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ABSTRACT 

Round Robin CPU scheduling algorithm is the most suitable scheduling algorithm used in 

timesharing operating systems, but its performance is sensitive to time quantum selection, which 

is  the same as the First-Come-First-Serve (FCFS) Scheduling or Processor sharing algorithm if 

the time quantum is large or extremely too small. This thesis proposed an algorithm known as 

Improved Round Robin with Highest Response Ratio Next (IRRHRRN) CPU Scheduling 

Algorithmwhich made improvements on the Improved Round Robin scheduling algorithms by 

adopting the principle of Highest Response Ratio Next (HRRN) in static Round Robin 

implementation. The proposed algorithm (IRRHRRN) together with Round Robin (RR),FCFS, 

Improved Round Robin (IRR) and An Additional Improvement in Round Robin (AAIRR) CPU 

scheduling algorithms were implemented in Java and their results were compared based on 

Average Waiting Time (AWT), Average Turnaround Time (ATAT), Average Response Time 

(ART) and Number of Context Switches (NCS) for different categories of processes that were 

generated randomly (i.e. using uniform distribution for burst time and Poisson for arrival time). 

It was observed that this algorithmis the best scheduling algorithm in terms of minimizing AWT, 

ATAT and ART based on the results obtained.It is therefore recommendedthat this algorithm is 

implemented in systems which adopt the Round Robin scheduling whose time quantum are 

provided statically (user inputs the time quantum before the execution of the processes); so as to 

improve the performance of the systems. 
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CHAPTER ONE 

INTRODUCTION 

This chapter discusses the introductory part of this thesis which includes the background to the 

study, research motivation and goals which states the research questions for which the thesis 

should provide answers to, the research aim and objectives, the methodology that will be used to 

answer those questions and finally the summary of the thesis contribution to knowledge. 

1.1 Background to the study 

An operating system (OS) is a program that manages the computer hardware. It also provides a 

basis for application programs and acts as an intermediary between the computer user and the 

system hardware. It is the most important program needed for starting up and using the 

hardware, which has different managing taskseach of which is performed by one of the 

management units (e.g. memory, process, storage management units) of the OS. The process 

management, as one of these management units, allocates the processor to the processes using 

several allocating algorithms (Saeidiand Hakimeh, 2012).The basic idea is to keep the CPU busy 

as much as possible by executing a process until it must wait for an event, and then switch to 

another process (Suri and Sumit, 2012). A single user cannot, in general keep either the CPU or 

the input/output (I/O) devices busy at all times. In multiprogramming systems, when there is 

more than one runable process (i.e. ready), the operating system must decide which one to 

activate. The decision is made by the part of the operating system called the scheduler, using a 

scheduling algorithm. 

The basic CPU scheduling algorithms are First ComeFirstServe (FCFS), Shortest Job 

FirstScheduling (SJF), Round Robin (RR) and Priority scheduling (PS), but due to a number of 

disadvantages these scheduling algorithms have, they are rarely used except Round Robin 
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scheduling in timesharing and real time operating system; and considered most widely used 

scheduling algorithms (Ajitet al., 2010;Saeidi and Hakimeh, 2012; Beheraet al., 2012;Ishwariand 

Deepa, 2012; Sorajand Roy, 2011). 

The performance of Round Robin Scheduling is sensitive to time quantum selection, because if 

time quantum is very large then Round Robin scheduling is the same as the FCFS scheduling. If 

the time quantum is extremely too small then Round Robin scheduling is same as Processor 

Sharing algorithm and number of context switches is very high (Saeidi and Hakimeh, 2012; 

Sorajand Roy,2011). Each value will lead to a specific performance and will affect the 

algorithm's efficiency by affecting the processes waiting time, turnaround time, response time, 

through/put, CPU utilization and number of context switch (Abdulrahimet al., 2014). 

Time quantum provision in Round Robin CPU Scheduling is done in two different categories 

(Abdulrahimet al., 2014). 

1. Static provision of time quantum: this is the method in which the time quantum to be 

used by the processes is predefined usually in 10-100ms range(Saeidi and Hakimeh, 2012). 

Here the time quantum is provided without putting into consideration the process burst 

time or the processes properties to which it will be applied.  

2. Dynamic determination of the time quantum: this is the method in which the time 

quantum to be used on processes is determined by the properties of the processes on 

which it will be used. Properties like processes burst time, arrival time etc. The aim of 

dynamic determination of time quantum in the Round Robin CPU Scheduling algorithm 

is to improve on its performance. 
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This thesis shall concentrate only on improvements made on static determination of time 

quantum in Round Robin Scheduling algorithms. 

1.2 Research Motivation 

So many improvements have been made in the area of increasing the performanceof Round 

Robin CPU Scheduling algorithm in static implementation of time quantum, which in turn 

increase the performance of the improved algorithms compared to the traditional Round Robin 

CPU Scheduling algorithm.  

Manish and AbdulKadir (2012) presented an algorithm which drastically minimizes waiting time 

and turnaround time with respect to the simple Round Robin scheduling algorithm.It does this by 

reallocating the CPU to the currently running process if its remaining burst time is less than the 

time quantum. But, the problem it may encounter is, when the time quantum assigned to the 

processes is greater than or equals to the half of the maximum value of the processes burst time, 

then the algorithm will be the same as First Come First Serve (FCFS) CPU scheduling algorithm, 

which is one of the main drawback of Round Robin CPU scheduling algorithm.Abdulrahimet al., 

(2014) tried to solve the problem that may be encountered by the algorithm as proposed 

byManish and AbdulKadir (2012) by using the principle of Shortest Job First (SJF) CPU 

scheduling algorithm. But in this algorithm, processes with longer burst time will have to stay for 

a long period of time before they are executed. This tends to violate the fair nature of Round 

Robin CPU scheduling algorithm. 

The goal of this thesis is to add improvements to the Improved Round Robin CPU scheduling 

algorithms by Manish and AbdulKadir(2012) and Abdulrahimet al., (2014) by adopting the 

principle of Highest Response Ratio Next (HRRN) thereby eliminating the problem of shorter 



4 
 

jobs gaining more priority than longer jobs that could lead to longer jobs being starved. Highest 

Response Ratio Next (HRRN) scheduling is a non-preemptive discipline similar to Shortest Job 

Next (SJN) in which the priority of each process is dependent on its estimated service time or 

burst time and also the amount of time it has spent waiting. This will be used in order to increase 

the performance of the Round Robin scheduling algorithm by affecting the average waiting time, 

average turnaround time, average response time and number of context switch positively. 

1.3 Research aim and objectives 

The aim of this work is to develop an algorithm that will make improvements to the RR CPU 

scheduling algorithm. This will be done by adding improvements to the Improved Round Robin 

CPU scheduling algorithm (IRR) by Manish and AbdulKadir(2012) and An Addition 

Improvement in Round Robin CPU scheduling algorithm (AAIRR) byAbdulrahimet al., 

(2014).The following are the objectives of this research work: 

1. To study the Improved Round Robin scheduling algorithms that statically determines the 

time quantum. 

2. To develop an algorithm that makes improvements on theImproved Round Robin 

scheduling algorithms by adopting the principle of Highest Response Ratio Next 

(HRRN)approach. 

3. To implement of the developed Round Robin CPU scheduling algorithm. 

4. To evaluate of the five implementations (i.e. simple RR, FCFS, IRR, AAIRR and the 

improved algorithm). 
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1.4 Research Methodology 

The following are the steps that will be adopted for this research work: 

1. Intensive study of CPU scheduling algorithms 

2. Review of literatures on Round Robin scheduling algorithm  

3. Develop an algorithm to improve the IRR and AAIRR CPU scheduling algorithms 

4. Simulate the improved CPU scheduling algorithm, RR, FCFS, IRR andAAIRR using 

Java programming  

5. The time quantum shall be determined statically (it will be determined by the 

user/designer before the execution of the processes). The number of processes shall also 

be determined by the user. 

6. The data to be used in the simulation will be generated randomly: the burst time of the 

processes will be generated using uniform distribution and the arrival time will be 

generated using exponential distribution 

7. The algorithms (i.e. RR, FCFS, IRR, AAIRR and the improved algorithm) will be 

compared based on Average Waiting Time, Average Turnaround Time, Average 

Response Time and Number of Context Switch for the different categories of burst times 

generated 

1.5 Contribution to Knowledge 

The thesis will contribute to the improvement of the RR scheduling algorithm by: 

1. Developing an algorithm that will make improvements to the Improved Round Robin 

CPU scheduling algorithms by Manish and AbdulKadir (2012) and Abdulrahimet al., 

(2014) by adopting the principle of Highest Response Ratio Next (HRRN), which will in 

turn increase the performance of the RR scheduling algorithm by affecting the average 
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waiting time, average turnaround time, average response time and number of context 

switches positively. 

2. It also solves the issue of starvation that may be encountered by the algorithm by 

Abdulrahimet al., (2014) especially when there are continuous streams of Shorter Jobs 

coming into the ready queue. 
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CHAPTER TWO 

LITERATURE REVIEW 

This chapter discusses the concepts of multiprogramming, processes, scheduling, scheduling 

algorithms, scheduling criteria and survey of works done in the field of static provision of time 

quantum in Round Robin CPU scheduling algorithm. It also discusses theRound Robin with 

Highest Response Ratio Next (RRHRRN) scheduling algorithm 

2.1 Multiprogramming 

One of the most important aspects of operating systems is the ability to multiprogram. A single 

user cannot, in general keep either the CPU or the input/output (I/O) devices busy at all times. 

Multiprogramming increases CPU utilization by organizing processes (code and data), so that the 

CPU always have one to execute. 

The idea is as follows: the operating systems keep several processes in memory simultaneously. 

The set of processes can be subsets of the processes in the process pool, which contains all 

processes that can enter the system. Since the number of processes that can be kept 

simultaneously in memory is usually smaller than the number of processes that can be kept in the 

process pools, the operating systems pick and begin to execute one of the processes in the 

memory. Eventually, the process may have to wait for some tasks, such as an I/O operation, to 

complete. 

In a non-multiprogrammed (single processing) system, while the process is waiting for the tasks 

such as an I/O operation, any other task must wait until the CPU is free and can be rescheduled. 

In contrast, the multiple programming systems allow multiple programs to be loaded into 

memory and executed concurrently. 
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Multiprogramming requires several processes to be kept simultaneously in memory. Since in 

general, the main memory is too small to accommodate all processes, the processes are kept 

initially on the disk in the process pool. This pool consists of all processes residing on the disk 

and awaiting allocation of the main memory. If several processes are ready to be brought into the 

memory, and if there is no enough room for all of them, then the operating system must choose 

among them. The process of making this selection is called process scheduling. When the 

operating system selects a process from the process pool, it loads that process into memory for 

execution.If several processes are ready to run at the same time, the operating system must 

choose among them. The process of making this selection is called CPU scheduling. 

2.2 Processes 

Scheduling refers to the way processes are assigned to run on available Central Processing Unit 

(CPU) (Silberschatzet al., 2006). Each Process (a program in execution) passes through some 

stages in their execution and allocation to CPU as will be illustrated in process-state diagram. A 

Process is started at arrival time which gets into the Ready Queue based on some scheduling 

algorithm and waits for the Job scheduler/ dispatcher which decide on what scheduling algorithm 

to use. The process state diagram of Fig 2.1 illustrates this. 

 

Figure 2.3: Process state diagram 
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1. New: the process is being created. 

2. Running: instructions are being executed 

3. Waiting: the process is waiting for some events to occur (such as an I/O completion or 

reception of signal) 

4. Ready: the process is waiting to be assigned to the processor 

5. Terminated: the process has finished execution 

The CPU chooses (schedules) which process to run when any of the following occur: 

1. When process switches from running to waiting. This could be as a result of I/O 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 a scheduler switches processes in this way, it has preempted the 

running process. 

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

4. When a process terminates. 

For situations 1 and 4 there is no choice in terms of scheduling. A new process (if one exists in 

the ready queue) must be selected for execution. There is a choice, however, for situations 2 and 

3 - to either continue running the current process, or select a different one.  

If scheduling takes place only under conditions 1 and 4, the system is said to be non-preemptive, 

or cooperative. Under these conditions, once a process starts running it keeps running, until it 

either voluntarily blocks or until it finishes. Otherwise the system is said to be preemptive. 
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2.2.1 CPU-I/O burst cycle 

In the computer system, all processes consist of a number of alternating two burst cycles (the 

CPU burst cycle and the Input & Output (I/O) burst cycle)(Silberschatzet al, 2006). Normally, a 

process will run for a while (the CPU burst), perform some I/O (the I/O burst), then run for a 

while more (the next CPU burst), again perform some I/O (the I/O burst). These cycles continue 

until the execution of the process is completed (as shown in Figure 2.2). An I/O Bound process is 

a process that performs lots of I/O operations such as reading from and writing to disks. Each I/O 

operation is followed by a short CPU burst to process the I/O, and then more I/O happens. A 

CPU bound process is a process that performs lots of computation and do little I/O. A typical 

system has a few long CPU bursts. One of the things a scheduler will typically do is switch the 

CPU to another process when one process does I/O operations. This is because the I/O usually 

takes a long time, and we do not want to leave the CPU idle while waiting for the I/O operation 

to finish. 

 

Figure 2.2: Diagram illustrating Alternating Sequence of CPU and I/O Burst 
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2.3 Scheduling 

Scheduling is the method or actions by which threads, processes or data flows are given access to 

the system resources (e.g. process time, CPU, communication, bandwidth) which is usually done 

to balance a system and achieve best quality of service (Ernst et al, 2007). CPU scheduling is the 

basis of multiprogramming systems. It refers to a set of policies and mechanisms to control the 

order of work to be performed by a computer system. The need for a scheduling algorithm 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 until it must wait for an 

event, and then switch to another process. In multiprogramming systems, when there are more 

than one runnable process (i.e., ready), the operating system must decide which one to activate. 

The decision is made by the part of the operating system called the scheduler, using a scheduling 

algorithm (Suri and Sumit, 2012).  

2.3.1 Schedulers 

Scheduler is the module that moves jobs from queue to queue as shown in Fig 2.3 of the Queuing 

diagram of process scheduling.   
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New Exit 

 

 

 

 

 

 

 

Long term, Mid-term/medium-terms and short-term schedulers are the main types we will be 

looking at in this research. From the definition of scheduling and using Fig 2.3 to illustrate, 

schedulers are modulesthat choose and select the processes in and out of the CPU and orders 

processes to be admitted to the system. 

2.3.2 Long-term Scheduler/admission Scheduler 

From the concept of memory in operating system (Stallings, 2011), the Long-term scheduler 

decides which jobs are to be given and taken to the Ready queue; this scheduler is mainly 

concerned with the main memory. In scheduling concepts, the first and second phase of the 

process state diagram in Fig.2.1 will be analyzed. The Long-term scheduler also dictates to the 

system its degree of concurrency and how the processes will be split.  Modern operating systems 

such as Windows have high priority to real-time process than others (Krishnan, 1995). The 

Long-term queue for this scheduling type exists in the hard disk or virtual memory (Stallings, 

Ready queue 

Wait for an 

interrupt 

I/O request 

Time expired 

Folk a child 

I/O Queue I/O 

Child 

executes 

Interrupt 

occurs 

CPU 

Figure 4.3 Queuing diagram of a process scheduling 
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2001). Some existing examples of the Long-term scheduling are implemented in large scale 

system such as batch processing, computer clusters and super computers. 

2.3.3 Mid/Medium-term Scheduler 

Mid-term scheduler is best understood when related to the memory hierarchy concept in 

operating system, as such, the memory scale shows that from the main memory to the disk 

drives, the medium scheduler temporarily removes the processes from main memory to the 

secondary memory or vice versa as shown on Fig 2.4. This process is known as “swapping in 

and swapping out” also called “paging in and paging out” in some books (Silberschatzet al., 

2006) and (Prashant, 2008). The mid scheduler works in a way that it swaps out processes that 

have not been active or lower in priority measures, faulted processes, large acquiring memory 

process, request processes and later swaps them in when ready. Conclusively, the mid- term 

scheduler can be discussed as the middle module for swapping in and out of the memory. In 

modern operating systems, the mid-term scheduler performs the job of the long-term scheduler 

using the virtual address space technology of the memory. 

  

 

  

 

 

Partially executed swapped 

out processes 

Ready queue CPU 

I/O waiting queues 
I/O 

New End 

Swap in Swap out 

Figure 2.4: Mid-term scheduler 
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2.3.4 Short-term Scheduler/CPU scheduler 

This is the scheduler that deals with the Ready Queue as seen in Fig 2.4. It chooses the processes 

to be executed and assigned to the CPU. Going by the process state diagram in Fig 2.1 and the 

Queuing diagram in Fig 2.3, the short-term scheduler decides more than the long-term scheduler. 

It works based on clock interrupt, I/O interrupts and system calls.  It does the pre-emption 

(forcibly removing process from the CPU) depending on the algorithm, priority or time slice 

(Gerald et al., 2004). 

2.3.5 Dispatcher 

In every operating system, scheduling is best treated alongside the dispatcher. The dispatcher is a 

module that gives privileges/control of the CPU to the process selected by the Short-term 

scheduler. The functions of the dispatcher include: 

a. Context Switching 

b. User mode Switching 

c. Program location jumping 

The time it usually takes to stop a process and start another running program is known as the 

dispatcher latency. 

Scheduling as a concept of operating system migrates jobs into various algorithms which are 

used to distribute resources amongst processes. The common algorithms in operating systems 

include the First Come First Serve (FCFS), Shortest Job First (SJF), Longest Job First (LJF), 

Priority scheduling and the Round Robin (RR). 

 

 



15 
 

2.4 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. Some basic CPU scheduling algorithms are listed in subsections below:  

2.4.1 First-Come First-Serve (FCFS) 

It is by far the simplest CPU scheduling algorithm. With this scheme, the process that requests 

the CPU first is allocated the CPU first. The implementation of this algorithm is easily managed 

with a First-In-First-Out (FIFO) queue. When a process enters the ready queue, it is inserted onto 

the tail (rear) of the ready queue and when the CPU is free, the process to be executed next is 

removed from the head (front) of the ready queue. The processes are allocated to the CPU on the 

basis of their arrival to the ready queue.  

Advantages 

1. It is simple and has  low overhead 

2. The code for FCFS scheduling is simple to write and understand 

Disadvantages 

1. A long CPU-bound job may dominate the CPU and may force shorter jobs to wait for 

prolonged periods. 

2. Convoy effect occurs. Even very small process should wait for its turn to come to utilize 

the CPU. Short process behind long process results in lower CPU utilization. 

3. Minimal average CPU utilization or average throughput (Oyetunji and Oluleye, 

2009). 

2.4.2 Shortest-Job-First (SJF) 
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This algorithm associates with each process the length of the next process’s CPU burst time. 

When the CPU is available, it is assigned to the process that has the least next CPU burst. If the 

next CPU bursts of two processes are the same, FCFS scheduling is used to break the tie. 

The SJF can be either preemptive or non-preemptive. The choice arises when a new process 

arrives in the ready queue while a previous process is still executing. The next CPU burst of the 

newly arrived process may be shorter than the time remaining in the process whose burst is 

currently running on the CPU. A preemptive SJF algorithm will preempt the currently executing 

process, whereas a non-preemptive SJF algorithm will allow the currently running process to 

finish its CPU burst. Preemptive SJF is sometimes referred to as shortest remaining time first 

scheduling. 

Advantage 

1. It gives the minimum average waiting time and minimum average turnaround time for a 

given set of processes (Oyetunji and Oluleye, 2009). 

Disadvantages 

1. It is difficult to know the length of the next CPU burst 

2. Long running processes may starve, because the CPU has a steady supply of short 

processes(Suri and Sumit, 2012; Silberschatzet al., 2006).  

2.4.3 Priority Scheduling (PS) 

Priority scheduling is a more general case of SJF. In which each process is assigned a priority 

and the process with the highest priority gets CPU allocated to it first. Equal-priority processes 

are scheduled in FCFS order. (SJF uses the inverse of the next expected burst time as its priority 

- The smaller the expected burst, the higher the priority). Note that in practice, priorities are 



17 
 

implemented using integers within a fixed range, but there is no agreed-upon convention as to 

whether "high" priorities use large numbers or small numbers. 

Priorities can be defined either internally or externally. Internally defined priorities are assigned 

by the operating system by using measurable quantity or quantities to compute the priority of the 

process. Such quantities include average burst time, ratio of CPU to I/O activity, system resource 

use, and other factors available to the kernel. External priorities are set by criteria outside the 

operating system; such criteria include importance of the process, fees being paid for computer 

use, the department sponsoring the work, politics, etc.  

Priority scheduling can be either preemptive or non-preemptive. When a process arrives in the 

ready queue, its priority is compared with the priority of the currently running process. A 

preemptive priority scheduling algorithm will preempt the CPU if the priority of the newly 

arrived process is higher than the priority currently running process. A non-preemptive priority 

scheduling algorithm will simply put the new process at the head of the ready queue. 

Advantage 

1. Good response for the highest priority processes. 

Disadvantages 

1. It suffers from a major problem known as indefinite blocking, or starvation, in which a 

low-priority task can wait forever because there are always some other processes around 

that have higher priority. 

2.4.4 Round Robin Scheduling (RR) 

Round Robin scheduling is designed for time-sharing systems. It is similar to FCFS scheduling, 

but preemption is added to the switch between processes. A small time unit called the time 
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quantum or time slice is defined. The ready queue is maintained as a circular queue. The CPU 

scheduler goes round the ready queue, allocating the CPU to each process for a time interval 

equal to its time quantum. To implement the Round Robin scheduling, we keep the ready queue 

as a First-In-First-Out (FIFO) queue of processes. New processes are added to the tail of the 

ready queue. The CPU scheduler picks the first process from the ready queue, sets a timer to 

interrupt after a given time quantum, and dispatches the process.  

One of two things will then happen. The process may have a CPU burst of less than the time 

quantum. In this case, the process itself will release the CPU voluntarily. The scheduler will then 

proceed to the next process in the ready queue. Otherwise, if the CPU burst of the currently 

running burst is longer than the time quantum, the timer goes off, and will interrupt the operating 

system. A context switch will be executed, and the process will be put at the tail of the ready 

queue. The CPU scheduler will then select the next process at the head of the ready queue. In the 

Round Robin scheduling algorithm, no process is allocated to the CPU for more than its time 

quantum in a row (unless it is the only runnable process). If a process’s CPU burst exceeds its 

time quantum, that process will be preempted and put in the ready queue. The Round Robin 

scheduling algorithm is thus preemptive. 

Advantages 

1. Round-Robin is effective in a general-purpose, time-sharing system or transaction-

processing system. 

2. Fair treatment for all the processes. 

3. Overhead on processor is low. 

4. Good response time for short processes. 
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Disadvantages 

1. Care must be taken in choosing quantum value. 

2. Throughput is low if time quantum is too small 

 

2.5 Scheduling 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.  

Many criteria have been suggested for comparing CPU scheduling algorithms. These criteria are 

used for comparison and to make a substantial difference in which algorithm is judged to be the 

best. The criteria include the following: 

1. Context Switch: A context switch is the 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 scheduler, so the design of operating 

systems is to optimize only these switches and the goal, is to minimize it. 

2. Throughput:Throughput is defined as the number of processes completed per unit time. 

Throughput is low in Round Robin scheduling implementation. Context switching and 

throughput are inversely proportional. 

3. CPU Utilization: This is a measure of how 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 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. Total 

turnaround time is the sum of the periods spent waiting to get into memory, waiting time 

in the ready queue, execution time on the CPU and doing I/O. 

5. Waiting Time: Waiting time is the total time a process has been waiting in ready queue. 

The CPU scheduling algorithm does not affect the amount of time during which a process 

executes or does input-output; it affects only the amount of time that a process spends 

waiting in ready queue. 

6. Response Time: In an interactive system, turnaround time may not be the 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. So the response 

time should be low for best scheduling. 

So we can conclude that a good scheduling algorithm for real time and time sharing system must 

possess the following characteristics (Ajitet al., 2010): 

1. Minimum context switches. 

2. Maximum CPU utilization. 

3. Maximum throughput. 

4. Minimum turnaround time. 

5. Minimum waiting time. 

6. Minimum response time 
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2.6 Related Work 

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. 

A process is a program in execution. The process needs certain resources-including CPU time, 

memory, files, and I/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 and to maximize CPU utilization. 

The objective of time sharing is to switch the CPU among processes so frequently that the user 

can interact with each program while it is running. To meet these objectives, the process 

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 (Mohammed, 2011; 

Saeidi and Hakimeh, 2012). 

One of the most common algorithms in CPU scheduling is the Round Robin algorithm, in which 

the ready processes waiting in ready queue are dispatched sequentially and allocated to the 

processor for certain periods of time known as time quantum (q) or time slice. If a process is 

executed to the finish within a given time quantum, it releases the processor, otherwise the 

processor is pre-empted by the operating system and is allocated to the next ready process 

waiting in front of the ready queue and the current process will be moved to the end of the queue. 

The algorithm continues until all the processes are terminated, or the system is switched off.  

The most important parameter in this scheduling algorithm (i.e. Round Robin), which highly 

affects its efficiency, is determining the amount of the time quantum. If a small value is assigned 
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to this parameter, the short processes will pass the system very soon, and the overhead of the 

system will increase due to high number of context switches. On the other hand, if the amount of 

the time quantum is larger than the maximum burst time of the ready processes, this policy 

willlead to the algorithm reverting to First Come First Serve scheduling algorithm. The value of 

this parameter should be taking very important. It is obvious that the amount of this parameter 

highly affects the value of waiting time, turnaround time, response time and number of context 

switchesof all the processes.The importance of the problem has already raised the attention of 

researchers and study in this field still continues. Some more important works are listed below: 

Ajitet al.,(2010) developed an algorithm and proved the experimental results of its performance 

over simple Round Robin scheduling algorithm. This algorithm reduces the number of context 

switching, average waiting time and average turnaround time. The algorithm works by allocating 

the CPU to every process in Round Robin fashion with an initial time quantum (say k units). 

After completing the first cycle, it doubles the initial time quantum (2k units); selects the shortest 

process from the waiting queue and assigns the CPU to it for a period corresponding to its new 

time quantumand after that, it selects the next shortest process for execution by excluding the 

already executed process. After completing this cycle, if any process remains in the ready queue 

after doubling the time quantum, it will be executed using the doubled time quantum.The time 

quantum is doubled after each cycle until all processes are executed and removed from the ready 

queue. This algorithm assumes that all processes arrive at the same time in the ready queue.  

Ishwari and Deepa (2012) developed, analyzed the operation and performance of the Priority 

based Round Robin CPU Scheduling Algorithm for Real Time Systems over the simple Round 

Robin scheduling algorithm and simple Priority Scheduling algorithm. The algorithm is more 

efficient because it has the least average waiting time, average turnaround time and number of 
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context switches as compared to simple Round Robin. This in turn reduces the operating system 

overhead and dispatch latency. Also, it reduces the problem of starvation as the processes with 

minimum remaining CPU burst time are assigned higher priorities and are executed first in the 

second round of the algorithm. The algorithm works by allocating CPU to every process in 

Round Robin fashion according to their given priorities for a given time quantum (say k units) on 

for only the first cycle. After completing the execution of the processes in the first cycle, the 

processes that still need the service of the CPU are arranged in increasing order of their 

remaining CPU burst times in the ready queue. New priorities are assigned according to the 

remaining CPU bursts of processes; the process with shortest remaining CPU burst is assigned 

with highest priority. Then, the processes are executed according to the new priorities based on 

the remaining CPU bursts, and each process gets the control of the CPU until they finished their 

execution. This algorithm assumes that all processes arrive at the same time in the ready queue. 

Manish and AbdulKadir(2012) developed an algorithm that shows an improvement in Round 

Robin scheduling algorithm.  After improvement in Round Robin scheduling algorithm, it was 

found that the waiting time and turnaround time have been reduced drastically. The Improved 

Round Robin (IRR) CPU scheduling algorithm works similar to Round Robin (RR) with a small 

improvement. Improved Round Robin scheduling algorithm picks the first process from the 

ready queue and allocates the CPU to it for a time interval corresponding to a given time 

quantum. After completion of process’s time quantum, it checks the remaining CPU burst time 

of the currently running process. If the remaining CPU burst time of the currently running 

process is less than the time quantum, the CPU is again allocated to the currently running process 

for the remaining CPU burst time. In this case, the process will finish execution and it will be 

removed from the ready queue. The scheduler then proceeds to the next process in the ready 
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queue. Otherwise, if the remaining CPU burst time of the currently running process is longer 

than the time quantum, the process will be placed at the tail of the ready queue. The CPU 

scheduler will then select the next process in the ready queue.  

Abdulrahimet al., (2014) developed an algorithm that describes an improvement to the algorithm 

by Manish and AbdulKadir(2012)and also proved the experimental results of its performance 

over simple Round Robin scheduling algorithm and the algorithm by Manish and 

AbdulKadir(2012). The results show that the proposed algorithm gives better results in terms of 

minimizing average waiting time, average turnaround time and number of context switches in all 

cases of process categories than the simple Round Robin CPU scheduling algorithm and the 

algorithm by Manish and AbdulKadir(2012). This proposed algorithm works in a similar way as 

the algorithm by Manish and AbdulKadir(2012)but with some modification. It worksin three 

stages: 

Stage 1: It picks the first process that arrives on the ready queue and allocates the CPU to it for a 

time interval equal to itstime quantum. After completion of process’s time quantum, it checks the 

remaining CPU burst time of the currentlyrunning process. If the remaining CPU burst time of 

the currently running process is less or equal to the time quantum, theCPU is again allocated to 

the currently running process for remaining CPU burst time. In this case, the process will 

finishexecution and it will be removed from the ready queue. The scheduler then proceeds to the 

next shortest process in theready queue. Otherwise, if the remaining CPU burst time of the 

currently running process is longer than the allocated time quantum,the process will be put at the 

tail of the ready queue. 

Stage 2: The CPU scheduler will then select the next shortest process in the ready queue, and do 

the process in stage 1. 
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Stage 3: For the complete execution of all the processes, stage 1 and Stage 2 have to be repeated. 

Beheraet al., (2010)developed an algorithm (A New Proposed Dynamic Quantum with Re-

Adjusted Round Robin Scheduling Algorithm and Its Performance Analysis) and proved the 

experimental results of its performance over simple Round Robin scheduling algorithm. This 

algorithm reduces the number of context switches, average waiting time and average turnaround 

time. It does this by arranging the processes in ascending order of their burst times present in the 

ready queue. Then, the time quantum is calculated. For finding an optimal time quantum, median 

method is followed. Then, the time quantum is assigned to the processes. This time quantum is 

recalculated taking the remaining burst time into account after each cycle. In the next step, the 

algorithm have to rearrange the sorted processes, i.e. among n processes, the process which 

needs minimum CPU burst time will be replaced as the first process and then the process with 

highest CPU burst time from the queue, will be replaced as the second process and so on. 

Beheraet al., (2012) presented a new algorithm known as A New Proposed Round Robin with 

Highest Response Ratio Next (RRHRRN) scheduling algorithm for Soft Real Systems, which 

usesHighest Response Ratio (HRR) criteria for selecting processes from Ready Queue. They 

proved their experimental results by analyzing and comparing the algorithm with Beheraet al 

(2010)in terms of reducing the number of context switches, average waiting time and average 

turnaround time. It does this by usingHighest Response Ratio Next (HRRN) in conjunction with 

Round Robin (RR). It is similar to Round Robin as processes are added to the tail of the Ready 

Queue according to arrival time. After taking the CPU for a time quantum, the process is added 

again to the tail of the Process Queue, but selection of the processes from the ready queue is 

based on HRRN criteria i.e. CPU is assigned to the process having highest response ratio by 

using the formula below. The algorithm takes dynamic time quantum into account. 
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𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑅𝑎𝑡𝑖𝑜 =
𝑤𝑎𝑖𝑡𝑖𝑛𝑔𝑡𝑖𝑚𝑒 + 𝑏𝑢𝑟𝑠𝑡𝑡𝑖𝑚𝑒

𝑏𝑢𝑟𝑠𝑡𝑡𝑖𝑚𝑒
                                                    2.1 

It finds the dynamic time quantum by taking the mean of burst time of the processes and fills the 

Ready Queue according to arrival time. The algorithm calculates the Response ratio of each 

process and assigns the CPU to the process with Highest Response Ratio. After the process is 

assigned to the CPU again the Response Ratio is calculated with the updated waiting time of the 

processes. This loop is continued until all the processes are executed by the CPU. The dynamic 

time quantum is computed by taking the mean of the remaining burst time. The processes with 

shorter burst time and higher waiting time are executed first resulting in better turnaround time 

and waiting time. This approach is similar to the approach that will be adopted in this thesis in 

the sense that a process queue will be introduced where newly arriving processes will wait if 

there are processes in the ready queue waiting for the CPU and processes are added to the tail of 

the process queue after assigning the CPU to it for a given time quantum. The difference shall 

be:  

1. Beheraet al., (2012) combines simple RR with HRRN, while we adopt HRRN to replace 

SJN in determining the next process to be allocated the CPU in the algorithm by 

Abdulrahimet al (2014). 

2. Beheraet al., (2012) uses the mean of the burst times in dynamically determining the time 

quantum while the user will input the time quantum before the execution of the processes 

(static provision) in our own case. 
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CHAPTER THREE 

DESIGN OF THE IMPOROVED PROPOSED ROUND ROBIN CPU SCHEDULING 

ALGORITHM 

 

This chapter presents the proposed Round Robin CPU scheduling algorithm and its Pseudo code 

describing how it works with the aid of an illustrative example; followed by the description of 

the various scheduling algorithms under study with the aid of illustrative example and finally 

italso states the system architecture. 

3.1 The Proposed Improved Round Robin with Highest Response Ratio Next (IRRHRRN) 

Scheduling Algorithm 

The proposed IRRHRRNCPU scheduling algorithm is animprovement of the Improved Round 

Robin (IRR) CPU scheduling algorithms (i.e. the algorithms by Manish and AbdulKadir (2012) 

and Abdulrahimet al (2014)).For a given time quantum say k, the algorithm calculates the 

Response Ratio of all processes available in the ready queue using equation 3.1 

𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑅𝑎𝑡𝑖𝑜 =
𝑤𝑎𝑖𝑡𝑖𝑛𝑔𝑡𝑖𝑚𝑒 + 𝑏𝑢𝑟𝑠𝑡𝑡𝑖𝑚𝑒

𝑏𝑢𝑟𝑠𝑡𝑡𝑖𝑚𝑒
                                                    3.1 

And then assigns the CPU to the process with the Highest Response Ratio Next (HRRN). After 

executing the process for itsallocated time quantum (k), it checks if the remaining burst time of 

the currently running process is less than or equal to k. If it is, then the currently running process 

will be reallocated to the CPU, finish its execution and will be removed from the ready queue. 

Otherwise, if the remaining CPU burst time of the currently running process is longer than k, the 

process will be moved to the tail of the ready queue. It recalculates the Response Ratio of all 
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processes available in the ready queue taking into consideration, the newly arrived processes 

using equation 3.1 

The CPU will be allocated to the processwith the Highest Response Ratio Next (HRRN) in the 

ready queue. After executing the process for its time quantum, it checks if the remaining burst 

time of the currently running process is less than or equal to the time quantum. If it is, then the 

currently running process will be reallocated to the CPU, finish its execution and will be 

removed from the ready queue. Otherwise, if the remaining CPU burst time of the currently 

running process is longer than the time quantum, the process will be moved to the tail of the 

ready queue. These activities continue until no process is available in the ready queue. 

3.1.1 The pseudo code of the proposed Improved Round Robin with Highest Response 

Ratio Next (IRRHRRN) Scheduling Algorithm 

Step 1: Start 

INPUT: Number of Processes (N), Burst Time (BT) of processes, Lower Bound (LB) andUpper 

Bound (UB) of Burst Time, Arrival Time (AT) of processes, Time quantum, Queue REQUEST, 

rate 

OUTPUT: Number of Context Switches (NCS), Average Waiting Time (AWT), Average 

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

Step 2: 𝑁𝐶𝑆 = 0; 

 𝐴𝑊𝑇 = 0;  

𝐴𝑇𝐴𝑇 = 0; 

𝑅𝑇 = 0; 
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𝐵𝑇 = uniform (LB, UB) ; 

𝐴𝑇 = 𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙 (); 

𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 = 0 

𝑛 = 𝑁; 

Step 3: WHILE (REQUEST! = NULL) 

Step 4: For 𝑖 = 1 𝑡𝑜 𝑛//Make a ready queue  

𝑖𝑓 𝐴𝑇𝑖 ≤ 𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 

𝑅𝐸𝑄𝑈𝐸𝑆𝑇 ← 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖 //Fill the ready queue according to Arrival Time 

END if 

END For 

Step 5: For 𝑖 = 1 𝑡𝑜 𝑛 

𝑅𝑅𝑖 =
𝑈𝑊𝑇 𝑖+𝐵𝑇𝑖

𝐵𝑇𝑖
    //calculate Response Ratio of each process 

END For 

𝑀𝑖𝑛 = 0 

Step 6: For𝑖 = 1 𝑡𝑜 𝑛 − 1 

If 𝑅𝑅𝑖 > 𝑀𝑖𝑛//sort processes according to highest 𝑅𝑅𝑖  

𝑀𝑖𝑛 = 𝑅𝑅𝑖 

𝑅𝑅𝑖 = 𝑅𝑅𝑖+1 

𝑅𝑅𝑖+1 = 𝑀𝑖𝑛 

END if 
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END For 

Step 7: If ((𝐵𝑇𝑖 < 𝑇𝑄)|| 𝐵𝑇𝑖 ≤ 2 ∗ 𝑇𝑄 ) //Assign CPU to the process with the highest  𝑅𝑅𝑖  

  If (𝑒𝑥𝑒𝑐𝑖 == 𝑓𝑎𝑙𝑠𝑒) { 

𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 = 𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 + 𝐵𝑇𝑖  

𝐵𝑇𝑖 = 0 

𝑇𝐴𝑇𝑖 = 𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 − 𝐴𝑇𝑖  

𝑊𝑇𝑖 = 𝑇𝐴𝑇𝑖 − 𝐵𝑇𝑖 

𝑅𝑇𝑖 = 𝑇𝐴𝑇𝑖 − 𝐵𝑇𝑖  

𝑒𝑥𝑒𝑐𝑖 = 𝑡𝑟𝑢𝑒 

𝑁𝐶𝑆𝑖 = 𝑁𝐶𝑆𝑖 + 1 

} 

Else { 

𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 = 𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 + 𝐵𝑇𝑖  

𝑇𝐴𝑇𝑖 = 𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 − 𝐴𝑇𝑖  

𝑊𝑇𝑖 = 𝑇𝐴𝑇𝑖 − 𝐵𝑇𝑖 

𝐵𝑇𝑖 = 0 

𝑁𝐶𝑆𝑖 = 𝑁𝐶𝑆𝑖 + 1 

} 

Else { 

If (𝑒𝑥𝑒𝑐𝑖 == 𝑓𝑎𝑙𝑠𝑒) { 

𝐵𝑇𝑖 = 𝐵𝑇𝑖 − 𝑇𝑄 

𝑅𝑇𝑖 = 𝑇𝑄 
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𝑒𝑥𝑒𝑐𝑖 = 𝑡𝑟𝑢𝑒 

𝑁𝐶𝑆𝑖 = 𝑁𝐶𝑆𝑖 + 1 

𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 = 𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 + 𝑇𝑄 

 

} 

Else { 

𝐵𝑇𝑖 = 𝐵𝑇𝑖 − 𝑇𝑄 

𝑁𝐶𝑆𝑖 = 𝑁𝐶𝑆𝑖 + 1 

𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 = 𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 + 𝑇𝑄 

} 

} 

END if 

Step 8: For 𝑖 = 1 𝑡𝑜 𝑛// Update REQUEST  

𝑖𝑓 𝐴𝑇𝑖 ≤ 𝐿𝑎𝑠𝑡 𝑃𝑜𝑖𝑛𝑡 

𝑅𝐸𝑄𝑈𝐸𝑆𝑇 ← 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖 //Fill the ready queue according to Arrival Time 

END if 

END For  

Step 9: For process 𝑖 = 1 𝑡𝑜𝑛 

 𝑈𝑝𝑑𝑎𝑡𝑒 𝑈𝑊𝑇𝑖  

END For 
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Step 10: END WHILE 

Step 11: uniform (a, b) { 

𝑎 + 𝑟𝑎𝑛𝑑 0,1 ∗ (𝑏 − 𝑎) 

} 

Step 12: 𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙 (lambda) { 

𝑟𝑒𝑡𝑢𝑟𝑛 (𝑙𝑎𝑚𝑏𝑑𝑎 ∗ 𝑒−𝑙𝑎𝑚𝑏𝑑𝑎 ∗𝑚𝑒𝑎𝑛 ) 

} 

 

Step 13: Calculate OUTPUT parameters 

𝐴𝑊𝑇 =
 𝑊𝑇𝑖

𝑛
𝑖=1

𝑛
 

𝐴𝑇𝐴𝑇 =
 𝑇𝐴𝑇𝑖

𝑛
𝑖=1

𝑛
 

𝐴𝑅𝑇 =
 𝑅𝑇𝑖

𝑛
𝑖=1

𝑛
 

𝑁𝐶𝑆 =  𝑁𝐶𝑆𝑖

𝑛

𝑖=1

 

Step 14: END 

3.2 How the Proposed Algorithm works 

Following all steps of the proposed algorithm stated in section3.1.1, we will illustrate how it 

works with the aid of an example. Given 5 processes with their arrival and burst times shown in 

Table 3.1, the time quantum used is 10ms. The proposed algorithm works as follows 
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Table 3.1: Process Table 
 

PROCESS ID 

BURST TIME ARRIVAL TIME 

P1 27 0 

P2 7 4 

P3 30 10 

P4 36 15 

P5 18 17 

 

As P1 arrive the system, the CPU will be allocated to it for the period equal to the time quantum 

(10ms). This is because it is the only process that isin the system. After execution, the remaining 

burst time of P1 is 17ms, which is greater than the time quantum. So, it will be preempted and 

the CPU will be assigned to the next process to be executed. To select the next process, the 

Highest Response Ratio (HRR) must be determined. At this point, only P2 and P3 have arrived 

in the system, so their respective Response Ratio using equation 3.1 above will be 1.86 and 1. 

P2 has the HRR (that is, 1.86), so it will be executed for the period of its burst time (i.e. 7ms); 

this is because it is less than the time quantum (that is, 10ms) and will be removed from the 

system. After the execution of P2, all the remaining processes have arrived in the system and 

their individual Response Ratio will be calculatedusing equation 3.1. The Response Ratio of P1, 

P3, P4 and P5 will be 1.4, 1.2, 1.1 and 1 respectively. P1 has the HRR (that is, 1.4) and it will be 

executed for the period of its burst time (that is, 17ms); this is because after executing for a 

period equal to the time quantum (that is, 10ms), its remaining burst time (that is, 7ms) is less 

than the time quantum (that is, 10ms) and the CPU will be reallocated to it for a period of the 

remaining burst time (that is, 7ms) and then, it will be removed from the system. After the 

execution of P1, new Response Ratio will be calculated for each process using equation 3.1 

above. The Response Ratio of P3, P4 and P5 will be 1.8, 1.5 and 1.9 respectively.P5 has the 

HRR (that is, 1.9) and it will be executed for the period of its burst time (that is, 18ms); this is 
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because after executing for a period equal to the time quantum (i.e. 10ms), its remaining burst 

time (that is, 8ms) is less than the time quantum (that is, 10ms) and the CPU will be reallocated 

to it for a period of the remaining burst time (that is, 8ms) and then, it will be removed from the 

system. After the execution of P5, new Response Ratio will be calculated for each process using 

equation 3.1. The Response Ratio of P3 and P4 will be 2.4 and 2.0 respectively.P3 has the HRR 

(that is, 2.4) and it will be executed for the period equal to the time quantum (10ms). This is 

because its remaining burst time is 20ms which is greater than the time quantum. So, it will be 

preempted and new RR will be calculated for each process. The new Response Ratio of P3 and 

P4 will be 1 and 2.3 respectively using equation 3.1.P4 has the HRR (that is, 2.3) and it will be 

executed for the period equal to the time quantum (10ms). This is because its remaining burst 

time is 26ms which is greater than the time quantum. So, it will be preempted and new RR will 

be calculated for each process. The new Response Ratio of P3 and P4 will be 1.5 and 1.0 

respectively using equation 3.1 above.P3 has the HRR (that is, 1.5) and it will be executed for 

the period of its burst time (that is, 20ms); this is because after executing for the given time 

quantum (that is, 10ms), its remaining burst time (that is, 10ms) is equal to the time quantum 

(that is, 10ms) and the CPU will be reallocated for a period of the remaining burst time (that is, 

10ms) and then it will be removed from the system. At this point, only P4 is left in the system 

and it will be executed for the period of its burst time (that is, 26ms). 

 

 

Figure 3.1: Gantt chart representation of the illustrated example for the Proposed 

Algorithm 

 

0              17            0               0               0            20             26              0             0           

0               10            17            34             52            62           72            92           118           

P1

 

 

  

P2 P5 P1

 

 

  

P3 P4 P3 P4 
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3.3 Illustrative Examples 

To demonstrate the previous considerations, we will consider this example, in which each 

process with its burst and arrival time as shown in Table 3.2, where the time quantum used in 

RR, IRR, AAIRR and IRRHRRN is 10mswhile the time quantum for RRHRRN is determined by 

taking the mean of the burst time. 

Table 3.2: Process Table 2 

PR_ID AT BT 

P1 0 1 

P2 1 6 

P3 2 3 

P4 5 30 

P5 5 32 

P6 7 21 

P7 9 2 

P8 10 13 

P9 11 2 

P10 15 35 

 

For evaluation purpose, the formula of Waiting Time (WT) (that is, (3.2)) shall be used in 

calculating the Average Waiting Time (AWT)(that is, (3.3)) for each scheduling algorithm.  

𝑊𝑎𝑖𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 = 𝑇𝑖𝑚𝑒 𝑓𝑖𝑟𝑠𝑡 𝑠𝑐𝑕𝑒𝑑𝑢𝑙𝑒𝑑 − 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑇𝑖𝑚𝑒                                                    3.2 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑊𝑎𝑖𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 =
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠 𝑊𝑎𝑖𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠
                                    3.3 

The Turnaround Time (TAT) (that is, (3.4)) shall also be used in calculating the Average 

Turnaround Time (ATAT) (that is, (3.5)) for each scheduling algorithm. 

𝑇𝑢𝑟𝑛𝑎𝑟𝑜𝑢𝑛𝑑 𝑇𝑖𝑚𝑒 = 𝑇𝑖𝑚𝑒 𝑜𝑓 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 − 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑇𝑖𝑚𝑒                                3.4 
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑢𝑟𝑛𝑎𝑟𝑜𝑢𝑛𝑑 𝑇𝑖𝑚𝑒 =
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠 𝑇𝑢𝑟𝑛𝑎𝑟𝑜𝑢𝑛𝑑 𝑇𝑖𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠
                      3.5 

And the Response Time (RT) (that is, 3.6) shall also be used in calculating the Average 

Response Time (ART) (that is, 3.7) for each scheduling algorithm. 

𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑇𝑖𝑚𝑒 = 𝑇𝑖𝑚𝑒 𝑜𝑓 𝑝𝑟𝑜𝑐𝑒𝑠𝑠′𝑠 𝑓𝑖𝑟𝑠𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 − 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑇𝑖𝑚𝑒                           3.6 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑇𝑖𝑚𝑒 =
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑇𝑖𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑠
                               3.7 

3.3.1 Round Robin (RR) 

Figure 3.2 shows the Gantt chart of Round Robin CPU scheduling algorithm  

 

 

 

 

 

 

 

 

 

 

Waiting Time 

P1: (0-0) = 0, P2: (1-1) =0, P3: (7-2) = 5, P4: ((10+44+33)-5) = 146, P5: ((20+44+33+11)-5) = 

108, P6: ((30+44+33)-7) = 100, P7: (40-9) = 31, P8: ((42+42)-10) = 74, P9: (52-11) = 41, P10: 

((54+33+21+2)-15) = 95. 

Average Waiting Time 

0            0               0                0              20            22           11            0               3             0                25           10         12 

0             1              7               10             20            30           40         42             52           54                64          74           84 

              1              0                 15            0              2              0                5             0                   0 

                                 94             97             107           117          127           128           138         140             145 

P1

 

 

  

P2 P4 P3

 

 

  

P5 P6 P7 P8

4 

P9

4 

P4 P10 P5 … 

…

 

 

  

P6 P10 P8

 

 

  

P4 P5 P6 P10 P5 P10 

Figure 3.2: Gantt chart representation of RR 
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𝐴𝑊𝑇 =
 0 + 0 + 5 + 82 + 103 + 100 + 31 + 74 + 41 + 95 

10
=

531

10
= 53.1 

Turnaround Time 

P1: (1-0) = 1, P2: (7-1) =6, P3: (10-2) = 8, P4: (117-5) =112, P5: (140-5) = 135, P6: (128-7) = 

121, P7: (42-9) = 33, P8: (97-10) = 87,  P9: (54-2) = 52, P10: (145-15) = 130. 

Average Turnaround Time 

𝐴𝑇𝐴𝑇 =
1 + 6 + 8 + 112 + 135 + 121 + 33 + 87 + 52 + 130

10
=

676

10
= 67.6 

 

 

Response Time 

P1: (0-0) = 0, P2: (1-1) = 0, P3: (7-2) = 5, P4: (10-5) = 5, P5: (20-5) = 15, P6: (30-7) = 23, P7: 

(40-9) = 31, P8: (42-10) = 32, P9: (52-11) = 41, and P10: (54-15) = 39. 

Average Response Time 

𝐴𝑅𝑇 =
 0 + 0 + 5 + 5 + 15 + 23 + 31 + 32 + 41 + 39 

10
=

191

10
= 19.1 

Number of Context Switches = 20 

 

3.3.2 First Come First Serve (FCFS) 

Figure 3.3 shows the Gantt chart of First Come First Serve CPU scheduling algorithm  

 

 

 

 

Waiting Time 

0              0            0                0               0             0              0              0             0              0               0 

0               1              7               10             40            72           93           95           108          110            145 

P1

 

 

  

P2 P4 P3

 

 

  

P5 P6 P7 P8 P9 P10 

Figure 3.3: Gantt chart representation of FCFS 
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P1: (0-0) = 0, P2: (1-1) = 0, P3: (7-2) = 5, P4: (10-5) = 5, P5: (40-5) = 35, P6: (72-7) = 65, P7: 

(93-9) = 84, P8: (95-10) = 85, P9: (108-11) = 97, and P10: (110-15) = 95. 

Average Waiting Time 

𝐴𝑊𝑇 =
 0 + 0 + 5 + 5 + 35 + 65 + 84 + 85 + 87 + 95 

10
=

471

10
= 47.1 

Turnaround Time 

P1: (1-0) = 1, P2: (7-1) =6, P3: (10-2) = 8, P4: (40-5) =35, P5: (72-5) = 67, P6: (93-7) = 86, P7: 

(95-3) = 93, P8: (108-10) = 98, P9: (110-10) = 100, P10: (145-15)= 130. 

 

 

Average Turnaround Time 

𝐴𝑇𝐴𝑇 =
1 + 6 + 8 + 35 + 67 + 86 + 93 + 98 + 100 + 130

10
=

616

10
= 61.6 

Response Time 

P1: (0-0) = 0, P2: (1-1) = 0, P3: (7-2) = 5, P4: (10-5) = 5, P5: (40-5) = 35, P6: (72-7) = 65, P7: 

(93-9) = 84, P8: (95-10) = 85, P9: (108-11) = 97, and P10: (110-15) = 95. 

Average Response Time 

𝐴𝑅𝑇 =
 0 + 0 + 5 + 5 + 35 + 65 + 84 + 85 + 87 + 95 

10
=

471

10
= 47.1 

Number of Context Switches = 0 

 

3.3.3 Improved Round Robin (IRR) 

Figure 3.4 shows the Gantt chart of Improved Round Robin CPU scheduling algorithm  
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Waiting Time 

P1: (0-0) = 0, P2: (1-1) =0, P3: (7-2) = 5, P4: ((10+47+31)-5) = 83, P5: ((20+47+31)-5) = 93, P6: 

((30+47)-7)=70, P7: (40-9) = 31, P8: ((48)-10) = 38, P9: (55-11) = 44, P10: ((57+31+22)-15) = 

95. 

Average Waiting Time 

𝐴𝑊𝑇 =
 0 + 0 + 5 + 83 + 93 + 70 + 31 + 38 + 44 + 95 

10
=

453

10
= 45.3 

Turnaround Time 

P1: (1-0) = 1, P2: (7-1) =6, P3: (10-2) = 8, P4: (118-5) =113, P5: (130-5) = 125, P6: (98-7) = 91, 

P7: (42-9) = 33, P8: (55-10) = 45,  P9: (57-2) = 55, P10: (145-15) = 130. 

Average Turnaround Time 

𝐴𝑇𝐴𝑇 =
1 + 6 + 8 + 113 + 125 + 91 + 33 + 45 + 55 + 130

10
=

598

10
= 59.8 

Response Time 

P1: (0-0) = 0, P2: (1-1) = 0, P3: (7-2) = 5, P4: (10-5) = 5, P5: (20-5) = 15, P6: (30-7) = 23, P7: 

(40-9) = 31, P8: (42-10) = 32, P9: (55-11) = 44, and P10: (57-15) = 42. 

Average Response Time 

P1

 

 

  

P2 P4 P3

 

 

  

P5 P6 P7 P8 P9 … 

0              0            0               0                20            22          11            0               0             0 

0                1             7             10             20              30            40           42           55             57         

 

 

 

                                  25               10            12              0                  15             0              0              0 

                                        67                77            87             98            108             118         130            145 

P10

 

 

  

P4 P6 P5

 

 

  

P10 P4 P5 P10 …

 

 

  

Figure 3.4: Gantt chart representation of IRR 
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𝐴𝑅𝑇 =
 0 + 0 + 5 + 5 + 15 + 23 + 31 + 32 + 44 + 42 

10
=

197

10
= 19.7 

Number of Context Switches = 16 

 

3.3.4 An Additional Improvement in Round Robin (AAIRR) 

Figure 3.5 shows the Gantt chart of An Additional Improvement in Round Robin CPU 

scheduling algorithm  

 

 

 

 

 

Waiting Time 

P1: (0-0) = 0, P2: (1-1) =0, P3: (7-2) = 5, P4: ((37+31)-5) = 68, P5: ((47+41+10)-5) = 93, P6: 

((27+30)-7)=50, P7: (10-9) = 1, P8: ((14)-10) = 4, P9: (12-11) = 1, P10: ((57+41+2)-15) = 85. 

Average Waiting Time 

𝐴𝑊𝑇 =
 0 + 0 + 5 + 63 + 93 + 50 + 1 + 4 + 1 + 85 

10
=

302

10
= 30.2 

Turnaround Time 

P1: (1-0) = 1, P2: (7-1) =6, P3: (10-2) = 8, P4: (98-5) =93, P5: (130-5) = 125, P6: (78-7) = 71, 

P7: (12-9) = 3, P8: (27-10) = 17,  P9: (14-11) = 3, P10: (145-15) = 130. 

Average Turnaround Time 

𝐴𝑇𝐴𝑇 =
1 + 6 + 8 + 93 + 125 + 71 + 3 + 17 + 3 + 130

10
=

447

10
= 44.7 

P1

 

 

  

P2 P7 P3

 

 

  

P9 P8 P6 P4 P5 … 

0              0            0               0                0            0                0            11             20            22 

0                1             7             10              12              14            27           37           47           57         
                            25                 0               0             12                15             0                 0 

                                67           78               98            108             118         130            145 

…

 

 

  

P10 P4 P6

 

 

  

P5 P10 P5 P10 

Figure 3.5: Gantt chart representation of AAIRR 
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Response Time 

P1: (0-0) = 0, P2: (1-1) = 0, P3: (7-2) = 5, P4: (37-5) = 32, P5: (47-5) = 42, P6: (27-7) = 20, P7: 

(10-9) = 1, P8: (14-10) = 4, P9: (12-11) = 1, and P10: (57-15) = 42. 

Average Response Time 

𝐴𝑅𝑇 =
 0 + 0 + 5 + 32 + 42 + 20 + 1 + 4 + 1 + 42 

10
=

147

10
= 14.7 

Number of Context Switches = 15 

3.3.5 Round Robin with Highest Response Ratio Next (RRHRRN) Scheduling Algorithm 

Figure 3.6 shows the Gantt chart of RRHRRN CPU scheduling algorithm  

 

 

 

 

Waiting Time 

P1: (0-0) = 0, P2: (1-1) = 0, P3: (7-2) = 5, P4: (48-5) = 43, P5: (78-5) = 73, P6: (14-7) = 14, P7: 

(10-9) = 1, P8: (35-10) = 25, P9: (12-11) = 1, and P10: (110-15) = 95. 

Average Waiting Time 

𝐴𝑊𝑇 =
 0 + 0 + 5 + 43 + 73 + 7 + 1 + 25 + 1 + 95 

10
=

250

10
= 25.0 

Turnaround Time 

P1: (1-0) = 1, P2: (7-1) =6, P3: (10-2) = 8, P4: (78-5) =73, P5: (110-5) = 105, P6: (35-7) = 28, 

P7: (12-9) = 3, P8: (48-10) = 38, P9: (14-11) = 3, P10: (145-15)= 130. 

Average Turnaround Time 

𝐴𝑇𝐴𝑇 =
1 + 6 + 8 + 73 + 105 + 28 + 3 + 38 + 3 + 130

10
=

395

10
= 39.5 

Figure 3.6: Gantt chart representation of RRHRRN 

0              0            0                0               0             0              0              0             0              0               0 

0               1              7               10             12            14           35           48            78          110            145 
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Response Time 

P1: (0-0) = 0, P2: (1-1) = 0, P3: (7-2) = 5, P4: (48-5) = 43, P5: (78-5) = 73, P6: (14-7) = 14, P7: 

(10-9) = 1, P8: (35-10) = 25, P9: (12-11) = 1, and P10: (110-15) = 95. 

Average Response Time 

𝐴𝑅𝑇 =
 0 + 0 + 5 + 43 + 73 + 7 + 1 + 25 + 1 + 95 

10
=

250

10
= 25.0 

Number of Context Switches = 9 

3.3.6 Improved Round Robin With Highest Response Ratio Next (IRRHRRN) CPU 

Scheduling Algorithm 

Figure 3.7 shows the Gantt chart of the proposed Improved Round Robin with Highest Response 

Ratio Next (IRRHRRN) CPU Scheduling Algorithm 

 

 

 

 

 

 

 

Waiting Time 

P1: (0-0) = 0, P2: (1-1) =0, P3: (7-2) = 5, P4: ((48+20)-5) = 63, P5: ((58+30+10)-5) = 93, P6: 

((14+13)-7)=20, P7: (10-9) = 1, P8: ((24)-10) = 14, P9: (12-11) = 1, P10: ((68+30+12)-15) = 85. 

Average Waiting Time 

𝐴𝑊𝑇 =
 0 + 0 + 5 + 63 + 93 + 20 + 1 + 14 + 1 + 85 

10
=

292

10
= 29.2 

Turnaround Time 

P1

 

 

  

P2 P7 P3

 

 

  

P9 P6 P8 P6 P4 … 

0              0            0               0                0            0              11             0             0              20 

0                1             7             10              12              14            24           37           48           58         
                        22                 25               0             12                 15             0                 0 

                           68                78               98            108             118         130            145 
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P5 P4 P10

 

 

  

P5 P10 P5 P10 

Figure 3.7: Gantt chart representation of IRRHRRN 
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P1: (1-0) = 1, P2: (7-1) =6, P3: (10-2) = 8, P4: (98-5) =93, P5: (130-5) = 125, P6: (48-7) = 41, 

P7: (12-9) = 3, P8: (37-10) = 27,  P9: (14-11) = 3, P10: (145-15) = 130. 

Average Turnaround Time 

𝐴𝑇𝐴𝑇 =
1 + 6 + 8 + 93 + 125 + 41 + 3 + 27 + 3 + 130

10
=

437

10
= 43.7 

Response Time 

P1: (0-0) = 0, P2: (1-1) = 0, P3: (7-2) = 5, P4: (48-5) = 43, P5: (58-5) = 53, P6: (14-7) = 7, P7: 

(10-9) = 1, P8: (24-10) = 14, P9: (12-11) = 1, and P10: (68-15) = 53. 

Average Response Time 

𝐴𝑅𝑇 =
 0 + 0 + 5 + 43 + 53 + 7 + 1 + 14 + 1 + 53 

10
=

177

10
= 17.7 

Number of Context Switches = 15 

 

Table 3.3: Comparative Table 

Algorithms AWT ATAT ART NCS TQ 

RR 53.1 67.6 19.1 20 10 

FCFS 47.1 61.8 47.1   

IRR 45.3 59.8 19.7 16 10 

AAIRR 31.2 45.7 14.7 15 10 

RRHRRN 25.0 39.5 25.0 9 14.5 

IRRHRRN 29.2 43.7 17.7 15 10 

Table 3.3 shows the comparative results of the algorithms under study. Though it appears 

RRHRRN is better in terms of AWT and ATAT and NCS, it is not because it selects its time 

quantum dynamically while others select theirs statically (14.5ms for RRHRRN as against 10ms 

for other algorithms). This makes its comparison with other algorithms needless as there is no 

fair basis under which they can be compared. We shall ignore RRHRRN in our future 

discussions; we just included it because it is closely related to our work.  
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The proposed IRRHRRN has the minimal AWT and ATAT while FCFS has the minimal NCS. 

But in the Round Robin category, AAIRR and the proposed IRRHRRN have the minimal NCS 

while RR has the minimal ART. 

3.4 System Architecture 

The architecture of the system we developed is depicted in Figure 3.8. Let us now discuss how it 

works. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8: The System Architecture 
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The system takes in as input the number of processes to be considered, the range (lower and 

upper bound) of the burst times and the time quantum to be used by the scheduling algorithms. 

The burst times will be generated using the Uniform statistical distribution while the 

Exponentialstatistical distribution will be used for generating arrival times. The generated 

processes will be stored in the process log and will be arranged in ready queue according to their 

arrival times. The CPU will be allocated to the processes by using each of the scheduling 

algorithms in the scheduler and the performance criteria of each of the algorithms will be 

evaluated and stored in the criteria log where the values of each of the performance criteria will 

be used in assessing the scheduling algorithms. 
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CHAPTER FOUR 

IMPLEMENTATION OF THE PROPOSED IMPROVED ROUND ROBIN WITH 

HIGHEST RESPONSE RATIO CPU SCHEDULING ALGORITHM 

This chapter presents the implementation of the Proposed Improved Round Robin with Highest 

Response Ratio CPU scheduling algorithm.It starts with the assumptions adopted in the system 

design. It also states the system requirementsand finally, the system implementation follows; 

which is tested using processes that vary between 5 and 2000. The results of this implementation 

are analyzed 

4.1 Assumption 

We were interested in studying four performance criteria: average waiting time, average 

turnaround time, average response time and number of context switches. We simulated Round 

Robin (RR), First Come First Serve (FCFS), Improved Round Robin (IRR), An Additional 

Improvement in Round Robin and the proposed Improved Round Robin with Highest Response 

Ratio Next (IRRHRRN) 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 I/O 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. 
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4.2 System Requirements 

4.2.1 Experimental setup 

Hardware 

 Compaq Presario laptop with a AMD Sempron (tm) M120 processor running at 2.10GHz  

 2.0 GB of RAM and 

 150GB of hard disk  

Software 

 Window 7 Premium operating system 

 NetBeans IDE 6.7.1 version and JDK1.7 

We built a process generator routine to generate the process sets. Each process in the process set 

is a tuple: < (process_id, arrival_time, CPU_time) >. The process arrival was modeled as an 

Exponential random process. Hence, the inter-arrival times are exponentially 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 rate of 

arrival of the distribution function.  

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

parameter rate of exponential distribution λ. The probability density function (pdf) is given by: 

𝑓 𝑥 = 𝜆𝑒−𝜆𝑥                                                                                                                                          4.1 

Its mean and variance is given by: 

𝐸 𝑋 =
1

𝜆
𝑎𝑛𝑑 𝑉 𝑋 =

1

𝜆2
                                                                                                                       4.2 
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Burst time (i.e. theCPU_time)was generated using uniform distribution. A process burst time 

generator was developed to take care of the random burst time of different processes in the 

system.  

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 𝑥 =
1

𝑏 − 𝑎
                                                                                                                    4.3 

Where 𝑎 ≤ 𝑥 ≤ 𝑏 

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

𝐹 𝑥 =
𝑥 − 𝑎

𝑏 − 𝑎
= 𝑅                                                                                                           4.4 

Or   

𝑥 = 𝑎 +  𝑏 − 𝑎 𝑅                                                                                                            4.5 

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

et al., 2005). 

 

4.1 Results Discussion 

Figure 4.1 shows the system interface through which the user can effectively communicate with 

the system. It takes 2000 processes as input with burst times that are exponentially distributed 
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ranging between 1 and 50ms, with mean of 25.5ms, parameter rate of 0.039 per ms, standard 

deviation of 14.15ms and the time quantum of 10ms. 

 

 

Figure 4.1: System Interface with some process execution in progress 

Table 4.1 shows a snapshot of some of the 2000 processes (i.e. the ID, Burst time (ms) and 

Arrival time (ms)) used in computation. 
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Table 4.1: Process identity  

 

Table4.2 presents some of the results of Average Waiting Time for the different times of runs 

and Figure 4.2shows the overall graphical result of the Average Waiting Time for all cases of 

values taken. It was observed from the graph that our algorithm(that is, IRRHRRN) has the best 

performance, and AAIRR came second,followed byFCFS, IRR andRR respectively. 
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Table 4.2: Some of the Results of Average Waiting Times 

 

 

Figure 4.2: Graph of Average Waiting Time 
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Table4.3 presents some of the results of Average Turnaround Time for the different times of runs 

and Figure 4.3shows the overall graphical result of the Average Turnaround Time for all cases of 

values taken. It was observed from the graph that IRRHRRN has the best performance, and 

AAIRR came second,followed byFCFS, IRR andRR respectively. 

Table 4.3: Some of the Results of Average Turnaround Times 
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Figure 4.3 Graph of Average Turnaround Time 

 

Table4.4 presents some of the results of Average Response Time for the different times of runs 

and Figure 4.4shows the overall graphical result of the Average Response Time for all cases of 

values taken. It was observed from the graph that this algorithm (that is, IRRHRRN) has the best 

performance, andRR came second,followed by IRR, AAIRR and FCFS respectively. 
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Table 4.4: Some of the Results of Average Response Times 

 

 

 

Figure 4.4: Graph of Average Response Time 
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Table4.5 presents some of the results of Number of Context Switches for the different times of 

runs and Figure 4.5 shows the overall graphical result of the Number of Context Switches for all 

cases of values taken. It was observed from the graph that the FCFS has the best performance, 

and it was followed by our IRRHRRN, AAIRR and IRR have almost the same performance at 

the second position, then RR followed. 

Table 4.5: Some of the Results of Number of Context Switches 

 

 

 



56 
 

 

Figure 4.5: Graph of Number of Context Switches 

 

From the above results, IRRHRRN produced the bestresults in terms of minimizing Average 

Waiting Time (AWT) and Average Turnaround Time (ATAT);AAIRR came second followed by 

FCFS, IRR andRR respectively. IRRHRRN has the best performance in terms of minimizing 

Average Response Time and this is followed by RR, IRR, AAIRR and FCFS respectively. 

Though it would seem FCFS has the best performance in terms of minimizing Number of 

Context Switches from figure 4.5, IRRHRRN, AAIRR and IRR actually has the best results, this 

is because in FCFS there is no context switches as the processes are released by the processor 

only when they have been completely executed. Therefore, IRRHRRN, AAIRR and IRR came 

first having almost the same performance with RR having the worse performance. 
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Table 4.6: Performance Percentage Comparing the Algorithms 

 

 

 

 

 

 

 

 

 

Table 4.6 shows the performance percentage of the algorithms. 0% score shows that the 

algorithm is the best and 100% score shows that the algorithm is the worst in any of the 

categories compared. In terms of the Average Response Time (ART), IRRHRRN is the best 

while FCFS had the worst performance.  RR which came second, performed better than IRR 

with 7.43%. AAIRR which came fourth was better than FCFS which was the last by 31.56%. 

For the Average Waiting Time (AWT) category, IRRHRRN was the best and performed better 

than RR which recorded the worst performance with 38.71%. Closely trailing IRRHRRN was 

AAIRR with performance of the former better than that of the latter with just 7.33%. FCFS was 

better than IRR with 4.58%. 

For Average Turnaround Time (ATAT), IRRHRRN still performed better than others with 

almost the same situation playing out as with the Average Waiting Time category. For Number 

of Context Switches (NCS), FCFS recorded the best results. This is because processes are not 

preempted, once theygain access to the CPU, they do not release it until they are completely 

executed.  Both IRRHRRN and AAIRR performed well with the former doing better than the 

Algorithms ART AWT ATAT NCS 

RR 30.49% 38.71% 38.59% 65.39% 

FCFS 74.93% 20.21% 20.10% 0% 

IRR 37.43% 24.79% 24.69% 53.78% 

AAIRR 43.37% 7.33% 7.29% 52.50% 

IRRHRRN 0% 0% 0% 52.49% 
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latter with just 0.01%, and IRR closely followed AAIRR. RR had the worst performance in this 

category. 
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATION 

This chapter presents the summary, conclusion and recommendation of this thesis. 

5.1 Summary 

Round Robin CPU scheduling algorithm is the most suitable scheduling algorithm used in 

timesharing operating systems, but its performance is sensitive to time quantum selection, 

because if time quantum is very large then it is the same as the First-Come-First-Serve 

Scheduling, and if the time quantum is extremely too small then it is the same as Processor 

sharing algorithm. Each value will lead to a specific performance and will affect the algorithm's 

efficiency by affecting the processes' waiting time, turnaround time,response time and number of 

context switches.Some improvements have been in the area of static provision of time quantum 

in Round Robin CPU Scheduling algorithm.This thesis presents an algorithm that made 

improvements on the Improved Round Robin scheduling algorithms by Manish and 

AbdulKadir(2012) and Abdulrahimet al., (2014) by adopting the principle of Highest Response 

Ratio Next (HRRN) (Beheraet al., (2012)). Its goal is to increase the performance of the Round 

Robin CPU scheduling algorithm by reducing the average waiting time, number of context 

switches, average response time and average turnaround time. This algorithm (IRRHRRN) 

together with the simple RR,FCFS,  IRR and AAIRR CPU scheduling algorithms were simulated 

using Java Programming Language and their results were compared based on AWT, ATAT, 

ART and NCS for different categories of processes that were generated randomly (i.e. uniform 

distribution for burst time and Poisson for arrival time).  
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5.2 Conclusion 

The simulation results show that our algorithm (that is, IRRHRRN) was the best scheduling 

algorithm in terms of minimizing AWT and ATAT, and it was followed by AAIRR,FCFS, IRR 

andRR respectively. IRRHRRN has the best performance in term of minimizing Average 

Response Time and this was followed by RR, IRR, AAIRR and FCFS respectively. FCFS has 

the best performance in terms of minimizing Number of Context Switches (because when a 

process is allocated to the processor, it retains the processor until it finishes its execution), and 

the proposed IRRHRRN, AAIRR and IRR came second having almost the same performance, 

and were followed RR. 

Based on the results obtained, it was observed that the performance of the this algorithm 

(IRRHRRN) was better than that of the Simple Round Robin, IRR and AAIRR CPU scheduling 

algorithms, in the sense that, it produces minimal average waiting time, average turnaround time, 

average response time and number of context switches. And it should be preferred over these 

algorithms. 

5.3 Recommendation 

This algorithm (that is,IRRHRRN) is recommended in the systems that adopt the Round Robin 

scheduling whose time quantum are provided statically; so as to improve the performance of the 

systems.Aside from the improvementsin the performance of Round Robin CPU scheduling 

algorithm, the main line of future research work is to dynamically determine the time quantum to 

be used in this improved algorithm. 
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