}
Step 14: Calculate OUTPUT parameters
= WT;
AWT = =———— (3.1)
n
?:1 TATl
ATAT = =FF——— (3.2)
n
n RT:
ART = % (3.3)

Ly - S (WT, — AWTY?

” (3.4)
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For (i = 1 tok ) //k stands for the algorithm under consideration and opt is the algorithm with the

least waiting time variance.

WTVD Vi Wope 100% 3.5
= * .

k WTV,pe ° (3:5)

END For

END

3.5 Proposed Algorithm for Priority CPU Scheduling Algorithm

Generally, in the priority CPU scheduling algorithm, every process is associated with three
factors. These factors are priority, burst time and waiting time. These factors play an important
role in deciding the sequence that the processes are executed. In First Come First Served (FCFS),
SJF and Priority algorithms, only one among these three factors is taken into consideration. If
these 3 factors are mixed up to calculate a new factor i.e. Efficiency Factor “E” which is used in
deciding the sequence that the processes will be executed, then average waiting time, average
turnaround time, average response time and number of context switches will be decreased in the

algorithms.

In the proposed algorithm, each factor is assigned a weight based on the level of importance that
is processes with high waiting time, short burst time, and high priority are assigned higher
weight. An Efficiency Factor “E” is calculated for each process using the formula in equation

3.6:

E = PW + BTW + WW (3.6)
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where PW is Priority Weight, BTW is Burst time Weight and WW is Waiting time Weight. The
process having the lowest E value is scheduled first. The three important criteria that decide the
early execution of processes are — higher priority, longer waiting time and shorter burst time.

Sexena and Agarwal (2012)

Example

To demonstrate the algorithm in section 3.2, the following example is considered, in which each
process has its burst time, arrival time and priority as shown in the Table 3.1. The values were

chosen randomly.

Table 3.1: Process Table

PR_ID | AT | BT | PRIO
P1 0 |3 10
P2 1 |2 6
P3 3 |2 4
P4 5 |4 3
PS 6 1 7
P6 7 |5 11
P7 9 |6 8
P8 12 |4 9
P9 13 |3 1
P10 15 |2 5
P11 15 |5 2
P12 15 |6 13
P13 18 |7 12

For the priority scheduling algorithm, the proposed priority algorithm works as follows:
Processes are allocated the CPU based on their Efficiency factor values which are calculated as
follows: As the first process arrives the arrival queue, it is the only process, so it is scheduled, as
it executes for the period of its burst time which is 3 time units. Within this period, the next two
processes, that is P2 andP3 must have arrived the arrival queue and hence they are moved to the
ready queue for execution. Their efficiency factor is calculated as follows: waiting time weight

for P2 is 1 since it has waited for more time than P3 and that ofP3 is 2. Since they have equal

28



burst time of time units, their burst time weight is 1 each. Priority weight of P3 is 1 since it has a
priority value of 4 and priority value of P2 is 2 since it has a priority value of 6. Adding the PW,
WW and BTW of P2 and P3 to get their E-values, we get 3 as the E-value for both of them. P3
will be scheduled before P2, since it has a higher priority value of 4 and P2 is scheduled next.
After P2 and P3 have finished executing, P4, P5 and P6 have must have arrive the arrival queue
and so they will be moved to the ready queue for calculating of their E-values and scheduling
them based on it. Waiting weight value for P4 is 1, since it has waited for more time than the
other two processes and for P5 is 2 and for P6 is 3 respectively. BTW for P5 is 1 since it has the
lowest burst time of 1 time unit and that of P4 is 2 since it has a burst time of 4 time units and
that of P6 is 3 since it has a burst time of 5 time units. PW of P4 is 1 since it has a priority of 3
and that of P5 is 2 since it has a priority of 7 and that of P6 is 3 since it has a priority of 11.
Calculating the E-values of P4, P5 and P6, we have 4, 5 and 6 respectively. So they are
scheduled in the sequence P4, P5, P6. When they have finished executing, the following six
processes P7, P8, P9, P10, P11 and P12 will have arrived the arrival queue, so, they will be
moved to the ready queue for determination of their E-values scheduling and execution. WW for
P7 is 1 since it has waited longer than all the other processes under consideration and that of P8
is 2 and that of P9 is 3 and that of P10, P11 and P12 is 4 since they all arrived at the same time
(i.e. 15 time unit). BTW of P10 is 1 since it has the lowest burst time of 2 time units, then that of
P9 is 2 which has a burst time of 3 time units, then that of P8 is 3, since it has a burst time of 4
time units and P11 has a BTW of 4 since it has a burst time of 5 time units and that of P7 and
P12 is 5, since they both have burst times of 6 time units each. As for the priority weight PW of
the six processes under consideration, P9 has priority weight of 1 since it has the highest priority

value of 1, then P11 has priority weight of 2 since it has priority value of 2, P10 has priority
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weight of 3 since it has priority value of 5 and next, P7 has priority weight of 4 since it has
priority value of 8, and P8 has priority weight of 5 since it has priority value of 9 and finally,
P12 has priority weight of 6 since it has priority value of 13. When these processes have
finished executing, the only process that remains in the arrival queue is P13, which is scheduled

and executed for the period of its burst time. These explanations are shown in Table 3.2

Table 3.2: Process Table for Priority CPU Scheduling Algorithm

PR_ID | WW | BTW | PW Eff. Fac | EX Sq
P1 1 1 1 3 1
P2 1 1 2 4 2
P3 2 1 1 4 1
P4 1 2 1 4 1
PS 2 1 2 3) 2
P6 3 3 3 9 3
P7 1 3) 4 10 4
P8 2 3 5 10 5
P9 3 2 1 6 1
P10 4 1 3 8 2
P11 4 4 2 10 3
P12 4 5 6 15 6
P13 1 1 1 3 1

3.6 Proposed Algorithm for Shortest Job First CPU Scheduling Algorithm

In the Short Job First CPU scheduling algorithm, every process is associated with two factors.
These factors are burst time and waiting time. These factors in both algorithms play an important
role in deciding the sequence that the processes are executed. If these 2 factors are mixed up to
calculate a new factor 1.e. Efficiency Factor “E” which will be used in deciding the sequence that
the processes will be executed, then average waiting time, average turnaround time, average

response time and number of context switches will be decreased in the algorithms.

In the proposed algorithm, each factor is assigned a weight based on the level of importance, that

is a process with high waiting time will be assigned a higher weight and process with short burst
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time will also be assigned a higher weight. An Efficiency Factor “E” is calculated for each

process using the formula below:

E = BTW + WW (3.7)

Where BTW is Burst time Weight and WW is Waiting time Weight. The process having the
lowest E value will be scheduled first. The two important criteria that decide the early execution

of processes are longer waiting time and shorter burst time.

Example

To demonstrate the algorithm in section 3.3, the following example is considered, in which each
process has its burst time and arrival time as shown in the Table 3.3. The values were chosen

randomly.

Table 3.3: Process Table

PR_ID | AT | BT
P1 0 |3
P2 1 |2
P3 3 |2
P4 5 |4
PS 6 1
P6 7 |5
P7 9 |6
P8 12 |4
P9 13 |3
P10 15 |2
P11 15 |5
P12 15 |6
P13 18 |7

For the Short Job First CPU scheduling algorithm, the example is illustrated as follows: the first
process to arrive the arrival queue P1 is moved to the ready queue and scheduled and it executes

for the period of its burst time which is 3 time units. When it finishes executing, the next two
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processes i.e. P2 and P3 have arrived the arrival queue so they will be moved to the ready queue
for the calculation of their E-values and scheduling accordingly as follows. P2 has WW of 1
since it has waited for a longer period of time than P3 and that of P3 is 2. BTW for both
processes is 1 since they have equal burst time of 2 time units. So, the E-value of P2 is 2 and that
of P3 is 3, therefore, P2 is scheduled first followed by P3. By the time P2 and P3 have finished
executing, the next 3 three processes P4, P5 and P6 have arrived the arrival queue, so they will
be moved to the ready queue for calculation of their E-values and scheduling accordingly. The
WW of P4 is 1 since it has waited time than all the other two processes and that of P5 is 2 and
that of P6 is 3 respectively. The BTW of P5 is 1 since it has the least burst of 1 time unit and that
of P4 is 2 since it has a burst time of 4 time units and that of P6 is 3 since it has the burst time 5
time units. The E-value of P4 is 3 and that of P5 is also 3 and that of P6 is 6, therefore, the
sequence of execution will be P5 first because it has a lesser burst time than P4, then P4 and
finally P6. By the time P4, P5 and P6 have finished executing, the next six processes of P7, P8,
P9, P10, P11 and P12 have arrived the arrival queue, so they will be moved to the ready queue
and their E-values will be calculated and scheduled accordingly. P7 has a WW of 1 since it has
waited for more time than other processes under consideration. P8 has 2, P9 has 3, and P10, P11
and P12 have WW of 4 since they arrived at the same time. P10 has a BTW of 1 since it has the
least burst time of 2 time units, P9 has a BTW of 2 since it has a burst time 3 time units, P8 is
next with BTW of 3 since it has a burst time of 4 time units, P11 has a BTW of 4 because it has a
burst time of 5 time units. P7 and P12 both have a BTW of 5 because they both have burst times
of 6 time units. So the E-values of P8, P9 and P10 is 5 each, for P7 is 6, for P11 is 8 and for P12
is 9. So the sequence of execution will be, P10 first because it has the lowest burst time of 2 time

units among the processes with which it has the same E-value, the P9 is scheduled since it has
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the lowest burst time of 3 and then P8 is scheduled next, then P7 which has an E-value of 4 is
scheduled next and P11 with an E-value of 8 is scheduled next and finally P12 is scheduled
which has an E-value of 9. After processes P7, P8, P9, P10, P11 and P12 have finished their
execution, the only remaining process in the arrival queue is P13 which will be moved to the
ready queue and scheduled and it executes for its burst time which is 7 time units. These

explanations are shown on Table 3.4.

Table 3.4: Process Table for Shortest Job First CPU Scheduling Algorithm

PR_ID | WW | BTW | Eff. Fac | Ex Sq
P1 1 1 2 1
P2 1 1 2 1
P3 2 1 3 2
P4 1 2 3 1
P5 2 1 3 2
P6 3 3 6 3
P7 1 5 6 4
P8 2 3 5 3
P9 3 2 5 2
P10 4 1 5 1
P11 4 4 8 5
P12 4 5 9 6
P13 1 1 2 1

3.7 Time Complexity of the Proposed Priority Based CPU Scheduling Algorithm
The proposed algorithm would be maintaining all processes that are waiting and ready for

execution in arrival and ready queues respectively (Behera et al, 2011). Each process insertion in
both arrive and ready queues will be achieved in O(1), but process selection (to move to the
ready queue) and its deletion would require O(n) time in the arrival queue and process selection
(to run next) and its deletion would also require O(n) time in the ready queue, where n is the
number of processes in the queue. The proposed algorithm sorts all processes moving from the
arrival queue to the ready queue in ascending order of priority (i.e. efficiency factor). This

process of sorting will be achieved in O(n?) using quicksort. When a task arrives, a record for it
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can be inserted into the linked list in O(n) time where n is the total number of processes in the
priority queue. Therefore, the time complexity of the proposed algorithm is equal to that of

quicksort which is O(n?).
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Introduction

This chapter presents the evaluation of the proposed priority based CPU scheduling algorithm. It
starts with the assumptions adopted in the system design; followed by the description of how the
various scheduling algorithms under study work with the aid of illustrative examples. It also
states the system requirement. Finally, the results discussion follows; which is tested using

processes that vary between 5 and 500. The results of this implementation are analyzed.

4.2 lllustrative Examples

To demonstrate the previous considerations, we consider this example, in which each process
with its burst and arrival time as shown in Table 4.1, where the time quantum used in OSTRR is
10ms. The values were chosen randomly, because we wanted to compare the performance of the
difference scheduling algorithms under study to see how which of them performs as regards to
the criteria under consideration.

Table 4.1: Process Table

PR_ID | AT | BT | PRIO
P1 0 |3 10
P2 1 |2 6
P3 3 |2 4
P4 5 |4 3
PS 6 1 7
P6 7 |5 11
P7 9 |6 8
P8 12 |4 9
P9 13 |3 1
P10 15 |2 5
P11 15 |5 2
P12 15 |6 13
P13 18 |7 12
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For evaluation purpose, the formula of Waiting Time (WT) (i.e. (4.1)) shall be used in

calculating the Average Waiting Time (AWT)(i.e. (4.2)) for each scheduling algorithm.

Waiting Time = Time first scheduled — Arrival Time (4.1)

Sum of all processes Waiting Time

Average Waiting Time = (4.2)

Number of processes

The Turnaround Time (TAT) (i.e. (4.3)) shall also be used in calculating the Average

Turnaround Time (ATAT) (i.e. (4.4)) for each scheduling algorithm.

Turnaround Time = Time of process completion — Arrival Time (4.3)

Sum of all processes Turnaround Time

Average Turnaround Time = (4.4)

Number of processes

And the Response Time (RT) (i.e. 4.5) shall also be used in calculating the Average Response

Time (ART) (that is 4.6) for each scheduling algorithm as follows (Silberschatz et al., 2006):

ResponseTime = Time of process's first response — Arrival Time (4.5)

Sum of all processes Response Time

Average Response Time = (4.6)

Number of processes

4.2.1 Shortest Job First (SJF)

Figure 4.1 shows the Gantt chart of Shortest Job First CPU scheduling algorithm

P1 P2 P3 pS P4 P8 P10 P9 P6 P11 pP7 P12 P13

0 3 5 7 8 12 16 18 21 26 31 37 43 50

Figure4. 1: Gantt chart representation of SJIF
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Waiting Time
P1: (0-0) =0, P2: (3-1) =2, P3: (5-3) = 2, P4: (8-5) = 3, P5: (7-6) = 1, P6: (21-7) = 14, P7: (31-9)
=22, P8: (12-12) = 0, P9: (18-13) = 5, P10: (16-15) = 1, P11: (26-15) = 11, P12: (37-15) = 22,

P13: (43-18) = 25.

Average Waiting Time

(0+2+2+3+1+14+22+0+5+1+11+22+25) 108

AWT = 13 13

=8.31

Turnaround Time
P1: (3-0) = 3, P2: (5-1) =4, P3: (7-3) = 4, P4: (12-5) = 12, P5: (8-6) = 2, P6: (26-7) = 19, P7: (37-
9) = 28, P8: (16-12) = 0, P9: (21-13) = 18, P10: (18-15) = 3, P11: (31-15) = 16, P12: (43-15) =

28, P13: (50-18) = 32.

Average Turnaround Time

(3+4+4+12+2+19+28+4+18+3+16+28+32) 173
13 © 13

ATAT = =13.31

Response Time

P1: (0-0) = 0, P2: (3-1) =2, P3: (5-3) = 2, P4: (8-5) = 3, P5: (7-6) = 1, P6: (21-7) = 14, P7: (31-9)
=22, P8: (12-12) = 0, P9: (18-13) = 5, P10: (16-15) = 1, P11: (26-15) = 11, P12: (37-15) = 22,
P13: (43-18) = 25.

Average Response Time

(0+2+2+34+1+14+22+0+5+1+11+22+25) 108
13 T 13

ART = =8.31

Number of Context Switches =0
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4.2.2 Priority Scheduling (PS)

Figure 4.2 shows the Gantt chart of Priority CPU scheduling algorithm

P1 P3 P4 P2 P5 P7 P9 P11 P10 P8 P6 P13 P12

0 3 5 9 11 12 18 21 26 28 32 37 44 50

Figure4. 2: Gantt chart representation of Priority CPU Scheduling Algorithm

Waiting Time
P1: (0-0) = 0, P2: (9-1) =8, P3: (3-3) = 0, P4: (5-5) = 0, P5: (11-6) = 5, P6: (32-7) = 25, P7: (12-
9) = 3, P8: (28-12) = 16, P9: (18-13) = 5, P10: (26-15) = 11, P11: (21-15) = 6, P12: (44-15) = 29,

P13: (37-18) = 10.

Average Waiting Time

(0+8+0+0+5+25+3+16+5+11+6+29+19) 127
13 T 13

AWT =

=9.77

Turnaround Time
P1: (3-0) = 3, P2: (11-1) =10, P3: (5-3) = 2, P4: (9-5) = 4, P5: (12-6) = 6, P6: (39-7) = 32, P7:
(21-9) = 12, P8: (32-12) = 20, P9: (21-13) = 8, P10: (28-15) = 13, P11: (26-15) = 11, P12: (50-

15) = 35, P13: (44-18) = 26.

Average Turnaround Time

(3+10+2+4+6+30+9+20+8+13+11+35+26) 177
13 © 13

ATAT =

=13.62
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Response Time
P1: (0-0) =0, P2: (9-1) =8, P3: (3-3) =0, P4: (5-5) = 0, P5: (11-6) = 5, P6: (32-7) = 25, P7: (12-
9) =3, P8: (28-12) = 16, P9: (18-13) = 5, P10: (26-15) = 11, P11: (21-15) = 6, P12: (44-15) = 29,

P13: (37-18) = 10.

Average Response Time

(0+8+0+0+5+25+3+16+5+11+6+29+19)_127

13 13 =9.77

ART =

Number of Context Switches =0

4.2.3 Proposed Shortest Job First

Figure 4.3 shows the Gantt chart of Proposed Shortest Job First CPU scheduling algorithm

P1 P2 P3 P5 P4 P6 P10 P9 P8 p7 P11 P12 P13

0 3 5 7 8 12 17 19 22 26 32 37 43 50

Figure4. 3: Gantt chart representation of Proposed Shortest Job First
Waiting Time
P1: (0-0) = 0, P2: (3-1) =2, P3: (5-3) = 2, P4: (8-5) = 3, P5: (7-6) = 1, P6: (12-7) = 5, P7: (26-9)
=17, P8: (22-12) = 10, P9: (19-13) = 6, P10: (17-15) = 2, P11: (32-15) = 17, P12: (37-15) = 22,

P13: (43-18) = 25.

Average Waiting Time

0+2+2+3+14+54+17+10+6+2+17+22+25) 112

13 13 = 8.62

AWT =
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Turnaround Time
P1: (3-0) = 3, P2: (5-1) =4, P3: (9-3) = 6, P4: (14-5) = 9, P5: (8-6) = 2, P6: (17-7) = 10, P7: (34-
9) = 23, P8: (26-12) = 14, P9: (22-13) = 9, P10: (19-15) = 4, P11: (37-15) = 22, P12: (43-15) =

28, P13: (50-18) = 32.

Average Turnaround Time

B+4+6+9+2+10+23+14+9+4+22+28+32) 162

AWT = 13 13

=12.46

Response Time

P1: (0-0) = 0, P2: (3-1) =2, P3: (5-3) = 2, P4: (8-5) = 3, P5: (7-6) = 1, P6: (12-7) = 5, P7: (26-9)
=17, P8: (22-12) = 10, P9: (19-13) = 6, P10: (17-15) = 2, P11 (32-15) = 17, P12: (37-15) = 22,
P13: (43-18) = 25.

Average Response Time

(0+2+2+3+1+5+17+10+6+2+17+22+25)_112

ART = 13 13

= 8.62

Number of Context Switches = 0
4.2.4 Proposed Priority Scheduling

Figure 4.4 shows the Gantt chart of Proposed Priority CPU scheduling algorithm

P1 P3 P2 P4 P5 P6 P9 P10 P11 p7 P8 P12 P13

0 3 5 7 11 12 17 20 22 27 33 37 43 50

Figure4. 4: Gantt chart representation of Proposed Priority Scheduling

Waiting Time

P1: (0-0) = 0, P2: (4-1) =3, P3: (4-3) = 1, P4: (8-5) = 6, P5: (11-6) = 5, P6: (12-7) = 5, P7: (27-9)
= 18, P8: (33-12) = 21, P9: (17-13) = 4, P10: (20-15) = 5, P11: (22-15) = 7, P12; (37-15) = 22,
P13: (43-18) = 25.
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Average Waiting Time

(0+3+1+3+5+5+18+21+4+5+7+22+25)_119

AWT = 13 13

=9.15

Turnaround Time
P1: (3-0) = 3, P2: (6-1) =5, P3: (8-3) =5, P4: (14-5) = 9, P5: (12-6) = 6, P6: (17-7) = 10, P7: (33-
9) = 24, P8: (37-12) = 25, P9: (20-13) = 7, P10: (22-15) = 7, P11: (27-15) = 12, P12: (43-15) =

28, P13: (50-18) = 32.

Average Turnaround Time

(3+4+6+12+2+19+28+4+18+3+16+28+32) 169
13 ~ 13

ATAT = =13

Response Time
P1: (0-0) = 0, P2: (4-1) =3, P3: (4-3) = 1, P4: (8-5) = 6, P5: (11-6) =5, P6: (12-7) = 5, P7: (27-9)
=18, P8: (33-12) = 21, P9: (17-13) = 4, P10: (20-15) = 5, P11: (22-15) = 7, P12: (37-15) = 22,

P13: (43-18) = 25.

Average Response Time

(0+3+1+3+5+5+18+21+4+5+7+22+25) 119
13 T 13

ART ==

=9.15

Number of Context Switches =0

425 OSTRR

Figure 4.5 shows the Gantt chart of OSTRR CPU scheduling algorithm

P1 P2 P3 P4 P6 PS5 p7 P8 P9 P10 P11 P12 P13

0 3 5 9 11 12 18 21 26 28 32 37 44 50

Figure4. 5: Gantt chart representation of OSTRR
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Waiting Time
P1: (0-0) =0, P2: (2-1) =1, P3: (5-3) = 2, P4: (6-5) = 1, P5: (8-6) = 2, P6: (8-7) =1, P7: (11-9) =
2, P8: (26-12) = 14, P9: (27-13) = 14, P10: (29-15) = 14, P11: (37-15) = 22, P12: (35-15) = 20,

P13: (48-18) = 30.

Average Waiting Time

O0+1+2+14+24+1+2+14+14+14+22+20+30) 123

AWT = 13 13

=9.46

Turnaround Time
P1: (3-0) = 3, P2: (4-1) =3, P3: (7-3) = 4, P4: (10-5) = 5, P5: (9-6) = 3, P6: (13-7) = 6, P7: (17-9)
=8, P8: (30-12) = 18, P9: (30-13) = 17, P10: (31-15) = 16, P11: (42-15) = 27, P12: (41-15) = 26,

P13: (55-18) = 37.

Average Turnaround Time

(3+3+4+54+3+6+8+18+17+16+27+26+37) 173

ATAT = 13 13

=13.31

Response Time
P1: (0-0) =0, P2: (2-1) =1, P3: (5-3) = 2, P4: (6-5) = 1, P5: (8-6) = 2, P6: (8-7) = 1, P7: (11-9) =
2, P8: (26-12) = 14, P9: (27-13) = 14, P10: (29-15) = 14, P11: (37-15) = 22, P12: (35-15) = 20,

P13: (48-18) = 30.

Average Response Time

O0+1+24+14+2+1+2+14+14+144+22+20+30) 123

ART = 13 13

=9.46

Number of Context Switches =0
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Table 4.2: Comparative Table

Algorithms | AWT | ATAT | ART | NCS WTVD | WTVD
(%) (%)
SJF 8.31 13.31 8.31 0 16.76
Priority 9.77 13.62 9.77 0 18.93
Pro. SJF 8.62 12.46 8.62 0 0
Pro. Priority | 9.15 13 9.15 0 0
OSTRR 9.46 13.21 9.46 0 35.15 29.62

Table 4.2 shows the comparative results of the algorithms under study. In the SJF category, the
proposed algorithm produced the best result followed by the traditional SJF algorithm and the
OSTRR. In the priority category the proposed algorithm produced the best result followed by the

traditional priority algorithm followed by OSTRR.

4.3 System Requirements

The system requirements for this dissertation are as follows:

4.3.1 Experimental Setup
Hardware

e TOSHIBA Pentium® Dual-Core CPU T4400 with RAM of 4GB running at 2.2GHz
Software

e NetBeans IDE 6.9.1 version and JDK1.7

A process generator routine to generate the process sets was built. Each process in the process set
is a tuple: <(process_id, arrival_time, CPU_time, priority)>. The process arrival was modeled as
a Poisson random process. Hence, the inter-arrival times are Poisson distributed. A process
arrival generator was developed to take care of the random arrival of different processes to the
system. The generator produces the inter-arrival times utilizing some specific mean (arrival
intensity) of the distribution function.

Let F(x) be a Poisson process with a mean o>0. So, using the Inverse Transformation method:
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e *a*

x!

F(x) = (4.7)

One important property of the Poisson distribution is that the mean and variance are both equal

to a, that is,(Jerry et al, 2005)
EX)=a=V(X) (4.8)

Burst time (that is the CPU_time) was generated randomly using Normal, Uniform or
Exponential Distributions. FOR Normal Distribution, a mean of 50.5 ms and a standard
Deviation of 28.6 ms where used to generate the values randomly. For Uniform Distribution, the
range of values of 1 to 100 ms for burst time of processes was used to generate the values
randomly and for Exponential Distribution, an arrival rate (1) of processes of 0.02 per ms was
used to generate the value randomly. Process priority (i.e. priority) was generated using either
uniform or exponential distribution. A process burst time generator was developed to take care of
the random burst time of different processes in the system and also a process priority generator

was developed to take care of the random priority of different processes in the system.

Normal distribution: a random variable X with mean -oo<p<oo and variance >0 has a normal

distribution if it has the pdf

£ = —=exp[-5 ()] (49)

o

1
oV2lm
Uniform distribution: Consider a random variable X that is uniformly distributed on the interval

[a, b]. So, using the Inverse Transformation method:

The probability density function (pdf) is given by:

f@ =47 (4.10)
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Wherea<x<b

And the cumulative density function (cdf) is given by:

X —a

F()=3—=R (4.11)

Or

x=a+(b—-a)R (4.12)

Which is a reasonable guess for generating X and R is always a random number on [0, 1].

Its mean and variance is given by(Jerry et al, 2005):

N2
AtD nd v = % (4.13)

E(X) =

Exponential distribution: Consider a random variable X that is exponentially distributed with a

parameter rate of exponential distribution A. The probability density function (pdf) is given by:
f(x) = 2e™ (4.14)

It has mean and variance is given by(Jerry et al, 2005):
1 1
EX) = 5 and V(X) = P (4.15)

4.4 Results and Discussion
Figure 4.6 shows the system interface through which the user can effectively communicate with
the system. It also shows some results of computing 500 processes with burst times that are

uniformly distributed with mean of 50.5ms and the time quantum of 10ms used by OSTRR.
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[ = [ B [

Number of Processes 500 Burst Time Ranging Between |1 | and [100 |
Enter Time Quantum |10

HOTE: Lower value in Priority signifies HIGHER PRIORITY COMPUTE CLEAR
Algorithms Av. Waiting Time |Av. Turnaround T..)Waiting Time Va...|Av. Response Ti...|Mumber of Caont...

Shortest Job First|6384.926 G439.04 98558141 G384 926 488.0

Mew Shortest J.. |12086.104 12140.218 95580.49 12086.104 488.0

Priority 12613.8982 12668.106 127450171 12613.8982 488.0

Mew Priarity 12281.4582 12335.596 100084.824 12281.4582 488.0

OSTRR 11765.0 11819.114 113062 884 11440.062 507.0
Open 5JF Qutput Files Open Priority Output Files

Figure 4. 6: System Interface with some Process Execution in Progress

4.4.1 Results obtained using Normal Distribution to generate burst time
The following shows the relationships between the CPU scheduling algorithms under study using
500 processes generated using normal distribution with a mean of 50.5ms, standard deviation of

28.6ms and time quantum of 10ms used by OSTRR.
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4.4.1.1 First category

| AWT - Notepad L[ B [ "] ATAT - Notepad e S
File Edit Format Wiew Help File Edit Format View Help

PFOEEEE S5IF New_5S5IF O5TRR - Process 5JF New_5IF OS5TRR -
5 57.8 57.8 76.2 w 5 99.0 99.0 117.4 w
10 141.0 149.1 203.4 10 189.6 197.7 252.0

15 222.5 243.7 357.0 15 271.7 292.9 406. 2

20 295.4 328.4 422.6 20 345.9 379.3 473.1

25 376.9 459.0 504. 8 25 427.6 510.1 555. 6

30 450.86 576.1 608. 8 30 500.2 626.0 658.4

35 546.8 693.7 727.5 35 597.4 744.5 77E.1

40 608.0 786.0 826.2 40 657.9 836.1 BY&G.0
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Figured. 7: Data for Average Waiting Time and Average Turnaround Time using Normal

Distribution for Shortest Job First
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Figure4. 8: Graph of Average Waiting Time using Normal Distribution
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Figure 4.8 shows the overall graphical result of the Average Waiting Time for all cases of values
taken. It was observed from the graph that the traditional algorithm is better than the proposed
algorithm while the proposed algorithm has almost the same performance with OSTRR in terms

of minimizing AWT.
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Figure4. 9: Graph of Average Turnaround Time using Normal Distribution

Figure 4.9 shows the overall graphical result of the Average Turnaround Time for all cases of
values taken. It was observed from the graph that the traditional algorithm is better than the
proposed algorithm while the proposed algorithm has almost the same performance with OSTRR

in terms of minimizing ATAT.
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Figured. 10: Data for Average Response Time and Number of Context Switches using Normal
Distribution for Shortest Job First

Figure 4.11 shows the overall graphical result of the Average Response Time for all cases of
values taken. It was observed from the graph that the traditional SJF algorithm is better than the
proposed algorithm while OSTRR is better than the proposed algorithm in terms of minimizing
ART. Figure 4.12 shows the overall graphical result of the Number of Context Switches for the
same processes. It was observed from the graph that the traditional algorithm and the proposed

algorithm produce the same number of context switches which is better than that of OSTRR.
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Figure4. 11: Graph of Average Response Time using Normal Distribution
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Figure4. 12: Graph of Number of Context Switches using Normal Distribution
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Figure4. 13: Data for Waiting Time Variance Deviation using Normal Distribution for Shortest
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Figure4. 14: Graph of Waiting Time Variance Deviation
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Figure 4.14 shows the overall graphical result of the Waiting Time Variance Deviation for the
same processes. It was observed from the graph that the traditional algorithm is better than the
proposed algorithm while the proposed algorithm is better than OSTRR in terms of minimizing
WTVD. But, as number of processes exceeds 450, the proposed algorithm produced the better

result.

From the results of the two scheduling algorithms (SJF and OSTRR) compared with the
proposed algorithm (the new SJF), it has shown that the traditional SJF produced better Average
Waiting Time (AWT), Average Turnaround Time (ATAT), Average Response Time (ART) and
Waiting Time Variance Deviation (WTVD) compared with the proposed new SJF, but as number
of processes exceeds 450, the proposed algorithm produced the better result. But they both
produced the same Number of Context Switches (NCS). The new proposed SJF produced better
results compared with OSTRR with respect to Number of Context Switches (NCS) and Waiting

Time Variance Deviation (WTVD).
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4.4.1.2 Second category
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Figure4. 15: Data for Average Waiting Time and Average Turnaround Time using Normal
Distribution for Priority
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Figure4. 16: Graph of Average Waiting Time using Normal Distribution

53



Figure 4.16 shows the overall graphical result of the Average Waiting Time for all cases of
values taken. It was observed from the graph that OSTRR gives the least average waiting time

while the proposed algorithm gives a better average waiting time than the traditional algorithm.
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Figure4. 17: Graph of Average Turnaround Time using Normal Distribution

Figure 4.17 shows the overall graphical result of the Average Turnaround Time for all cases of
values taken. It was observed from the graph that OSTRR gives the least average turnaround
time while the proposed algorithm gives a better average turnaround time than the traditional

algorithm.
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Figure4. 18: Data for Average Response Time and Number of Context Switches using Normal
Distribution for Priority

Figure 4.19 shows the overall graphical result of the Average Response Time for all cases of
values taken. It was observed from the graph that OSTRR gives the best average response time
followed by the proposed algorithm and lastly the traditional algorithm. Figure 4.20 shows the
overall graphical result of the Number of Context Switches for the same processes. It was
observed from the graph that the proposed algorithm and the traditional algorithm give the same

number of context switches while OSTRR gives a higher number of context switches.
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Figure4. 19: Graph of Average Response Time using Normal Distribution
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Figure4. 20: Graph of Number of Context Switches using Normal Distribution

Figure 4.22 shows the overall graphical result of the Waiting Time Variance Deviation for the

same processes. It was observed from the graph that the proposed algorithm is the best algorithm
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in terms of minimizing waiting time variance deviation followed by OSTRR and then the
traditional algorithm. This shows that processes with low priorities will not starve in the

proposed algorithm.
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Figure4. 21: Data for Waiting Time Variance Deviation using Normal Distribution for Priority
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Figure4. 22: Graph of Waiting Time Variance Deviation

From the results of the two scheduling algorithms (Priority and OSTRR) compared with the
proposed algorithm (the new Priority), it has shown that the new proposed priority produced best
Average Waiting Time (AWT), Average Turnaround Time (ATAT), Average Response Time
(ART) and Waiting Time Variance Deviation (WTVD) compared to the traditional Priority
scheduling algorithm. But they both produced the same Number of Context Switches (NCS). The
new proposed Priority algorithm produced better results compared with OSTRR with respect to

Number of Context Switches (NCS) and Waiting Time Variance Deviation (WTVD).

4.4.2 Results obtained using Uniform Distribution to generate burst time
The following shows the relationships between the CPU scheduling algorithms under study using

500 processes generated by uniform distribution with burst times ranging between 1 and 100ms

and time quantum of 10ms used by OSTRR.
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Figure 4.24 shows the overall graphical result of the Average Waiting Time for all cases of
values taken. It was observed from the graph that the traditional algorithm is better than the

proposed algorithm while the proposed algorithm is better than OSTRR in terms of minimizing

AWT.
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Figure4. 25: Graph of Average Turnaround Time using Uniform Distribution

Figure 4.25 shows the overall graphical result of the Average Turnaround Time for all cases of
values taken. It was observed from the graph that the traditional algorithm is better than the
proposed algorithm while the proposed algorithm is better than OSTRR in terms of minimizing

ATAT.
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Figure4. 26: Data for Average Response Time and Number of Context Switches using Uniform
Distribution for Shortest Job First

Figure 4.27 shows the overall graphical result of the Average Response Time for all cases of
values taken. It was observed from the graph that the traditional algorithm SJF is better than the
proposed algorithm while the proposed algorithm is better than OSTRR in some cases in terms

of minimizing ART.
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Figure4. 27: Graph of Average Response Time using Uniform Distribution
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Figure4. 28: Graph of Number of Context Switches using Uniform Distribution

Figure 4.28 shows the overall graphical result of the Number of Context Switches for the same
processes. It was observed from the graph that the traditional algorithm and the proposed

algorithm produce the same number of context switches which is better than that of OSTRR.
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Figure4. 29: Data for Waiting Time Variance Deviation using Uniform Distribution for Shortest

Job First
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Figure4. 30: Graph of Waiting Time Variance Deviation using Uniform Distribution
Figure 4.30 shows the overall graphical result of the Waiting Time Variance Deviation for the
same processes. It was observed from the graph that the traditional algorithm is better than the

63



proposed algorithm while the proposed algorithm is better than OSTRR in terms of minimizing

WTVD.

From the results of the two scheduling algorithms (SJF and OSTRR) compared with the
proposed algorithm (the new SJF), it has shown that the traditional SJF produced best Average
Waiting Time (AWT), Average Turnaround Time (ATAT), Average Response Time (ART) and
Waiting Time Variance Deviation (WTVD) compared with the proposed new SJF. But they both
produced the same Number of Context Switches (NCS). The new proposed SJF produced better
results compared with OSTRR with respect to Average Waiting Time (AWT), Average
Turnaround Time (ATAT), Average Response Time (ART), Number of Context Switches (NCS)

and Waiting Time Variance Deviation (WTVD).
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Figure4. 31: Data for Average Waiting Time and Average Turnaround Time using Uniform i
Distribution for Priority
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Figured. 32: Graph of Average Waiting Time using Uniform Distribution

65



Figure 4.32 shows the overall graphical result of the Average Waiting Time for all cases of
values taken. It was observed from the graph that OSTRR gives the least average waiting time

while the proposed algorithm gives a better average waiting time than the traditional algorithm.
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Figure4. 33: Graph of Average Turnaround Time using Uniform Distribution

Figure 4.33 shows the overall graphical result of the Average Turnaround Time for all cases of
values taken. It was observed from the graph that OSTRR gives the least average turnaround
time while the proposed algorithm gives a better average turnaround time than the traditional

algorithm.
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Figure4. 34: Data for Average Response Time and Number of Context Switches using Uniform
Distribution for Priority

Figure 4.35 shows the overall graphical result of the Average Response Time for all cases of
values taken. It was observed from the graph that OSTRR gives the best average response time

followed by the proposed algorithm and lastly the traditional algorithm.

Figure 4.36 shows the overall graphical result of the Number of Context Switches for the same
processes. It was observed from the graph that the proposed algorithm and the traditional
algorithm give the same number of context switches while OSTRR gives a higher number of

context switches.
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Figure4. 35: Graph of Average Response Time using Uniform Distribution
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Figure4. 36: Graph of Number of Context Switches using Uniform Distribution

Figure 4.38 shows the overall graphical result of the Waiting Time Variance Deviation for the
same processes. It was observed from the graph that the proposed algorithm is the best algorithm
in terms of minimizing waiting time variance deviation followed by OSTRR and then the
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traditional algorithm. This shows that processes with low priorities will not starve in the

proposed algorithm.
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Figure4. 37: Data for Waiting Time Variance Deviation using Uniform Distribution for Priority
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Figure4. 38: Graph of Waiting Time Variance Deviation using Uniform Distribution
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From the results of the two scheduling algorithms (Priority and OSTRR) compared with the
proposed algorithm (the new Priority), it has shown that the new proposed priority produced best
Average Waiting Time (AWT), Average Turnaround Time (ATAT), Average Response Time
(ART) and Waiting Time Variance Deviation (WTVD) compared to the traditional Priority
scheduling algorithm. But they both produced the same Number of Context Switches (NCS). The
new proposed Priority algorithm produced better results compared with OSTRR with respect to

Number of Context Switches (NCS) and Waiting Time Variance Deviation (WTVD).

4.4.3 Results obtained using Exponential Distribution to generate burst time
The following shows the relationships between the CPU scheduling algorithms under study using

500 processes generated by exponential distribution with a rate (A) of 0.02 per ms.
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4.4.3.1 First category
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LFigure4. 39: Data for Average Waiting Time and :Average Turnaround Time using Exponential )
Distribution for Shortest Job First
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Figure4. 40: Graph of Average Waiting Time using Exponential Distribution
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Figure 4.40 shows the overall graphical result of the Average Waiting Time for all cases of
values taken. It was observed from the graph that the traditional algorithm is better than the
proposed algorithm while the proposed algorithm is better than OSTRR in terms of minimizing

AWT.
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Figure4. 41: Graph of Average Turnaround Time using Exponential Distribution

Figure 4.41 shows the overall graphical result of the Average Turnaround Time for all cases of
values taken. It was observed from the graph that the traditional algorithm is better than the
proposed algorithm while the proposed algorithm is better than OSTRR in terms of minimizing

ATAT.
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Figured. 42: Data for Average Response Time and Number of Context Switches using

Exponential Distribution for Shortest Job First
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Figure 4.43 shows the overall graphical result of the Average Response Time for all cases of
values taken. It was observed from the graph that the traditional algorithm SJF is better than the
proposed algorithm while the proposed algorithm and OSTRR produced almost the same

performance in terms of minimizing ART.

Figure 4.44 shows the overall graphical result of the Number of Context Switches for the same
processes. It was observed from the graph that the traditional algorithm and the proposed

algorithm produce the same number of context switches which is better than that of OSTRR.
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Figured. 44: Graph of Number of Context Switches using Exponential Distribution
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Figure4. 45: Data for Waiting Time Variance Deviation using Exponential Distribution for
Shortest Job First
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Figure4. 46: Graph of Waiting Time Variance Deviation using Exponential Distribution

Figure 4.46 shows the overall graphical result of the Waiting Time Variance Deviation for the
same processes. It was observed from the graph that the traditional algorithm is better than the
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proposed algorithm while the proposed algorithm is better than OSTRR in terms of minimizing

WTVD.

From the results of the two scheduling algorithms (SJF and OSTRR) compared with the
proposed algorithm (the new SJF), it has shown that the traditional SJF produced best Average
Waiting Time (AWT), Average Turnaround Time (ATAT), Average Response Time (ART) and
Waiting Time Variance Deviation (WTVD) compared with the proposed new SJF. But they both
produced the same Number of Context Switches (NCS). The new proposed SJF produced better
results compared with OSTRR with respect to Average Waiting Time (AWT), Average
Turnaround Time (ATAT), Number of Context Switches (NCS) and Waiting Time Variance

Deviation (WTVD).

76



4.4.3.2 Second category
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LFigure4. 47: Data for Average Waiting Time and Average Turnaround Time using Exponential
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Figured. 48: Graph of Average Waiting Time using Exponential Distribution
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Figure 4.48 shows the overall graphical result of the Average Waiting Time for all cases of
values taken. It was observed from the graph that OSTRR and the proposed algorithm give the

least average waiting time when compared to the traditional priority algorithm.

Figure 4.49 shows the overall graphical result of the Average Turnaround Time for all cases of
values taken. It was observed from the graph that OSTRR and the proposed algorithm give the

least average turnaround time when compared to the traditional priority algorithm.
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Figured. 49: Graph of Average Turnaround Time using Exponential Distribution
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Figure4. 50: Data for Average Response Time and Number of Context Switches using
Exponential Distribution for Priority
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Figure4. 51: Graph of Average Response Time using Exponential Distribution
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Figure 4.51 shows the overall graphical result of the Average Response Time for all cases of
values taken. It was observed from the graph that OSTRR gives the best average response time

followed by the proposed algorithm and lastly the traditional algorithm.
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Figured. 52: Graph of Number of Context Switches using Exponential Distribution
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Figured. 53: Data for Waiting Time Variance Deviation using Exponential Distribution for
Priority
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Figure 4.52 shows the overall graphical result of the Number of Context Switches for the same
processes. It was observed from the graph that the proposed algorithm and the traditional
algorithm give the same number of context switches while OSTRR gives a higher number of

context switches.
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Figure4. 54: Graph of Waiting Time Variance Deviation using Exponential Distribution

Figure 4.54 shows the overall graphical result of the Waiting Time Variance Deviation for the
same processes. It was observed from the graph that the proposed algorithm is the best algorithm
in terms of minimizing waiting time variance deviation followed by OSTRR and then the
traditional algorithm. This shows that processes with low priorities will not starve in the

proposed algorithm.

From the results of the two scheduling algorithms (Priority and OSTRR) compared with the
proposed algorithm (the new Priority), it has shown that the new proposed priority produced best
Average Waiting Time (AWT), Average Turnaround Time (ATAT), Average Response Time

(ART) and Waiting Time Variance Deviation (WTVD) compared to the traditional Priority
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scheduling algorithm. But they both produced the same Number of Context Switches (NCS). The
new proposed Priority algorithm produced better results compared with OSTRR with respect to
Number of Context Switches (NCS) and Waiting Time Variance Deviation (WTVD) also
produced almost the same result in terms of Average Waiting Time (AWT), Average Turnaround

Time (ATAT) and Average Response Time (ART).

Table 4.3: Performance of Statistical Distributions in Generating Burst Times

DISTRIBUTION | CATEGORY | AWT ATAT | ART NCS WTVD
(ms) (ms) (ms) (ms) (%)
FIRST(SJF) | 12000 12000 12000 600 120
NORMAL SECOND(PS) | 12000 12000 12000 600 90
FIRST(SJF) | 9000 9000 9000 600 180
UNIFORM SECOND(PS) | 9000 9000 9000 600 140
FIRST(SJF) | 14000 14000 14000 600 100
EXPONENTIAL
SECOND(PS) | 14000 14000 14000 600 70

As shown in the table above, using the different statistical distributions in generating the burst
times, it is observed that the uniform distribution produced the best result in terms of AWT,
ATAT and ART in both categories. Followed by the normal distribution then lastly the
exponential distribution produced the worst result. In terms of NCS, they all produced the same
result in both categories. In terms of WTVD, the exponential distribution produced the best result

followed normal distribution and lastly, the uniform distribution which produced the worst result.

In general, considering the first category, the traditional SJF produced better Average Waiting
Time (AWT), Average Turnaround Time (ATAT), Average Response Time (ART) and Waiting
Time Variance Deviation (WTVD) compared with the proposed SJF. But they both produced the

same Number of Context Switches (NCS). The proposed SJF produced better results compared

82



with OSTRR with respect to Average Waiting Time (AWT), Average Turnaround Time
(ATAT), Average Response Time (ART), Number of Context Switches (NCS) and Waiting
Time Variance Deviation (WTVD). While in the second category, the proposed priority
produced better Average Waiting Time (AWT), Average Turnaround Time (ATAT), Average
Response Time (ART) and Waiting Time Variance Deviation (WTVD) compared to the
traditional Priority scheduling algorithm. But they both produced the same Number of Context
Switches (NCS). The proposed Priority algorithm produced better results compared with OSTRR
with respect to Number of Context Switches (NCS) and Waiting Time Variance Deviation
(WTVD) also produced almost the same result in terms of Average Waiting Time (AWT)

Average Turnaround Time (ATAT) and Average Response Time (ART).

Table 4.4: Performance of Algorithms Based on Metrics Used in Comparing Them for First
Category

Performance Metric Traditional SJF (%) OSTRR (%)
AWT -47.86 -4.96
ATAT -47.75 -1.96

ART -47.86 -4.56

NCS 0 2.80
WTVD -100 131.99

Table 4.4 Shows the performance of algorithms under study based on the metrics used in
comparing them that is AWT, ATAT, ART, NCS and WTVD for the first category, that is the
Shortest Job First Category, the comparison shows that for the AWT, ATAT and ART both the
traditional Shortest Job First Algorithm and OSTRR by Saxena and Agarwal (2012) performed

better than the proposed Shortest Job First Algorithm.

For the NCS, the traditional Shortest Job First Algorithm and proposed shortest job First

Algorithm produced the same result which is better than the result produced by OSTRR by
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Saxena and Agarwal (2012). For the WTVD, the traditional Shortest Job First Algorithm
produced a better result than the Proposed Shortest Job First Algorithm, but the Proposed

Shortest Job First Algorithm produced better result than OSTRR by Saxena and Agarwal (2012).

Table 4.5: Performance of Algorithms Based on Metrics Used in Comparing Them for Second

Category
Performance Metric | Traditional Priority (%) | OSTRR (%)
AWT 7.36 -3.34
ATAT 7.34 -3.33
ART 7.36 -5.90
NCS 0 2.80
WTVD 16.69 12.30

Table 4.5 Shows the Performance of the Algorithms under study based on the metrics used in
comparing them that is AWT, ATAT, ART, NCS and WTVD. For the second category that is the
priority category, the comparison shows that the AWT, ATAT and ART, The Proposed Priority
Algorithm produced better result than the Traditional Priority Algorithm but the OSTRR by

Saxena and Agarwal (2012) produced better result than the Proposed Priority Algorithm.

For WTVD, the proposed priority Algorithm produced a better result than the result produced by

both the Traditional Priority Algorithm and OSTRR by Saxena and Agarwal (2012).
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CHAPTER FIVE: SUMMARY, CONCLUSION AND RECOMMENDATION

5.1 Summary

The CPU is an important component of the computer system; hence it must be utilized
efficiently. This can be achieved through what is called CPU scheduling which refers to a set of
policies and mechanisms to control the order of work to be performed by a computer system.
The CPU scheduling is one of the most important tasks of the operating system. The basic idea is
to keep the CPU busy as much as possible by executing a user process or job until it must wait
for an event, and then switch to another process. The decision is made by the part of the
operating system called the scheduler, using a scheduling algorithm. Some basic CPU scheduling
algorithms are First Come First Served (FCFS), Shortest Job First (SJF), Priority Scheduling
(PS) and Round Robin (RR). SJF and PS are both priority based CPU scheduling algorithms
which assign priorities to processes based on processes burst time and priority respectively. The
drawback of these algorithms is that they suffer from the problem of starvation. They are not fair

as they are biased to processes of high priorities.

5.2 Conclusion

This dissertation presents an algorithm that minimized starvation in priority based CPU
scheduling algorithms. This has been done by modifying the optimum priority in Saxena and
Agarwal (2012) by introducing the concept of EFFICIENCY FACTOR and applying it to the
priority based CPU scheduling algorithms in order to reduce average waiting time, average
turnaround time, average response time and waiting time variance deviation. The priority based
CPU scheduling algorithms were grouped into two groups i.e. the shortest job first and the
priority groups. In each group, the proposed algorithm with the traditional algorithm in that with

OSTRR were implemented in Java and their results were compared based on Average Waiting
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Time (AWT), Average Turnaround Time (ATAT), Average Response Time (ART), Number of
Context Switches (NCS) and Waiting Time Variance Deviation (WTVD) for different categories
of processes that were generated randomly using either Exponential, Uniform or Normal
distributions to generate the burst time; Uniform or Exponential distributions to generate priority
and Poisson distribution to generate arrival time of processes.

The simulation results show that with 500 processes generated:

1. Using Exponential distribution to generate processes burst time at a rate of 0.02, priority
using Uniform distribution ranging between 1 and 50, arrival time using Poisson
distribution arriving at the rate of 3 milliseconds per process and time quantum of 10ms

used by Optimum Service Time for Round Robin algorithm.

In the SJF category, SJF and OSTRR compared with the proposed algorithm (the new SJF), it
has shown that the traditional SJF produced better AWT, ATAT, ART and WTVD compared
with the proposed new SJF, but as number of processes exceeds 450, the proposed algorithm
produced the better result. But they both produced the same NCS. The new proposed SJF
produced better results compared with OSTRR with respect to NCS and WTVD. And in the PS
category, Priority and OSTRR compared with the proposed algorithm (the new Priority), it has
shown that the new proposed priority produced better AWT, ATAT, ART and WTVD compared
to the traditional Priority scheduling algorithm. But they both produced the same NCS. The new
proposed Priority algorithm produced better results compared with OSTRR with respect to NCS

and WTVD.
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2. Using Uniform Distribution ranging between 1 and 100, priority using Exponential
distribution time at a rate of 0.02, arrival time using Poisson distribution arriving at the

rate of 3 milliseconds per process and time quantum of 10ms used by OSTRR.

In the SJF category, SJF and OSTRR compared with the proposed algorithm (the new SJF), it
has shown that the traditional SJF produced better AWT, ATAT, ART and WTVD compared
with the proposed new SJF. But they both produced the same NCS. The new proposed SJF
produced better results compared with OSTRR with respect to AWT, ATAT, ART, NCS and
WTVD. And in the PS category, Priority and OSTRR compared with the proposed algorithm
(the new Priority), it has shown that the new proposed priority produced better AWT, ATAT,
ART and WTVD compared to the traditional Priority scheduling algorithm. But they both
produced the same NCS. The new proposed Priority algorithm produced better results compared

with OSTRR with respect to NCS and WTVD.

3. Using Normal distribution to generate processes burst time with a mean of 50.5ms,
standard deviation of 28.6ms, priority using Exponential distribution to generate
processes burst time at a rate of 0.02, arrival time using Poisson distribution arriving at

the rate of 3 milliseconds per process and time quantum of 10ms used by OSTRR.

In the SJF category, SJF and OSTRR compared with the proposed algorithm (the new SJF), it
has shown that the traditional SJF produced better AWT, ATAT, ART and WTVD compared
with the proposed new SJF. But they both produced the same NCS. The new proposed SJF
produced better results compared with OSTRR with respect to AWT, ATAT, NCS and WTVD.
And in the PS category, Priority and OSTRR compared with the proposed algorithm (the new

Priority), it has shown that the new proposed priority produced better AWT, ATAT, ART and
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WTVD compared to the traditional Priority scheduling algorithm. But they both produced the
same NCS. The new proposed Priority algorithm produced better results compared with OSTRR
with respect to NCS and WTVD also produced almost the same result in terms of AWT, ARTh

and ATAT.

In general, in all the categories, the traditional SJF produced better AWT, ATAT, ART and
WTVD compared with the proposed new SJF. But they both produced the same NCS. The new
proposed SJF produced better results compared with OSTRR with respect to AWT, ATAT, NCS
and WTVD. But, in the priority category, the proposed priority algorithm produced better results
than the traditional priority algorithm. They both produced the same number of context switches.
The new proposed priority algorithm produced a better result than OSTRR in terms of NCS and
WTVD. It also produced almost the same result with OSTRR in terms of AWT, ATAT and

ART.

5.3 Recommendation
The recommendation in this dissertation is to implement the Proposed Priority Algorithm instead

of the Traditional Priority Algorithm, so as to minimize starvation of processes. As a future
work, a more efficient algorithm should be developed to minimize starvation in the Shortest Job

First (SJF) Algorithm.
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APPENDIX
/I Proposed Priority Algorithm

public double [][] New_Priorityl(double [Jburst_value,int [Jarrival_value,double
[Jprio_value,inthum){

double [][] new_priority=new double[7][num+1];
doubleCont_Switch;
doubleAv_WT,Av_TAT,Av_RES,Vari;
Boolean state = false;
New_Algorithmsop[] = new New_Algorithms[num+1];  // creatng array of objects
for(int i=0;i<=num;i++)
op[i]= new New_Algorithms();
System.out.printIn("New_Priority Starts™);
double index [] = new double[num+1];
double waiting [] = new double[num+1];

boolean constant=false;

if (step==1){
constant=true;
¥

int value=step;
for(int I=start;l<=num;l=I+value){
if(constant==true){
value=1,
}
else{
if(1I==2){
value=2;
}
if(1I==5){
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value=5;

¥
if(1I==100){
value=10;

¥
if(I==200){
value=20;

¥
if(1==400){
value=25;

ky
if(I==500){
value=50;

¥
if(I==1000){
value=100;

k
if(I==2000){
value=200;

¥
if(I==4000){
value=200;

k
if(I==10000){
value=250;

}

if(1>10000){



value=500;

}

}
int sum=0;
int t=0;
for(int m=1;m<=l;m++)
{
op[m].pr=m;
op[m].bt=burst_value[m];
op[m].at=arrival_value[m];
op[m].pri=prio_value[m];
sum+=op[m].bt;
op[m].copy_of bt=op[m].bt;
}
double response = 0, temp=0, context=-1,index_cs=0, boundary=0,val=0;
intind=0;

while(t<sum)

{

for(int k=1;k<=I;k++)
{

for(int i=1;i<l;i++)
{

if((op[i+1].pri<opl[i].pri)&&(op[i+1].bt>0)&&(op[i].bt>0)&&(op[i].at<=boundary)&&(op[i+1].
at<=boundary))

{
temp=op[i+1].pri;

op[i+1].pri=op[i].pri;
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op[i].pri=temp;
temp=op[i+1].at;
op[i+1].at=op[i].at;
op[i].at=temp;
temp=op[i+1].bt;
op[i+1].bt=op[i].bt;
op[i].bt=temp;
temp=op[i+1].pr;
op[i+1].pr=op[i].pr;
op[i].pr=temp;
temp = op[k+1].copy_of bt;
op[k+1].copy_of bt =op[k].copy_of bt;
op[Kk].copy_of bt = temp;
temp=op[i+1].bw;
op[i+1].bw=op[i].bw;
op[i].bw=temp;
temp=op[i+1].ww;
op[i+1].ww=op[i].ww;
op[i].ww=temp;
temp=op[i+1].pw;
op[i+1].pw=op[i].pw;
op[i].pw=temp;
temp=op[i+1].eff;
op[i+1].eff=op[i].eff;
op[i].eff=temp;

}
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¥
doublepri_pos=0,temp_pri=0;
for(int i=1;i<=1;i++)
{
if((op[i].bt>0)&&(op[i].at<=boundary))
{
if((op[i].pri==temp_pri){
pri_pos=pri_pos+0;
op[i].pw=pri_pos;
temp_pri=op[i].pri;
¥
else{
pri_pos=pri_pos+1;
opl[i].pw=pri_pos;
temp_pri=op[i].pri;

}
}
}
for(int k=1;k<=l;k++)
{
for(int i=1;i<l;i++)
{

if((op[i+1].bt<op[i].bt)&&(op[i+1].bt>0)&&(op[i].bt>0)&&(op[i].at<=boundary)&&(op[i+1].at
<=boundary))

{
temp=op[i+1].pri;

op[i+1].pri=op[i].pri;
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op[i].pri=temp;
temp=op[i+1].at;
op[i+1].at=op[i].at;
op[i].at=temp;
temp=op[i+1].bt;
op[i+1].bt=op[i].bt;
op[i].bt=temp;
temp=op[i+1].pr;
op[i+1].pr=op[i].pr;
op[i].pr=temp;
temp = op[k+1].copy_of bt;
op[k+1].copy_of bt =op[k].copy_of bt;
op[Kk].copy_of bt = temp;
temp=op[i+1].bw;
op[i+1].bw=op[i].bw;
op[i].bw=temp;
temp=op[i+1].ww;
op[i+1].ww=op[i].ww;
op[i].ww=temp;
temp=op[i+1].pw;
op[i+1].pw=op[i].pw;
op[i].pw=temp;
temp=op[i+1].eff;
op[i+1].eff=op[i].eff;
op[i].eff=temp;

}
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}
doublebt_pos=0,temp_bt=0;
for(int i=1;i<=l;i++)

{
if((op[i].bt>0)&&(op[i].at<=boundary))
{
if((op[i].bt!=temp_bt)){
bt_pos=bt_pos+1;
op[i].bw=bt_pos;
temp_bt=op[i].bt;
}
else{
op[i].bw=bt_pos;
temp_bt=op[i].bt;

}
}
}
for(int k=1;k<=l;k++)
{
for(int i=1;i<l;i++)
{

if((op[i+1].at<opli].at)&&(op[i+1].bt>0)&&(op[i].bt>0)&&(op[i].at<=boundary)&&(op[i+1].at
<=boundary))

{
temp=op[i+1].pri;
op[i+1].pri=opli].pri;
op[i].pri=temp;
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temp=op[i+1].at;
op[i+1].at=op[i].at;
op[i].at=temp;
temp=op[i+1].bt;
op[i+1].bt=op][i].bt;
op[i].bt=temp;
temp=op[i+1].pr;
op[i+1].pr=opl[i].pr;
op[i].pr=temp;
temp = op[k+1].copy_of bt;
op[k+1].copy_of bt = op[k].copy_of bt;
op[K].copy_of bt = temp;
temp=op[i+1].bw;
op[i+1].bw=op[i].bw;
op[i].bw=temp;
temp=op[i+1].ww;
op[i+1].ww=op[i].ww;
op[i].ww=temp;
temp=op[i+1].pw;
op[i+1].pw=0p[i].pw;
op[i].pw=temp;
temp=op[i+1].eff;
op[i+1].eff=op[i].eff;
op[i].eff=temp;

}
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doubleat_pos=0,temp_at=-1,
for(int i=1;i<=l;i++)
{
if((op[i].bt>0)&&(op[i].at<=boundary))
{
if((op[i].at!=temp_at)){
at_pos=at_pos+1;
op[i].ww=at_pos;
temp_at=op[i].at;
}
else{
op[i].ww=at_pos;

temp_at=opl[i].at;

¥
ky
¥
for(int i=1;i<=l;i++)
{
if((op[i].bt>0)&&(op[i].at<=boundary))
{
op[i].eff = op[i].ow + op[i].ww + op[i].pw;
k
¥
for(int k=1;k<=l;k++)
{
for(int i=1;i<l;i++)
{
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if((op[i+1].eff<opli].eff)&&(op[i+1].bt>0)&&(op[i].bt>0)&&(op[i].at<=boundary) &&(op[i+1].
at<=boundary))

{
temp=op[i+1].pri;
op[i+1].pri=op[i].pri;
op[i].pri=temp;
temp=op[i+1].at;
op[i+1].at=op[i].at;
op[i].at=temp;
temp=op[i+1].bt;
op[i+1].bt=opl[i].bt;
op[i].bt=temp;
temp=op[i+1].pr;
op[i+1].pr=opl[i].pr;
opl[i].pr=temp;
temp = op[k+1].copy_of bt;
op[k+1].copy_of bt = op[k].copy_of bt;
op[K].copy_of bt = temp;
temp=op[i+1].bw;
op[i+1].bw=op[i].bw;
op[i].bw=temp;
temp=op[i+1].ww;
op[i+1].ww=op[i].ww;
op[i].ww=temp;
temp=op[i+1].pw;
op[i+1].pw=op[i].pw;
op[i].pw=temp;
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temp=op[i+1].eff;
op[i+1].eff=op[i].eff;
op[i].eff=temp;

¥
¥
¥
for(int j=1;j<=l;j++)
{
if((op[j].bt>0)&&(op[j].at<=boundary))
{
t+=op[j].bt;
response = t;
op[j].bt=0;

op[j].tat=t-op[j].at;
op[j].wt=op[j].tat-op[j].copy_of bt;
waiting[ind]=op[j].wt;
ind++;
context = context + 1,
}

}
boundary=t;
}
inttot_turn=0,tot_wait=0;
for(int i=1;i<=l;i++)

{
tot_turn+=op[i].tat;

tot_wait+=op[i].wt;
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}
floatavg_turn=(float)tot_turn/(l);

floatavg_wait=(float)tot_wait/(l);
doublevariance_result=Variance.variance(waiting)/(l);

String Anomm=String.valueOf(String.format(*'%.3f ",+avg_turn));
String Anom=String.valueOf(String.format("%.3f ",+avg_wait));
String Ano=String.valueOf(String.format(*%.3f ", +variance_result));
Cont_Switch=I-1;

Av_TAT = Double.parseDouble(Anomm);

Av_WT = Double.parseDouble(Anom);

Vari = Double.parseDouble(Ano);

new_priority[1][I]=l;

new_priority[2][I]=Av_WT,;

new_priority[3][I]=Av_TAT,;

new_priority[4][l]=Vari;

new_priority[5][l]=Av_WT;

new_priority[6][I]=Cont_Switch;

}

System.out.printIn("New_Priority Completed™);

returnnew_priority;

¥
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